6- SUBSTI TUTED DEMETHYL- ESTRADI OL DERI VATI VES AS SELECTI VE ER- BETA AGONI STS
FI ELD OF THE | NVENTI ON [ 0001] This application clains priority fromU. S
Provi si oD 2Petismi61 Appl i cation Serial No. 61/382, 752 fi Ipea/usnoidopteesrber 14,
2010, incorporated herein by reference inits entirety. [0002] The present
invention relates to conpositions and net hods of nmaki ng and using

6- substi t W-eWEL3 T TMEm mEMEEstvTad SOIR ADDTR0 WERSL VaTd Ee ixs @ramuacew i cal |y
acceptabl e salts or prodrugs thereof as articul ated and descri bed herein.
The conpounds have been unexpettelFVAfoERNIP65be useful as ER specific
agoni sts, possessing virtually no functional activity with ERa. As such,
the present invention al so pertains to pharmaceutical conpositions

conpri sing such conpounds, present either in vitro or in vivo, for both

di agnost i €Lappl PEatlHEndNHRNTAPYo treat nent of neuropathic pain. BACKGROUND
OF THE | NVENTI ON [ 0003] Research on the function and activity of estrogen
receptors,[00hAélstruhuse apeltkeitrdohunctlicamshasbigen tthe Subject . ®f nmany

]
recent inyestigations. EStrogen receptars belong to | ar i of
ot ur AFFS VEaRanaa | PoRRE naFA SR trhaat Tt on Tt of o/ S At ! S ng
steroid reeepHor sn t bypekdhbeeti noid pecept of Scovpbamt8dD reeephorisy known as

nucl ear receptors. Wiile the true ligand for nuclear receptors have not
been descEFPBEHSFReiE afFé BRSEFREY-small nolecules that are able to bind to

h d i L - 0 ]
such recephghsjan nggg?g§%$§3%$néﬂbaﬁt&%ﬁp9ﬂ§faté9 Q%JE§5$§8§D§%@HQ .

estrogen receptor to estrogen receptors, classi ied into
two typesagnd améthods of making and using 6-substituted 13-

demethyl-estradiol compounds and their pharmaceutically
acceptable salts or prodrugs thereof as articulated and

described herein. The compounds have been unexpectedly
found to be useful as ERP specific agonists, possessing

virtually no functional activity with ERao. As such, the
present invention also pertains to pharmaceutical
compositions comprising such compounds, present either in
vitro or in vivo, for both diagnostic applications and

also treatment of neuropathic pain.

BACKGROUND OF THE INVENTION

[0003] Research on the function and activity of
estrogen receptors, the structure and their function has
been the subject of many recent investigations. Estrogen
receptors belong to a large family of structurally
related ligand-inducible transcription factors, including
steroid receptors, thyroid/retinoid receptors, vitamin D
receptors known as nuclear receptors. While the true
ligand for nuclear receptors have not been described,
there are distinct small molecules that are able to bind
to such receptors and trigger a cellular response.

[0004] Estrogens and estrogen receptor modulators bind

to estrogen receptors, classified into two types; o and



13, to formdiscrete nol ecul ar conpl exes that exert pleiotropic

ti ssue-specific effects by nodul ati ng the expression of target genes. The
| i gand- bosodoessrwsgen receptor acts as a key transcri pt iPOm/USa€iLO8160%

vari ous nol ecul ar pat hways, and nodul ati on of ER expression levels is

i mportant i n determ ning, .celluylar grow otential. [0005] Wile both these
types of Pecepfor ﬁﬁ%d%lécerﬁ%eogé‘%?l%%l Ca%mptajjteff%%S agoni st sSAng"

ant agoni spseibhechwe receptierspbaveidi stknetty db{f eneatibocali zakdon
concentration within the body. Aside fromsonme structural differences

bet ween t REPACEAACD3 ¥y péSrIfierITHRpl ex Wit h lésEnegerinthecs WoC@ee shown
to signal _i Si , W est .act.i vat i anscripii in the
presence of ErPoge Fochnt or & Era) ot TaHiby ¢ g T ander Bt ame i n ¢ he
presence oblEstiiegenpRetepter, 13ndERL)Aul0006] Estif ogehs ¢egdkateom | ar ge
spectrum of neuronal functions, includin ai n perception. Recent]y,
hot pl at e aRdSf6r melS n YERRSETHr ri &0 o%?t%ﬁ%wpﬁ&gty6§£¥W§VM%ndg€$¥£%nockout
(KO mcepdeappstnated that pain inhibitory nechanisns and early tonic pain
are nodi fied by ERP deficiency. Spooner, MF. et al., Neuroscience 150,
675- 680 (2007). Spbbnée epoldl. thmasd tHRESNOCT ceptdart asspbases ave | ower
in ERP KO_f le th i 1 yuring t i nt er phase an arly
tonic phagg%gﬁggfl’t %& fwt%l\n@a_l‘{i%n?]ég @bégoﬁ% t uralrl% aar{gcuat%cprglﬁédtﬁ’atghgoni c
phases. Thiws suggestsrishathaest r afiestirtdrioughdi £ 8 @it onsooanl ERP: 1 danpens

the efficacy of endogenous, pain nodul ati on nmechani sns during the interphase
and/ or i nFPRARBEFBRIPFosEHd- 71 t héhBar IRPPhase 118519¢ ggérichy aP°TRcr ease
in spinal sRogi-eapLivesnenronale achibyb¥n MR 2012/ 087261RCHUS2011/ 051608

[ 0007] Further, ERb-131, a non-steroidal ERP |igand was evaluated i n several
pai n ani mabmpddal svitivobgicmgorer vethiaj vy oxrsesdiovinzatd osiokiad, 1 et al .,
Eur opean Jour nalt of __Phar machlfo ¥t590én423-t429t%200§%f Pi U, F.. et arll.,

Eur opean 986PRAIF ot Pivar nfico ogy 5927158156 “(2608)" ki nlgotfluonct%onal and
bi ndi ng assayprERRcE3l Wass ehagact Rebgpdoasoca EmoeNtarandi seliectivg ERP
agonist. In vivo, ERb-131 was devoid of estrogen receptor alpha activity as
assessed CtH2BSFALPGEEPOt tBphiRS as¥®BEe S0 CTERESISPIGR eifateECtackil e
hyperalgegkgs?nduced by capsaicin, and reversed tactile allodynia caused by
spi nal nerve ligation and various chem cal insults. Mreover, ERb-131 did
not influéntéothe pasnrbheeshakdudttrorandlartyzal ddpctanimead 5. nénrdhel chroni ¢
conpl ete Ereund' s adj.uvant nodel, ERb-131 r.esolv both infla tory and
hypor al geSPECLORTnedtE LOFiER GRIE R CORIL.: Pi TPt oY o SoPHerBhstr at es
that ERP aganicsmiss g Gfdddcals effeeton: i nhatienuating gmbroady rarge of
anti-noci ceptive states. [0008% Accordingly, there éxists a need for new
conpoundskhhakocan s8Dectmveky dehoont ERPetio alsststpaint henhileatoent of
pain. To date, none of the teachings of the prior art provide for a

t her apeut MECB28GBEE| t ahed ABCldenkthyd extitadicdle deeivatiede PHatERBn be

used for Hhics type,of LLeBHIRNt o SUMARY, (OF THE LIWENTION 150, 675-

680 (2007). Spooner et al. found that nociceptive

responses are lower in ERP KO female than in WT female
mice during the interphase and early tonic phase II of
the formalin test but not during acute and late tonic
phases. This suggests that estrogen, through its actions
on ER[, dampens the efficacy of endogenous pain
modulation mechanisms during the interphase and/or
inflammation prosedd in the early phase II, triggering an

increase in spinal nociceptive neuronal activity.



[ 0009] I nl i ght of t hef or egoi ng, t he present invention is directed towards
anal gesi ¢ conpounds, conpositions and nethods for their use and

pr epar at iv0,20t18r®by over comi ng vari ous defici enci es an#C3hseaigoniongys of
the prior art, including those outlined above. Accordingly, it is one
obj ect of the present invention to provide conpounds useful in the

treat ment (8084t r ogEHI§BEENdERRLTHANI t i DN O FHENICARGthe FRBb] BE¥aRE t he
. St rof . i .
present 'QXEntéQQlﬁétigtQggrgggﬁggﬂsq%%fﬁO%ﬁgﬁgEPTﬁgéeﬂgr fhe-tyeapment o

pain with conmpounds t conpounds can” be
sel ecti venagoni sthguary at agoms stiszaofidERP. Piu, F. et al., FEuropean

[ 0011] Thepresenti nvent]j oni ncl udesc ounds r e din.Fo la |. I
[ 0012] wher ARl . RaLAGE R Br 8 Bmdeisoridin | y2008) | Bib0T B Al
al., Furopean Journal of Pharmacology 592, 158-159
(2008) . Using functional and binding assays, ERb-131 was

characterized as a potent and selective ERP agonist. In
vivo, ERb-131 was devoid of estrogen receptor alpha
activity as assessed in a rat uterotrophic assay. Also,
ERb-131 alleviated tactile hyperalgesia induced by
capsaicin, and reversed tactile allodynia caused by
spinal nerve ligation and various chemical insults.
Moreover, ERb-131 did not influence the pain threshold of
normal healthy animals. In the chronic complete Freund’s
adjuvant model, ERb-131 resolved both inflammatory and
hyperalgesic components of chronic pain. Thus, Piu et
al. also demonstrates that ERP agonism 1is a critical
effector in attenuating a broad range of anti-nociceptive
states.

[0008] Accordingly, there exists a need for new

compounds that can selectively act on ERB to assist in
the treatment of pain. To date, none of the teachings of
the prior art provide for a therapeutic 6-substituted 13-
demethyl estradiol derivative that can be used for this

type of treatment.

SUMMARY OF THE INVENTION

[0009] In light of the foregoing, the present
invention is directed towards analgesic 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 invention to



hydrogen, O -C6 al kyl, halo, a sulfate, a glucuronide, - OH a bul ky group,
aryl, cycloal kyl, heteroaryl, heterocycloal kyl, -N(CH2),; a phosphate
group, amioa20pf33phi nate group; Rl is selected from t h@CHrusep1osmss sti ng
of H d-C6 al kyl, haI ogen a sulfate, a glucoroni de -SozNH2 -COO—I, - CN,

- CH2CN-, - NHCN\- M £ g - 0S02al k v

- NHOO( CH2P P VX IFs %%T%%LE% f PO o&ﬁ? ScomsTstT toP hy%l%@% 1A - Cc12

al kyl , ngﬁgngbﬁenybndglgﬁg al kynyl hal ogen, a gl ucoroni de, -NH2,

- SOZNH2 -COH, - - CH2CN, - NHCN, CHO COCsal t, - 0S02al kyl , - SH, - SCH3, CH
[ (CHZ) , CAET @@OCHSADOtPQHZ)Obm-Bf th@ CTRIT CFBVGDt(LQHZ ism Do (CH2)

cz (Oﬁéen% & 9%5 un(dgﬂ%%&”%% ég@% efr?%ﬂ e(%%gt%g% dCH2 ), 18CH3

-
f - C2- C8al kenyl - No 24s, Clenleds - @e@@-’&fx)’@}z’yl OaceCH%h ! &@3 The
f C8a| kynyl -S- (CH2) , CH3, - C2- C8al kynyl - (CH2),CH3, -(CH2),,-OH,
- ,,-NPIQlPOUO@ISIZ)W@NHQ selective agonlsts or antagonlsts of
mSNHéH NH( CH2) nCH3, - NH( CH2) mOCH3, - NH( CH2) mCHOH COOH, N( CH3) 2,
20H, - NHCOOH, - (CH2) mNHCOOH, -NO2, - SCN, -S02al kyl, -B(OH)2,

-(C2)m N([@b@)l S02- NHB, g@@gmNHS%M@wnNan@@@s angd,nNHNR; and Y
is selected from hydr ogen, =0, -000(R) and -OH, wherein mis an integer
bet ween Orzgreﬁen§ednlrlnfegélrllbeﬂween 0-8, the --- - synbol represents
either a single or a double bond capabl e of fgrm ng a keto group at
position 3 or 17; and thesynbol represents any type of bond regardl ess of
the stereochem stry and the respecti
i soners, hydrates, solvates, tautone

e~gnapij oners, other stereochem cal
d ﬁeutl cally acceptabl e
< es of conpounds of Fornula I

§§§'@

salts of said conmpounds. [0013] Speci
are shown bel ow.

[0012] wherein Ri, Ry, Rs and R; are independently
hydrogen, C;-Cs alkyl, halo, a sulfate, a glucuronide, -
OH, a bulky group, arvyl, cycloalkyl, heteroaryl,
heterocycloalkyl, -N(CH,)n.; a phosphate group, and a
phosphinate group; Ri;x 1is selected from the group
consisting of H, C;-Cs alkyl, halogen, a sulfate, a
glucoronide, -SO;NH,, -COOH, -CN, -CH,CN-, -NHCN-, -CHO,
=CHOCHs3, -CO0 salt, -0S0zalkyl, -NH,, and -NHCO(CHj),; X
is selected from the group consisting of hydrogen, Ci1-Ci»
alkyl, Cy—C1» alkenvyl, Cy—C1» alkynyl, halogen, a
glucoronide, -NH;, -SO;NH;, -COOCH, -CN, -CH.,CN, -NHCN,
-CHO, -C00salt, -050zalkyl, -3H, -3CHs,
-CHI (CH;) ,CH3] COOCH3, - (CHy),COOCHs, - (CHy)y,-0-CHs, - (CHy)y-0O-
(CH;) ,CHs5, (CHz) n—S5-CHs, - (CHy) n—S- (CHy) ,CHs, - (CHy) n—NH-
(CH») .CHs3, -Cy,-Cg alkenyl-0-(CHy),CHs, -Cy;-Cg alkenyl-S-
(CH,) ,.CH5, -C,-Cg alkenyl-N-(CH,),CHs, -Cy,-Cg alkynyl-0-
(CH,) ,.CH5, -C,-Cg alkynyl-S-(CH;),CHs, -C,-Cg alkynyl-N-



[ 0014] At | east anot her aspect of the invention concerns delivery systens
that all ows conversion of suitable anal ogues which can be converted to a
speci fi edwaebins7wonpound in vivo after it is adm nistePed/useottiosiopst i ent
for exerting its therapeutic activity. [0015] The conpounds of the present

i nvention nay o0 be d in conpj natjon-bas he utic in treatnments
ina nam"régﬁ%“aééﬁbj éc&cﬁgﬁﬂﬁmfgghg ”r'rg&’coﬁﬁ&%éém_acé%ﬁﬁi’st_r 20h 3F a
conpound gh, For rkach, ) mrconbi-nat j@n)wbth, ot hexn adiiunetiopaicocther api es as
known in the art. WD 2012/037261PCT/ US2011/051608 [ 0016] Any of the
conpoundsNéfHthe pr ésént: (NEVERLPBn MW Heont érp)atlE80P8r athiimi strati on
to the ma i al Leet i for fy adr _prodrug or n_active

net abol i tg.gﬁl'n {%ﬁzg%?%bds%bﬂﬁf’eat %ﬁf)l‘bfﬂtch )prgg ce%{#’i nv(ecﬁritéi(?%nﬁgt he term
"adm ni st eppfl, ,shallliC éngpopassahdie —Ni@@t rerihdofY t he \sarlicaussdcohdoti ons
described with the caonpound cifically disclosed or with a conpound which
may not bBYSHEEFFY callry a‘?%%flg ed?™ ut_oé,ﬁi CSerts o dthel $peetfi ed
conpound pRrybka aftes, adm nistpati opcd@et he,patdant pand exhibits- -
therapeutic activity. [0017] O herobj ects, f eatures, benefitsand advant ages of
t he preseavmpaventiBhcRERLsbecapparent feonvihi sosunmargoandet Heotdl | owi ng
descriptiqn certal n_enbodi ngnt s, d wll readily a en o those
skilled i %a?)ﬁgflgrt%fhgflﬁrﬁgl ow ]é%%% %Jfa&\l/ r?(l%ugl%%ﬁgﬁ% hgé)prgﬁ’c %:%('Irirpounds,
nmet hods andtorvwodescdf opereddons BRYER yRESCRE PEHON G gEHIKE 1BRAW NGS
[0018]FIG | is a graph of the EC50 val ues of conpounds B, | and I, and
Tanoxi f entPR vEFEOGS CEEM: Sitiryés 28 ¢ dMFoundRSRIFC t hee i nviedt Fopmers,

other stereochemical isomers, hydrates, solvates,
tautomers and pharmaceutically acceptable salts of said
compounds.

[0013] Specific examples of compounds of Formula I are

shown below:

[0014] At least another aspect of the invention
concerns delivery systems that allows conversion of
suitable analogues which can be converted to a specified
active compound in vivo after it is administered to the
patient for exerting its therapeutic activity.

[0015] The compounds of the present invention may also
be used in combination-based therapeutic pain treatments
in a mammalian subject. Such methods may comprise
administration of a compound of Formula I in combination

with other adjunct pain therapies as known in the art.



[0019] FIG 2 depicts the % of E2 activity for | and B on ERa and ERP.

[ 0020] FI G 3 depicts the response of (A) conpound | and (B) conpound B on
ERcx and WBBoreaggned by a | uci ferase assay. DETAI LED DEGCTRISBUIONG6G- THE

| NVENTI ON [ 0021] Unl ess defined otherwi se, all technical and scientific
terns use rein have the sane neaning as is, comonl nder st ood by one of
Skt i RROTER " oRi: i 1 RRS CRUGRERER Bt ofigs ARG | SBESOnih ot 00d Lo
have WO 2Q12/ G/ 26dPCdnpiE204d/ @5160&4r hei sead ngs desaiibedahed ovaAl |
publ i cations and patents referred to herein are incorporated by reference

in their énPIPELy.1TUNFESs fster WFse sPEesf i &g 0% d%ef @F eRvet cr@tparti cul ar
conpound hﬁ%%ﬂgﬁt%” Si“'f?hthéo%%rt'h%dfsor ztké‘&%x‘r{g}é?go“fac&{@ Co 204 0f her

m xtures thereo Nl ess othéerwse specifiéd, ar

erence to a particul ar

conpound ahsenihohydeshd oneen Saldmirsicdteatiende. ghal hydmatoe)aspr otleet ed

forns, prodrug]sn,e and ot her stereoisoners .thereof, for.ex

herein. [662321°Pt b&Scoffehitnt ConddédiPrabl & ot Prepa

Salts," J
[ 0023] Conpoun € presentinvention have
the patient and exhibits therapeutic activity.

[0017] Other objects, features, benefi

as. di scussed

l.
é%hpu?@?y,

and/ or hapdhgoaneorsfirspendiang salts of o dhe ast iyvenceamaimhuforviexanpl e, a
pharmaceutical | y-acceptabl e salt. Exanples of pharnmaceutically acceptable
salts aremdivs®wdsert | seBer gecetlal dise977edr Phatmdewt cadnve Betep? abl e

thgh$sfg%c5 Flaq ¥8'mplo§19d PPy 3512 apd. di sedssed hers!

ts

o%' to

and

advantages of the present invention will be apparent from

this summary and the following descriptions of certain

embodiments, and will be readily apparent to

skilled in the art having knowledge of

those

various

chemotherapeutic compounds, methods and/or modes of

operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG 1 is a graph of the ECsy; values of compounds

B, I and 1, and Tamoxifen in wvarious <cell 1lines for

compounds of the invention.

[0019] FIG 2 depicts the % of E2 activity for I and B

on ERa and ERf.

[0020] FIG 3 depicts the response of (A) compound I

and (B) compound B on ERa and ERB measured by a

luciferase assay.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Unless defined otherwise, all technical and

scientific terms used herein have the same meaning as is

commonly understood by one of skill in the art to which

this invention belongs and shall be understood to have



application in the treatnent of pain, and so the present invention further
provi des anti-nociceptive agents, or analgesics. The term"anti-nociceptive
agent" aswoO=er/i3goei n, pertains to a conpound which tre&C3/Use@hays)s r educes
and/ or increases the tolerance of, pain. The anal gesic effect nay arise

t hrough one or nore nmechani sns r any conbination thereof. [0024] The
nventi on FGr ¢ R pPOSI dUSEGEEPSE cOmbBinds. f BT ueR b pL e rEehod 1Y

treat ment patehile Haran @@ ad e r&ody aby tReaRyraSeeh 1, et hode hay
conprise adm nistering to such a subject a therapeutically-effective anount

of an actile campbundenprieeérabl yUnheshe fOYROILSE phaPracéaeideal 2

conposi ti i.scussed. f [ i The term."e ogen”, as used
her ei n enggﬁgggghgteﬁgidalﬁ%%nﬁﬁ?ggﬁgsq¥ﬁ%89§$% ﬁggéﬁggky %%ge %%%his abl e
to cross themeelkt ménbmape focéxdihgitsaaenivwityndnsotdeert heigehteby

bi nding to the estrogen receptors. Exanpl e _of such conpounds include but
are not IFH?F@H%to %@%?%ﬁﬁ(ﬂ ,eQ%H¥%I§?e§ﬁ51891er%né%$g%ﬁﬁﬁﬂﬂ'Tﬁ@ t&rm

"treat menbartQkuibheraioo@sq usadher gkpubBst he,cont ext10f tseating a
condition, pertains generally to treatnment and therapy of a mamal i an
subj ect, WheBher bfdaah@han oroediord hirramsani vglodfedg.,, Bndveder¢nary

appl i cati gps) . ii0 Wich sonE desired Lhgrapeutic etlact s achigved, for
exanple, the I'n Pbition o ﬁe’progress of ~t hé condi ion, and i n¢l udes a
reductionf[on2the rate ofaypriogr essywveaikaltt ¢n tibeirabeecoft ProgeEesse,
anelioration of the condition, and/or cure of the conditiaon. Treatnment as a

prophyl acPPEih¥as @€ /iod dlaytishet uaedreTPeat st SPnél wdestonds hatt on

treatment s and hRerapiges, LRawhich two opy IBRe-Lfeat aBNL S, Ok thghapi es are
combi ned, for exanple, sequentially or simultaneously. anples of

treat nent saand tHwermapies thAcliidendngutare ot &coepedoie, seHamotheeapy (the
adm ni stration of .act.ive ents, jncluding, ., drugs, antibodjes (e.g.,
as in inn%ﬁSFHEEESy)fjbrég dﬁ% (%kg.?%éﬁpl&ffﬁg pro%%c¥$%%e%%%%%%fYncluding
phosphori ecaepdaderi gatiitges and phosphignat.gs all suid,abbe. ppsid) oasdsuch as
position 3 or 17, other conmpounds used for photodynani c therapy, GDEPT,
ADEPT, et c9} ssupgeflyhergdiati on t herapy; gene therapy; and other anal gesics.

[0027] The [hgpmy " st epepghealcal i SpMerehas ysedent  invention  have

application in the treatment of pain, and so the present
invention further provides anti-nociceptive agents, or
analgesics. The term "anti-nociceptive agent”"™ as used
herein, pertains to a compound which treats, delays,
reduces and/or increases the tolerance of, pain. The
analgesic effect may arise through one or more
mechanisms, or any combination thereof.

[0024] 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 subject a therapeutically-
effective amount of an active compound, preferably in the
form of a pharmaceutical composition as discussed further
herein.

[0025] 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



herein, refers to isonmers that differ fromeach other only in the way the
atons are oriented in space. The two stereoi soners particularly of

i npor t ancEOoi201dd3@6lnst ant i nvention are enanti oners andPdTASREN 51608 S
dependi ng on whether or not the two isoners are mrror inages of each
other.lnthgﬁpref rred enbadi nment, t eclaig§d formul ati ons conpri se. such

conpounds “FRatCG'sol &Y el "FER8I véd BHd &P eT°SGBs EETEPALCEY f r ee< I UE her

i soners. " o0 202/ 0328 REH US201d1.09d608uL 0028k Thedter Mimited to
"therapeutical |l y-effective amount,” as used herein, pertains to that anount

of an act Peéredrpeandessroasnmateri 8ELc&6RP6si tion or dosage form conpri sing
an active und, ich_.is ef ' o produgi] desir
therapeut#ggg??ect,T@%nngﬁgﬁratEgg%%ﬁgngeas%%ablEﬂgéﬁgg?tlggskggg i 0.

[ 0029] Thehterim" pat | € " coetexs tof anteat sngi aclamidg imanymepsytpies er abl y

humans. [OOSO%TEE term"region of a ga ien%“ refers to a particular area or
portion of *PRépati edt® aftiFEtsd wit D%aiﬁ,eﬁﬁﬂyinQanﬁir@?%%% 5%t o

regions thpegygheut terent ige patient. cEXemplahwfarsuch fegi pasgare the
pul nonary region, the gastrointestinal region, the breast region, the renal
regi on asiwel Ivegsomisary boavp Vi ¢algi @ns),, ti $8ueshiopnpliseya esdesetept or s,
organs an Li ke, including the v ulatyre d circulatory s em and
canceroung%gg gpt;ﬁegf%%H% “a 6giie%§ﬁl%%% Udesf”?oreéég%%%é, r%%%ons to
be treatednWibhttibe difschesed corpounds @and eomposidn onsnd Theclué@gson of a
patient” can be internal or external.

[ 0031] TheBeARICSGE" ri6t ebRYendral IOyt PGB E ST i zodleél| $PwHilth FayS per f or m

a particubar Junctdon. TheitermiLissye’timy cbeheriba, andddivi dyal cell or
a plurality or aggregate of cells, for exanple, nmenbranes, blood or organs.

The term bfi $sge'toaldse iions| udesatefearterrse @ arPrabrorel telduor as
Pncl udi ng Braast Counrs. mirGIE (1LY | Setdi fg. Ehdo HerTtnt and
epi t hel i upnhdl amheaepieenneati verttiigsue,wd nadudinngrd ntersdttéadstissue, and
tunors. [0032]By "alkyl" in the present invention is neant a
therapies are combined, for example, sequentially or
simultaneously. Examples of treatments and therapies
include, but are not limited to, chemotherapy (the
administration of active agents, including, e.g., drugs,
antibodies (e.g., as in immunotherapy), prodrugs (e.g.,
employing protecting groups including phosphoric acid
derivatives and phosphinates at suitable positions such
as position 3 or 17, other compounds used for
photodynamic therapy, GDEPT, ADEPT, etc.); surgery;
radiation therapy; gene therapy; and other analgesics.
[0027] The term “stereochemical isomer” as used
herein, refers to isomers that differ from each other
only in the way the atoms are oriented in space. The 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 claimed

formulations comprise such compounds that isolated,

resolved and are “substantially free of other isomers.”



straight or branched chain al kyl radical having 1-20, and preferably from
1-12, carbon atons. Exanples include but are not limted to nethyl, ethyl,
propyl, iwopepglizein- butyl, sec-butyl,tert-butyl, pentyPCZASNM1P51608

i sopentyl, neopentyl, hexyl, 2-hexyl, 3-hexyl, and 3- nethyl pentyl. Each

al kyl gro be tionally, substityted with e, two or three
Subst i tuehD8ZEch adhor G T Ao 258 Hal G L 1y eIt ey TRy 3yl
al kenyl onsabkoxgrghayp aeGthbhed i ke [{0033] Bynowalty! "of s danicanvar omatic

carbocylic radical having a single ring (e.g. phenyl), multiple rings (e.g.
bi phenyl ) COFPRUNEY pl 87f used™AFA§s2ln WAPBRCAE tLehst OBnedP82Gr onB® TR (e. g.
1,2,3,4-t -onapht hyl )... e ou al.so L onal nono- ,
di-, or t?%@%%ggﬁggtegﬁmf¥%?3%%rCé@éhﬁﬁéf ﬁg?%?hhf'rogéF?thﬁgl,f%fkenyl,
cycl oal kyprorualkgxysamnd tkeilkeke. t}O0344Byid hetfereaar, y| domseneansitone or

mul tiple fusgd aromatic iin% sy?teps,o& 5-,.6- or 7-nenbered rings
cont ai ni nYLat® PedSFSBREPAAICERCES T buF*héf&rBat oms sel ected from nitrogen,
oxygen or [ggbbyr. Exanpl es rincldide butr arernat dd mtegh 1o, fusanyhinghi enyl,

pyridinyl, pyrimdinyl, benzimdazolyl and benzoxazolyl. The heteroaryl
group canmalhgelbe ppeifemably homens.di-, or trisubstituted with, for

exampl e - hahqy hydraxyl . gl kyl., alkenylo. cycloaliol - or alkouy sad the 1 ke.

[ 0035] By "cycl oal ky i s neant a éFb08y|IC radical having a single ring
(e.g. cycbabhexyl)armilrdaple rpsgside. gf bheyglsahexd )aofl imddd pkecfiused
rings (e.g. .). The cycloal kyl group can optionally contain from1l to 4

het er oat oR8 11 n &l tonsFhe CYHTBAKRY| Lgr R RIS h&Pe OBRECHE nble doubl e
bonds. Th@n%xgboabﬁxheg&oup caReAbserbe 9ptignah! yr89n9ns dire Ofne

trisubstituted w for exanple, hal 0, hydroxyl, alkyl, alkenyl, aryl or

al koxy andufthenkbirkeregion, the gastrointestinal region, the breast
region, the renal region as well as other bodily regions,
tissues, lymphocytes, receptors, organs and the like,
including the wvasculature and circulatory system, and
cancerous tissue. "Region of a patient" includes, for
example, regions to be treated with the disclosed
compounds and compositions. The "region of a patient™ can
be internal or external.
[0031] 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 term "tissue" also
includes reference to an abnormal cell or a plurality 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.
[0032] By "alkyl"™ in the present invention is meant a
straight or branched chain alkyl radical having 1-20, and
preferably from 1-12, carbon atoms. Examples include but

are not limited to methyl, ethyl, propyl, isopropyl, n-



[ 0036] By "al koxy" is meant an oxy-containing radical having an al kyl

portion. Exanples include, but are not limted to, nethoxy,

et hoxy,

propoxy, Wotrewxysawed tert- WO 2012/ 037261PCT/ US2011/ 051@08/Useaioxnyl6dhe
al koxy group can al so be optionally mono-, di-, or trisubstituted with, for

exanpl e, halo dro ycl oal kyl -or al ko nd th
"gIEBnyI" H&Y %Ea%t %X§t¢ %t or tﬁ?&h ]Hydrogﬁﬁﬁg

| i ke.. [0037] By

't adi caPRa¥thg from 2

to 20, andsppehekabl yné@@@fn@yﬁ cadbpn, atome:and f nemeane t oahhr ee-doubl e

bonds and includes, for exanple, ethenyl, propenyl, 1-but-3-

enyl,

1- pent - 3 @ﬁyhyln}eﬁéyls enylEaCffhe al kehyl g@@éﬁp & alkso b‘ép’éb@lil@hhlfl y

mono- Fub@ElkEkéab%E %Uthilke [%83§§§%§Pg%b§%ﬁ Apdraxyl , jaryl,

cycloalky oxy an th

al ogen" 1's P halogen

radi cal offofl worinmd,e,chd onabhe, bydabreler dyadiore k{1003 By, "gl ketnydni de” is

meant a gg¥cgikde radi cal 5 %hucErgnlc aci d.

OXy group an

[0033] By "aryl" is meant an aromatic carbocylic

radical having a single ring (e.g. phenyl),

multiple

rings (e.g. biphenyl) or multiple fused rings in which at

least one 1is aromatic (e.g. 1,2,3,4-tetrahydronaphthyl).

The aryl group can also be optionally mono-,

trisubstituted with, for example, halo, hydroxyl,

alkenyl, cycloalkyl or alkoxy and the like.

di-, or

alkyl,

[0034] By "heterocaryl" is meant one or multiple fused

aromatic ring systems of 5-, 6- or 7-membered

rings

containing at least one and up to four heteroatoms

selected from nitrogen, oxygen or sulfur.

include but are not limited to furanyl,

Examples

thienyl,

pyridinyl, pyrimidinyl, benzimidazolyl and benzoxazolyl.

The heterocaryl group can also be optionally mono-, di-,

or trisubstituted with, for example, halo, hydroxyl,

alkyl, alkenyl, cycloalkyl or alkoxy and the like.

[0035] By "cycloalkyl" is meant a carbocylic radical

having a single ring (e.g. cyclohexyl), multiple rings

(e.g. bicyclohexyl) or multiple fused rings (e.g.

cycloalkyl group can optionally contain from

). The

to 4

heteroatoms. In addition, the cycloalkyl group may have

one or more double bonds. The cycloalkyl group can also

be optionally mono-, di-, or trisubstituted with, for

example, halo, hydroxyl, alkyl, alkenyl, aryl or alkoxy

and the like.

[0036] By "alkoxy" is meant an oxy-containing radical

having an alkyl portion. Examples include, but are not

limited to, methoxy, ethoxy, propoxy, butoxy and tert-

10



[ 0040] The

term"sulfate" refers to a radical having the general for

-0S(0)2-OR, wherein R is hydrogen, a netal or an al kyl group. [00

term " phosphat2#37zeef ers to a radi cal

)2, where
[0042]Th
-0P(0) (R°

in each R is independently hydrogen, a netal or an al kyl

W05 - hnel B ne CKERY RO“CeH HbenUEAL 1 Rytogen. b TRvar”

nmul a
41] The

havi ng t he gener al PCofusad1/0sP¢ 0) (OR

group.
fornmul a
or an

al kyl group-, [ 0043]Byubauliky: t@oua"tH,s ﬂ&argx@n@@,stméwnthwﬁ@xpr oduces

steric hi

ndrance about the space to which it is attached, e.g. a t-

but yl

gr oup. [OGAKPThéY?éPﬁﬂkaﬁlﬁé allkgky asduseg hérein refers to an al kyl group
with an a roupLon ex I N-CH% ICH2- ,
etc. vvheggp% ?he pg?nt % Ig)ilachﬁegfl)tn(?el%A_% carbon %%N% Cl_%y? gﬁaﬂyn and

t he tern1hgﬁkybaabbndiaﬁiammdh@@r@ynfmemems to an, amnd)@n@ﬂ©rmblﬁ an

al kyl gro
i Pr-NH,
t he am no
w || adhe
a net hyl

LR e G Rete shar e B grrore (RS T o -

atmnof

afdHoUPhc Alde OF heto 1t eE BBy @relétwessF% pkadical s-1g5€-enpl oyed

re to a simlar rule. [0 45]By "denet hy I's neant the abs
enyl, l-pent-3-enyl, 1l-hex-5-enyl. The alkenyl group can

also be optionally mono-, di-, or trisubstituted with,
for example, halo, hydroxyl, aryl, cycloalkyl or alkoxy
and the like.

[0038] "Halo"™ or "halogen" is a halogen radical of
fluorine, chlorine, bromine or iodine.

[0039] By "glucuronide" 1is meant a glycoside radical
of glucuronic acid.

[0040] The term "sulfate" refers to a radical having
the general formula -0S(0),-OR', wherein R' is hydrogen, a
metal or an alkyl group.

[0041] The term "phosphate" refers to a radical having
the general formula -0OP(0) (OR'),, wherein each R' is
independently hydrogen, a metal or an alkyl group.

[0042] The term "phosphinate"™ refers to a radical
having the general formula -0OP(0) (R');, wherein each R' is
independently hydrogen, a metal or an alkyl group.

[0043] By "bulky group" 1is meant a substituent that
produces steric hindrance about the space to which it is
attached, e.g. a t-butyl group.

[0044] The term “amino alkyl” as used herein refers to
an alkyl group with an amino group on it, for example,
H,;N-CHy-, HyN-CH,CH,-, MeyNCHy-, etc., wherein the point of
attachment is a carbon of the alkyl chain; and the term
“Yalkyl amino” as used herein refers to an amino group
with an alkyl group attached to the nitrogen atom, for
example, CH3;NH-, EtNH-, iPr-NH-, etc., wherein the point

11
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group. [0046] The term "proliferative cell disorders"” as used herein refers

to disorders such as tunors, primary malignant tunors, and other

hyper pr olwbeper3ymicondi ti ons. The ternms "primary nal i g@mius2utos168g "

"cancer(s)" are used interchangeably. Conpounds [0047]Annng ot her

t hi ngs, the present. invention reIa%gs to. 13- denet est gb? derivatives
ad

wi th specPfi ¢ hWbafr Fgati ons &t°C 6°6n ?h@rﬁg??ndi(¥n 781 '°and the

llack of aghetyl gxDPUPodhe® k2@ thige fe1h Nguchbskeast r%ﬁﬁ’tcﬁﬁﬁﬁcér@f this
invention is directed to such conpounds haV|n% t he general structure of
6

Fornul a | BRé@cdbbvel de@gFlﬁOaﬁ énpodPrent'l6f the present invention,

preferred eundsﬁgaw ner.al Iﬁ%£#€ %g %Qggg ILn F0F£U+gtﬁ§ belomr

| a mhereln are as ove Even
nor e prefgmabby, Y IS selected from=0 and -OH, R4 |s selected from

hydrogen Cﬁ select g fr gg nd hal o;
is seleeﬁég fronF ?dFSé@n Hﬁﬂ%}éﬁﬁ? Je%téﬁg s
herein refers to disorders such as tumors, primary
malignant tumors, and other hyperproliferative
conditions. The terms “primary malignant tumor(s)” and

”

“cancer(s)” are used interchangeably.

Compounds

[0047] Among other things, the ©present invention
relates to 13-demethyl estradiol derivatives with
specific modifications at C-6 on the B ring of the
estradiol, and the lack of a methyl group at C-13 on the
C ring. At least one aspect of this invention 1is
directed to such compounds having the general structure
of Formula I shown above.

[0048] In an embodiment of the present invention,
preferred compounds have the general structure shown in

Formula Ia below:

wherein Ry, Rz, R4, X and Y are as defined above for
Formula 1I. Even more preferably, Y is selected from =0
and -0OH; R; 1is selected from hydrogen, halo and C:-Cs
alkyl; R, is selected from hydrogen, -OH and halo; R; is
selected from hydrogen, halo and -OH; and X is selected

12



from C2-C22 al kyl, C2-C22 al kenYl , - (CH2 ) nCOOCH3, - (CH2 ) rit-0- CH3
,- (CH2 ) mO- (CH2 ) riCH3 f(CH2) In- S-CH3 f- (CH2) MS (CH2) nCH3 r
(CH2) m NWwoQeH2B726CH3, al kenyl -S- (CH2) nCH3, al kynyl- OPCTQIS2)11/8X483

al kenyl-O (CHZ) nCH3, al kenyl - N- (CHZ) riCHB al kynyl -S- (CH2) nCH3,

gl N (G0 (01 8 (GRm O (CD Dl (8 me e

- (CH2) WNH@@Q'l = (@HX)HH@N ¢€H 3h; SO?CENHm3S @HQ (Qd@z%l\!# §02,)NH2;, mi s an

i nt eger froml 20; nis an integer fromO0-8; and the ---- yrrbol represents

either a si(Rfhed Efadublie bond: Vet e@éﬂf»eﬁ*mleopr éflet dblsy, Yi%~(s)-0H R4
| ect | k I hydr_oge and X
5 sel ect aarrom S EFIRY T SHGD aemi NG e Gt o)

m 0- ( CH2)1REHSLFOCCHE, ), am:S - CH3;-@nd -axmlm&cqgmmgn CH3:C.ACES an

7 eRe o BT e P08 [ O f OOERIIEL pgtfetgeodt e
-NH (CH;) .CHs3, -NH (CH;) ,OCH3, -NH (CH;) ,CHOH-COCH,
- (CHy) n (NH) CH,OH, - (CH3) ,NHCOOH, -(CH;), N(CHs3)-S0,-NH;, and
- (CHy)—-NH-SO,-NHy;; m is an integer from 1-20; n 1is an
integer from 0-8; and the ---- symbol represents either a
single or a double bond. Yet even more preferably, Y is

(S)-OH; Ry is selected from hydrogen or alkyl; Ry 1is
hydrogen; Rs; 1is hydrogen; and X is selected from Ci;-Cip
alkyl, Cy-C;», alkenyl, - (CHy),-0-CHs, - (CHj),-O-(CHy),CHs,
(CHz)n—S-CH;, and - (CHy),-S-(CHy),CHs; m is an integer from

1-12; n is an integer from 0-4.

[0049] Yet another embodiment of the present invention
is directed to a chemotherapeutic compound of a Formula

Ib:

OH

HO R,
R, X

Ib

wherein R; Ry, Rz, Ry and X are as defined above for
Formula T. Even more preferably, R; 1is selected from
hydrogen, -OH and halo; R, is selected from hydrogen, halo
and C1-Cs alkyl; Ry, is selected from hydrogen and halo; Rj
is sgelected from hydrogen, halo and -0OH; and X 1is
selected from C;-Ci; alkyl, Cy-C;y, alkenyl, - (CH;),COOCHs;,
- (CHz),~0-CHs, - (CHy)p-0-(CHy),CHs, (CH3)n,~S5-CHs, - (CHy)p-S-

13



is directed to a chenot herapeutic conpound of a Fornula Ib: OH R2 X 1|b
wherein R R2, R3, R4 and X are as defined above for Fornmula |I. Even nore
pr ef er ablwp 2RR2/63%263el ect ed from hydrogen, -OH and hal o; PRA/US20130F5®0% ed from
hydrogen, halo and C2-C6 alkyl; R2 is selected from hydr ogen and hal o; R3

| ect f hyd X t C2- C22
kol s 21637 aifkengl CRel) Bt L 2 SR 8B e m
0 - ( CH2c)-cd Q11H3€n}(l—@'42 ng%cf{% %ﬂl}cg al&e@lﬁ—)\l -MceS) cm;,(%%)cgl CH3 -

(CH2) mN (CH2) nCH3, -C2-C8 alken 1-0- (CH2) nCH3, - C2-C8 al kenyl - S-
(CH2) ri CALBYPE2-68 (BHKeMi N- s ri G erGe C8(ERyRL- 0- (aHE)

m 011, - (OLB) oKk é@%séﬁﬁ () R R (D) oo,
(CH2) nﬂ-l@ﬂlH@CEl_rb,mCE@CHZ) m (NH-DI CH20MCH=, (CH2) nmNBICOOH, ) ~CH@H2JOoM N (CH 3)
-S02-NH 3, (%Eg) (NH) CH,OH, - (CH,),NHCOCH, -(CH,), N(CHs)-S0,-NHs;, and
- (CHy)—-NH-S0»-NH;; m is an integer from 1-20; and n is an
integer from 0-8. Yet even more preferably, R; 1is
hydrogen; Ry is selected from hydrogen or alkyl; Ry is
hydrogen; Rs; 1is hydrogen; and X is selected from Ci;-Cip
alkyl, Cy-C;», alkenyl, - (CHy),-0-CHs, - (CHj),-O-(CHy),CHs,
(CHz)n—S-CH;, and - (CHy),-S-(CHy),CHs; m is an integer from
1-12; n is an integer from 0-4; and the C-17 hydroxyl is
in the (S) configuration.

[0050] Still another embodiment of the invention,

directed to a compound of a Formula Ic:

OH

R44O Rj
R, X

Ic

wherein Rj;;, Ry, Rz, R; and X are as defined above for
Formula I. Even more preferably, Ri;; is hydrogen or C;-Cg
alkyl; R, is selected from hydrogen, halo and C;-Cgs alkyl;
R, is selected from hydrogen and halo; Rz is selected from
hydrogen, halo and -0OH; and X 1is selected from C;-Cy;
alkyl, Cy-Cyiy alkenyl, -(CH;),COOCHs3, - (CHy),-0-CHs, - (CHz)n—
O- (CHy) ,CH3, (CH)n—S-CHs, - (CHy)n—S-(CHy),CH;, -(CHjy),-N-
(CH») .CHs3, -Cy,-Cg alkenyl-0-(CHy),CHs, -Cy;-Cg alkenyl-S-
(CH,) .CHjs, -Cy,-Cg alkenyl-N- (CH;),CHs, -Cy;-Cg alkynyl-0-
(CH;) ,CHs5, -Cy;-Cg alkynyl-5S-(CH;),CH;, -C;-Cgq alkynyl-N-

14



(CH2) m NH S02-NH2; mis an integer from1-20; and n is an integer from
0-8. Yet even nore preferably, R2 is hydrogen; R4 is selected from hydrogen
or al kyl ;wB20i2003m6dr ogen; R3 is hydrogen; and X is sel eeCedske1o/051688 C12
al kyl, C2 -C82 al kenyl, - (CHZ mOCHB 1- (CH2) mO- (CH2) nCH3 r (CH2 )

m S -CH3 n -(CHZ) [ , mis an integer fro nis
an int eger(cﬁ?)d%%!4; and % 17 hydﬂ;&%)mfé_%\] >t he (_Sf&é?dﬁ“f g]gﬁﬁé’u on.

[ 0050] St i LNHQQQEm@’H3¢ﬂbOdI manNH(p@H; hn@clH@yenti on, iy ect edctonacsompound of
a Formula lc: OH R2 X IC wherein R22, R2, R3, R4 and X are as defi ned
above for “K6HAUI QH) CHEQHR molCEopri¥f @@ v - (RE2) i &1 (50 0§6nBis.C aich al kyl ;
R4 is sele d e I an | kylqi_ ece from
hydr ogen aﬁlg%ﬁa”I é\%m%yl gggelrlnéc?gd ro?ﬁt%?grggfgr?%yl 2%2an§msg-1 £ Xis
sel ect ed finoap€2- CiRoml kyt§. cz Y&Z alvkenyhore (&H2Je mZOOCH3, R1n (&42)

O CH3, CH2) nO-_ (CH2 CH2) mS IZCHS
ET\r(cHz) nPMSIG@%%?) rF@I(—H?]ZS ceged %ﬁ{i‘i%yd(@ﬁ@? ré@e)lkg;é alk nyl -
(CHZ) nCHh§dEo@8mC8 ral kﬁ@ygg&ogz@m) driLHx3 lrs Re1 L8abKy M mD-c (LH2) nCH 3

- C2- C8al kynyl - C8al kynyl -
alkyl C2 C12 alkenyl (CH2) -0- CH3, (CH2) -0- (CH2)HCH3,

(CHz)n—S-CH;, and - (CHy),-S-(CHy),CHs; m is an integer from
1-12; n is an integer from 0-4; and the C-17 hydroxyl is
in the (S) configuration.

[0051] Yet another embodiment of the present invention

is directed to a compound of a Formula Id:

OH

HO

Id

wherein R;, R;, and X are as defined above for Formula I.
Even more preferably, R; 1is selected from hydrogen, -O0OH
and halo; Ry is selected from hydrogen and halo; and X is
selected from C;-Ci; alkyl, Cy-C;y, alkenyl, - (CH;),COOCHs;,
- (CH,)n—0-CHs, - (CHjy)n,-0-(CH,),CHs;, (CHz)n—-S-CHs, -(CHy)n—S-
(CH;),CH;, - (CHy),-N-(CHy),CH;, -C,-Cy alkenyl-0-(CH;),CH;, -
Cy,-Cs alkenyl-S-(CH;),CHs, -Cy-Cs alkenyl-N-(CH,),CHs, -Cy-Cs
alkynyl-0- (CH;) ,CHs, -Cy-Cg alkynyl-S-(CH;),CHs, -Cy-Cg
alkynyl-N-(CH;),CH;, -(CHy),-OH, - (CHz),~O-NH;, - (CH;),-S-NH,,
-NH (CH;) .CHs3, NH (CH;) ,OCH3, -NH (CH;) ,CHOH-COCH,
- (CHy) n (NH) CH,OH, - (CH3) ,NHCOOH, -(CH;), N(CHs3)-S0,-NH;, and
- (CHy)n~NH-S0O,-NH,; X is selected from C:-Ci» alkyl, C,-Ci»
alkenvyl, - (CHy) —0-CHs, - (CH,)»n—0- (CH;) ,CH5, (CHy) n—S-CHs,
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(CH2 ) nCH3 1- (CH2) MOH f- (CH2) MO NH.- (CH2) mS-NH2. NH (CH2)
mMCH3. NH (CH2) nmOCH3. -NH (CH2) nCHOH COOH, (CH2) m (NH) CH2OH, - (CH2)
MHCOOH, wOoQeH2B7261N (CH3) -S02-NH3, and (CH2) m NH SOPCRRB201M05B0%N
integer from1-20; and n is an integer from0-8.Yet even nore preferably,

R hyd 4 d f hydr o |k R3
S hydr oyen e 1S s BrearBa 1 B e oTa ReT E55E13 A kel O Gre)
m O CH3, 1s( %2)1%&;9,1( CHOm NEHS . r (S@Ha)l %r@nﬁrefé%)ym &, (CH2)

riCH3; mis an integer from1l-12; n is an integer fromO-4; and the C 17
hydr oxyl Resife taﬁ@( )aJé%n}ﬁY@W%@ﬁlorfn {@0@1] ‘ﬁe%@tf\@?mehbb%h nenisSof the
present inyenti u Myl wher ei n
Rl1, R2, Qé 9( t% %Ofm ned above o??m &d?OE(%\}en m)re tph%:f e%gbl y, R1

i s select ednffngmrhydbogen -OH and haI 0; R2 is selected from hydr ogen and
hal o; and X sel ected fro a-Cl2 al kyl -Cl2 al ken

(G0} molens? e el arot Teaayboda oy S cr ey &EYé%Sg (o)
, CH3, - (@HZm%NteGCH%) aNERpbunE2:E8akkenyl=01e( CH2) nCH3. - C2-

al kenyl -S- (CH2) ri CH3r CZ(% al kenyl -N- (CH2) riCH3 rC2 C8

OH

HO R;
Rz (CH2)mZ(CH2)nCH3

(Ie)

wherein m, n, R;, R,, Rs and R; are as defined above for
Formula I, and Z 1is selected from -0-, -5S- and -NH-.
Even more preferably, m is 1-12, n is 0-4, R; is selected
from hydrogen, -OH and halo; Ry is selected from hydrogen,
halo and C;-C¢ alkyl; Ry, 1is selected from hydrogen and
halo; Rz 1is selected from hydrogen, halo and -OH; Z is
selected from -0- and -35-; and the C-17 hydroxyl is in
the (S) configuration.

[0053] Still another embodiment of the present

invention is directed to a compound of a Formula If:

wherein Ry, Ry, Rz, R4 and X are as defined above for
Formula I. Even more preferably, R; is selected from
hydrogen, -OH and halo; Rs is selected from hydrogen, halo
and C1-Cs alkyl; Ry, is selected from hydrogen and halo; Rj
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al kyny1-0- (CH2) CH3,-C2-C8al kynyl-S- (CH2) CH3,-C2-C8 al kynyl -N- (CH2)
,CH3, - (CH2) mOH, - (CH2) mMONH2 . - (CH2) mS -NH2. NH (CH2) nCH3. NH
(CHZ) mMOCGMB.20 NH3(BIH2) nCHOH COOH, (CH2) m (NH) CH20H, PCTMS2011/846EGOCH, -
(CH2) mN (CH3) -S02- NH3 and (CH2) m NH S02-NH2; X is selected from

a-Ci12 aIkI, ken - (CH2) CH? t- 0 - (CH2) riCH3
f(CH2) rn éﬁg%(:tﬁ d gngg?@zy% a’\ 9& %‘ﬁlt gef from 1-20; and n
is an int @eeécftéemf%& c§t¢l | agven, ”QEﬁclgr@ﬁ@éﬁle -Rtp, R&oddi.and R4 are
hydrogen; mis an integer froml 12 nis an integer fromO0-4; and the C 17

hydr oxyl i<CHn) IﬂﬁeC(PS) cdﬁﬁebmoatﬁ%h “¢H052(Yet ~andther e%béim%m of the
present I%ﬁé} |chp |s ec&egCP? nnggporrpegn(? lI__kaernF I’TBJ|(% 1 wherein m

n, nd’ R4 are "as “4bov is selected
fr Om 0- Co82g aH’idierNHl-—S—E\[Eﬂ ) O e pr(ﬁf—é@ azbl]yenyrlﬂs ﬂ_CI‘lzz,nCFbJ S—- @z—‘t,g Rl is
sel ected fiﬁk’{}ﬁ/ - OH and hal o; S seI ect ed from CIydr ogen, halo

and O -C6¢ Féb)sléiHéct e@?cﬁoﬁ;ﬁy’aﬁ/ gen (Ghd talPe: "R3 Ges sel ected from

hydr ogen, al‘ml_ygy@ng (SH,) £d.S seteptedufromul- -andy; S ng thenie,17
hydroxyl is in'the (S) confl gur atl on. [0053]Stillanot here odi ment "of t he
present i n¥8ntHohGHs, dNHéEHed:GWdia TORPOUNdCHPHaCPO AUl a | f :

- (CHy) n (NH) CH,OH, - (CH;),NHCOOH, - (CHy), N(CH3)-S0O,-NHs3, and
- (CH,)n~NH-S0,-NH,; X is selected from C1-Ciy alkyl, Cy-Ci»
alkenyl, -(CH;)p,-0-CHs, -(CHj3)n,-0-(CHy),CHs, (CHy),—-S-CHs,
and - (CHy),=S-(CH2),CHs; m is an integer from 1-20; and n
is an integer from 0-8. Still even more preferably, Ri,
Ry, R3 and Rs are hydrogen; m is an integer from 1-12; and
n is an integer from 0-4.

[0054] Embodiment compounds of the present invention
can be used 1in 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
pharmaceutically-acceptable carrier component. Without
limitation, such a composition can comprise a racemic
mixture of compounds. In certain embodiments, such a
compound can be present as the S and R enantiomer,
preferably their isolated and purified form which 1is
substantially free of other isomers, and Rs, or R; can be
selected from H, C; to Cg alkyl or substituted alkyl, and
a halogen.

[0055] The compounds of the present invention may have
asymmetric centers and may occur as a racemate, a racemic
mixture or as individual and purified diastereomers or
enantiomers such as (named wvia ChemDraw Ultra, Version

12.0 or similar) (85,95,145,178) -
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OH R2 X (If) wherein Rl, R2, R3, R4 and X are as defined above for Formul a
|. Even nore preferably, Rl is selected from hydrogen, -OH and halo; R4 is
sel ect ed woam¥ngaewagen, hal o and O -C6 al kyl; R2 is sel @cras2émonmehydr ogen
and halo; R3 is selected from hydrogen, halo and -OH and X is sel ected

f C-C12_alk CH2 C H2 - 0- CH3 f
-r?gHZ) n&o a?cn{é 1%28333%4(5352?%&58 %Y el n“ES ; (0342m) riCH3f .
(CH2) mNcy(:@bi;)enﬂglﬁé pheﬁan%r@hgeeylwdle@-m NGHS o &2rdC8 al kenyl -

( CH2) CH31 -C2-C8 al ken | - N- (CHZ) CH3, C2 C8 al kynyl 0- (CH2) CH3, cz ;]
al kynyl - S{6RCRPy S6H34 S, @25686a| R@iﬁppxwe@m}l , - (CH2) m OH,

CH2 NEI2 H H 2) mOCH3,
-(NH( ch 90&}?@’% fn%fNﬁ)%‘ &%égg”%ﬁ oo COOH, - (CH2)m N ( CHB)
- S02- NH3, c&ndiop(e@lbla)HHNHeSQQtNhfI%neX3I,§7SdtLe¢t ed f remn@ou@t? al kyl) ; C2- C12
| k I, - CH 2 CH2 S- CH3, d
a( Cligglms %&-é)s éﬁ?,?_%v llgg %) %e@%cﬁp%gﬁﬁfyég azurjnn is analnnt eger from

0-8. Stillk, evenimone, @@eﬁ@r@blm Ry -aB2anRérandyR4 are hydrogen; mis an
i nt eger from1-12; and n is an integer from O-4. [ 0054] Enbodi nent conpounds

of the pr eseAPPERVentl phesanthacnsed. ii- diphar macelfdmrsiunsbnposi 81 bn. Such a

conposi ti QRCaR, SATRYISS 72012 60 LIALE,GANRRYAGS sel ected
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopental[alphenanthrene-3,17-diol (compound 4);
(6R,85,95,145,178)-6-( (aminooxy)methyl) -
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopentalalphenanthrene-3,17-diol (compound 5);
(6R,85,95,145,178)-6- (((methoxymethyl)amino)methyl) -
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopental[alphenanthrene-3,17-diol; methyl
(((6R,8S5,95,145,175)-3,17-dihydroxy-13-
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopentala]phenanthren-6-yl)methyl)carbamate (compound
6); (6R,8S5,9S5,145,175) -6-methoxy-
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopental[alphenanthrene-3,17-diol (compound 7);
(6R,8S5,95,145,178) -6- (2-methoxyethyl) -
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopentalalphenanthrene-3,17-diol (compound 8);
(6R,8S5,9S5,145,178) -6- (4-methoxybutyl) -
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopentalalphenanthrene-3,17-diol (compound 9);
(6R,8S5,9S5,145,178) -6- (8-methoxyoctyl) -
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopentalalphenanthrene-3,17-diol (compound 10);
(6R,8S5,95,145,178)-3-hydroxy-6- (methoxymethyl) -
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
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fromthose discussed above,illustrated bel ow or otherw se inferred herein,
and conbi nations thereof.In certain enbodi nents, such a conposition can
conpri se wWophwyosgaseut i cal | y-acceptabl e carri er conponenPCTMSR10051608
limtation, such a conmposition can conprise a racem c m xture of conpounds.
In certain enbodi ne such [of0) can be prese t as t d R
enant | omer LS QPBr B BOry PR EE R BN AV ang SpEATAEs i HNHICh | BT
subst ant i akRry sfr eg, 0t 50t hey 5sqqep§opag§b85 19 R7 can be selected fromH,
C to C6 al kyl or subst it ut ed al kyl, and a Kalo%_ [ 0055] The conpounds of
s an

t he preseﬁt8vﬁvéﬁtﬂém1&394héﬁelésﬁﬁﬁ€?ﬁﬁéyééﬁré d may occur as a
racemat e, iAdivi an i~ast er eoners or
enant i omer Cﬁgg% %ﬁgkgggeggr§%EnE;hv %F??a %: |%§#€2 g2§r S%ﬁ?lar)
(8S, 9S, 14$6R78ﬁ 9S 14S,178S) (5-ethoxypentyl) -

7,8,9, 11, 1 7- | t h th 3,17-d
conpound2)'s B BR.65. 95 14+ 13%)?2 CreeRGRpREERy Py Prenantrenes, 7 diel
7,8,9,11, ¢ cl%ﬁéﬂtéﬁa}@héﬁaﬁ%ﬁ@@ﬁ@ﬁg bh-diol .

cyclopenta a] phenant hr ene- 3, 17-di ol (conpoundi); . .
(6R, 8S, 9S, 9@56175) Bn(@mb@ﬁhaﬁpﬁeﬁ¢|ﬁhe present invention pertains

Zyglgpéﬁtéﬁa]gﬁé% %ﬁ%g%é%gd%%ag¥gi?%onpoun ntiomers, and/or R or

(6R, 8S, 9S51432%78)<omehydiax yaretindt)i-tuted estradiols. Methods for
7,8,9,11, 12,13, 14, 15, 16, 17- decahydr o- 6H ,
cycl opent &[&] phBR&RERFERED3, 17€dPof (coRpBURARyic  synthesis)  and

separation (e.g., 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. Such methodologies
are, for example, described in U.S. Patent No. 7,846,918,
the teachings of which are herein incorporated in its
entirety.

[0057] The compounds of the present invention can be
synthesized by the following methods as depicted in the
schemes below. The demethylestradiol derivative 1 1is
prepared through the 17-one compound C, which is
converted to the oxime E,. The d ring of E 1is
subsequently opened to produce the methylene
propanenitrile F. The epoxide G is then formed, followed
by the reformation of ring d to afford compound H. H is

then reduced to produce compound 1.
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(6R, 8S, 9S, 14S, 17S) - 6- ( (am nooxy) et hyl ) -

7,8,9,11, 12,13, 14, 15, 16, 17- decahydr o- 6H

cycl opentwapappismemt hr ene- 3, 17- di ol (conpound5) ; PCT/US2011/051608
(6R 8S, 9S, 14S, 17S) - 6- (( (et hoxymet hyl ) am no) net hyl ) -

7,8,9,11, 12,13, 14, 15, 16, 17- decahydr o- 6H
cycl opent a[ a] phenant hr enef3, 17- di ol ; met hyl
(((6R, 8S, 9S, 14S, 17S) di hydr oxy- 13-
7,8,9,11, 12,13, 14 2T7- r g
cycl opent a[ a] phg) A n- 6- yl5%tet amat e(tbnpouns
(6R, 8S, 9S, 14S, 17S) - 6-get hoxXy <y 94% cy 30-50% o
7,8,9,11, 12,13, 14, 15, 18, 17- decahydr o- @+ Gycl opent a[ a] phen&nt hir ene- 3, 17- di ol
(compound?7); (6R, 8S, 9S, 14S, 17S) - 6- ( 2- net hoxyet hyl ) -

H OH
¥ Li (wire)

PhPh
PhCH,Ph

~

7,8,9,11,12, 13, 14, 15, 16, 17- decahydr o- 6H- o

cycl opent a[ a] phenant hr ene- 3, d{ ol (conpound8) ;

(6R, 8S, 9S, 14S, 17S)P- 6- (4- ybut y1) - NH,OH
7,8,9,11, 12,13, 14 48%¢g Ahydro-.5H (HCh

cycl opent a[ a] phendit’hme o

- di oPf.conmpeais
(6R, 8S, 9S, 14S, 17S) - 6- ( 8- net ‘gyoct§§§g

0
7,8,9,11, 12,13, 14, 15, 16, 17c decahydr o- 6H D
N-OH
DMSO, CCl,
DCC, TFA
CN
LAH, THF
cy50% HO
[0058] Reaction schemes for preparing estradiol

derivatives is given below, Schemes 2-4. Such methods can
comprise reaction of a t-butyldimethylsilyl derivative of
estradiol with LIDAKOR/THF/formaldehyde to obtain a 6-
hydroxylated compound followed by such steps as: (i)
hydrolysis to obtain o-hydroxymethyl derivative of
estradiol; and/or (ii)treatment with dimethylsulfate
followed by hydrolysis to obtain b-methyloxymethyl
derivative of estradiol.

[0059] In an alternative approach, estradiol compounds
can also be prepared by a method comprising such steps
as: (i) protecting an estrodial compound, (ii) acylating
the protected estradiol compound at the benzylic ©6-
position with LIDAKOR/Butyl-
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cycl opent a[ a] phenant hr ene- 3, 17-di ol (conpound10);

(6R, 8S, 9S, 14S, 17S) - 3- hydr oxy- 6- ( net hoxynet hyl ) -

7,8,9, 11,W0208/0842615, 16, 17- decahydr o- 6H WO 2012/ 037261PCT/U83n00316051608
cycl opent a[ a] phenant hr en- 17 yl st earat e(conmpound 11);

(

6R, 8S, 9S, 14S,

189 11 13 CRSUADi8 08 Rr Y RaE R 4G 8RE ) EPopehE aF aF BHoAKRE hr ehbi®) 17- di ol (
conmpound 12haRdnGoRES, %Sslﬁ$o£739 61ehetboxypent ¥1)khium alumlnum
7,8,9,11, 12, 13, 14, 15, 16 17- decahydr o- 6Hcycl opent a[ a] phenant hr ene- 3, 17-di ol .
[0056]An BBadiifent (iof tﬁﬁpﬁ@é§@h%ngn¢éﬁﬁLQWPRﬁ#@%@n§egéoﬂﬁe<ﬁ?eb%$at|on of
the R or [.or o] tereqners o d
estradloI§ %%ga%bg %mp%%ggrepgiatf%ﬁqg'gl é%ynné%rli%ynt#pg %%aﬁg
separat|oasteaglplfda@uwamaheerystghhezabemnwamd chhenmt agr aphi ¢ neans) of
such isoneric forns are either, generally known in the art or are readily
obt ai ned by adapting the nebﬁbgg taught herein. Such methodolLogies are, for

t ent

exanpl e, described in U No. 7,846,918, the teg ngs of which are
herein incorporated in

'.n
17-one conpogﬁdﬁ', mhlch is converted to the oxinme E. The dring of Eis

i nvention can be synty ﬁz ]
OTHP OH
Hydrolysis
— — >
THPO : HO i
~

the present

> t|r @6R1h 0%%]The compou
schenes bel ow.\ T hyl estradi ol derlvatH%go s prepared through the

“SOH
D
Dimethyl sulfate
OTHP
Separate desired Hydrolysis
- | R
b- or a- THPO H HO
\OMe
B c
OTHP OH
Hydrolysis
3 —_—
THPO HO
CH OH

Dlmethyl sulfate

OTHP OH
HydronS|s [l »
THPO HO
OMe OMe

OMe

B c

Scheme 2
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subsequent|ly opened to produce the nethyl ene propanenitrile F. The epoxide
Gis then forned, followed by the reformation of ring d to afford conpound
H His twenroradgmsed to produce conpound 1. Schene 1 PCT/US2011/051608

[ 0058] React i onschenesf or prepari ngestradi ol derivatives is given bel ow,
Schenes 2-4. Such rrethgs cigcorrprl se reaction %tr t - butyl di met hyl silyl

derivative of estrad LI DAKOR/ THF/ f or nalld hyde to obtain a 6-
hydr oxyl at ed conp by such steps ’ |)1LDX<droI yS| s _tlo BBt ai n
6- hydr oxynet hyl > ive of estradfo @ ii »
di met hyl sul fat e owed by Mdrol ysj s, ohtai n 6- nBt hyl oxswe
derivative of estradiol. [0059]In an alternative approach g
conpounds can ar€®YBe prepared by a method conprising §ih steps as: (i)
protecting an estrodial conmpound, (ii) acylating the protected @¥tradiol
conpound at the benzylic 6-

Li t hi um Di i sopropyl am ne/ potassi untert-anylate, (iii) reducing the position
6 al dehyde with |ithiumalgp® num hydri de, pHdeprotecting the protected
regions of the estradj« schene for preparbng

estradi ol derd.vati 2 cBral prep HPLC

Ilo

— - O‘
THPO HO
OH OH HO
SoH D
chiralpeep HPLC
1.NaH OH
2.Mel PH
OTHP
H+
—>
HO HO
THPO OMe OH
E
OMe
OH
chirdl prep HPLC
HO Y
OH “OMe
B
HO
B OMe
Scheme 3
[0060] Various alkyloxyalkyl 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 available through synthetic procedures of the sort
described herein. Accordingly, without limitation,

various C; to Cs alkyl and substituted alkyl reagents can
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Scheme 2 WO 2012/ 037261PCT/ US2011/ 051608 CHO OH D

WO 2012/037261 PCT/US2011/051608

be used as described herein to prepare the corresponding
alkyloxyalkyl derivatives.

[0061] In another aspect of the invention, methods of
making 6-amino derivatives of the estradiol are disclosed
in reaction schemes below. Accordingly, 6-methoxylated
estradiols described in Schemes 2-3 are employed and

converted to their respective amino derivatives.

OH
. Hydrazine
(O —
AcO

Q

4 N
Exact Mass: 316.20 Exact Mass: 400.22 Exact Mass: 386.21 H Exact Mass: 531.23

Mol. Wt.: 316.43 Mol. Wt.: 400.51 Mol. Wt.: 386.48 Mol. Wt.: 531.60

60%

Exact Mass: 401.22 Exact Mass: 359.21 Exact Mass: 317.20
Mol. Wt.: 401.50 Mol. Wt.: 359.46 Mol. Wt.: 317.42
Scheme 4

Methods of Use

[0062] The present invention relates to a method of
treating pain in a mammalian subject (e.g., a human
patient). In such a method, the subject is treated with
a compound of Formula I, including Ia-If, or
pharmaceutically acceptable salts or hydrates thereof.

[0063] In at least another aspect of the present
invention, effective doses of compounds having Formula I,
including Ia-If, are administered to the patients in need

of such therapy.
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B HO O e Schene 3 [0060] Vari ousal kyl oxyal kyl deri vatives,in accordance with
this invention, involve selection of al kylating agents. Such derivatives
woul d be wioader#sesd by those skilled in art nade aware @®CTiUSRGLILIOAGENt | ON,
and is avail able through synthetic procedures of the sort described herein.
Accor di ngl vvithou& limtation, various C to C6 alk and substituted

al kyl reaééﬁ?é]can be %e&sggcées%{i %Eﬁ' hjerﬂ\é?%t:t%n’prébgr eC PROunds
correspondiiBg1akkyl oxyad kyl vde vapéyesich0061]dn aneyhesnaspecttigé the

i nvention, methods of naking 6-am no derivatives of the estradiol are

di scl osedafareagetioncsdchaved oelsow. Petordrhgly, 6wetdHnBAEI® @5tradiol s

descri bedi enes_2-3 are y n onverte - ir tive
am no der F\I?g%n?\%gs.r?sgﬁgnelaaz Il\im%gs%% ajlffggg[ %&62%Thgte%rlgg§lnta(§§€]g§ ion
rel ates tand/pet hodaofonist of a specific estrogen receptor. In a

preferred embodiment, the compounds of the invention can

be used specifically as an ERB agonist. As such, the

compounds can also be used in a method for treating or

preventing a disease mediated by ERB, such as, for
example, pain, immune disorders or inflammation.

[0065] In addition, administration of the compounds of
the present invention for treatment of pain may comprise
administration of a compound of Formula I, including Ia-
If, in combination with other adjunct pain therapies.
The modulation of pain through the use of ERP agonists
has been well documented, as evidenced by Spooner, M.F.
et al., Neuroscience 150, 675-680 (2007); Piu, F. et al.,
European Journal of Pharmacology 590, 423-429 (2008);
Piu, F. et al., FEuropean Journal of Pharmacology 592,
158-159 (2008); all of which are incorporated herein by
reference.

[0066] The compounds of the invention 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 gquestion. 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.

[0067] At least in one aspect of the instant
invention, the candidate compounds are evaluated for
their estrogen receptor antagonistic activity. The
evaluation as to whether a compound 1s an estrogen

receptor antagonist may be carried out by wvarious
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treating pain in a manmal i an subject (e.g., a human patient). In such a
nmet hod, the subject is treated w th aconpoundof Formul al , i ncl udi ngla-1f, or
phar mmcewpcaldog7mecept abl e salts or hydrates thereof. PLOMGB)M05EDS | east
anot her aspect of the present invention, effective doses of conpounds

havi ng F |, including Ia-If, dni nj st to the patients i d
of " such ¢ RGFRRg” VB 2012] 03761 PET] USDL1)/ 51608 [006H Tn G BePbet of the

i nventi onapbheceenpayndsu s sela@sed tRer egn &zitr@rnsjnﬁ@dfbgal tynd@cenhy one of
t he af orementi oned receptors. For exanple, the conpounds of Formula I and
la-1f cantbe Jstd fesrasspRenfiedagonicst awel otinmt Agortitst ®Ffrac’pedific

estrogen r e enbodi nent, the conpounds of the
inventionﬁlggﬁB g Sgégrgﬁggiﬁgggﬁﬂy as an ERP agonist. As such, the

conpounds [6akK8al sO be usedthear a amtdabchefror brfeathing arsgeeventti ngha di sease
medi ated by ERP, such_as, for exanple, pain %ﬁ ne disorders or

i nf | ammat FBREAE66B5] | hRddi T F ot SAdhiTni st 4t i o6 PeheCeBREOLNASZ D t he

present ipuepkien fg}(/ treahgenht0f PRLANBRYCCORARrige-admaisirafien of a
conpound of Forrmula I, including Talf, in conbination with other adjunct

pai n t her apPesssThe woddltaticsn ofopad nthew obghot heruse off )ERP sgomiists has
been wel! adcyentedoBs 8y AeRGed DY 0ONEL.  MiE. fbidl o Noutgsgl ence

150, 675- iu, F. uropean” Jour nal Pharmacol'ogy 590,
423- 429 (2008YedPiihtd. cehtabls EBut@peandladrpral godubharmeceliogytnd?2,
158-159 (2008); all of which are incorporated herein by reference.

[ 0066] TheCEBRPBLAds T6FLHE | MPenti G Y tal s@be dised BT of L&A in

vitro assayc hah exapRiR (D aider; {0 del eraihne whet haro g Lapdidate host is
likely to benefit fromtreatnment with the conpound in question. Any active

conpound efBttrhdiphiesehtsi aventipaundy il sbhbe usethiaisora standarding or

exanpl e, in_an_ass in orde o _identify ather active conpounds, other
ontiprol FPBERPTIe AGBRLs. ot hErShnt i i Al arimt oty GBent o0 ate. 1H067] At
| east in aaevaspeeat ofidthesdangddntor luciferase activity using a

commercially available assay kit.

[0069] In yet another aspect of the instant invention,
the ICsqg or the half maximal inhibitory concentration of
the candidate compounds are determined to assess drug
potency and potential 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 it has been well described in the art,
ICsy represents and measures how much of a particular
substance/molecule 1s needed to inhibit some biological
process by 50%. In the instant case, the ICsy of the
candidate compounds are determined as the concentration
that led to a response of 50% compared to the wvehicle
control cells.

[0070] As noted herein, the salts of the compounds of
this invention refer to non-toxic ‘"pharmaceutically
acceptable salts." Other salts may, however, be useful in
the preparation of the compounds according to the

invention or of their pharmaceutically acceptable salts.
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i nvention, the candi date conpounds are evaluated for their estrogen
receptor antagonistic activity. The evaluation as to whether a conpound is
an estrogE20e208p60r ant agoni st nay be carried out by v&CIrasgo110&1608
2012/ 037261PCT/ US2011/ 051608 net hodol ogi es known in the art.In the instant

application, such capacity is determned b onducting the Luci.ferase
bl ndi ng 2885y actor GORE LG Ehe Seridini RESREL hods (RESc b oREFern. 4 [ 0068] | n
anot her ephadinmentrefipl hi ssaspect ehcbhgabbygntipnchihe esh&ogepefgcept or
bi ndi ng capacity are assessed by transiently transfecting Cv-1 cells with
expr essi oNPEBHRBEFEELSCROL Yei 8PP ERPLS o2 BR'( 13 fpirustan ERE-ERx1@ci f er ase
reporter ruet.. ».Th e h iV in nt r.ol n ndi dat e
groups mggE?% ;dﬁlelcglon rr%l égrﬁggé?\%g E{)legiraefaetq;ngkrﬁl ,Egﬁggrlérgt rtzqae?egrgmgt h
estradi ol bakene ®iltnM aandsi healeandi datengroupsr r edeioveaester adholdpl us a
conpound of the invention at var |£§ concentrations, After 16-24 hours the
cel | s areRRAFFESTEETANE dlg% TucPPEr a8 act b t nG¥Png Ty the
comrer ci akhy avajhabl ec@%%@iﬁn!ﬂ'st ofl 0069] breyetranather ;aspectrof Lhe
instant invention, the C50 or the half nmaximal inhibitory concentration of
t he candi datéicompoends e tgétler mhraunacswsiseslsl Wragrgotaney andtpot ent i al
dosing r eghupns f o J s iyQabse e gl andinary. skill, in the artols
readily abl'é to ascertain such information usj ng ’cormgnl’y Known
nmet hodol ogbesssAsmi t ddas heerawedlidesceabed | metthe ards1d4550 & epresents
and neasures how nmuch of a particul ar substance/ nol ecule is needed to
i nhi bit sEABCHIBI o§ifcalMGFHELE" byS&HE 7 | n2PHe iSAdttant Qidwed t el teso of
the candi dat e coppouids. are det hhed asqthe congentyatj onythatilgd to a
response gfg Esoﬁ/o ggrrpar ed tcg thecg%/ﬁ?cl e%cgntrol cel | s.aaLF}OO?aO]A(zﬁn%t ed
herein, thelsalts of the conpounds of this invention refer to non-toxic
"phar maceut.i.cally acceptable salts.”" O her salts ma however,. be useful in
t he prepa;ﬂg??gtlu of ?ﬁepccroe tou%dgaggg%rlapngsq%&etcﬁcé i%%%krllt 78n aorh%?la?heir
phar maceupkeakhy , aceepidd e isal tanouhenrt baecorpaisids @fmddhendy esent
invention contain a basic group, salts enconpassed within the term
"phar macetbPcRISSHEceptaBRE18alt ST r &f PRT AL EOXF £ Bat ¢ SRt ehe ar e
gener al |y ;o1 epangd- dye | eagt i g the. {468 base Wid hrdrauntiall e gpgantc or
i norgani c acid. Representative salts include any such salt known in the
art. \Wiereitbnpopnds.of theEpfesentei nvénsaga cafoyman acnhdiesnoiefy,
sui tabl e armaceutically acceptable salts thereof i ncl ude al kali netal
sal o o BOR OGP b SPhy s PRt CIREER: o Enla kS nd ar (F S B B8T e g\
cal ci um oenPREGALSI U, SAhUS madnthgs ik frimahwddl st tablei i ganige ! i gands,
e.g., quaternary ammoniumsalts. o

skill of the art. It is understood by the physician,

veterinarian or clinician of ordinary skill in the art
that the dosage amount will vary with the activity of the
particular compound employed, intensity of the pain, the
route of 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 herein, the compounds of the present invention
can be administered in such oral dosage forms as tablets,
capsules (each of which includes sustained release or
timed release formulations), pills, powders, micronized

compositions, granules, elixirs, tinctures, suspensions,
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[0071] To treat a mammual i an subject, such as a human patient, an effective
anount of one or nore conpounds of the present invention, or a

phar mmcewpecaldog7mecept abl e salt thereof, is adm nister @iTius20in@s51688mal i an
subject with pain. Effective dosage fornms, nodes of adm nistration and
dosage ampunts may be determ ned enpirically, a maki ng suc

ot evm naBlOHES! S ARk UL RG OB | D . TSR (s STOEY b3St he
physi ci angamehekicBaezan on cl intehaBnefisor diparysskibl i nithesash) fhat the
dosage amount will vary with the activity of the particular conpound

enpl oyed, 1NRECERSIrEFoBRathe pdidPiddle roltedof ad@MilstT at i oS EPR) rate of
excretion ou hepat i Loen he i.ent, the
ur at i on 8 PFRG FEBar et R A IaE] (' of ARy ot her drgs ey ag

adm ni st efedmt 0 dhe suhphgctfoage, weilie landvh i ke facheoss ofel br&iwwsnyin the
medi cal arts._ As discussed herein, e conpounds .of the present jnpvention

t
can be ad 'ﬁ#%tépe&:f% RS S 4o g%rFBrnsA§§lfhbl s, Otapsit es¥ (each of
whi ch i nckudescgushgided el ease-oimd+med rel easetenpulatd opsdaipills,
powders, mcronized conpositions, granules, elixirs, tinctures,
suspensi 0ASeWD1 291 2/08 7261-PCHIYS2014/ 65160818y apsuand cdmilist odsuLi kewi se,
they may E%ﬁib%dadc”a NLSLELE! ni Nt favenous( bal %Ssoc“gﬁé's' %@gress of
i ntraperitoneal, top|05F €.g/, ocular eyedroﬁﬁ, subcut aneous,
i ntramuscyhar condtiransdermal (e.g., patch) form all using forms well known
to those of ordinary skill in the pharnmaceutical arts. Again, the
ordinarilyY8Kel ed éﬁ?éic?%ﬁ?g%%té?fné##hnpéﬁSEPﬁniépgﬁn aRtr eatih ¢y
det er m ne,and EE&SQﬂkPeiﬁﬁfbéﬁé@CéEY@céEPU%E1Qfﬂé%%éﬂﬁ&kﬁé%ﬂ“é@%b%o
prevent, counter or arrest the progress of the condition. [0072] O al
dosages of .Ohe gy epem kaverft i badvwhani disedreor date i(ndi/&ar/ddvef feets, will

range between_ a t 0.01 er__kag of .hody ight per_d /[ kg/day) to
about 100%}1%?@ yfngrér%é]’f/@%é/gl frﬁ. atbgylcp '\rl\@/ %g? dla@,m ﬁég%‘%f’ p?ré(?er ably
0.1 to 5. Qorw/ kg/rdasrdary or@l 1 adabni H.reat i 0d/ kd h€a €ONMPOSiHdONSo B4 B
preferably provided in the formof tablets containing 0.01, 0.05, 0.1, 0.5,
1.0, 2.5,25mpnigeretiey, 0,thrs. @oMBYSHL1A0® and SUTHAUA1gr arsCvidethe active
i ngredi ent f on, & he, symptonatjic adj ustents of bHheidosage to) the patient to
be treated. A nedicanment typically contains from about 0.01 ng to about 500
ng of thelaltive.bpgreddentlO pgieferialdly, Z5.dm about®,1 0t oamBoud0A00 ngy of
active ingredient. Intravenously, the nost, preferred,doses wll range from
Sbout 0. 1T S TABOAES10 gt KGy AVE Y e HtonEP AnttHFas ST OB bie
Conpounds a8fj ukRRecpiesent: neNviRRtigeN tRy Hee RdmdHister ask i frdasddgl endai l y
dose, or the total daily dosage may be adm nistered in divided doses of

two, threBegiceBaptt itn®d caaillyy COPFOZ3EAS eot e her & 1 the conpolinds of the
present i nti.o b i ﬁggﬁi i i t her i iceptive
agents orggﬁhgg gggﬁﬁf %ﬁ#@ﬁgiﬁ1 en 5%%% 3ﬂ§¥%%%§$ﬁgnfﬂgg%i%@g#%rpthe
manmal i anmguhjoecthoulhel (§ dinyi dialke ccdrmponenirsdifersuch Tobbianatownsy can be
adninisterﬁd se aratelg at gﬁf erent tines during the course of therapy or
concur rentl§ i vPAEGCHF ST i E T oMbitnat T T or et ?PALF edltrd oF°r egi ons
of such patbeant sid nmaeed /efinsdeh dherapya ThendnstantacRvent FQ8; bs.
therefore to be understood as enbracing all such regines of sinmultaneous or
al t er nat i Rgmppeatrent &h¢ e seeytim ITadTi st erdngre | adnonbetere@rpret ed
accordinglLy._.t w | understo t.hat C i nat i f the
corrpounds"jofsjtrh(':fl'\ég i %li\a}ggf/i gﬁogﬁ’t h8gt #e?fe aggﬁ?g :%%lglflﬁjl Cfc{gg%ga%“a&gzb ar get ed
cancer coadinthostenedudes dikipkidncogles arty teanbittatdcon m fduanyimes

phar maceuti ¢cal conposition useful for treating disorders related to
estrogen ﬁéﬁ&?roning. [0074] 1t may be convenient or desirable to prepare,

[0073] As noted herein, the compounds of the present
invention can be used in combination with other anti-
nociceptive agents or other agents which will enhance the
treatment regime for the mammalian subject. The

individual components of such combinations can be
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purify, and/or handle the active conmpound in the formof a prodrug. The
term"prodrug"” as used herein, pertains to a conpound whi ch, when

met abol i 2&0,2012/82%s t he desired active conmpound or in i PEEUS2013/0516@8 acti ve
conpound. This includes for exanpl e adding a phosphoric acid ester noiety

in suitabl ositions such as sitions 3, _6 0 or. 17. i cal l t he

br odr ug. 1 EMALEEEECdor STBRET HELT ver & haH hie it i v EmpOtndt Sutrmy

provi de adyartageousthapdbiNthr agdphBihsteation,iordmetabal icc psoperdi es. For
exanpl e, sonme prodrugs are ethers of the active conpound; during netabolism

the et her Cgrbupaits oal éavad o Wadli¢ntite dctisE drugt Ase) Bokeeprodr ugs
are activated,enzgymatically 19 yigld the acti Yﬁﬁ%QHEOPEHveHEiBnCO@OU”d

whi ch, upon further chem cal reaction, yields the active conpound. Thus, in
t he net hodseotfbreatmenie ofinddespreseat enventian dildclosded hegenas t he

term "adm ni stering” shall enconpass the treatnent of the various
conditionggde§%??£€ﬂn%WT% tHe égEﬁSBﬁalEBec?¥?%%T?9tdF§31o§gﬁ or*W'th a

conpound whQhghnhBYcROhgbe speaidigal | yndisclosed, hutswhich converts to the
specified conpound in vivo after adm nistration to the patient. Metabolites
of these woApobedsiidssiidodcthate speckesrpr oducedupet ians cductieon of
conpounds _of this_invention int he manmal i bj [010 / t hout being
bound to g%gp% ggﬁiggf ?%l%aéggggﬁlggpg?ted ?ﬂ%nyéggééfoﬂlggﬁﬁi %% t he
recept or kirgand tpecketrgeftceistaogen regepitore (hothidRa andoERP}ipvéa t he
C17-0H (via H's 524); and the C3-0H (via Arg 394 and Gu 353). As with

Est r adi ol 228 ndiWy 9 Icéipourdtd dPBlY, S &enie,caln theBamettPyand

pocket of ;ERa,and £RP, andprgferaplayyjdists ERP.1¥Eagsi md are@ﬂ&?@ﬁc' d
bi ndi ngs may occur. Additionally, the presence of the al koxyal ky

substi t ueAtinativrheng-6 carbon of conpound 1 may alter the confornation of
the normal .l Lgand-bound receptor resulting in.nodifjed activity accounting
for the oéQ@?%id an?%-ﬁﬁﬁbﬂa cFP@WF“?eéﬁn%H%iFF ﬁgabFﬁlgfﬁA%r " herei n,
the term peAPQSi Lind'ord hdmilendeate t ocenceonNpassoanfr aduatheC ofgm sbng t he
specified ingredients in the specified amounts, as well as any product

whi ch resél £ Y%ect | Y18r Headi r'ectIGEUS T offf cHRBCndtS Ioh Tof PREC3PRRi fi ed

| ngredi entg bn e SPECHH;e aTpI Se IO RNAr npcautd cale forgutadi ons of
t he present nven Pon%ingFS%E t hose §ﬁ%ta e forqggﬁl, na§3|, toﬁ?%al
(1 ncl udi ngcbugeal candosud| icrguah) , ireet &l ,1vagihral aahdier panemied al

adninistrg%ion“ Rﬁ %rdlg§s of the routs.of adm ni strat.ion selected, the
active in éﬁiéﬁ?ig5e§r Formi & Ed FACOMBhAr MRCERICalT yEactept abt e dosage
forms by genveRtienatureibodspkpownohg these £f skkitibAsthe art.1§0103] The

amount of the active ingredient(s) which will be conbined with a carrier
materi al P& pkobduce Tgpically, the prodrug 1is 1inactive, 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 metabolism the ether group 1is
cleaved to yield the active drug. Also, some prodrugs
are activated enzymatically to yield the active compound,
or a compound which, wupon further chemical reaction,
yields the active compound. Thus, 1in the methods of
treatment of the present invention disclosed herein, the
term "administering" shall encompass the treatment of the
various conditions described with the compound
specifically disclosed or with a compound which may not

be gspecifically disclosed, but which converts to the
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single dosage formw ||l vary dependi ng upon the host being treated, the
particul ar node of adm nistration and all of the other factors described
above. TheOoanunit2eef the active ingredient(s) which wllPChaScaniosreesl wit h a
carrier material to produce a single dosage fornlmjll generally be that

t of th t d t . whi t d f ect t
ot oduce a°PHE SREH | SR BT - FOTGH] Ve ERGaL0l BIBHANT HGBNT RaceUt e8]

formul ati gasientconpast ibonstépcloyderides steppefinbBEi NgiNagidhesaetvyve
ingredient(s) into association wth the

carri er andP6pEESNAIISAWIREDr PR ac eSO tilngr edli eAPEPPHNGENS Al thihe
fornulatl9?§§3E§0Br§B%5eghgymgﬁh59%gkysﬁg chptimately bringing the active

i ngredi ent into association wt carriers, or finely divided
solid nec¢ssany, shapihgutheb¢Oif5bdrordrukcat i oms e&hadnmmiatuon nay be

carriers,_ or bot then, if rod c of the invention suifable for oral
in the fopﬁ§8fr8g8§6€gst%€gc %1n s to the receptor {1ga

pocket of estrogen receptors (both ERa and ERP), via the
Cl7-OH (via His 524); and the C3-0H (via Arg 394 and Glu
353). As with Estradiol, binding of compound 1 diol, for

example, in the same ligand pocket of ERa and ERP, and

preferably just ERP, via similar amino acid bindings may
occur. Additionally, the presence of the alkoxyalkyl
substituent at the C-6 carbon of compound 1 may alter the
conformation of the normal ligand-bound receptor
resulting in modified activity accounting for the

observed anti-tumor activity.

Compogsitions

[0101] As used herein, the term "composition" is
intended to encompass a product comprising the specified
ingredients in the specified amounts, as well as any
product which results, directly or indirectly, from
combination of the specified ingredients in the specified
amounts.

[0102] Pharmaceutical formulations of the present
invention include those suitable for oral, nasal, topical
(including buccal and sublingual), rectal, vaginal and/or
parenteral administration. Regardless of the route of
administration selected, the active ingredient(s) are
formulated into pharmaceutically-acceptable dosage forms
by conventional methods known to those of skill in the
art.

[0103] The amount of the active ingredient(s) which

will be combined with a carrier material to produce a
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pills, tablets, |ozenges (using a flavored basis, usually sucrose and
acacia or tragacanth), powders, granules, or as a solution or a suspension

i n an aqueous1237zdnaqueous |liquid, or as an oil-in-wat @CTAIS2WA08Y608 n- oOi |
liquid emul sion, or as an elixir or syrup, or as pastilles (using an inert
base, such.as gel&tln and(%g%cerl or suc se nd acaC|a) nd/or as nouth
washes and'fHé @59%acH Toht ditditng” a ¥ & Had YEount 8f PR&C active

i ngredi enbEshg -Efi%aét@d V&H@%@Qtﬁ@ul&ﬁ)m@@é @|f3(hcb@r@§!d’ﬂﬂut51tcﬁf eghas a

bol us, el ectuar paste. [0106]In solid dosage fornms of the invention for

oral adm Rildt P4t Hﬂ?(Qﬁﬁﬁﬁn Ct@%%l@@§crbbﬁﬁsa @vageesinpoubers; @fanul es
and the | ), r Jdhgr n |r LCr oni zed
form IS/%E% rﬁéég?%z ?ﬂgg%g§%Ptqgre%ﬁhégﬁagg%?lg%iI?éggéég ablg9ca%r|ers
such as sodiruteei tmater ol diteal prudmpdaosaphateglandicma@my fofrmt heifol | ow ng:

(1) fillers or extenders, such as starc | act ose, sucros cose,
manni t ol , 93H8F8ﬁ1§1l?%|ct%%?d AR er§hesu€ﬁté§e fb?g%§§h%$ (s)

car boxynemhxhhcel ilul osige  ahgiypates,qpel atd pre POl yyi nyb pw&idd@nea sucrose
and/ or acacia; (3) hunectants, such as glycerol; (4) disintegrating agents,
such as aghﬁragaptléaﬁéﬁ@ﬁﬁcarbonate potato or tapioca starch, alglnlc
acid, cert ilic nd sodium carbonate; (5) so ela

agents, 6%643 parg%sﬁbdg(G) agggrptl5g%ﬁﬁé;%éatorsﬁﬁéﬂﬁacés q%% ernary
annnniun1eommomadipne7brmethmmg1&@@@@5@ﬁﬁﬂﬂﬁanthd(Ht@gaﬁplbrlm@iy@ al coho

and glycerol nonost earate; (8) absorbents such as kaolin and bentonite
clay: (9) tRGbr ifCAME  stidr el emt £5) calBFom sF8RCaEE 1 ORagriesium sk@ar at e,

sol id pol yethykene QBMC0|Sop§9QhHﬂlyaUVYbn§U|f§£e AGHe M XL UELSSE P reof

and (10) coloring agents. In the caSe of capsules, tablets and pil t he
pharnaceuungaed@@np65|t|bnsgﬁ@¢raﬂso1dvnpfpseubatﬁensn@l&gemr@pafﬁm|d
conpositigns of a S|H1Iar Hy %ﬁ]be enpl.o e% as hllers n soft and
hard-fill&d ge?a% aﬁsules u3| é&0|gpént &s | actose®or hil k

sugars, asnyekbiasthikgh lrmiceculs@bcm@tghh paluret hybene @ayealessgndot he l'i ke.
[0107] A tablet may be nmade by conpression or nol ding tionally with one
or nore aéeB§sEr ylintredi eiftlsid comprésséd taﬁlé?%uﬁayaﬁé pEepar ed fisi ng

bi nder (fggcgéggg ’SQQF gntgé E¥g59é¥propylnethyl cellul ose), |ubricant,

inert diluent, Serva Isintegrant (for exanple, sodium starch

glycolate[6ﬂ06ﬂoss Fpomkedasodnamocdartdhex yimetemtli coel dwil togel)s Swr facel acti ve

or dispers Mol ded tabl ets q? e nadg é%knnldlng in a suitable
dt [

machi mo: RSP PET6E L PRe Tsdat e adtiy et Hbr 841 GIECe) S T ETaGtal t b an
inert liqgididil gentetsWO12012Q3726RGH US201lly D808 § DI 08hIhe1 1 abl et s,

and other solid dosage fornms of the pharmaceutical conpositions of the
present i AVEAPEENansucHF sl ar ageésageapsiies, poiides sand mahift s, O Fray

opti onal |y be S00Led A Y sPar e LN, Cadt | 1g%, Aubshiell sgo sliglas, enterfo

coati ngs and “ot her coat i ngs Vel nown in t ceutical ornu?atlng
art. They mayuabso be f&mnukatedlsanwma&@rprOV|deasé@maoFombntloqmed rel ease

of the active ingredient(s) therein.using, for
exanple,h?HPgﬁ 80py?ﬁeﬁﬁ§lé@ﬂl8ﬁb§é?nvﬁ yitgfup, ©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.

[0106] In solid dosage forms of the invention for oral
administration (capsules, tablets, pills, dragees,
powders, granules and the 1like), the prodrug(s), active
ingredient (s) (in their micronized form) is/are mixed

with one or more pharmaceutically-acceptable carriers,
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proportions to provide the desired rel ease profile, other polyner matrices,
| i posones and/ or m crospheres. They may be sterilized by, for exanple,
filtrati oMothr2odglela bacteria-retaining filter. These corp®ddiséisnsicamny al so
optional Iy contain opacifying agents and may be of a conposition that they
rel ease the active in redl nt only, preferenti IIy a certain
bor 1 on Of UEHe 2GaSErOTA GRS (RaA Lol NGRS % et Sy/ee Fbtner
Exanpl es of eﬁbéddfcﬁlgl§@ﬂrﬁ)@8| t{ons mhilch cap rbecusedqdenel, Ud@u@@' yaeric
subst ances and waxes. The active ingredient(s) can also be in

m cr oencapsalrahed f o AFtPe209] ElguPdcdosagectornms PernbEal, adm @i e¥rati on
of theact 'sY%'lP%ed' £0LdS) 1 ¥ ”§I udephagpaceutd cal |y for example,
accept abl eenul’si’ons, m cr oenul si ons, solutlons suspén5|ons syru% and
elixirs. baraddymeohyﬂecbhéuaobeve|anyumnmmﬁ(s)ge1&mﬂﬂﬂqupdlﬁmsmgb forns
may contain |n?rt di l uents conmon used in the such as, for exanple,
wat er or BYREPLILBPPENt $UEASTHIFH %@ agente’ and eﬁﬂ@ﬁqq%ﬂ§§ stehas et hyl

al cohol , 'a%ol%Pfd’ér@i coh@I gt by haegt-atengbut yin ek cohalon bgnzylgbenzoate,
propylene gl yco gl ycol, 0|Is (in particular, cot t onseed, groundnut corn,

germ oli 962 T¢astoor. ses,@n@oreﬁltr%) @W@é@ol oranwamlczmhol starch,

ot oy gL poL AT E0E ool s DKL L peLd aster syl garbitan. and

di l uents t(be¢ osalutosposiét®Hnsing 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, magnesium stearate, solid

polyethylene glycols, sodium lauryl sulfate, and mixtures

thereof; and (10) coloring agents. In the case of
capsules, tablets and pills, the pharmaceutical
compositions may also comprise buffering agents. Solid

compositions of a similar type may also be employed as
fillers in soft and hard-filled gelatin capsules using
such excipients as lactose or milk sugars, as well as
high molecular weight polyethylene glycols and the like.

[0107] A tablet may be made by compression or molding,
optionally with one or more accessory 1ingredients.
Compressed tablets may be prepared wusing binder (for
example, gelatin or hydroxypropylmethyl 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.
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can al so include adjuvants such as wetting agents, enulsifying and
suspendi ng agents, sweetening, flavoring, coloring, perfumng and

pr eser vatWoeomgsmes. Suspensions, in addition to the acPCTaS2011/051608

i ngredi ent (s), may contain suspendi ng agents as, for exanple, ethoxylated

al cohol s, | yoxyet hyl ene .sorbitol and sorbitan.esters, mcrocrystalline
ceIIquse}BEPﬁiinun&ﬁ%taﬁyﬂﬂ%&?ﬁe?ngeﬁ?im?ﬁe?ggé%La %ﬁéﬁﬁd%PFgﬁac%ﬁth,and
m xtures ther eabrr@itlibanmyatdoens iohdt her phat eesdd €al n¢onposhfi ons of

the invention for rectal or vaginal adm nistration nmay be presented as a
supposi t oFYChwhieeh REyPIe€ Spr egaleEd HE i X iNg & hea et | Ve heedi eht{s) with

one or no i e nirrlj in XCl i or ri C rising, for
exanpl e, %gggghéggperggpofvg%ﬁyle%gggﬁ?%%%g&%%xVgﬁﬁgafgéi g?%?an%ﬁﬁhich is
solid at sbemlbenpercat We,ebidrld quodt ahgbodydt enperratarae: iangs wder ef or e,
will nelt in the rectum or vagi nal. cavi and rel ease the active
ingredien#?§?? FH?nﬁ%ﬁtiéhﬁFTé%?qﬁf' a%éé@%ﬁﬁhﬁ@éﬁ%ﬁoﬁr%hichT ¢ stifYabl e for
vagi nal admipi s34 akbeRuakesqi el ugde pessardeie t 3MBANSr CEERNBo1 UEKS,
pastes, foanms or spray fornulations containing such carriers as are known
in the arteteabe aphr opei aaetiJ9112pDesiage ti(en nstioreihe usapideal foF

t ransder nal inistration of th i.ve ingredi-ent(s) includ owder s
sprays, g?ﬁ %gg%é, pégpggfygggg¥§?%%%'ﬁons?gﬁélgfﬂgﬁlut%%ns,vggf%ﬁgs and

i nhal ant sprdperacbhye tiongrediiert (S rays e dn xet-amdesr st £rd | eocloadi ti ons

wi th pharmaceuti cal |l y-acceptabl e carrier,iznd with any buffers, or

propelIanP@l%WFEhWﬁﬁﬁ%ﬁ??eq&ﬁf@@ﬁmfﬁllgT %rmmﬂﬁﬁﬁﬁﬁﬁeﬁﬁ%te;,?%?%ans and
gel s may gapt i, &pe A 249NLL0 the acting & ngredient(s), @xRients, such
as animal and vegetable fats, "oils,

waxes, par abficagsistaethiniagacanttgcel | dhese depiwasivesnspolayet hytene

gl ycol s, silicgnﬁﬁ benrtlonirtles(j sijfcﬂg aci d talcnﬁnqnzin oxige, or

m xtures PREFSOF T Bowders* Ahd §ﬁ¥§y§ucéﬁ égﬁFﬁﬁn,a| atd tion £ the active
i ngredi entbsposexebpi eftist suehvasrkastose, cHal ectsivkl ci€gasd denal sym num
hydr oxi de, calciumsilicates and pol yam de powder, or m xtures of these
subst ance8"1%prays P RIAT iohal Yy édnt ai rFst ThaPp Pricpel Pant 8huch as

chl or of | ugabyds oeacbons and.val, atie; snsubs! | 141 o0 dwdrakar RoRser such as

but ane and propane.
Examples of embedding compositions which can be used

include polymeric substances and waxes. The active

ingredient (s) can also be in microencapsulated form.

[0109] Liquid dosage forms for oral administration of
the active ingredient (s) include pharmaceutically-
acceptable emulsions, microemulsions, solutions,
suspensions, syrups and elixirs. In addition to the

active ingredient(s), the liquid dosage forms may contain
inert diluents commonly used in the art, such as, for
example, water or other solvents, solubilizing agents and
emulsifiers, such as ethyl alcohol, isopropyl alcohol,
ethylacetate, butyl alcohol, benzyl benzoate, propylene
glycol, glycol, oils (in particular, cottonseed,
groundnut, corn, germ, olive, castor and sesame oils),
glycerol, amyl alcohol, tetrahydrofuryl polyethylene
glycols and fatty acid esters of sorbitan, and mixtures

thereof.
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[ 0114] Conmpounds of the present invention may be adm ni stered in intranasal
formvia topical use of suitable intranasal vehicles, or via transder mal
routes, ws0OngIdd3oxe forns of transdermal skin patches weCT/USa@mos1608 t hose
of ordinary skill in the art. A transdermal delivery system provides for
conti nuou 1 ni strati.on throughout. the dosage regi gen. Transder nal

ot ches na03The adies B09ant Sac of e ng Eonb RO GOHRITSer Aot ¢ he
active inggadi entes) ite1tke bedyu hy dosage fof meycanihe nagenby,

di ssol ving, dispersing or otherwi se incorporating the active i1ngredient(s)
in a propefumedifyAndsath &3 sRerellast et med TRt T i af L2 PBEORPL i on
enhancers 0 be . | nCrea the f] active | edi ent (s)
acr oss thgggafﬁhaThe r f%g%%ggtgh flggdcan 6§¥%§%%?%1Q§h by %?%ﬂg%'

provi di ngSaspaheicaont rdln i s iteidar ane ahedisspensd ngnghedaett ve) , may

ingredient(s) in a pol r matrix or gel. [0115] The_conpounds of the

pr esent iﬁ%@%ﬁFBn %@épé$ghp%eeﬁﬁﬁ¥ﬁ%sgéred&Fﬁ FKEPSFm of © ?ﬁ%ﬁ%%%ddelivery
systens, suehnassSnabdl pjanellale vesielies, |arge sunidianel | ascyes] cl es and
mul tilanellar vesicles.” Liposones can be fornmed froma variety of

phosphol i pitdsocsiehaas iehol esedrlollossyear yd lamineror phosphadidyléhol i nes.
VD 2012/ 037261PCTLUS2014 051608 [ 0116] Argther mode of el i very. for the

conmpounds™ 0 pfesent 1nv ion may bé ivery via the us
nonocl onakhantblodi es as individual carriers to which the conmpound

nol ecul es are_coupl ed. The conpounds of the present invention may al so be
coupl ed wilPh14dl ubl ECpBPYAELSTEs Ctfargét SRR cardt ef P Suth! Pof yner s

can include pakyviuhpynolddone,Jyr a GOROl YT 5 4P iy dr oxyprepy! m
et hacryl am de- phenol, pol yhydr oxy- et hyl aspart am dephenol , or

pol yet hyl eredisgderpaldy| §si ae sswpsisiittutrad wittihclpahavt ol oegiadises. by
Furthernnrex.%he gpnpo%nds o&lghe.p@ﬁfﬁqt i, %angon_pa Pe couglef to a

cl ass of Bﬁoaearﬁ abl™ 68Fyﬁéﬁ%€%%ﬁ% 9'n "ac |é§ﬁ%dacoﬁfr%l?%ﬂ ?% Base of a
drug, fornexampheatpabyl actiigiacitd, pPol ydarcold:s ackshp copolyrer soof

pol yactic and pol ygl ycolic acid, polyepsilon_caprolactone, polyhydroxy
butyric aBramPpslyoritesst €stHol yaeet #PERYPBIGdi By dFCOPyr agx ~or

pol ycyanogg%ﬁ%?;@ea%&r%rsLEhnlgesd Qélﬁgp@tpa£§'j>ﬁ Rleagk .CaRQly MeL g, of

hydr ogel s. Phar maceutical conpositions of this rnvention suitable for
par ent er all igdatiniest rlatdpnteoppriesertheratt | Veeragoed) enti($) niel tconbi nat i on
w th one gggnnre gharnaceuticall -accept abl e ster ni c_agueous or

ile iso%
nonaqueou$"Sol Gt FolY, sUspeffsi o°&iiY%si GRS, oF S$EEFFI e g8md%?ElVﬁich may

be reconstihtutadehnt@)st erit®-hunj £eiad e 5ol lﬂzlhieon?r@éeﬁiﬁpﬁﬁ§é@@§@ﬂl ust
prior to use, which may contain antioxidants, buffers, solutes which render
t he formulPBEFEBN ieS6t onte: Wik ke t h&éohl od@Jéh atthe gt ieHdEd atecii entsor

suspendi ng,af , 4Ai ¢kening agent s,,,,L0118].Exampl eg. o8 syitable agugpus and
nonagqueous
or spray formulations containing such carriers as are
known in the art to be appropriate.
[0112] Dosage forms for the topical or transdermal
administration of the active ingredient (s) include
powders sprays, ointments, pastes, creams, lotions, gels,
solutions, 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.
[0113] The ointments, pastes, creams and gels may

contain, in addition to the active ingredient(s),

excipients, such as animal and vegetable fats, oils,
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carriers which may be enployed in the pharmaceutical conpositions of the

i nvention include water, ethanol, polyols (such as glycerol, propylene

gl ycol , psbyetdngimme gl ycol, and the like), and suit abl @CFivstammsisvher eof ,
vegetable oils, such as olive oil, and injectable organic esters, such as
ethyl oleate. Proper flupdity can be i ntained, for. exanple by the use of
coating mAPEEFal s, BUEH BT bci t HTREDY ¢ he THAPACERAREe of CThb I eGui r ed

particle gkzevaandeby the dseobnsurfiacian,s. s{01dddheseecooposétj ons nmay
al so contain adjuvants such as wetting agents, enulsifying agents and

di sper si n§1agents.aqid,maya b senBe Zdés] rabi@et ooirn@liudél i5ot BrgEc@fent s
such as s sadiyu | aride, t:he 1. |t MpOsi t i In
addition,%gggégﬁgg da%%%%ﬁ%iéggbfﬁgﬁglpﬁjégﬁggkgj%ﬂg}ﬁgceut%c%?gf%?n1nay be
br ought abeutrebyethds) nclaxsiign eoft scagantts ahi dhcdelsay aleslar,pt $ohisich as

al um num nonqgst earate an el at.i n. [0%?Q]In SONMe cases, %n O{der, o prol ong
t he ef f ecfCof t e det Ve 'rg?g‘roédid@nt(%a),“ﬁmi%ﬂd]ec‘s‘%trefbl%n 0Pt HW't e

absor ptiopofiet-he drugnfiamesubeyt apgoys oy dtsamuscul aspi-pj,ectéon. This
may be acconplished by the use of a |liquid suspension of crystalline or
anor phousapdtérpablhsvi neppoorn wates toakali | iRyoraheantat e elicibsorpti on of

the active,ingredigntish then dgpends upon Jtsiihelr rale.of . digsolution
whi ch, in7turn, my eﬁen upon crystal size and‘crysta Irnetorm
Al t er nati webyocdebayed absar pti bntahepanenpenabhy- adm ni stered acti ve

ingredientésﬁ i s acconplished by dissolving or suspending the active

i ngredi entP3)4iln anCeIMPOoVBAScI 1 [ 3121] IHje & bl e Hepbt: $or M ar P%ade by

form ng migrogncapsuke mRtriicesQfithe achiwve Jingredient(s) ife of
bi odegr adabl e pol yners such as pol yl acti de-pol ygl ycoli de. Dependi ng on the
rati o of shetabieventngmedicdnt(s)icbepol yrerniaand artsdayatalr erofitehe

particul ar_polyner enpl oyed, the rate of rel ease of the active
ingredienyfgfgcgﬁogg 8%H¥¥%I?%dgr%§§ F%%Eo %6Phéﬁt6¥§ﬁbd¢%H5b¥%o%%lyners
i ncl ude peby(arddwesters)diangd-poky{anhyidy i ges) .arBepot A ni £ehadd emal
formul ati ons are al so grepared by entrapping the active ingredient(s) in
| i posonmes 61 1REY oefif sSEBNL M e ar & OdonpatFbreCcWst 2 BBay- ¢ F531e0 The

| ) ectabl e, pBLERLALS (FaN b @rf%%§ﬁ€nfor TSRl Jdddd Al [ en,Lhr ough a
acterial-retaining filter. 122 Preferably the conposition delivered in
t he fornotari jaticbbédasaged oodftampryseang 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 providing a
rate-controlling membrane or dispersing the active
ingredient(s) in a polymer matrix or gel.
[0115] The compounds of the present invention can also
be administered in the form of liposome delivery systems,
such as small unilamellar vesicles, 1large unilamellar
vegicles and multilamellar vesicles. Liposomes can be
formed from a variety of phospholipids, such as

cholesterol, stearylamine or phosphatidylcholines.
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bi oconpati bl e pol yner, a conpatible formof the presently disclosed
conpounds and a bi oconpati bl e sol vent which solubilizes the bioconpatible
pol ymer \Whoreizn3ttee wei ght percents of the bi oconpati bl @Cpalsgemosicvhe

i nstant and bi oconpati bl e solvent are based on the total weight of the

conpl ete ition; further erei ufficient anpunts of said | ymer
are enploiggggi saigh86ﬁﬁ55Wﬁ gﬁcﬁeﬁﬁ%ﬁfﬂj ?ngﬁ?véﬁfgﬂygd%aggular
site, thetpel yoBLsd st able dr@ iRreChpit At ard iaklQw (eheage ofiskhesactive

conpound in doses sufficient to stop tunor growth. [0123]Still another
aspect of "PRPSlenBédirRERPORBEIS 26hsSEAie B lapiniopre 4t & ¥isebsh t ynof said
conposi ti er i he n ou 0 t 4 '
[0124]Nbrgggpgpgﬁabﬁggggﬁge%oﬁ%%gi?%3ﬁh€%%prﬁg%§ ggg%gggggatggléggglyner at
a concent patsentof ihrwemtabout byt 0 Asoneilght @erelent , acth vescbupdeind at a
concentratiﬁn of from about g t 0o about 75 weight percent, and a

bi oconpat PBI-&MS6PVERt T4 “iP Ghbht 85 weit PEHOEMIES whehei n the
wei ght pergent;gef the all conponents is based on the total weight of the
conpl ete conposition and further wherein the conposition has a viscosity of
at | east pOlvylabduvr2odidadenorerpreferablyeat Peashvadbodvr2oovést at 40

C. [0125] Bi r bl.e pol rs are di ed int a r_ex | e,
Dunn, et gFgg?%y%g%}dgaE§ﬁ¥g§{938,663,5§i§% %E%éyt%€h¥%%§%€f%%§éggﬁples of
bi odegr adahkeopol yoersollénral enbakndpoebyiel gssueh sadh spaltyltaet i Wesh

pol ygl ycol i des, pol ycaprol act ones, pol yanhydri des,

pol yam deB2pBiLyarét nanesd ot yest BHAMYERO T ol oft Hoe®tersds paifydiskanones,

p0|yaceta%%es@ﬁkyhﬁﬁﬁéhtfﬁﬁy0ﬁ590n%k§5’cQQbY@BthQEﬁerna%%%ss of
pol yphosphazenes, pol yhydroxybutyrates, polyhydroxyval erates, polyal kyl ene

oxal at es, bpobgakrkybbne spocivmatres, upefyl{nmainc achddyipol y¢aninolled

aci ds), pol yvi nyl pyrrolidone, pol yet hyl ene_gl ycol, pol.yhydr.aoxycel | ul,ose,
chitin, cﬁ¥¥8§§ﬁ, éﬁg c%po%%ﬁ%?s, ﬁ%?poF?%@%geandFé&ﬁg@ﬁgff%nsa?ﬁ%feof.

O her bi odegkadabbe ipol yneyisi,i ncl uekeo 1 o6 r €xanplre, geliatddvnic«col | agen, etc.
[ 0126] Sui t abl enon- bi odegr adabl ebi oconpati bl e pol yners i nclude, by way of
exanpl e, EeLVglgselacettely, BPhyPRAe! N nHRPAILEHRGICNCopoPHER ¥ Bydr ogel s

bui 7 at o, "HICF abel | ul 586 opol yriey Y of Hr et hanel car bonat 6! capal yher o of

styrene/ mebéiydiagddppamdngi xtrirlesc tdrerasofylates and crosslinked or
amphipathic block copolymers of hydrogels.
[0117] Pharmaceutical compositions of this invention
suitable for ©parenteral administration comprise the
active 1ingredient(s) 1in combination with one or more
pharmaceutically-acceptable sterile isotonic aqueous or
nonagueous solutions, suspensions or emulsions, or
sterile powders which may be reconstituted into sterile
injectable solutions or dispersions just prior to use,
which may contain antioxidants, buffers, solutes which
render the formulation isotonic with the blood of the
intended recipient or suspending or thickening agents.
[0118] Examples of suitable aqueous and nonagqueous
carriers which may be employed in the pharmaceutical
compositions of the invention include water, ethanol,
polyols (such as glycerol, propylene glycol, polyethylene

glycol, and the 1like), and suitable mixtures thereof,
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[0127] Preferred bi oconpati bl e polynmers can include acrylic polyners,

cel lul ose di acetate and et hyl ene vi nyl

al cohol copol2yreen37eol yet hyl enegl ycol , chitosen, col | agen &Ad/uged1aosrsos Such
polymers are either commercially available or can be prepared by art
recogni zed procedures. In a preferred enbadi nent,. the n er average

ol ecul ar VREPYAD L20e T A8 oFHed T GRIS et iredil br LG Br apheh

conposi ti eptksshragn@bout %0001 t 01abeut, 20@&%&%@%?&@@@'& f& om about
25,000 to about 180,000 and still nore preferably from about 50,000 to

100, 000. [@iR8RERCHs $OI XaRbtRer Paspeédt Wwic thi sCcoavierd i Bateblehpl oy a

bi oconpat i contr .agent withip_ t itio o] se noni t or
t he cIini%gkﬁprggré%%%gﬁgt e PacaFHEipga% |ﬁ%g%%s?#;Tﬁ§§e %%ﬁ%?g%? agents
i ncl ude waterisakublieegontriabl agentiseand watérncinsokubl e contrast agents.
Preferabl¥ EB? mate% i nsoluble . contrast agent is a bi.oconpatible materi al
sel ected fPoMfhe grr 865 corfdifet s higt UtS bAAY U STP f S8 2t AF WY podier and
tantal um gxideqsl lestillly & fditheremief erfied; etmadidresty 4 he.biocogppati bl e
solvent is water, dinethylsulfoxide (DVMSO, ethanol, ethyl lactate or
acetone. PO$R9pThe fl&r mawnt kdRe ney bespreddmt edo i nngdiudedosecopnhwl ti - dose
seal ed containers, for exa e, a l e vi.als, d be stored in a
Iyophilizgéggggdifpgﬁ'F§§d$$$%ﬁsb2$§g%%% ggg?%%%ﬁ’oﬁ%ﬁhéﬁg¥e%f%% }équid
carrier, tae exainpl= twairer. f orin j@tidof, | predbately gidapdieonuset

Ext enpor aneous, i nj ection sol uti ons and.suspensi ons maybe prepared from
sterile pbhBer'd) i@l esPhaRRoparti cfes fakd oY ebs %Fx¥ﬁ§”%y%%oﬂ%scribed

above. [0130}7he ipharpaceuticaloLanPQsitdions 0f; thes Presay dnveniion may
al so be uséd in the formof veterinary formulations, including those

adapt ed f edumheufiolnbownshgarély endl gadaicainstration, for exanple, drenches

(aqueous nagueaqus sol utions or .suspensions), tabl et bol uses
powder s, gpéggﬂes o?anQQ§sc?%$sadﬁth&%@RM?% Péggoggufqﬁ gﬁ?%@ for

applicati e toet he-tiorgueigf)i par enterat agmdrisstrbatlicono forowanmpud e, by
subcut aneous, intranuscul ar or intravenous injection as, for exanple, a
steril e s8PEPEBRIBE SiispeitsiToirt L MheH PProprIat 0T by t hitFananhaf y

i nj ection;yhere;g,suspensi:on,or $QJ Utkopnb$iLALLodycedyint,o.d he pudder of
t he aninaﬁ“@ia ﬁtg teat; (3) t%pical app?#cét?on,qﬁgr exanple, as a cream
oi nt nent orgspdaysapptinedon o ctthecskehaldoiné4)oi nbmavagional | yatéorakxanpl e,

. f y. oth thods fit tg by th
or di nary SRV K CHie T oo Hil it SEr at fOR €68 1dgi BiF 0§ Htr et

the active ingredient (s) then depends upon its/their rate
of dissolution which, in turn, may depend upon crystal
size and crystalline form. Alternatively, delayed
absorption of parenterally-administered active
ingredient(s) is accomplished by dissolving or suspending
the active ingredient(s) in an oil vehicle.

[0121] Injectable depot forms are made by forming
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(orthoesters) and poly(anhydrides).

Depot injectable formulations are also prepared by
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[ 0131] Al t hough the presentinvention has been described wth reference to
certain enbodi nents, one skilled in the art will appreciate that the
present iwo0enty@metan be practiced by other than the de®cCmiused10nso8li nent s,
whi ch have been presented for purposes of illustration and not of

limtati . Th f th f. th d cl ai . Shoul d t b
oy PR aRREhr T hpEne PR, s PR R eSS "1 59 The

general netbBedsndikeBnkn thecScheres datpdhie s eparat i BRAOf €ospesnds
exenplified in formulas I, including la-1f, are further illustrated by the

f ol I owi ngTéganpl e tanlessa bt her Wk s€aspees f Pedrallzstarfidmeeraet¢al s and
reagent s B(O/ef%t%%%ﬁr ggﬁ??ﬁgﬁr g! %Bcg%?qg’l—?Bgﬁ%%gsﬂlﬂé‘e%hom further
n, or iTy’p mat s

purificati are rea repare rom suc ria y routine
met hods. Thageé]skil Pedfemabhe arheof comganicisynt Hesisewedll iecogméze that

starting Eat erials and reaction coni tiﬁns may bﬁ varied to achieve the
desired en8 Prodfét. APl coNpBEhaSLiGre AARBESuUsi hgt®henBPBRFA%F U t7a 11.0

or 12.0, ghodosblkhanevebsiprr Bsamng ok A3 Vet hodsciof Prepafing
6- hydroxynet hyl -androsta- 1, 4-diene-3,17 dione. [0134]In a reaction system
suf fi ci entliardanAed ofofryands osted 1,54- dilenen®atzbdiconeo ABDyF, W2icgh

et hanol | nECAGRGT) “Bhc 67 1 Gt AR aTGr Ur SR (k) “Sre Hear & (A 38 o 40 C

for a m nppupeatsléhouhe twidosmpds;dle polymer, the instant and
-di pyrrolidi noandrosta-3, 5-di ene-170ne. Once the ADD content reaches to a
| ess t hanP39CBYPRPLESr 301610 t 2hBc oSSt abi Cl5r ERB2t edif Giltg OF

di pyrrolidipoandrestadi enepeqiing £0 reMerdnd,0 ARR dhe reaetionem xture is

cooled to 5 + 5 C The resulting - conpound is then collected and washed

with col dadenatared said polymer are employed in said composition
such that, upon delivery to a vascular site, the polymer
is able to precipitate and allow release of the active
compound in doses sufficient to stop tumor growth.
[0123] Still another aspect of this embodiment would
observe for appropriate wviscosity of said composition,
preferably in the range of about 10 to 200 cSt at 40° C.
[0124] More preferably, the composition comprises a
biocompatible polymer at a concentration of from about 1
to 95 weight percent, active compound at a concentration
of from about 5 to about 75 weight percent, and a
biocompatible solvent from about 5 to about 95 weight
percent, wherein the weight percent of the all components
is based on the total weight of the complete composition
and further wherein the composition has a wviscosity of at
least 10 to about 200 and more preferably at least about
200 cSt at 40° C.
[0125] Biodegradable polymers are disclosed in the
art. For example, Dunn, et al. in U.S. Patent 4,938,663,
discloses the following examples of biodegradable
polymers: linear-chain polymers such as polylactides,

polyglycolides, polycaprolactones, polyanhydrides,
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ethanol. Yields are typically 70-80%on a dry basis with purities typically
90- 95% by HPLC area percent.

[ 0135] Thewe=oil2a3myl, 3- di pyrrol i di noandrost a- 3, 5- di ene- PCOUS2013/0518e% i xed
in amount of 1 equivalent with 2.6 equival entsformalin(formldehyde)inl0 m
di chl or onet Eane/.a‘ at room ter%%tr ature. The reaction xture is.%hen

aci di fi edPPoYa"pHe6t about 2 RAOH 2% ENFUri ¢ aci d Ror ¥t ot #RELor di ngl y,
an or gani gol gyethbssterardp ik Hda omeshed i fdr 2% sl frsi gracidsand 1:1
wat er/ brine. Solvent exchange into toluene (approximtely 10nml/g) is then
carri ed oBPluWRererAatReE  pr oHREYOEEYSEArPPReseas t aPAbYRNeXehangess,

transpire i i ol | Led i -
hydroxyne?ﬁ%?ﬁgﬁéggggg?%?éﬁggéne§§§ggyﬁ?ggggagggag%ébr §%£§9g¥?§Tgin t he
art can fuoxtherenpdi foo skl lstlerreochentsinytat, posidlivomag,id f soidesi red, by
enpl oyi ng kno techniques in the art. anpl e . 0136] Met hods of preparing
conpoundsPB&n&™B"> [ 013 %&'ouppﬁﬁgdnﬁ ngﬁ@ﬁé%?Eeestr%ﬂi%@ga%ﬁ%% nds B
and B' argisynthesiged i pithe,dol 1owag, mnner.ithe peateekead, estgagiol is
prepared by reaction of pestradiol w th di hydropyran in THF, using

t ol uenesukpPonilymacisd oreaMpher sl oAl cCeth tn st @t altystreoAs onenef
ordinary skil.l in ar a preci.at this reacti IS ui 11 brium
reaction %ﬁadﬁﬁﬁﬁégﬁgF g%0?3ﬁ8%§p|é Fgﬁgﬁhde%ggucﬁxé%ﬁg?tio%%%ggh%é, bot h

t he nono- ppotegted estradi ols can be found in the reaction m xture. Such
crude reaction mxture would undergo a trituration step with acetonitrile

causi ng t h81d&di redBir§3PP est raaRoP1PEeeF Sl fi ze i approxihately 70 %
yi el d. [0138]As -shawiieSchape, 2, the datennediate  al dehyde. i s-obt ai ned
via acylation at the benzylic 6-position with a strong base m xture
referred eshaseheDAKORYbutylcodhehi urprdilysepsepyltammeeland potassi um
tert-anyl at e, lUnd r suclh con itni. ns ,at -70l Q}.norf of _ ardi narylsfi |1 in the
art can aSﬁrécﬁﬁ? ’tﬁg)éﬁ%iﬁhéifonloﬁ’a%ﬁc%dhBéagfﬁﬁﬁ%WI?% p%s?%?on. The
i nt er medi atetakdehydeutgrihen puriifdeddiy celdem cheepalggeaphy tergive a
syrup in approximately 50 % vyield. Reduction of the al dehyde with an excess
of 1ithi ukrSrGANRURPKYEFREE r eSAPPSYIATRI ghTyi ef UseBe/ Baectacented,

hydr oxynethyl estradiol,coppeund as a gl assy foam

[0127] Preferred biocompatible polymers can include

acrylic polymers, cellulose diacetate and ethylene vinyl
alcohol copolymer, polyethylene glycol, chitosen,
collagen and gelatin. Such polymers are either
commercially available or can be ©prepared 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.

[0128] 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
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[ 0139] For purposes of preparing conpounds B and B, the nethoxynet hyl

i nternmedi ate conpound is prepared by nethylation of the racemc

hydr oxy mewbyb12astr26adi ol conpound wi th sodi um hydri de an®#Cwaisket1/05fwds de. The
met hoxynet hyl internediate is purified by colum chromatography to give a
gl assy foam Deprotection of the protectj roups gives deprotected
Facem ¢ GCOREEASKy LRI Bt alr BFOTEGGAPAE: I LoF Jehe TrLhRbashet ST s

per formedtysi ng-Giy r@bn@i@@@xﬁ?t iove Bkt 0sgivetkhe wcempaundsp&.@ed B . For
conpound B, a chiral purity of >95:5 RS is realized. For compound B, a
chiral pukPfy of 86:14 S:Ris redld¥edunt is well within thecX&del of one
of ordina skil.l. jin t ar | o far, det ] nat i of

absol ute g%lleregctﬁelr%i st% of %F%ghggppoéir{é:}?ﬁr%%ereeq{k{?eﬁ -énggp{d 6-%?%tons are
di agnost i bioExappkteble[ @b40kMet Hedsvaofe pr epane trigy tonjpbomniose D(BMEOE, [ 0141]
Usi ng the sane get ho ohogi es described in Exanple 2, the racemc

hydr oxynefhyPest r 418" ¢8RPpBLAACTs2E§hPREsi zed. Deprotection of the same
is then aghheved W trhecatalyhia ibydr agen sbl gricdericd gnethangl - -anget he
resulting racemc triol is separated on chiral preparative HPLC to give two
fracti onsoroneukiniidheel fseeleconponpdiDeand ther oehempénri cierlo®bes conpound
E. For ea cQmaund, _ chi r al rit f ., >95: S and .S R alized
respecti vé?? V&ﬁgt)%’utaen sté?éo%%erﬁes/ I%yd o%§t %el%y-o %lsll llzoer% i éoé(gjf% <%]i?shed by
NVR, wher ectiherd4nand corl ypr aitons afe@itiagnosti c.thexamderidle liquid

[0142] (6R, 8R, 9S, 10R, 13S, 14S, 17S) - 17- hydr oxy- 6- . , , ,

( met hoxynefhyFFL10, har di FFEAPRA S 6,2 80, 011112298198, 1518472 Hotécahydr o-
3H cycl opgnt al-a] tPcF'enL?s%t.hre%&&ﬂﬁéﬁ@é@@rcﬂ@éd‘ci@@' Lablieions and

(6R, 8R, 9S, 10R, 13S, 145) - 6- (et hoxynet hyl ) - 10, I3-

di met hyl- 2u8pentohs, 121nd8be4, 16r¢badedahylirom3H-sterile  powders,

CyClOpent%&%kgﬁgg?n%g%%%%}%i%E%%H%b%i%2&&%9%9%%?@9%3type described

above.

[0130] The pharmaceutical 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 (agueous
or nonagueous solutions or suspensions), tablets,
boluses, powders, granules or pellets for admixture with
feed stuffs, pastes for application to the tongue; (2)
parenteral administration, for ampule, by subcutaneous,
intramuscular or intravenous injection as, for example, a
sterile solution or suspension or, when appropriate, by
intramammary injection where a suspension or solution 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 Dby those of ordinary skill in the art for
administration to a region of interest.

[0131] Although the present invention has been

described with reference to certain embodiments, one
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mol) is put in a5 L 3-necked flask and dissolved in ethanol (1.3 L) and
water (400 m ). The resulting mxture is cooled to - O Cin an ice-water
bat h. Themp 2a128826tti on of NaBH4 (12% wt in 40% NaOH, 42PETrS2010/03888 nol ) is
added drop-w se, keeping the tenperature beneath 5 C. The resulting m xture
is stirred. f hours_at <10 C. The reaction m xture is, checked by LC M
whi oh Shotd 1989 cOhver 57 orf i - 5%b aver PREAGAtitn Rekt | TPRe FESETTin

m xture i spquenehed wit hpwaters (40 pyandHde phbhs tadi ust edrive@H 3-4 by
addition of 6N aq. HCl solution. The mixture is subsequently transferred to

a 3 L rouRBPBELNEHLEl ask &t BRESVAIRD | BScarateenoled wRd®Pseeduetd
pressure. . i I Xt L LS.extr it h 500 m).
The conbi Asd o gant ol rer ar  hmehg A s at gy RaroR {1 L1 vater (1
L) and brbfie {iel)apdemddd y,cltaiensor ganutdl ayet ikse driliied tever tNa2SM4,

filtered gnd concentrated under reduced pressure tg furni sh the di enone A
as a pal e9GEFFORTSEF 8 [Rggg odyeRys. CRRGAUEET BERELPied via 1HNMR and

HPLC- MS.  19%%+t - S%rguergdeduct i gRchobxanpl 5 [@1431dethodscaf pseparing
(6R, 8R, 9S, 13S, 14S) - 6- ( 6- o |
met hoxyhe%ye) -cr3aratdiyiiory, 8f 9 comppanty, Jekamp e igd in formulas I,

decahydr o- 6H- cycl opent a[-a] phenant hr.ene-.3,-17-di al _ (| :
[0144]a)(égF§§¥i§§,%%S?f?S%F%,%%ﬁlher filustfé{eé gy the following
bi s( met hoxyarphexy) - 13-uretdwyd- 708n8ritisd?2, 53et4,£1%d16,all1- starting
decahydr o- 6H cycl opent a[ a] phenant hr eneChl or onet giyl met hyl ether (7.0 ni,
92.0 mmol )“ait§ré8éléd G X EHIRGTONBE 23- SSOPAGT C(CB“ng,rcl@]A PhotS - and

di i sopropyl,gt Aykamsae (L&rdu i R2-dAE ok AQQ il 0f JHR Jhe-sepcyion
m xture is heated to reflux and stlrredpfor 18 hours. The THF is renoved in
vacuo, angrtherydl | owwbr ewahoirhatisr pakt i bivoned betsesw thatder. ahldoGH2C12.

The organic. r.is arated, .washedwi th _brjne, dri ed(Na2S™).filtered, and
evapor at eaﬁil%%égculon t gggi vE @ agl derr 6 %rrl!f]fl?%é%i (%11#3 rs??%%%l@%l col um
chromat ography €100 EiDAskLHex) aakf o4els trhectiibhe €ompounshasmaywiseous,
clear oil (5.7 g, 860/%‘., [ 0145] b) (8R 9S, 13S, 14S, 17S)-3,17-

bi s( et hoXy#etRoxy) 2E3ipeehyHer B9 ref A PAPUH; 16,4, compounds

are named using ChemBioDraw Ultra 11.0 or 12.0, or a

similar version.

Example 1

[0133] Methods of Preparing 6-hydroxymethyl-androsta-
1,4-diene-3,17 dione.

[0134] In a reaction system, sufficient amounts of
(+)androsta-1,4-diene-3,17-dione (ADD), 12.2 equivalents
pyrrolidine, <catalytic acetic acid, denatured ethanol
(95/5 ethanol/methanol) and 6-7% tetrahydrofuran (THF)
are heated to 30 to 40° C for a minimum of 16 hours to
form 1,3 -dipyrrolidinoandrosta-3,5-diene-17one. Once the
ADD content reaches to a less than 3% by HPLC area, or it
becomes static or the resulting
dipyrrolidinoandrostadiene begins to revert to ADD, the
reaction mixture 1is cooled to 5 + 5° C. The resulting

compound is then collected and washed with cold denatured
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decahydr o- 6H cycl opent a[ a] phenant hr en- 6- ol Toa sol uti on of potassium
tert-butoxide (8.87 g, 79.0 mmol) and diisopropylamne (11.2 nL, 79.0 mmol)
in 80 nL wb 2amptreous THF cool ed to - 78C under argon i sPpraddsdomniosteys | it hi um
(49.4 nL, 79.0 mol, 1.6 Min hexane) dropw se. The reaction mxture is
stirred at _-78C for 30- 45 m nutes. A_soluytign of the conmpound froma) (5.7
g, 15.8 miblyPh-45 ME16F TibE #§TPﬁ@Hléa d € Fbﬁﬁ]é%fiﬁﬁggé%%ﬁr%hi i on
mxture i pusticheedtiprc31houps-abs- B§CupDar bRgat Beraddition of the conpound
froma), the reaction turns a deep red color. Trinethyl borate (10.6 ni,
94.8 mml Y Oilg5t hen d88ed sfdWLyindnd t he diRYUFelididpenedECt 2 08 and
stirred fac.2.00ynse Hdrqaen peraxide (24t of 8 3adasal wion is

t hen added, and the reaction mxture is warnmed to room tenperature and
stirred faré6a femthexldnthour .folhelrieact i 6orinsldebled) back: t 010C and

careful ly quggched thh 10% aq. Na2S203 solution (70 m ). The resulting
m xture i S§TERLPACTEG RIEAIEL BAc [ORY, AREPERBTEbRbI nedTdF gahfeCkktacts are
dried (Nags@h).refidd ered, afd @vapogated d npyacyp 48ogicves aywyehl oy brown
oil. Purification by silica gel columm chromatography (25% Et 0Ac/ Hex)

af fords thelfirie esApodnduis oa -whiAdswslling (y3, 5y, o8Py ic [ DAUS] cis

(8R, 9S, 13 179),-3,,17- : o : : .

bi o et hoxyRarRoxy) L 13 maehy 27 %! 0" 1ih1 213 4 S48 1fp q5id and 132

decahydr oweHeeybl-opent a[ a] phepabt’bhen- 6- epehanfess- Manton Petddadémane (9. 46
g, 22.3 mol ) is added portionwi se to a solution of the conpound from b)
(7.0 g, 1é§§pﬁﬁﬁP?aFﬁl§0le@46ﬁ CHEC1ZEThE &<t | gL r ¥REEESR nfXTur e
stirred ab roam.t epperahune Lor 3 haulse e mnddirerd sspoured 019 wat er
and the |layers are Separated. The aqueous |l ayer 1s extracted with CH2C12,
and t he combidned otganiel exttadt svagteedvastet wirtiedor itne, pdeiede ( Na2SO4) ,
filtered, ,and eva ated i,n vacu 0 .give oey,..brown solid.

puri 11 cat oA By VAP LI e ger estdm: enrorttogr aphy (Ve OAGEx) &F f or ds
the titleceanpaund asialpali yethow, a¥tsceus oifudthed 9,md&6%Wy [6d47] d)

et hyl 2-(H8R, 9S, 13S, 14S, 17S)-3,17- . .

bi s( met hoRyFREERERGY- 83 et Y- 7°8S9E1an12 613, 14 15596, PRSired, Dby
decahydr o- :l.ap a en-.6 i e)acetate - Triethyl
phosphono§§§%g¥gh?4ﬁggﬁ%,ngs§§gggﬁ)qpstégdgg@fo a m xture of sodium
hydride (832 ng, 20.8 nmmol) in 25 nL of THF at roomtenperature. After

appr oxi ma elﬁﬁ%o ginutes, a solution of the conpound fromc) (3.9 g, 10.4
mmol ) in I§HE6f “THF is added dropwi se. The resulting reaction mixture is
heated to[peBlkyx invacseakedrt ybepherng2chbagbsndthe ahytBre is concentrated
in vacuo and purified by silica gel columm chromatography (gradient from
5% Et OAC/ Iigx 3t 40%Et QAG/ X3 110, gb¥echbe st i e CaNRAUN @S & & edr ,
viscous oil (3.4 g, 74% . [0148]e) 2-((8R, 9S, 13S, 14S,17S)-3, 17-

bi s( met horpAetBoxyrel3sprthgsized, oinl the 1801401560 q6, Mener. The
decahydr o- 6H-cycl opent a[ a] phenant hr en- 6-yl i dene) et hanol - A solutjon of the
conmpound PFBH?S?Q@3.f%iI%§5§-mﬁﬁ) PheB rﬁg oPYTHE S8 %Wo8at i wi Bh 1 t hi um

al umi num egg&ggﬁo@g%tmdﬁ%%prmm i M T&@@&@ﬁ@éﬁe%l@&qﬂ he cold

bath is renoved, and the reaction mxture is stirre roomtenperature
for 15 m mgtids.oTheamgdctison fic1icookeddbark tceteCyvand querchedebyof he

car ef ul addgpiog of}gjihntnof mat%ﬁf fo%lomeg bg %.6 q%fof gN N@Oﬂi and
then 1.3 fL of “Wat &'t elniﬁPﬁrg'is St rred $Fg8 ous!'yunttTea - Whi'te solid
forms. Thesmaxt k@ iils bidihiverred.ctanes thel fiddlrated syeonsendmat €dibn vacuo
to give the title conmpound as a clear oil (2.8 g, 99% . [0149]f)
2-((68,8RP9§?£3S?E@§,1?S¥d3F1?DS° Thus, Dboth "the mono-protected

estradiols can be found in the reaction mixture. Such
crude reaction mixture would undergo a trituration step
with acetonitrile causing the desired bis-THP estradiol
to crystallize in approximately 70 % yield.

[0138] As shown in Scheme 2, the intermediate aldehyde

is obtained via acylation at the benzylic 6-position with
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bi s( met hoxynet hoxy) - 13- net hy1-7, 8,9, 11, 12, 13, 14, 15, 16, 17-

decahydr o- 6H cycl opent a[ a] phenant hr en- 6-yl ) acet al dehyde - A m xture of the
conmpound Woam2#)37463. 09 g, 7.68 mol) and 10% Pd/ C (500 mgX/uisro110816n8. of
ethyl acetate is stirred under 40 psi of H2 (g) for 5 hours at room

t t . Th 1 Xt is filt dth h Celite, lite i
washed wert 6 TRPRL RG - acdit B Tha AT LRI e o BontEpCrAres it bhbuo to

give a pahetyebhow @il s68rdpg) amThe, 0i hnks dbssobved | fciO0ami:1 Hfe.

di chl oronet hane, and Dess-Martin Periodinane (3.9 g, 9.22 mvol) is added
porti onwi §8deTheures Gonicad 1rage Eitorr M xtur €11 &t | ¢F@n &ty r tehperture
for 30 m es...T 1 i o] d . t. Xtr d wth CH2C12.
The combi Hod 57 gan & ety ot s bre washod Wik B ne. o Fad CRazeo).
filtered, bandyévapopatediom. vaclbet ol gt aenad baosn slaldid.ddPutiisf | clad¢non by
silica gel colu chr omat.ogr aph 15% Et 0Ac/ Hex) affords the title conpound
as a cl eaPU&Sil?lm%. 0y, %Bj%q‘?“ [G}il% ) CHFEPER, 8%9@?]1‘3%, FASSY78Y- 3117-

bi s( et hOé%EEbQ%M);el%- et By 112189, Kodkdtlidnld A5 HE, didehyde with
decahydr o- cycl opent a[ a] phenant hr en- 6-yl ) but - 2-en-1- ol - Lithium

bi s(tri methyl$¥¢§49 awifdel 18R Auml a8 nywip| Lydrdd® i ¥estHR)s | $nadeledh dr opwi se

to a suspensi f - hydr oxyet hyl ) tri nyl phos ni -u rom .37 g,
8. 70 nmol }/ll%% Eo%ri(%’re 'lr%f—:ea lCogyaﬁcixé/rnpe%%%luré,.'SQEt%;&go]I g}e%m%%r\?ﬁ ‘é%l ution
is treated wiltBsa sokuti on of the conpound fromf) (1.4 g, 3.48 mml) in 10

m. of THF dro%wi se. _The resulting reaction mxture is stirred at_0C for 40

mi nut es andltAén quEAENEF RIS albir REEREGHEoULCT RS TRe TP i ng

m xture i spextracted wiih, Ft QAT (21 ARd LB8-60RRI ned %&Q%Bir_%d_ex}g acts are
dried (Na2SO4), filtered, and evaporated togivea brownoil. Purification by

silica gehetbldanichr omat ogtaphy agtemi @nt Mydaow=20%tEY0OAC/ ¢Hekr 2@l 5%

Et OAc/ Hex) affords the, title.conmpound.as a Il ow,, viscous.oil (680 ng,
45% . [O1BR] Ry SO (BRUBR 5598 MR, SYgl RdtavEsoRsTIAL. (RS

bi s( met hoxyrebROX¥EhL3- et Aydrife8i9rdl, 12513, 34r15id6, 17oy  column

decahydr o- 6H cycl opent a[ a] phenant hren- 6-yl ) but-2-enal - Dess-Martin

Per i odi naRBrPA3PORYEPREYOFImBLYSi € addedSyo &bl ut iPeR TG e Conpdbund from

g) (370 Mync0. 30 SMMdidn Ia-fipof GECL2 ek oemdtenperal e The-

. ) : .
resulting reaction mxture 1s stirr 10 m nutes an (%en poured into
wat er. Thecltapeyscahelseparatdicd land tSwpaaguecus dbayehd seexhrachedsw t h

CH2C12 (2x). The.conbined.organic extracts are wa ith brine, dried
(NaoSon) - 1 1R e T ha Gy ABOrat e h P e SR aBoF o VO b bwig tné
Purifi cat tembyshbkc@el col BnMchreomatagiaping () adi enti rfanomb% &t 04de/ CH2C12
to 10% Et OAc/ CH2C12) affords the title conpound as a pale flel | ow, vi scous
oil (358 ﬁ@?:é@%gs is realized. For compound B', a chiral purity

of 86:14 S:R is 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
[0140] Methods of preparing compounds D and E.
[0141] Using the same methodologies described in

Example 2, the racemic hydroxymethyl estradiol compound
is synthesized. Deprotection of the same is then achieved
with catalytic hydrogen chloride in methanol, and the
resulting racemic triol is separated on chiral

preparative HPLC to give two fractions, one enriched for
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[0152]i) 6-((6R 8R 9S, 13S, 14S,17S)-3, 17-

bi s( met hoxynet hoxy) - 13- net hyl1-7, 8,9, 11, 12, 13, 14, 15, 16, 17-

decahydr oweerysiwpent a[ a] phenant hr en- 6- yl ) hexa- 2, 4- di eRCTAIS2011105t6h8 um
bis(trinethylsilyl)amde (4.3 nm., 4.29 mvol, 1.0 Min THF) is added
dropwi se to _a suspension of. (2-hydroxyethyl)  triphenyl phosphgni um brom de
(768" g 53BRORHAN I S A4 TS of FHE AT 0o 1 GPIS0 ATRITEE. Brhel Gl don
brown sol ubizan ésmps@ad £d Mithaia sakuti,on, of >tohg scoppounchd r gmeh) 1 £ 345 ny,
0.81 mol) in 2 nmL of THF dropw se. The resulting reaction m xture is
stirred atceCiref 2FRSUES ahd qddrfcHed Swi thesatabrarnedtaguedustNMACL. The

red arcoticor Zpane d qden °seethaneat auetusChe
ot 1 act s G BaT S8 NGRSO 11161 ba And Ceapof STed 1081 va brovor |

Puri fi cat bentbysskekecdigeghoealumm chr omat ography (gradi ent from 5%

Et 0Ac/ CH2C12 to 40% Et OAc/ CH2C12) affords the title conpound as a yell ow,
viscous oil (140 ng, 38% . [0153]j)

(6R 8R, 9S5139014S417S) - 6- ( 6- net hoxyhexa- 2, 4-
dien-l-yl)-3,§7-bis(nethoxynethoxy)-lB-nethyl-

7,8,9,11, 19143114, 1558637 2decARydr§- 8RSy el Spent/ ahappharanthrene - A

sol uti on of C und i 1) (1 7.0.3 mol) is cooled to 0C, and
sodiunlhygpﬁgggf¥%ggﬁ§?93?8’%éo&f%ggggéded portionw se. After 5-10

m nut es, i edonet bane(01192nL 3310, aBplL)i, $ 7addedcdhgpwoseg-and the resul ting
reaction mxture is warnmed to roomtenperature and stirred for 4 hours.

Et OAc is Sd8e8PSRALREPPEREPIORSTS Scaref ul | yAuenched WitH'wat et The

| ayers ar%vé%@%b@%ed(@§g8RP§SOIQ§Pi§SJP&?i—&$#ﬂé£@9x§ﬁ@@§§¥%716jiﬁered’ and
evaporated to give a brown oily residue. Purification by silica gel colum

chr omat ogeaphyhylgiadi nf 0f LomL8%6 Bt 0Ac /L PleX 6t de28%/BrOAGHHex) affords the

title conmpound as. _a.clear oil. (92 , 9 .

[0154] k) ( BRCBRPREC 1S San by B aokadnaky Rigng. (2008, 0.608

3, 17- bi s( At hoxydrephexyin 13- net hyl 3 m&8c9ed 1,12s5k3, d4d 19,1560l fedecahydr o- 6H-
cyclopenta%a]phenanthrene - A mxture of the conpound in j)(90 ng, 0.19
mol ) andetb96Pd/ ¢1¢ 206 ) myd wasero MO bfmlet hyfhacetat et 189 sti¥tede under a

bal | oon of ;H2.(g)for- 16 houyrsoat {Qoqhgqug%q;q;q? Theym xtyrg is filtered
t hr ough CeFit%, a%% t%e Celite i's washed well Wit ethyF’acetaté. The
filtrate bsloomcentrraNedt n(Vacuot tongi Ve NdeHti42 eS cohpountd8asmal cl ear oi |

(90 ngy, 99% . [0155]1) (6R, 8R.9S, 13S, 14S)- 6- ( 6- met hoxyhexyl ).- 13-
nethyl-?,é?Q?f%?%Z?%@%f 15716 °PP A 4 rQﬁéﬁ%ﬁﬁﬁ%ﬁﬁnﬁ%ﬂ%ﬁ%%é%an@hrene-3,1
7-diol (I)yne Acs@liutiren ofx e cogpewnd taomdsy) £90008s QclXpmbg.in 1.5

nmL each of 6 N HCl and THF is stirred for 5 hours at room tenperature. The
reacti on ARt GPECIES O MIHEH TR U waresrkeghdP e xt¢ 2t eth vt SIRWAC$2%X) . The

cort e0 SHATELEBILY oL o e SRR, Didler e s pypoptgted i
chr omat ogmaphyréegriadi enenthed GHACL 2whoe B0%4R0 Al CH2GH?) tlad f ptideds | as a
whi te SO'% j&g%gh(%§>mgﬂ %%%aﬂoy addition of 6N ag. HCl solution.
The mixture is subsequently transferred to a 3 L round
bottom flask and the volatiles are removed under reduced
pressure. The residual aqueous mixture is extracted with
TBME (3 x 500 ml). The combined organic layers are washed
with sat. ag. NaHCO3; (1 L), water (1 L) and brine (1 L).
Finally, the organic layer is dried over Na;30,, filtered
and concentrated under reduced pressure to furnish the
dienone A as a pale vyellow solid. (188 g, cy 94%).
Product identified via 'HNMR and HPLC-MS. ~95% + ~5% over-

reduction.
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Exanpl e 6 [0156] (6R, 8R, 9S, 13S, 14S, 17S) - 6- ( net hoxynet hyl ) - 13-

met hyl-7,8,9,11,12,13, 14,15, 16, 17- decahydr o- 6Hcycl opent a[ a] phenant hrene- 3, 1
7-di ol (Byo-202/@®elL flange flask is placed in a heati ngPCoiUS2@NO5®0%1i pped
wi th condenser cooler with N2-gas inlet on top, nechanical stirrer,
stirring rod + blade, and two gl ass-stoppers. Then, the setup is heated for
3 hours at 190 C and pl aced under N2-atnosphere over the weekend. The
N2-gas i mkekpiie mepl aced by an Argon inlet and the setup is pl aced under
an Argon bleed The flask is charged with anhydrous THF (4 L, new bottle).
Li t hi um wilPé4¢28. agMeZLhegiSrmPf sPBHeRAT L AT i h@%a$RO?$)l$§ theh-eutéinto
smal | pie n 0 ed by ,stikrring-the pieces with
hept ane uﬁgﬁhgﬁﬁg g%%gs% gl ?he %éﬁ?gﬁg ?g éeégﬁfgg ggd t he Lithium
pleces ardeadﬂ@drbe6ﬁheysﬂbpeedaTHEphanahehmeaePBom7Fuask. (B) phenyl (175.8

g, 1.14 added in one | ot whereupon C ak | ace_at the
surface ofoﬁﬁé?thh? m pi eces furnishing al @?eiﬁ L% fzﬁPﬂgsgﬁbears
'”WEdlatebXsqﬁ@@hé&yﬁékﬂgxy$iﬁ@Lm§t muwe% @tunrna 13th@ green, eolor

reappears. Di phenyl nmet hane ( i s then added in one lot. The
resul ti ngdééébyglféeﬁanX’?lllpéep§alﬁéépéénﬁﬁthéﬁpﬁx (ext erfalorenperat ure
first at tion, mxture stants. { u t he ontinue to
refl ux atgﬁé(Bh terna nﬁ%rﬁ%brgEo (5 % éSLé éﬁ tth g%?op %ﬁ se

addi tion ef @Ble)stlrladloll |$5 @qrrmaetzlednﬂdme heexad dSl@@@fO}bplé’é@qum@ed by a
solution of the dienone A (188. g 0.57 anh drous THF. After 60 m nutes
i

the additi(éR-4ndta %&ﬂ@%ﬂ%brb&nlg By ool i TGt 2 Heldt O ur e BY f
al | owi ng thepreacti o mMtune 4,00 Gwikhia %oboqrgshom%.re@fé e nxture is

removed in vacuo, and the yellow/brown o0il is partitioned
between water and CHy;Cl,. The organic layer is separated,
washed with brine, dried (Na,504), filtered, and
evaporated in vacuo to give a golden oil. Purification by
silica gel column chromatography (10% EtOAc/Hex) affords
the title compound as a viscous, clear oil (5.7 g, 86%).
[0145] b) (8R,95,135,145,1785)-3,17-

bis (methoxymethoxy)-13-methyl-7,8,9,11,12,13,14,15,16,17-
decahydro-6H-cyclopentalalphenanthren-6-ol - To a
solution of potassium tert-butoxide (8.87 g, 79.0 mmol)
and diisopropylamine (11.2 mL, 79.0 mmol) in 80 mL of
anhydrous THF cooled to =-78°C under argon 1is added n-
butyllithium (49.4 mL, 79.0 mmol, 1.6 M in hexane)
dropwise. The reaction mixture is stirred at -78°C for 30-
45 minutes. A solution of the compound from a) (5.7 g,
15.8 mmol) in 45 mL of THF is then added dropwise, and
the reaction mixture 1is stirred for 3 hours at -78°C.
During the addition of the compound from a), the reaction
turns a deep red color. Trimethyl borate (10.6 mL, 94.8
mmol) 1is then added slowly, and the mixture is warmed to
0°C and stirred for 2 hours. Hydrogen peroxide (24 mL of a

30% aqg. solution) is then added, and the reaction mixture
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addi ng MeOH (300 nmL) over a period of 15 is fornmed. Next, the reaction
m xture is brought to pH 2-4 by drop-w se addition of a 6M HC1 sol ution
over a pewpadi2af37b1hour. A yellow mixture is furnished. PCRIGS201i105160% | S
diluted with water (2 L) and stirred for 15 mnutes. The resulting

t wo- ph .m xt ist f dt 20 L nd bot fl ask d latil
(THE/ NeOH “ai'é *Fbfioved “idler- FeRiced o 658k T r'dirmi hi ngt BET4i & aqueous

phase is extracted Wrthctibt Wls nebbybaethen (IBVBPc(2nk) andetherower
aqueous phase is separated éTBI\/E | ayer contains nostly biphenyl and

di phenyl ) SuFRehefgani € pifaselsi fdwasNedS 4Pt hsaateiopl (30 THen, The organic
| ayer is W th . | ut i X L it t . The pH
of the co%?ggglﬁgsﬁcﬁ%ﬁg&g&l g%/('grggci(;édbrméu%%tﬁ?gA%mH(252@(p O{);—%)}Ié%) by
addi ti on obmBMhHEL. o Wheni ¢ hexapprapr i ate phiiesl r édeltsd,) ,a Soltdred,
precipitates and the m xture beconmes off-white. TB i(-]1200 n.) is. added,
and af t er 8¢ r?Vﬂ@OFfBFeéS P nufESA d%alfyeEl | 8w Eggé EPFAYRr 3hd- a cl oudy

yel | owi shpaguequschayernformiilhe godt uke1iveint ransbeLEs réﬁh? sepatatory
funnel and another 1 L ME is added to the separatory funnel before the

m xture i EtORaKERxVi goriously . tifhe il &l earpayér Scare sépacat edlidhe
aqueous | %eE igs extract ed a 2'’d tine with TBME (1 L) and both organic
extract |ayérs-aré cornbi ned. The conbined organic |ayers are washed with
sat ur at ed [aqueous NalC@3rsolsytenies,Lys)ywater-(1 L) and brine (1 L). The

organic layer is dried over Na2SO4, filtered and_concentrated in_vacuo to
furni sh aPpal(@eyBPrgResBrrd) BLETT? 8 YerudE gr ddudty 1 SEx4mpPe 1P/ 17~

[0157](6Rdé8a%§d%§86%4§ b%bB¥QE9¥$]Ehéﬁghﬂﬂ%¥ﬁe%h%hé’-— Dess-Martin
13-met hy1-7, 8,9, 11, 12, 13, 15, 16- oct ahydr o- 6Hcycl opent a[ a] phenant hren- 17( 14H)

-one (C) PeToodisehat i(Gn46f 9B (20 3g B0 )nmil )adde DNBO {R2Q07 g anda

di chl or onet hane 200 ni) at 5 i S de riethylamne ((56 nL 0.4
nol ) . Nextg?shlf:flﬁgpgr\g o&?%ecﬁy P(L;llinﬁle f(?roon%l %g ((iotog,g'o. %é'?oln)mollg st'ow y

added oveBob5nn neit esy,dhe tEiperatureing keptthehweernktxe anei br&iduri ng
this time. The mxture is then added to 200 nL water-ice and acidified to
pH <1 wit RE6NGRTL 8BTBEFBRUTFhd Hestil BPHGSm xtf e ST BXEr dct SCFHRE ti nes

w th DCM 100 0d). oubi ped.prganics ried owe s sodi um
sul f at e, glﬁiétoer e%%anf%nge%r afgg%l. 5T%%‘nll'i:&r ggg%%r?ei%g rep%a?%%y%ggy(tot al
56 g B aslstvartiing emtexrclatd . wThe Cérdde mateér itak iconguiridd edrdynsc| i ca gel

col um chraratography, (219, & Onelibex) Lo Provide giechif | e-coppound as a
and evaporated in vacuo to give a gooey, brown solid.
Purification by silica gel column chromatography (15%
EtOAc/Hex) affords the title compound as a pale yellow,
viscous oil (6.0 g, 86%).

[0147] d) ethyl 2-(((8R,95,135,145,178)-3,17~-

bis (methoxymethoxy)-13-methyl-7,8,9,11,12,13,14,15,16,17-
decahydro-6H-cyclopental[a]phenanthren-6-ylidene)acetate -
Triethyl phosphonoacetate (4.1 mL, 20.8 mmol) is added to
a mixture of sodium hydride (832 mg, 20.8 mmol) in 25 mL
of THF at room temperature. After approximately 10
minutes, a solution of the compound from c¢) (3.9 g, 10.4
mmol) in 10 mL of THF is added dropwise. The resulting
reaction mixture is heated to reflux in a sealed tube for
72 hours. The mixture 1is concentrated in vacuo and

purified by silica gel column chromatography (gradient
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[ 0158] (6R, 8R, 9S, 13S, 145) - 6- (et hoxynet hyl ) - 13- net hyl -
17-oxo0-7,8,9,11,12,13, 14,15, 16, 17- decahydr o- 6H cycl opent a[ a] phenant hr en- 3-y
1rret haneswibf2orez3ez6D) - Met hanesul fonyl chloride (27 nli, @C3ASawli)5i688 added
dropwi se to a solution of compound C (43.6 g, 0.139 nol) in pyridine (270

m) at O i S stlrr rature f 90, m hut es,

f ol | owed gjfof“ %hdggblﬁffgk%f( wWet e Aa%l—'(é% ?é)te °s %Hﬁ%e%ﬁ?@nt?g%?%r med.
After filtbabbond bheasehkdr, svdissakved)i n3DEMy, dyhed ,over anhydrous
sodiun1su|fate filtered, and concentrated to prOV|de compound D (57.1 g,

quant it atilyeéy 8as mhpﬁe2sdlﬁﬁr9§xéﬁ§ yé4g,175)=3,17-

0159] (6 d _
(et Hoxy ms?%f SRR AD s ST N3 14104292 14, 19,1607
decahydrod6Hahydkopéﬁ%a&appbenaatbﬂpheﬁayihmehhangﬁmHéoaabeheﬁbl- -

Fwdroxylanlne hydrochlorlde 30. 31 470 and so acetate (60 g,
820 mml ) fareladdded ©F &Kol W%%u% Bﬂ%oggn % (581 'S 146" Mol 370 n

anhydr ous et hanol, £( 880 ML) The.reactiion i s; fefhaxed £0n.90 WauLes and
cooled to roomtenperature over night. The reaction mxture is then diluted

with wat edSaddmét hyl . 46etmapé, Th¥ rasdBE) ndroayess afceos@paTla@e@Oh@d t he
aqueous l%%%ﬁ '1Ss exéméacégd gyln&h Su hy} aac(:etoar'g € ;gjeu gorﬂ%l nsD orreqla_r%g | ayers
are washed wi't h “sat ur at ed aqueous sodi i carbonate and brine

sol ution k5odnuymgmﬂatdwﬂwﬂ@ﬂusSsmmnﬂﬁéaufam@ rkbkteped,iandocbagent r at ed
to provide the title conpound E(é ,. 80% as a white solid. Exam?le 10

[ 0160] (4bB28S, §8$01%R}n% TG e@fﬁy‘ﬁ}e %areful addition of 1.

(et hoxymetehyl) =7~ metnvilgner 4R, 55 6; 7B, 82 9n1®=0H, and then 1.3 . mL
octahydrophenanthren 2-y1met hanesul fonate(F)- Trifluoroacetic aC|d (1.3 nl)

i s added dﬁowaﬁge t §ha m&mﬂun&1uﬁ SﬂmﬁﬂﬁﬁKVIQQHQD%ﬂY2NhEihﬂ®|Whah@
N, Ndi cycl ohex arbo 5 . |n a dr ous 50 nL) and
4 gﬁﬁo% (58 &#Ué%c gﬁé % d%r%31[¥§%%( )

car bont et Fg r| e OJF%I wat er

is added apdctherakxtureni sra@&br agd edithreendi Fﬂf&%l\éi t BofXdhnd he scogbi ned
organic Ia{ers are washed wth water, saturated aqueous sodi um bi carbonat e,
and brineCl?hré 8élutifoR Ps dPiféd over anhydrous sodiumsulfate, filtered,

and concenprated. The Qeqq%gogRl§Fp§@%0ﬁqulq§ 2% 879 scale and 2x 5 ¢

scal e. The conbi ned crude nmaferial is purif by silica gel colum
chr omat ogbaphyet50%yEe0ACkHex ) 3tmephovi-de 8t Re 11li ke 18pAPolnd 1k, (1. 9 g,

270 53 24Letohl s TIE DY pLpduct oo Lsplated and MWR b pygl bl e
A mixture of the compound from e) (3.09 g, 7.68 mmol) and
10% Pd/C (500 mg) in 100 mL of ethyl acetate is stirred
under 40 psi of Hy, (g) for 5 hours at room temperature.
The mixture is filtered through Celite, and the Celite is
washed well with ethyl acetate. The filtrate is
concentrated in vacuo to give a pale vyellow oil (3.1 g).
The o0il 1s dissolved in 100 mL of dichloromethane, and
Dess-Martin Periodinane (3.9 g, 9.22 mmol) 1s added
portionwise. The resulting reaction mixture is stirred at
room temperture for 30 minutes. The mixture 1is poured
into water and extracted with CHyCl,. The combined organic
extracts are washed with brine, dried (Na,S04), filtered,
and evaporated in vacuo to give a brown solid.

Purification by silica gel column chromatography (15%
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(et hoxynet hyl )-3',4"',4a',9', 10", 10a' - hexahydro-1' Hspi ro[ oxi rane- 2, 2' - phena
nthren]-7'-ylnmet hanesul fonate (G - m Chl or operoxybenzoic acid (8 g, 32.3
nmol ) i s woaer/a3meporti ons to a solution of conpound F @€TASQ011/030¥8 nmol )
in DCM (150 m.) and the reaction is stirred at roon1tenperature for 2

hour s a ture | d with 10% agueous, pot ass dide, 1
 aueous EEBAr ARG AT BEAPPrBe "8t S TSI b B e bart o 2 afd br i ne.
The sol ut yonebg)then dried over anhydrous sodium sul fate, flltered and

concentr at ed. The reaction is repeated 2x (3.9 g and 3.8 g). The conbi ned
crude mat éfitaPlis peﬁlﬂréd65y8§v9§@é3§eﬂ4§®ﬂﬁ§h 3¢chromat ography (1:4 to 1:1

ELOAC] Fox) bgREQULdReL IS L Lhe gommound G (818, 9, T3% i 6bd) o, BYampl e 12

[0162] (6R oxymnet hy 6x6-
7,8,9, 11, aapiﬁyﬁ4pi5ﬁ16y&19ﬁeoahydﬂph@Haoyhkepeﬁkaﬂabphelaahhﬂen 3-ylnet han

esulfonate - Boron tr|flour|de e h rate (2 28 n., 16.9 nnDI) dded to
a sol uti oﬁ of c&ﬁﬁgﬁﬂf@ GRAP 36 1ge e Sty aln}"rdzfnhy(cﬂr s trEﬁ”uen 2 m).

The react i@R1i s 1heatwed { ordPP gé'adﬂb@r@W%ﬁ%lﬁgrt55dﬂéﬁgﬁﬁhsfgﬁeéf000|'ng
to roomtenperature, a hard solid is formed. After separation of toluene

from sol i d2-hherssiedhivd)t r eatebewvinhearbprated aguedudesodd udy bi €ar bonat e

and ethy|§|ltered3 é E§§ %Fggﬂég?h$yq{t §o grlﬁgt%ver aquprou§h%ogiun1

sul f at e, concen his reaction 1S repeated (

0.613 g, Qo8aeg,bkdhn<ébzpﬁloﬂhescﬁu@%thJﬁjﬁﬂ &s spunitficed 4y shéica ge
col utm chr omat ogr aphy ( 5- 50%)EtOAC /Hex) to provide the title conpound H
(1.41 g, E8%PCUELanpte/ 3)[ 0i63f(6R 8S; é§ 5yLl- Avet ABxyMet Rl ) THE

1)8L?t%}u§§o§%iéé 16116, 1Zndecahy dea-6Heychopental akphenanthr gaeqd; 17- di ol (

for 40 minutes and then guenched with saturated agueous
NH4Cl. The resulting mixture is extracted with EtOAc (2x),
and the combined organic extracts are dried (Na;S0s),
filtered, and evaporated to give a brown oil.
Purification by silica gel column chromatography
(gradient from 20% EtOAc/Hex to 75% EtOAc/Hex) affords
the title compound as a vyellow, viscous o0il (680 mg,
45%) .

[0151] h) 4-((6R,8R,95,135,14S8,173)-3,17-

bis (methoxymethoxy)-13-methyl-7,8,9,11,12,13,14,15,16,17-
decahydro-6H-cyclopental[a]lphenanthren-6-yl)but-2-enal -
Dess-Martin Periodinane (437 mg, 1.03 mmol) is added to a
solution of the compound from g) (370 mg, 0.86 mmol) in
15 mL of CH,Cl, at room temperature. The resulting
reaction mixture is stirred for 10 minutes and then
poured into water. The layers are separated and the
aqueous layer is extracted with CH,;Cl, (2x). The combined
organic extracts are washed with brine, dried (Na;S04),
filtered, and evaporated in vacuo to give a brown oil.
Purification by silica gel column chromatography

(gradient from 5% EtOAc/CH2Cl2 to 10% EtOAc/CHyCl))
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Al um num Hydride (700 ng, 18.45 mmol) is added to a solution of conpound H
(550 nmg, 1.45 mml) in THF (10.0 nL) at 0 C. The reaction is refluxed for 1
hour. Thewoearx3ms1li s t hen quenched with Na/K tartrate &oa/usSemasteesl t hree
times with ethyl acetate (3x100 nL) and DCM (3x100 niL). The organic | ayer

is washed wi.th 5N HCL (. m.) and the aqueous |layer. is extracted wth EA
(x50 mLp L RSO GhE o 1o e Ty o7 ey B50Fi G Vi Aty tus® Lbdt um
sul fate, fizbkemngd, sang . concentrated. The crude material is purified by

silica gel colum chronato%raphy (0-50% Et OAc/ Hex) to provide the title
conpound i(A188% yi elld 6f (1°R236E, fg) 1 3PhetSanéSh edetli/on is repeated with 510
ng of co _150 _pradyct ;i s,i sal at,e anple 14
[0164] Vot ROdSOFaE o B agdi F Sgroetnt oF " B Bl n3 eapact ¢/ ier mg

Luci f er asdeaehidirby 6 HF01¥65pEsthragenpvheceptborenegatilyec&¥-2, ki-dheyi-cel | s are

mai nt ai ned i n Dul becco's difjed Eagle's iumwith 4.5 g/L glucose
supplenen?éaiMfT1%iﬁ%%%?g?”ﬁb'ﬁﬁ?@ﬁ%ﬁiﬁ%ﬁg'ﬁﬁ}%%iﬂéfﬁi ., £°§8
penicil i pmstrept omiei t atndy Csi naadugtdhliied 5% GOk agmsphal eqr The

cells are then plated in 6-well dishes at a density of 2 x 105 cells per
wel | in phHénblidredyeire&lbul becebesyhplPfrednEagl ebsomedeumiédnt ahdi ng 10%

char coal - dextr %ﬁoﬁl}g pped, fﬂaéfbgﬁk”%ts‘?ﬁ‘dm G L. celd s, aledd ,a”&fl%‘“ ed
usi ng Li pofect reagent ‘accordi'ng tothe manufacturer s protocorl.

Tr ansf ect gonseaomiraiwi NgoIudidlg 0F reperier wi@asnhdsptomtiannidfy the
ERE-t k-1 uciferase containing a single ERE cl oned upstream of the thym dine
ki nase pr 6RBPEFNEANdE TR far asé?gerd®) afd®d. 5Ty bf & t her"EREX of TERL3

expressi on ¥eet ok . (eARt abni,ng i GWV-ERex 10h GWrERL3kukl ;l-epgt hrceding
sequence respectively). The next day, cells receive no treatnent (controls)

or are tréatedOwnintimugsts adidlqedoreed IwnN) satesttadi ebupbus HHe©hpound of
the invention (at .varying. concentratiaqns). ter, 16- hou cells are
harvestedEéﬁd a§§%ﬁi§§cﬁlTﬁ%{?e%§s§%§:%%ﬁ%%.WTBEGE%ifcthQEQUts%?, cel |
nmonol ayer shar e yashieted W ceqwntilk | cexepddt phosphat edbutfier ediasgbi ne and

i ncubated for 15 mnutes in 250 pl of 1X cell culture lysis reagent
(Promega, TMAEPE6A; WIDACel $VEXeTAERS ar'e® tr&isFerréd tprown  oil.

Purification by silica gel column chromatography
(gradient from 5% EtOAc/CH,Cl, to 40% EtOAc/CH,Cl,) affords
the title compound as a vyellow, viscous oil (140 mg,
38%) .

[0153] j) (6R,8R,95,135,145,178)-6- (6-methoxyhexa-2,4-
dien-1-y1)-3,17-bis (methoxymethoxy)-13-methyl-
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopental[alphenanthrene - A solution of the compound in
i) (135 mg, 0.3 mmol) 1is cooled to 0°C, and sodium hydride
(120 mg, 3.0 mmol) 1is added portionwise. After 5-10
minutes, iodomethane (0.19 mL, 3.0 mmol) is added
dropwise, and the resulting reaction mixture is warmed to
room temperature and stirred for 4 hours. EtOAc is added
and the reaction 1is carefully qguenched with water. The
layers are separated and the organic layer 1is dried
(NayS04), filtered, and evaporated to give a brown oily

residue. Purification by silica gel column chromatography
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a fresh tube and assayed using the luciferase assay system (Pronega). For
each assay, 10 pl of extract is diluted with 90 pl of 1X cell culture lysis
reagent . wonbreastmmce i s read usi ng an Aut oLumat LB953 IPGFiUsQeta0&r608 [ 0167] A
conpound or a salt thereof,which is identified by the binding assay

descri bed her a _cqonp t |nh| t in strodlal at
t he Ilgandgﬁﬁﬁ Fhg EFP@'gf %ﬁggggﬁ% %§F6$§/2§35b|$§§%f$ it is a
conpound ek taesabhpbhaneat thateks @QYISQQnmg tgseause cell prollferatlon
statasis and accordlngl exerts its harnacologlcal activity. [0168]Cv-1

cells arelPrafsfect &d @f@ﬁF%&é éﬁésﬁﬁﬁréaﬁérﬁudﬁsmeﬁhéxwéﬁéwﬂér const r uct
ERE-t k-1 ugi ferase ﬁ@ghgx wﬁgﬁé§ ggnh P _Transfected control (Crl) CV-1
I t

cells recéive no treatne estra reated cells recei ve estradi ol
E2) added7abofelat 12049, NM(15nm% 1WHdbbahgd$e -6fi-t he conpounds of the

i nvention, TCh conE ? g res ctlvely IS either a de al one aHN%O 8 M (10
nM or at CY6L8PRPpFLSD eﬁam §?P8d| “ol® (E2¥ *UExa f5 {OF69] "Met hod  of

determ nipg theyd GaY, val uesnebith h%n@amctj%iaﬂs@/@ormgyn% QL 7] Thengcel |
lines lisfed are naintai ned at apprOX|nater 5% CRx, 7C 95% rel ative

hunmi dity P#h ﬁﬁ@ﬁe@@@;ﬁ@rd@n%ﬁl@ﬁaﬂ Ui c@lballcm@n Thelcelds &pe
subcul tur ver r pl n cI ar .hotto - wel
pl ates at%% ens’ 1 y of éﬂ fmg%¥5§%hgi %E ificubat ed gt %af%ggg%EQ, 37C

over ni ght tprbayht o:eulmttel atam;h e t@elﬁssays Tz@sb@g]l rwe:lej lwiitabéth¢y assays,
the media in the cell plate (100 pL) is replaced with fresh nedia (100 pL).
The test &FFiEl&s é?éaséﬂﬂéFP§edﬂﬁht%8n§eQ Fateresh nBar&Ci roduptyeate and

added to the cekhs &éQ%oBhb at Lipak sapphe (egngent bathons of 0.46, 1.37,
4.12, 12.35, 37.04 333.3 and 1ooo|||v|1%|f>|v50) in a total volume of

200 pL V@Dﬂ§5¢ontaﬂm|NQRméRGéBLé3émd4ﬁekﬁs 6omeahnxﬁgeaaﬂbslBysed with
0.1% Tri t on- S o b sC t le is used as a known
cont rol fo?tég agsgy hg D%%C)oh y’ 3ﬁrﬁ9 éefu g%ﬁcle control. The
sanpl es abgcm@ubawd phedantB87efelo, hurdbfi ept:)5%002 atonmpgpher eofor 72

hours. The plate is nonitored once a da durl(g@the i ncubati on peri od,
payi ng spé&ralFCRPPERE] 6o X hd A%l ¢F- Icorifiience! 1 {2 tHe %%@@soﬁpproach

confluencg pgiofcho the enrgipof the . Jhﬁﬁf ifeubat i ]Epélo
experinment is term nated an&océ1l 12% Ity neasure descrlbed %e|OML
[0171]Ce|tem@bmbthyesdémEqnraedugongau@amnercualdylaVadlabhﬁlkwat¢D

determ ne ATP leyels. b ence. fly,. the ¢ Iate has. t he nedi a
Femoved aRa%r eBiACEd “RE h 100 pECBEST r S8R meaFht aRdTHECBuT BT R
lyOphlIIZ@Qt§ubﬁgrahﬁaaaﬁl@QUINbQS@qed leE@@@&Ieﬁﬁgraiﬂmﬁbréﬁﬁﬁt&%fﬁﬂ i's
used to reconstitute the substrate just prior to addition to the wells of

the cell pr&te (H@O<ﬁﬁmbeﬁ-méﬁ??rrThélbWaﬂé*ﬁéhbiacBHrFﬁﬂéthénlh@Yn|te

V0D i a1 g 118RdeLe A ANGY, L SHAKE SO0 Mnutan,d ollaved v %9 m nute
wai t perloé Iate is then rea u5|n am’integration tine
with no aBDénmeAMYCH2Cl2) afforded I as a white solid foam

mg, 52%).

Example 6

[0156] (6R,8R,95,135,145,17S) -6- (methoxymethyl)-13-
methyl-7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopentalalphenanthrene-3,17-diol (B) - A 20 L flange
flask 1is placed in a heating coil and equipped with
condenser cooler with Ny-gas inlet on top, mechanical
stirrer, stirring rod + blade, and two glass-stoppers.
Then, the setup is heated for 3 hours at 190 °C and

placed under N;-atmosphere over the weekend. The N;-gas
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[0172] The nmean baseline controls (wells with Triton X-100 or no cells) are
subtracted fromthe total |um nescence to give the net |um nescence for

t hat wel IWOBhi2#03tsttal is conpared to the control of DVS@CHAISPO11AM6DELS0 i S
cal cul ated as the concentration that led to a response of 50% conpared to

the vehi cl, trol cells. Accord th f Kill in_the art
can appr odiEe UHat "ERE Koo T oaratPooTal 1G8) BPOLRLY | RELARL | §° cl ai mod

conposi ti %ma@é@ SRS oant@@wrb%@deomﬁ@mﬁasﬁ 0153]&@&19%@1! gives the
binding affinity of B, I, and E2 to estrogen receptors usi n r econbi nant

ERa and ERPRREEOHBI &Rt Eﬁ' drareeV nbabated -wi t R1BPHER ivid che (9% e8Bnce or
absence of, %?Strrgﬁorm do rml'l’lgg%\lathle [ 01741 L ELGAL i s 8 graphy pf the

EC50 val ues “of ( Tanmoxi fen 1'n'various cell lTines for corrpounds
of the i npénteon. (~FIOGBQ cche)plmm t]hle %_fbf iE2 raotowad yoif st 1randy Bolom ERa and

ERP. [0175] Response and B on and ERP is neasured by a |uciferase
assay. ]lﬁ/ge%fl&;@l Ik%e%traenef r%ﬁﬁg?ﬁnwgyg@?aﬁﬁ@éﬁ]@rﬁ t T BXpreREToh vectors

encodi ng eit hes-ERa-@r ERP and coithansfestede th-a lugider ase fgporter
construct. Cells are treated for 24 hours at 37 Ow th increasing anounts

of test aptiicked ITﬁEom@ar’Fl@@n reE|at iPrshéwe skhe BagterEpl adt1|7\5| By dor | on

ERa and E%P 4A%oﬁ§n e %ﬁﬁ&iEﬁgnbgéG§ w%%r%u%%% ab%aagt on éake

surprisingly fo o be Spéci fic agoni Ve na
Exanpl e 1place at the surface of the Lithium pieces furnlshlng a

green color which disappears immediately upon stirring.
After 5 minutes stirring, the green color reappears.
Diphenylmethane (95.9 g, 0.57 mol) is then added in one
lot. The resulting deep green mixture is heated to reflux
(external temperature first at 130 °C wuntil reaction
mixture starts to reflux, then continue to reflux at an
external temperature of 108 °C) followed by the drop-wise
addition of a solution of the dienone A (188.7 g, 0.57
mol) in 1 L anhydrous THF. After 60 minutes the addition
is completed and a yellow/brown sticky solid is obtained.
The heat is turned off allowing the reaction mixture to
cool to <40 °C within 2 hours. The reaction mixture 1is
quenched by adding MeOH (300 mL) over a period of 15
minutes wherein a thick, Jelly-like vyellow mixture 1is
formed. Next, the reaction mixture is brought to pH 2-4
by drop-wise addition of a 6M HCl solution over a period
of 1 hour. A yellow mixture is furnished. This mixture is
diluted with water (2 L) and stirred for 15 minutes. The
resulting two-phase mixture 1is transferred to a 20 L
round bottom flask and volatiles (THF/MeOH) are removed
under reduced pressure. The remaining acidic agqueous
phase is extracted with t-butyl methyl ether (TBME) (2 L)
and the lower aqueous phase 1s separated (TBME layer

contains mostly biphenyl and diphenyl). The Organic phase
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Expression Profiling of Conpounds I, B and | in NSCL, Pancreas, and Ovari an
Tunor Cell Lines. [0176] The study includes three human tunor cell |ines:
A549, Parmop12413m6sK- OV- 3. The | ines are each grown in twOTMUSa6HAHS08 t ur ed
to roughly 40% confl uence. One of the flasks is treated by addition of drug

to th Lt t t The oth k. treated,
{1 ask i 5 tPodtat Sl - of { H-CRE vEhi £1 6 USEA"t o Gl UBRNSE. did el IVer i he

drug. RNAyexheactadr romide painsieh treat ed apdauat reated;sadmpl es is
subjected to mcroarray anal ysis on Agilent Wole Human Genone M croarrays

(&A112F) . LEachThfAal §8i s0F egdra s Q® idicif ePesd€ | AIHBAHEanteYBfSmesSenger
RNAs for gacgh gt the p‘?ﬁ  POP dé%é W%‘g 98&?%& hS g ém%?@fr% Jhi s
t ersu

di rect corrparl son of e tre ntreat e sanpl es each cel |
i ne p_rovrtdes axtrogmelatessepisi sV ecedethect,i oa eblaldaqg@:ﬂmtrﬂ% abmtidance

resulting fromthe dr treat nent.. each cell || conparison i

sel f - norrrELrezé[HXtﬁ'F@ Lﬁ%%?@%s CQE 6@%5%aerac Jo%@gt R&) sa}nspl%%d%;th hi gh
confi dencgnqCeldcRr epanatien {04775 Thr ggcbyman tiunpr wel ol | He§an 549,
Panc- 1, and SK-OV-3, are each grown in tw flasks cultured to roughly 40%

conf | uencéavere ofdt e Flasky i seitented el g | drvsfr céapoundliieto t he
culture n?‘llas Ecgncter%t %tequ:%% ccordsen ejfn Iabuse ove Tg(gﬂ%her nock

treated, s treated only % he v Yo 0 ize and

del i ver the drogMEAlidls f hasks afoe Ehlebt u;reepﬁxfa@;roraj ffmhher 24 flvawr sthand t hen
the cells are scraped free and washed in ice-cold PBS, then collected by
centri fug@tll’xéiﬂireTh]eS haPe&sted @IV Se | hiBdiAtel §Lerbzemyedifd 3F9red at

-80C or colderathl, i gpul %ldﬁéo\ﬁsn%a{fe%ﬁbi§ Lhatatheqtpeated gel ls;yj el ded
| ess mass than the untreated cell RNA Purification [0178] Tot aI RNA is

pr epar ed ‘rTBM’m t(Re If)r czzeh boslsuerganpbegxmya@g Tirei veo]s- tm:r%dC@rebinde@m s

fol | owed henol ext r.act onandRNeasychr hy purifjication. The
purifi ed S%?T‘B?GIE (gre %{flal] zeg ayers are was C} %Pl se;ptura‘lc g

aqueous NaHCOs; solution (1 L), water (1 L) and brine (1
L). The organic layer 1is dried over NayS04, filtered and
concentrated in vacuo to furnish a pale yellow solid B

(117 g crude product).

Example 7

[0157] (6R,8R,95,135,148)-3-hydroxy-6- (methoxymethyl) -
13-methyl1-7,8,9,11,12,13,15,16-octahydro-6H-
cyclopental[alphenanthren-17(14H)-one (C) - To a solution
of B (20 g, 60 mmol) in DMSO (200 mL) and dichloromethane
(DCM) (200 mL) at 5 °C is added triethylamine (56 mL
0.4 mol). Next, sulfur trioxide pyridine complex (40 g,
0.25 mol) is slowly added over 15 minutes. The
temperature is kept between 0 °C and 5 °C during this
time. The mixture is then added to 200 mL water-ice and
acidified to pH <1 with ©N HC1l solution. The resulting
mixture is extracted four times with DCM (4x 100 mL). The
combined organics are dried over anhydrous sodium
sulfate, filtered, and concentrated. This reaction 1is

repeated 4 x (total 56 g B as starting material). The
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spectrophotonetrically. The concentration of RNA is determ ned by neasuring
t he absorbance at 260 nm (A260). G ven an absorbance of 1 unit at 260 nm
corresporm® 20/@BR2epg of RNA per mi when neasured at pH PCT/URBN1QEBDS t y
Assessnment - A260/ A280 Absorbance Ratios WD 2012/037261PCT/ US2011/ 051608
[0179] The ratio of the readings at 2 O(£n1§nd 280. nm (A2 OIAZBﬁ%Tgrovides
an estimaf&Uof t HP Uity of SRNAW th $espédt to" tont amidfant s°¢ absorb

WV, such @ﬁr@fr@t@ig@aBN? has /a t heonel/imeal) A260/ AX80 1@t i ocHd 0 aMT&i s- Cl,

pH 7.5) of approximately 2.1.Extracted RNAs havi ng an A260/ A280 rati o of

1.8 or gré€atrePupfodrdé EReééRl 6At1feddl Bs (Fa t(HiPs)assay. RNA Quality

Assessnment - Capillary Electrophoresis [0180] The RNA is tested for

relative integrity by determning the ratio of intact 28S and 18S ri bosonal
Example 8

[0158] (6R,8R,9S5,135,1485) -6- (methoxymethyl)-13-methyl-
17-ox0-7,8,9,11,12,13,14,15,16,17-decahydro-6H-

cyclopentala]phenanthren-3-yl1 methanesulfonate (D) -
Methanesulfonyl chloride (27 mL, 0.35 mol) i1is added
dropwise to a solution of compound C (43.6 g, 0.139 mol)
in pyridine (270 mL) at 0 °C. The reaction is stirred at
room temperature for 90 minutes, followed by the addition
of water. A precipitate 1is subsequently formed. After
filtration, the so0lid 1s dissolved in DCM, dried over
anhydrous sodium sulfate, filtered, and concentrated to

provide compound D (57.1 g, gquantitative) as white solid.

Example 9

[0159] (bR, 8R,95,135,148)-17- (hydroxyimino) -6-
(methoxymethyl)-13-methyl1-7,8,9,11,12,13,14,15,16,17-
decahydro-6H-cyclopentalalphenanthren-3-y1
methanesulfonate (E) - Hydroxylamine hydrochloride (30.31
g, 470 mmol) and sodium acetate (60 g, 820 mmol) are
added to a solution of compound D (57.1 g, 146 mmol) in
anhydrous ethanol (800 mL). The reaction is refluxed for
90 minutes and cooled to room temperature over night. The
reaction mixture 1is then diluted with water and ethyl
acetate. The resulting layers are geparated and the
aqueous layer 1s extracted with ethyl acetate. The
combined organic layers are washed with saturated aqueous
sodium bicarbonate and brine. The solution is dried over

anhydrous sodium sulfate, filtered, and concentrated to

o

provide the title compound E (47 g, 80%) as a white

solid.

52



RNAs, usi ngcapi | | aryel ectrophoresi s(Agi |l ent Bi oAnal yzer). Conpletely intact
RNA has a 28S/18S ratio of 2.2. All RNAs accepted for array anal ysis have
rati os exweedizng7Z%1 the mnimal 28S/18S ratio for relialpCy/useqpnosises bl e
mcroarray results as determ ned by review of internal reproducibility
anong sanples with varying 28S/ 18S rati os. Probe Production and Chip
Hybridi zation [0181]All RNAs are | abeled using 1 mcrogram of RNA as i nput
to an Agi kgahpliew:bnput Labeling reaction. [0182] Test RNA is |abeled with
Cy5 (650 nmemtter) and reference RNA is |abeled with Cy3 (550 nmemtter)
nucl eot i dé§1e8bel i ngAPRyBEr dRrPat PEhsSand ~Siubsegtent ) wadhi ngs are carried

out on_ Agi(Leat, H1AuP huien _gxpressianehips Fhe kesyl ipng hybri dized chi ps
are scanned on an AgiFent mcroarray scannef, "and infensity information for
each det ectorhgpobphsnexthacthed-fiom t e tdearsed fiomage usi ngF)AgI | ent

feature extraction software.. The set of data i e d extracted
rreasureneﬁfé%chPBP?Péﬁéﬁana@%l r el lsuppfied. lFOlﬁ‘?ﬁ%e U8 | FAg fest of

the qualityigtithe Bybritdigathan ks the |gyvel 2ofsvaphance LRgrepoxt ed

ratios dicyclohexylcarbodiimide (15 g, 73.7 mmol) in anhydrous
DMSO (50 mL) and carbontetrachloride (50 mL) at 0 °C - 5
°c. After 2.5 hours, 1ice cold water is added and the
mixture is extracted three times with DCM. The combined
organic layers are washed with water, saturated aqueous
sodium bicarbonate, and brine. The solution 1is dried over
anhydrous sodium sulfate, filtered, and concentrated. The
reaction is performed on 2x 8 g scale and 2x 5 g scale.
The combined crude material 1is purified by silica gel
column chromatography (50% EtOAc/Hex) to provide the
title compound F (11.9 g, 27%) as a clear o0il. The by-

product is isolated and HNMR is available.

Example 11

[0161] (1'S,4a'S,9'R,10a'R)-1"-(2-cyanocethyl)-9'-
(methoxymethyl)-3',4',4a',9',10',10a'-hexahydro-1"H-
spiroloxirane-2,2'-phenanthren]-7"'-y1l methanesulfonate
(G) - m-Chloroperoxybenzoic acid (8 g, 32.3 mmol) is
added in portions to a solution of compound F (4.2 g ,
11.78 mmol) in DCM (150 mL) and the reaction is stirred
at room temperature for 2 hours. The reaction mixture is
washed with 10% aqueous potassium iodide, 1 M aqgqueous
sodium hydrosulfite, saturated agueous sodium
bicarbonate, and brine. The solution 1is then dried over
anhydrous sodium sulfate, filtered, and concentrated.
The reaction 1s repeated 2x (3.9 g and 3.8 g). The

combined crude material is purified by silica gel column
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fromthe |arge nunber of duplicates of genes printed on these chips. A set
of gene probes is each printed ten tines in random positions across the
array. Thewgedi2ai7z6al ue of the standard devi ati on of thePCogB201a05B0RCr 0SS
all the sets is used as an estimator of the overaII standard devi ati on

across the _entire array. t and data for._ all three
hybri di zaF'6REF ggEBPﬁéctgﬁzl FﬁlgwhigimﬁV%? Ia |on OHé?ﬁbaE% to all ow
for easy tormul abhpaual seaecbeg,tha% ¢anlgdentify genes that exhibit
particular transcriptional patterns. The data reported are the red

(treated) and green (untreated) background-subtracted signals.This is the

| east nodigfi g ;Lonm of the data. A background "surface" is estimted across
t he sli de, eg on nuner ous probes that are not conplenentary to human
DNA. These0$620e as (ést, Bspeor, $ 40 betmembnxsmech&ﬂe bi’rdikng of | abel ed cRNA

to array f nd_non-specific¢_bindi | abel ed cRNA to the

i mobi | i zéd D%A?ivﬁéoﬁér%4 PG’ gﬁlgeFﬁggPﬁﬁtﬁgh | ocal noi se around each
probe is e%bu6@5@@aq@¢ph@hankaréﬁbetaqtedmétaahéealebgaeb foypd at-the area
of oligonucl eotide deposition for each particular probe feature on the

array (gB@S@@Sl@ﬁaﬁlONB@Q@bSNéﬁakﬁffThe 2@t b, ofl bsiogmalo If)r o t H@ARNA of the
treated cell and 0 t |1 rep rt.ed as_a direct
o hes§o RV of ¢ (Egp%%d S%at% 36 S s @8@ P

rati o and as ratio i0). Rti 08 are ermned in an
iterativeaphgcessst h@tluearerradzzzesmthem@t eeabtues iR eachcchaimel )0so that

a scalar s found that nmaxim zes_the S|n1Iar|t% intensities of the l[arge
nunber of ‘gerdds ThatOWave dedr| yoi deMtii&i - t FaR8Er iR biRd IFevefeOMand t hus

shoul d ha%emgékbeﬁréer%_Qhﬂ§f 9144 lMEE%Q%%603%@ﬁ%ﬁ?ﬂgéﬁ%%%k%&95L§98
[0185] After the ratios have been calculated for th
toluene from solid, the solid 1is treated with saturated

aqueous sodium bicarbonate and ethyl acetate (EA). The
organic layer 1is dried over anhydrous sodium sulfate,
filtered, and concentrated. This reaction 1is repeated
(1.4 g, 0.613 g, 0.87 g, 1.1 x 4 g ). The crude material
is purified by silica gel column chromatography (5-50%
EtOAC:/Hex) to provide the title compound H (1.41 g,
15%) .

Example 13

[0163] (6R,8S5,9S5,14S) -6- (methoxymethyl) -
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopental[alphenanthrene-3,17-diol (1) - Lithium
Aluminum Hydride (700 mg, 18.45 mmol) is added to a
solution of compound H (550 mg, 1.45 mmol) in THF (10.0
mL) at 0 °C. The reaction is refluxed for 1 hour. The
reaction 1is then quenched with Na/K tartrate and
extracted three times with ethyl acetate (3x100 mL) and
DCM (3x100 mL). The organic layer is washed with 5N HCI1
(10 mL) and the aqueous layer is extracted with EA (2x 50
mL) . The combined organic layers are dried over anhydrous

sodium sulfate, filtered, and concentrated. The crude
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normal i zed data, the various control and duplicate sanples are analyzed to
build a nodel of how reproducible the results are, and how this

repr oduciwol2otyo3rmivari es dependi ng on signhal strength &Oa/USRIIIO51608t h
these paraneters, an estimate of the |ikelihood that each ratio could have
arisen if_the red and green intensities are._randomn rawn froma single

D bcess ¢ FAECH Gduidd Ho e oY oPr i bae: 6 loroh st o1 She 2T pt Btced.
Thi's probabi-bioty Hisoxepastedchor eachicsagpte @nd d Scanpeasdr e rof sthe
probability that the ratio indicates a difference between the treated and
unt r eat edY$egAalofst¥ engt hs MOPVallhsg RAT®) FeTRE$0Pr dbabidnadtchnbel used to

threshol dsthe fesubt g ehagoed and.schangsd genese L ddiedaj gbase, a

threshold o used as the cut point for significant change in
MRNA abundancetbdtween the treated and untreated sanple (Sig0.001). This
t hreshol d reduces the nunber of expected false positives to a reasonable
| evel given the -40,000 ratios that are being surveyed in each assay. A
field thatipdiieates significant change and the direction of the change
relative to the untreated sanple reduces the result of the assay to a
trinary cateégddi cal Methodp regil at ddteshnanive tocshteeated, recempehanged

relative to _untre and -1. do I lated relative to untreated (Tr).
Usi ng thi%lP§6% sghﬁgfﬁg ,ué%ggeggfﬁégggﬁétgﬁgﬁglégarches that identify
genes thatohage chamRgedogBnanyesepgbe-aegaultepl evset skofinexpetdneat s.

[ 0186] Gene inpact on TREK1 and TREK2 is only observed with 1, and not with
B or | (sééeT%lléltﬁ)l.ne%é@i fquééﬁcﬁo ggeﬁré)dtlr rﬁapﬁ]i%ns JRETREK1VT 5P

up-regul ayed %ﬂﬂ3éﬂh56§éié%&ﬁiéﬁ%ﬁ%@ao%i%h whil &gene gyanseriptipn of
TREK2 is up-regulated 8 to fold in the presence of 1. TREK1 is i nportant
for the defhidnit(Onuof ttémpe ratrura tlhmeshotaist candt itrenper atifr eCr dmges i n

whi ch excitation.of i.ceptor takes pl for the intensity of
exci tati of “WidA £ toccurs: Nelo e al s ENBly 927 98 308 1518 {2008)

i ncor por akedeher ety ref eseneasSiki loar |y, x TREK2ces 15npeirt a1l nin
neur opat hi ¢ pain percgption.Huang, D. et al., Medical Hypothesis 70,
618- 624 (RbOTPlAaset | sLBHOWNPHIPEECE Spechtiel BRfdni $£99F ERP AR WAs had a

sLoni T1 caghnt ARACE G0N 1 REKL ANd EHEKE L anserl ntlan the br substl iyt ed
13- denet hyl estradiol derivatives of the invention are shown to be
ef fecti vesenuthe t c¥aflmerdlld paien.transfected using LipofectAMINETable 1
COnpoundE@%%B%%Q)EFQ%é?P ing to the manufacturer’s protocol.
Transfections containing 1.5 ug of reporter plasmid
(containing ERE-tk-luciferase containing a single ERE
cloned wupstream of the thymidine kinase promoter and
luciferase gene) and 0.5 wug of either ERx or ERB
expression vector (containing CMV-ERa or CMV-ERz full
length coding sequence respectively). The next day,
cells receive no treatment (controls) or are treated with
estradiol alone (1 nM) or estradiol plus a compound of
the invention (at wvarying concentrations). After 16-24
hours, <cells are harvested and assayed for luciferase
activity.
[0166] At the outset, cell monolayers are washed twice
with ice-cold phosphate-buffered saline and incubated for

15 minutes in 250 npl of 1X cell culture lysis reagent

(Promega, Madison, WI). Cell extracts are transferred to
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| 70100 B49580 1225021 E21.91.7 Table 2 Gene/ Conmpound Concentration SKOV-3
(Log value) 1.96/ 1.96/ 0.0000 2.80/ 0.0000 1.97/ 0.0000 4.12/ 0.0000
5.56/ 0. 080Q0/B377610. 0000 No Change PCT/US2011/051608

a fresh tube and assayed using the luciferase assay
system (Promega). For each assay, 10 pl of extract is

diluted with 90 upl of 1X cell culture 1lysis reagent.

Luminescence is read using an AutoLumat LB953
luminometer.
[0167] A compound or a salt thereof, which is

identified by the binding assay described herein, 1is 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 that is
envisioned to cause cell proliferation statasis and
accordingly exerts its pharmacological activity.

[0168] CV-1 cells are transfected with two plasmid
constructs, the reporter construct ERE-tk-luciferase and
a CMV-ER-B contruct. Transfected control (Ctrl) CV-1
cells receive no treatment while estradiol treated cells
receive estradiol E2) added alone at 1077 M (1 nM). In
the case of the compounds of the invention, each compound
respectively is either added alone at 10°° M (10 nM) or at
107° M plus 10° M estradiol (E2).

Example 15

[0169] Method of determining the 1ICsy wvalues of the
candidate compounds.

[0170] The cell 1lines listed are maintained at
approximately 5% CO,, 37°C, 95% relative humidity in the
media appropriate for that cell line. The cells are sub-
cultured every two 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% CO;, 37°C overnight prior to
initiation of the assay. To begin cell viability assays,
the media in the cell plate (100 uL) is replaced with
fresh media (100 uL). The test articles are serially

diluted 1:2 in fresh media in duplicate and added to the
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for both at all conc. No Change for both at all conc. A549 (Log val ue)
4.03/ 4.03/ 0.0000 4.07/ 0.0000 3.53/ 0.0000 3.79/ 0.0000 5.37/ 0.0000
3. 00/ 0. 080Q012/037261 PCT/US2011/051608

cells (100 uL) at final sample concentrations of 0.46,

1.37, 4.12, 12.35, 37.04, 111.1, 333.3 and 1000 uM (£ 1%
DMSO) in a total volume of 200 uL. Wells containing no
cells and wells containing cells lysed with 0.1% Triton-X
are used for baseline controls. Tamoxifen is used as a

known control for each assay and DMSO only will be run as

vehicle control. The samples are incubated at ca. 37 °C
in humidified 5% CO, atmosphere for 72 hours. The plate
is 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 is terminated and
cell viability measured as described below.

[0171] Cell viability is determined using a
commercially available kit to determine ATP levels by
luminescence. Briefly, the cell plate has the media
removed and replaced with 100 pL of fresh media, and the
buffer and lyophilized substrate are equilibrated to room
temperature. The buffer 1is used to reconstitute the
substrate just prior to addition to the wells of the cell
plate (100 plL per well). The plate 1is placed into the
Infinite M200 plate reader, allowed to shake for 10
minutes followed by a 10 minute wait period. The plate is

then read using an integration time of 0.5 sec with no

attenuation.
[0172] The mean baseline controls (wells with Triton
X-100 or no cells) are subtracted from the total

luminescence to give the net luminescence for that well.
This total is compared to the control of DMSO only. An
ICsp 1s calculated as the concentration that led to a
response of 50% compared to the wvehicle control cells.
Accordingly, those of ordinary skill in the art can

appreciate that the R configuration (at C-6) of the
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No Change for both at all conc. No Change for both at all conc. PANCl1 (Log
val ue)
WO 2012/037261 PCT/US2011/051608

instantly claimed composition are superior to other
stereoisomers.

[0173] Table I gives the binding affinity of B, I, 1
and E2 to estrogen receptors using recombinant ERa and

ERP. Recombinant ER's are incubated with °H-E2 in the
presence or absence of test compounds over night at 4 °0.

[0174] FIG 1 is a graph of the ECsy values of B (, I, 1
and Tamoxifen in various cell lines for compounds of the
invention. FIG 2 depicts the % of E2 activity for I and

B on ERa and ERf.

[0175] Response of I and B on ERa and ERP is measured
by a luciferase assay. MDA-MB-231 cells are transiently
transfected with expression vectors encoding either ERa

or ERP and co-transfected with a 1luciferase reporter
construct. Cells are treated for 24 hours at 37 “0 with
increasing amounts of test article. In comparison, FIG 3
shows the % of E2 activity for 1 on ERa and ERB. As can

be seen from FIGS 2 and 3 and Table 1, 1 is surprisingly

found to be an ERP specific agonist relative to B and I.
Example 16

Expression Profiling of Compounds 1, B and I in NSCIL,
Pancreas, and Ovarian Tumor Cell Lines.

[0176] The study includes three human tumor cell
lines: A549, Panc-1, and SK-0V-3. The lines are each
grown in two flasks cultured to roughly 40% confluence.
One of the flasks is treated by addition of drug to the
culture media at a wvarious concentrations. The other,
mock treated, flask is treated only with the wvehicle used
to solubilize and deliver the drug. RNA extracted from
the pairs of treated and untreated samples is subjected
to microarray analysis on Agilent Whole Human Genome
Microarrays (G4112F) . Each analysis reports the

difference in abundance of messenger RNAs for each of the
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4.78/ 4.78/ 0.0000 2.05/ 0.0000 3.51/ 0.0000 4.15/ 0.0000 4.20/ 0.0000
3.91/ 0.0000 No Change for both at all conc. No Change for both at all
conc. WO 2012/037261 PCT/US2011/051608

41,000 specific mRNA detectors on the array. This direct
comparison of the treated versus untreated samples for
each cell line provides extremely sensitive detection of
changes in mRNA abundance resulting from the drug
treatment. As each cell 1line comparison is self-
normalized, the results can be compared across the

samples with high confidence.

Cell Preparation

[0177] Three human tumor cell lines, A549, Panc-1, and
SK-0V-3, are each grown in two flasks cultured to roughly
40% confluence. One of the flasks is treated by addition
of compound 1 to the culture media at concentrations
according to Table 1 above. The other, mock treated,
flask is treated only with the vehicle used to solubilize
and deliver the drug. All flasks are cultured for a
further 24 hours, and then the cells are scraped free and
washed in ice-cold PBS, then collected by centrifugation.
The harvested cells are immediately frozen, and stored at
-80°C or colder. It is wvisually noticeable that the

treated cells yielded less mass than the untreated cells.

RNA Purification
[0178] Total RNA is prepared from the frozen tissue
samples using Trizol-based cell lysis followed by 65°C

hot phenol extraction and RNeasy chromatography
purification. The purified RNA samples are analyzed
spectrophotometrically. The concentration of RNA is

determined by measuring the absorbance at 260 nm (A260).
Given an absorbance of 1 unit at 260 nm corresponds to 35

1ng of RNA per ml when measured at pH 11.

RNA Quality Assessment - A260/A280 Absorbance Ratios
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VWHAT IS CLAIMED IS: 1. A conpound of formula:
are independently selected from hydrogen, O -C6 al kyl, halo, a sulfate,

gl ucur oniwe,201208726a bul ky group, aryl, cycloal kyl, het ePEEABR()11/051608
het er ocycl oal kyl, -N (CH2) n, a phosphate group, and a phosphi nate group;

F%%)ZINSHZSM @&)%ﬁi fCNrﬂlHCﬁg %OagNKH%/ﬁ@ halgﬁ? a sg §féate aogzﬁu%coorom de,

- 0S02al kyl(a26bH2o sand o NHOQE £H2h nes%(météelcﬁct edef gamﬁy Ct2 aky! ,

C2-C12 al ken¥ C2-C12 al kynyl, hal ogen, a gl ucoroni
-COOH, CwWLt

C}QfﬁPecﬁﬁﬂy@ C@HGaml@@E§§|ttha950ﬁ§VWVP UNSH such  as
protein. RNA has a theoretical A260/A280 ratio (10 mM
Tris+«Cl, pH 7.5) of approximately 2.1. Extracted RNAs

having an A260/A280 ratio of 1.8 or greater provide

excellent results in this assay.

RNA Quality Assessment - Capillary Electrophoresis
[0180] The RNA is tested for relative integrity by

determining the ratio of intact 28S and 185 ribosomal

RNAs, using capillary electrophoresis (Agilent
RioAnalyzer). Completely intact RNA has a 28S5/18S ratio
of 2.2. All RNAs accepted for array analysis have ratios

exceeding 1, the minimal 28S/18S ratio for reliably
reproducible microarray results as determined by review
of internal reproducibility among samples with varying

28S/18S ratios.

Probe Production and Chip Hybridization

[0181] All RNAs are labeled using 1 microgram of RNA
as input to an Agilent Low Input Labeling reaction.

[0182] Test RNA is labeled with Cy5 (650 nm emitter)
and reference RNA is labeled with Cy3 (550 nm emitter)
nucleotides. Labeling, hybridizations and subsequent
washings are carried out on Agilent HlAvZ2 human
expression chips. The resulting hybridized chips are
scanned on an Agilent microarray scanner, and intensity
information for each detector spot is extracted from the
scanned image using Agilent feature extraction software.
The set of data images and extracted measurements from
each image are supplied.

[0183] The most telling test of the quality of the

hybridization is the level of variance in reported ratios
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NH2, -SO2 NH2

wherein R1, R2, R3 and R4

a



SCH3, -CH (CH2), CH31COOCH3, -(CH2)nCOOCH3, -(CH2)m O-CH3, (CH2) mO0- (CH2)
ri CH3f (CH2) rrtCH3 f(CH2) i-rt(CH2) nCH3 | ( CH2 ) mNH ( CH2 ) nCH3 f
-C2 -C8 aNQenymBmyn(C}Q) ri CH3, C2 C8 al kenyl -S- (CH2) CPBT/USGR1a81608

al kenyl - N- CH2 CH3, -C2-C8 al kynyl-0- (CH2) CH3, -C2-C8 al kynyl-S- (CH2)

Gy m & %%'lw%%aéb? ol HENT DY) fECRS LN G )

rTf:HC]"‘ch]tlhfeseNc(hl@?i3 ) 2 lset (oﬂ"%e)lemp(rwesg‘igg"eﬁchwﬁ%ﬂécd ténCHZ )
MNHCOOH f -NCO2 r -SCN, -S02alkyl, -B (OH) 2. - (CH2) m N (CH3) -S02-NH3, -
(CH2) nNHESD2SNHR rwmspeﬁstlaﬁa 2RSS, b.hq sasepBet ed e oheByAr ogen,

0. " 000 B1809 oxCHindn L. 20 1t 805E sbetuesh (12011 g1 s, AN d hegst, bet ween

0-8; the ---- represents erther a single or doubl'e bond capabl e of
form ng aakétotmﬁcnqeuﬁ: pesits®t JH<or ah?; eﬁmdnah@synﬁblthepr@@@n$31any type

of bond regardl ess of .the stereochemstry; .
s%ang rd dev1at§on across gk %tlre array

Data and Analysis

[0184] The key data for all three hybridizations 1is
collected in a FileMaker Pro relational database to allow
for easy formulation of searches that can identify genes
that exhibit particular transcriptional patterns. The
data reported are the red (treated) and green (untreated)
background-subtracted signals. This is the least
modified form of the data. A background “surface” is
estimated across the slide, based on numerous probes that
are not complementary to human DNA. These serve as
estimators of both non-specific binding of labeled cRNA
to array surfaces and non-specific binding of labeled
cRNA to the immobilized DNA oligomers. Using this
information, local noise around each probe is estimated
and this is subtracted from the signal found at the area
of oligonucleotide deposition for each particular probe
feature on the array (gBGSubSignal, rBGSubSignal). The
ratio of signal from the RNA of the treated cell and the
RNA of the untreated cell is reported both as a direct
ratio and as the log, ratio (Ratio, Log2Ratio). Ratios
are determined in an iterative process that normalizes
the intensities in each channel, so that a scalar 1is
found that maximizes the similarity of intensities of the
large number of genes that have nearly identical
transcriptional levels, and thus should have ratios very

close to 1.
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and the respective enantioners, stereochem cal isoners, hydrates, solvates,
tautoners and pharmaceutically acceptable salts thereof. 2. A conpound
accor di ngvbaodeizsi 1l havi ng the formul a: 3. A conpoundcaaseridionyos o cl ai m
2 wherein Y is selected from=0 or -OH, R4 is selected from hydrogen, halo

d d-GC6 , | ect ed d OH al.o; | ected
From hyar 806K hal o™Gha: G X F5- Q81 GEVEG 116 CF 1o A kyl- cor e
al kenyl , (o@M21) zMROOGHR A, ( GHZ) ©EEQ0GE 3cbht@d2 ) diid (Chi2)1 n&kBer (CHR2)

rn-
samples are analyzed to build a model of how reproducible

the results are, and how this reproducibility is wvaries
depending on signal strength and noise. With these
parameters, an estimate of the likelihood that each ratio
could have arisen if the red and green intensities are
randomly drawn from a single process that produced the
same distribution of intensities is produced. This
probability is reported for each sample and is a measure
of the probability that the ratio indicates a difference
between the treated and untreated signal strengths
(PVallLogRatio) . This probability can be used to
threshold the results into changed and unchanged genes.
In the database, a threshold of p £ 0.001 is used as the
cut point for significant change 1in mRNA abundance
between the treated and untreated sample (Sig0.001).
This threshold reduces the number of expected false
positives to a reasonable level given the ~40,000 ratios
that are being surveyed in each assay. A field that
indicates significant change and the direction of the
change relative to the untreated sample reduces the
result of the assay to a trinary categorical; 1, up
regulated relative to untreated, 0, unchanged relative to
untreated and -1, down regulated relative to untreated
(Tri). Using this representation, one easily constructs
searches that identify genes that have changed in any
single or multiple sets of experiments.

[0186] Gene impact on TREK1l and TREK2 is only observed
with 1, and not with B or I (see Table 2). Specifically,
gene transcription of TREK1 is up-regulated 2 to 50 fold
in presence of 1, while gene transcription of TREK2 1is
up-regulated 8 to 50 fold in the presence of 1. TREK1l is

important for the definition of temperature thresholds
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S-CH3 f(CH2) rrt(CH2) riCH3, - (CH2) mN (CH2) nCH3 r - C2- C8 al kenyl-0-
(CH2) CH3, -C2-C8 al kenyl-S- (CH2) riCH3r -C2-C8 al kenyl-N- (CH2) CH3,

- C2- C8 alwonyn/B7264CH2) ri CH3r -C2-C8 aIkynyI S- (CH2) pCH31S201CD51688

al kynyl - N- (CH2) , CH3, - (CH2) n}CH - (CH2) mMONH2, - (CH2) mS-NH2, -NH

o e et S e s e S B e s TR S2

integer framed- 20ade isna@nfbnt eger fiomHrd; andekhe tations ol i@presents
either a single or a double bond. 4. A conpound according to claim3 wherein

Y is (S)-e6afrguredetH, R4 £§ sel-ect@dBPrdm RPdr dgets and &l k%®@8m and R3
56 "ieH e e S et SR B B e e 2O
important in neuropathic pain perception. Huang, D.
al., Medical Hypothesis 70, 618-624 (2007). As 1 1is
shown to be a specific agonist of ERB and has had a
significant impact on TREK]1 and TREK2 transcription, the
b-substituted 13-demethyl estradiol derivatives of the
invention are shown to be effective in the treatment of

pain.
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mis an integer from 1-6;

nis an integer fromO-3; and the C 13 net hyl

group is (S)-configured. 5. A conpound according to claim1 having the
formul a: vBi2012/87%1conpound according to claimb5 wherei RCTRB2013/08wh®Ct ed

from hydr ogen,
al kyl ;

Gene/Compound Concentration

-OH and hal o;

Compound
I
B
1
E2

R4 is selected from hydrogen,
R2 is selected from hydrogen and hal o;

Table 1

ERa (ICs0)
70
495
2250
1.9

Table 2

SKOV-3

TREK1/1

TREK1/1

TREK1/1

TREK2/1

TREK2/1

TREK2/1

TREK1/B

and

TREK2/B

TREK1/I
and

TREK2/I

20 um

50 um

100 pm

20 um

50 um

100 pm

20 um/50 um/

100 pm

20 um/50 um/

100 pm

(Log
2/p-
value)
1.96/
0.0000
2.80/
0.0000
1.97/
0.0000
4.12/
0.0000
5.56/
0.0000
4.07/
0.0000

No
Change

for both

at all

conc.
No

Change

for both

at all
conc.
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hal o or
ERB (ICso)
100
80
21
1.7
Ab49 PANC1
(Log (Log
2/p- 2/p-
value) value)
4.03/ 4.78/
0.0000 0.0000
4.07/ 2.05/
0.0000 0.0000
3.53/ 3.51/
0.0000 0.0000
3.79/ 4.15/
0.0000 0.0000
5.37/ 4.20/
0.0000 0.0000
3.00/ 3.91/
0.0000 0.0000
No No
Change Change
for both for both
at all at all
conc. conc.
No No
Change Change
for both for both
at all at all
conc. conc.
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R3 is selected from hydrogen, halo and -OH;
Xi ssel ect edf r onC2- C12al kyl , C2- C22al kenyl , - (CH2) nCOOCH3 f(CH2) rft0 CH3
f(CH2) rfwQip1q@H@y 12CH3 f(CH2) rft CH 3, - (CH2) m SPCTMS2011/0516HB. -
(CH2) mN (CH2) riCH3. -C2-C8 al kenyl- 0-(CH2), CH2, -C2-C8
al kenyl aI kenyl - N(CH2) , CH2, -C2-C8 al kyny1l-0-
(CH2) | %W&%%&O@PW% 2 (OH2) riCH3, -C2-C8 alkynyl-N-~ (CH2) riCHB, -
(CH2) mOH, - (CH2) mO- NH2, - (CH2) mS -NH2, -NH (CH2) nCH3, NH (CH2)
mMOCH3, -NH (CH2) nCHOHCOOH, - (CH2) m (NH) CH2CH, - (CH2) mNHCOOH, - (CH2)
mN (CH3) - S&- NH 3, and - (CH2) m NHS02-NH2; Mis an integer from
1-20; andqn ISAaE ngggr Er em.0:8..7- A conpound according to claimé6

y

wherein : R2 S ogen; I's sel‘écted from hydrogen or al kyl ; R2 and R3
are hydrogen; X is selected fromcl-cl12 al kyl, C2-Cl12 al kenyl, - (CH2) mO-
CH2, - (CH2) mO- (CH2) /8CH2, (CH2) mS -CH3Y and - (CH2) mS(CHZ) / 8CH3;

[}
7
)
[
1)

wherein

Ri, Ry, Rs and R, are independently selected from hydrogen,
C:-Cs alkyl, halo, a sulfate, a glucuronide, -OH, a
bulky group, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, -N(CH;),, a phosphate group, and a
phosphinate group;

Ri1 18 selected from H, C;-Cs alkyl, halogen, a sulfate, a
glucoronide, -SOyNH,, -COOH, -CN, -CH,CN-, -NHCN-, -
CHO, =CHOCH;3;, -COO salt, -0S0zalkyl, -NH;, and
-NHCO (CH3y) n;

X is selected from C;-Ci, alkyl, C,-Ciy alkenyl, Cy-Ci»
alkynyl, halogen, a glucoronide, -NH;, -SO,NH,, -COOCH,
-CN, -CH,CN, -NHCN, -CHO, -COOsalt, -0S0Ozalkyl, -SH,
-3CH3, -CHI (CH;),CH3]COOCHs;, - (CH;),COOCHs, - (CHy),-0O-CHs,
- (CH,) n—0- (CHy) ,CHs, (CHy),-S-CHs, - (CHy),—S-(CHy),CHzs,

- (CHy) ,—NH- (CH,) ,CH;, -C,-Cg alkenyl-0-(CH;),CH;, -C,-Cg
alkenyl-S-(CH;),CH;, -C,-Cg alkenyl-N-(CH;),CH;, -C,-Cg
alkynyl-0-(CH;),CHs;, -Cy;-Cg alkynyl-S-(CH,;),CHs, -C,-Cg
alkynyl-N- (CH,),CHs, - (CH,),.OH, - (CH;),-O-NH,, - (CH;)n-S-
NH,, -NH(CH,),CH3, -NH(CH;),OCHs, -NH(CH,),CHOH-COOH,
-N(CH3),, -(CHy)n,(NH)CH,0H, -NHCOOH, - (CH;), NHCOOH, -NO,,
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mis an integer from1l-12; and n is an integer fromO0-4, wherein both the
C- 13 nethyl and C- 17 hydroxyl are (S)- configured. 8. A conpound

accordi ngvoaoyeiasnl having the fornula : 9. A eomaseeid/oamesr di ng
to claim8 wherein: R22 is selected fromhydrogen and C2-C6 al kyl; R4 is

selected {romANgTogen, N 0 ANtz O2 LY. B S ShEL oL PR oo

d -C12 al kyl ygG@eChasal kenyl(~sy cGCH2)naCORGH3, f - ( CH2 ) MO0 CH3 f( CH2 )
rrt- (CH2 ) nCH3 r (CH2) m S-CH3f(CH2) MS (CH2 ) riCH3, - (CH2) m N (CH2)
nCH3 1 C2 €8sl Rehyeied Fopp) hypcrEen, - . CBOSPKEBRYI 2N (@R) CHB, - C2- C8

P S Bl e, RS RTEEY S0 a7, el e
n is an integer between 0-8;
the ---- symbol represents either a single or a double
bond capable of forming a keto group at position 3 or
17; and
thewwwv symbol represents any type of bond regardless of
the stereochemistry;
and the respective enantiomers, stereochemical isomers,
hydrates, solvates, tautomers and pharmaceutically

acceptable salts thereof.

2. A compound according to claim 1 having the

formula:

3. A compound according to claim 2 wherein

Y is selected from =0 or -OH;

Ry is selected from hydrogen, halo and C;-Cs alkyl;

Ry, is selected from hydrogen, -OH and halo;

Rs is selected from hydrogen, halo and -OH;

X is selected from C;-Ci, alkyl, C,-Ci; alkenyl,
- (CHy),COOCH3, - (CH3),~0-CHs, - (CH3)p,-0O-(CHy),CHs, (CHz)qn~
S-CHsz, - (CHz)n—S-(CHy),CHs, - (CHy),—N-(CHy),CHs, -C,-Cg
alkenyl-0-(CHz),CHs, -Cy;-Cg alkenyl-S-(CHz),CHs;, -C;-Cg
alkenyl-N-(CH;),CH;, -C;-Cgs alkynyl-0-(CH;),CHs, -C;-Cg
alkynyl-S- (CHy),CHs, -Cy-Cs alkynyl-N- (CH,),.CHs, - (CH3)
OH, -(CHy),-0O-NH,, - (CHy)p—-S-NH;, -NH(CH;),CHs,
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H - (CH2) mMONH, - (CH2) mS-NH2, -NH (CH2) nCF13, NH (CH2) mOCH3 1 -NH
(CH2) nCHOH COOH, - (CH2) m (NH) CH2OH, - (CH2) mNHCOOH, - (CH2) m N (CH3)
- S02- NH3, weand12/03(%H2) m NH S02- NH2; mis an integer fr®@eTAS2@;1/08md8 N i s an
i nteger from O-8. 10. A compound according to claim9 wherein: Ril

i s hydrogen; ect m or yl R3 are hydr ogen;
X is select elgﬁf?%;\ éﬁh ?\%{gﬁ) %%8{{{:1%8@511(%3&% E\]gﬁ?‘ - (CH2)
m 0- (CH2) nCBy,)( SHZpomnt, S-CH8,) ]gndcm)(%@ NI ( €H) /&%Bm mes@ an integer
from1-12; and n is an integer fromO , wherein both the C 13 rrethyl and

G 17 hydroxyNH?are (S) - configured.
m is an integer from 1-20;
n is an integer from 0-8; and

the ---- symbol represents either a single or a double

bond.

4. A compound according to claim 3 wherein

Y is (S8)-configured -OH;

Ry is selected from hydrogen and alkyl;

R; and R; are hydrogen;

X is selected from C;-Ciy alkyl, Cy-Ciy alkenyl, - (CHy)n-0-
CHs, - (CHy)p,-0-(CHy),CHs, (CHz)n—S-CHs, and - (CHy)n,—S-
(CH2) nCHs;

m is an integer from 1-6;

n is an integer from 0-3; and

the C-13 methyl group is (S)-configured.

5. A compound according to claim 1 having the
formula:
OH
R
* Ra
HO Rs

R, X

6. A compound according to claim 5 wherein:

R: is selected from hydrogen, -OH and halo;

Ry is selected from hydrogen, halo or Ci-Cs alkyl;

Ry, is selected from hydrogen and halo;

Rs is selected from hydrogen, halo and -OH;

X is selected from C1-Cqo alkyl, Co—=C1o alkenvyl,
- (CH,),COOCH;, - (CHy),-0-CH;, - (CH;),-0-(CHy),CHs, (CHy),-S-
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11. A compound according to claim1 having the formula : OH 12. A

conpound according to claim 1l wherein : Rl is selected from hydrogen, -CH
and hal o;wB20i293%wliect ed from hydrogen and haI o X is seceatsea1foswns Cl - C12
al kyl, C2-Cl12 al kenyl, ( CH2 ) rrt0O CEE3 f( CH2 ) rrt(CH2)

o éFE )ﬁy&”@cﬁ‘ o f&&%*%”c&%%%%% o) Frder e

al keny! - @1:@ BH3, -€2-C8 ahkypyl-9- cer;c:Hs@_cgz EBcahkynyl - S
(CH2) r|CHB -C2-C8 al kynyl - N (CH2) r|CHB - (CH2) (CH2) m O NH2,
- (CH2) m{SHaNIBs, - NHQeCFR)  AERBDYNHOC CRE)) rrﬁ@GHS ICQW(@’@)‘YWCOO-I -

(G2) I (M CROH - (OH21 BORORDRL (nfCR), MGG Y SO, -and -
NH,, -(CH,),—-S-NH,, -NH(CH;),CHs, NH(CH,;),OCHs;, -NH(CH;),CHOH-
COOH, -(CHy)n(NH)CH,OH, - (CH,).NHCOOH, - (CHz)n N(CHz)-S0,-
NH;, and - (CHjy),~-NH-SO,-NH;;
m is an integer from 1-20; and

n is an integer from 0-8.

7. A compound according to claim 6 wherein:

R: is hydrogen;

Ry is selected from hydrogen or alkyl;

R, and R; are hydrogen;

X is sgelected from C;-Ciy alkyl, C,-Ciz alkenyl, -(CHy)p,-0-
CHs, - (CH,)»n—0- (CH;) ,CH5, (CHy) n—S-CHs, and - (CHy)n—S-
(CH2) nCHs;

m is an integer from 1-12; and

n is an integer from 0-4,

wherein both the C-13 methyl and C-17 hydroxyl are (S)-

configured.
3. A compound according to c¢laim 1 having the
formula:
OH
R4
R, X
9. A compound according to claim 8 wherein:

Ri1 18 selected from hydrogen and C1-C¢ alkyl;
Ry is selected from hydrogen, halo and C;-Cs alkyl;

Ry, is selected from hydrogen and halo;
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mis an integer from1-20; and nis an integer fromO0-8. 13. A conmpound of
claim 12 wherein Rl and R2 are hydrogen; X is selected fromd -Cl12 al kyl,

C2-Cl12 alwerrgi2/037264CH2) m O0- CH8, - (CH2) m 0- (CH2) /8eds/Uuse@Hdyions S - CH3,
and - (CH2) mS(CH2) /8CH3; mis an integer froml 12; and n is an integer

fromO-4, wherein both the C13 neth and CG1 roxyl are
(S)-confi Gared. SeleCteiﬁr%{nc%B%% ’ac%% %l% 1a| m 1 having the

fornula : x W® 8@186@3&26%8@&9%9%&@?160@2Qr:{2Oalkenyl,
- (CH;) ,COOCH;, - (CHjy),~0-CH;, -(CHj3),~0O-(CH;,),CHs, (CHy)~
S-CHs, - (CHy),—S-(CHy),CH;, - (CHy),-N-(CHy) CH;, -C,-Cjq
alkenyl-0-(CHz),CHs, -Cy;-Cg alkenyl-S-(CHz),CHs;, -C;-Cg
alkenyl-N-(CH;),CH;, -C;-Cgs alkynyl-0-(CH;),CHs, -C;-Cg
alkynyl-S- (CH,) .CHs, -C»-Cs alkynyl-N-(CH,).CHs, - (CHy)n-
OH, -(CHy),-0O-NH,, - (CHy)p—-S-NH;, -NH(CH;),CHs,
NH (CH;,) ,OCH;, -NH(CH;) ,CHOH-COOH, - (CH;),(NH)CH,0H,
- (CHy) \NHCOOH, - (CHy), N(CHs)-S0,-NH;, and - (CHy),-NH-S0;-
NHz;

m is an integer from 1-20; and

n is an integer from 0-8.

10. A compound according to claim 9 wherein:

Ri1 is hydrogen;

Ry is selected from hydrogen or alkyl;

R; and R; are hydrogen;

X is selected from C;-Ciy alkyl, Cy-Ciy alkenyl, - (CHy)n-0-
CHz, - (CHy)n—0-(CHy),CHs, (CH3),-5-CHs, and - (CHy)p—-S-
(CH2) nCHs;

m is an integer from 1-12; and

n is an integer from 0-4,

wherein both the C-13 methyl and C-17 hydroxyl are (S)-

configured.
11. A compound according to claim 1 having the
formula:
OH
R4
HO
R, X
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00 wherein Z is selected from-0-, -S- and -NH. 15. A conpound of claim 14
wherein mis 1-12; nis 0-4; RL is selected from hydrogen, -OH and halo; R4
i s sel ectwo 2br2003vdeydr ogen, halo and O -C6 al kyl; R2 is ®e€rasted/ofroosn
hydrogen and halo; R3 is selected fromhydrogen, halo and OH and Z is

sel ected from -12- g%d % %ﬁ A co gung ac ori%i ng t %I %m 15 wherein m
is 2-8; nis 0-3; RI-RETBPE"Rydrogeén; "dnd® “-¢ srein:
R; is selected from hydrogen, -OH and halo;
R, is selected from hydrogen and halo;
X is selected from C;-Cqy, alkyl, C,-Ci, alkenyl,
- (CH,) nCOOCH3, - (CHy)n—-0-CHsz, - (CHy)n-0O-(CHy),CHsz, (CHjy)n—
S-CHs, - (CH,)n—S-(CHy).CHs, - (CHy)n-N-(CHy),CHs, -C,-Csg
alkenyl-0- (CH,) .CHs, -C,-Cs alkenyl-S-(CH,).CHs, -C,-Cs
alkenyl-N-(CH;),CH;, -C;-Cgs alkynyl-0-(CH;),CHs, -C;-Cg
alkynyl-S- (CHy),CHs, -Cy-Cs alkynyl-N- (CH,),.CHs, - (CH3)
OH, -(CHy),-0O-NH,, - (CHy)p—-S-NH;, -NH(CH;),CHs,
NH (CH;,) ,OCH;, -NH(CH;) ,CHOH-COOH, - (CH;),(NH)CH,0H,
- (CHy) \NHCOOH, - (CHy), N(CHs)-S0,-NH;, and - (CHy),-NH-S0;-
NHz;
m is an integer from 1-20; and

n is an integer from 0-8.

13. A compound of claim 12 wherein

R; and R; are hydrogen;

X is selected from C;-Ciy alkyl, Cy-Ciy alkenyl, - (CHy)n-0-
CHs, - (CHy)p,-0-(CHy),CHs, (CHz)n—S-CHs, and - (CHy)n,—S-
(CH2) nCHs;

m is an integer from 1-12; and

n is an integer from 0-4,

wherein both the C-13 methyl and C-17 hydroxyl are (S)-

configured.

14. A compound according to claim 1 having the

formula:
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Zis -0-, wherein both the C 13 nethyl and C 17 hydroxyl are
(S)-configured. 17. A conmpound according to claim1 having the

fornmul a: WBI2012/03726118. A conpound accordi ng to cl ai m 17 Pamarseén/o51mi8 i s

sel ected from hydrogen, -OH and halo; R4 is selected from hydrogen, halo
and C-C6 alkyl R2 is selected from hydron and halo; R3 is selected from
hydr ogen, halo and -OH X is sel ect ed fromPd -C12 al kyl, C2-Cl12 al kenyl, (
CH2 ) MCOOCH3 f( CH2 ) rrt0O CEi 3 CH2) nCH3 r (CH2) rn- S -CH3
f(CH2) rrt(CH2) nmCH3, - (CH2) m r - C2- C8

Rz (CH2)mZ(CH2)nCH3

wherein 72 is selected from -0-, -S- and —-NH-.

15. A compound of claim 14 wherein
mis 1-12;
n is 0-4;
R; is selected from hydrogen, -OH and halo;
Ry is selected from hydrogen, halo and C;-Cs alkyl;
Ry, is selected from hydrogen and halo;
Rs is selected from hydrogen, halo and -OH; and

Z 1s selected from -0- and -S-.

l16. A compound according to claim 15 wherein
m is 2-8;
n is 0-3;
R1-R; are hydrogen; and
Z is -0-,

wherein both the C-13 methyl and C-17 hydroxyl are (S)-

configured.

17. A compound according to claim 1 having the
formula:

18. A compound according to claim 17 wherein:

R; is selected from hydrogen, -OH and halo;
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al keny1-0- (CH2) CH3, -C2-C8 al kenyl-S- (CH2) CH3, -C2-C8 al kenyl -N- (CH2)
CH3, -C2-C8 al kyny1l-0- (CH2) CH3, -C2-C8 al kynyl-S- (CH2) /8CH3, -C2-C8

al kynyl - WOQCHAB7268CH3, - (CH2) mOH, - (CH2) m O NH2, PCrM@S2011/05600NH2, - NH
(CH2) nmCH3, NH (CH2) nOCH3 1 -NH (CH2) rrCHO—I—COO—I - (CH2) m(NH) CH2OH, -

(CH2) m\H CH2 N ( S02- N and 2 H S02- NH2 ; mis
an int ege%54 ﬁsorﬁ%(efd:e)da% %fd)acr?qerﬂ oGBS Pl 68 SH %lk%\flcorrpound of claim
18 wherei n,Rls 81cFEand-&4 @y@r&y&ﬁ ogeM hXbs sel ected fromd -Cl2 al kyl,

Cc2-C12 al kenyl - (CH2) m O- - (CH2) mO- é , CH3, (CH2) m S- CH3, and
- (CJ-lZ)m@éG—i?)Sﬁ?l@*Btednﬂ%malhyqim%@%r Tﬁ@b@nqﬁ 279%hd n is an integer from

0-4. 20. Y C a ct Gﬂkﬁﬁp a) (8S, 9S, 14S,
17S)-7, 8, g%%ngg %gt%g Eg% lde%ak%t‘og LG op%n?a [ a] phenanthrene 3,
17-diol; b)-(6&R).880CaS, 14@112 )L 78)-CH6; {nefﬂhghxgbnﬁtﬁy]gc&g, (CH2) n
7,8,9, 11 12, 13 14,15, 16, 17- decahydr o- GFchlopenEa [ak phenanthrene 3,
17 di ol : -CHs," = (CH2) n-S- (CH2)»CHs, Ho) «CH;, -Cz-
alkenyl—O—(CHg)nCHg, -Cy—-Cg alkenyl—S—(CHg)nCHg, -Cy—-Cg
alkenyl-N-(CH;),CH;, -C;-Cgs alkynyl-0-(CH;),CHs, -C;-Cg
alkynyl—s— (CH2)HCH3, _C2_C8 alkynyl—N— (CHQ)HCH3, —(CHg)m_
OH, -(CH2)n~O-NHz, -(CH;)n~S-NH;, -NH(CH;)CHs,
NH (CH;) ,OCHs, -NH (CH,),CHOH-COOH, - (CH;),(NH)CH,O0H,
- (CH,) xNHCOOH, = (CHy)n N(CHs)-S0,-NHs, and - (CH;),~NH-SO;,-
NH,;

m is an integer from 1-20; and

n is an integer from 0-8.

19. A compound of claim 18 wherein

R:i, Rz, R3; and R; are hydrogen;

X is selected from C;-Ciy alkyl, Cy-Ciy alkenyl, - (CHy)n-0-
CHs, - (CHy)p,-0-(CHy),CHs, (CHz)n—S-CHs, and - (CHy)n,—S-
(CH2) nCHs;

m is an integer from 1-12; and

n is an integer from 0-4.

20. A compound according to claim 1 selected from
a) (8s,9s5,145,175)-7,8,9,11,12,13,14,15,16,17-decahydro-
oH-cyclopentalalphenanthrene-3,17-diol;
b) (6R,85,95,145,17S)-6- (methoxymethyl) -
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopental[alphenanthrene-3,17-diol;
c) (6R,85,95,145,178)-6- (6-methoxvhexyl) -
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopental[alphenanthrene-3,17-diol;
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c) (6R 8S, 9S, 14S, 17S) -6- (6-nethoxyhexyl) -

7,8,9,11, 12, 13, 14, 15, 16, 17- decahydr o- 6Hcycl opent a[ a] phenant hr ene- 3, 17-di ol ;
d) (6R, 8SyO3NAB/HTS) - 6- ( hydr oxynet hyl ) - PCT/US2011/051608
7,8,9,11, 12,13, 14, 15, 16, 17- decahydr o- 6Hcycl opent a[ a] phenant hr ene- 3, 17-di ol ;

e) (6R, 8S,9S, 14S_17S).- 6- (( ani_nooxy) met hyl ) -
7,8,9,11,?3,f%%lﬁ%lé?lg%%7?g§géﬁyd%ggép%yﬁﬁ585%fé[a]phenanthrene-3,17-dioI;
f) (6R 85798, $451179) 16, ( 4( met hexymetiBybhaai-aopmet hyl ) - _
7,8,9,11, 12, 13, 14, 15, 16, 17- decahydr o- 6Hcycl opent a[ a] phenant hr ene- 3, 17-di ol ;
g) net hyl cgcleressa9s) pasnanshrgne73dil iy dioxy- 13-
;ég;gé§;i§§1%ﬁf%és%és}Q4%?19%9a%¥qngﬁﬁgxgg9mg@&9ﬁ§Lphenanthren-ﬁ-y')nethy'
(6R. 8S, 9S5718S917%) 16, et haxy5718, 9718etahy8rb4 55, 16, 17- decahydr o- 6H- cycl op
enta[a]phenaithrene-S 1%—diol' i) g6R78 h9§,148,17S)-6-(2-nethoxyethy|)-
7,8, 9,11, T3°18PRAC 1521 BRE720ERARY AT JéHéééP pent a[ a] phenant hr ene- 3, 17-di ol ;
j) (6R 8S£9S, 5455175k, 644118} h@xéwﬁ%%hbx methyl)amino)methyl) - _
7,8,9,11, 12,13, 14, 15, 16, 17- decahy ro-GFbycFopentafa]phenanthrene-B,17-d|ol;
k) (6R, 8S/98,2481178) 16,8~ Aet hoxydctgephydro-6H-
7,8,9, 11, 12 , - hydr - 6Hcy.cl opent a[ a] phenant hr ene- 3, 17- di ol
1) (6R, 88,%55%%3%,%&%%3} gh%égg%eég r%né?ﬁgéiﬁgf hyl ) -
7,8,9,11, 42, h3r04115,(16R1Esdecahydr; 076Heyclopanthgpbappkenant hren-17-y1
stearate; _ m (6R 8S, 9S, 14S,17S) - 6- (4- propaoxybutyl) -
7,8,9,11,12?1§/1&/1§/1§/1?1&éc ﬁyéFGQSFEPEQSBéﬁﬁ%[a]phenanthrene-3,17-dio|;
and n) (@gcﬁ§p%§t%é§1éﬁ§%éﬁtﬁ§éﬁt@0§¥ 8BLY 1)y carbamate;

, 13,14, 15, 16,

)

7,8,9,11,1 17- decahydr o- 6Hcycl opent a[ a] phenant hrene- 3, 17- di ol
h) (6R,85,95,145,178)-6-methoxy-

7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopental[alphenanthrene-3,17-diol;

i) (6R,885,95,145,175)-6-(2-methoxyethyl) -
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopental[alphenanthrene-3,17-diol;

j) (6R,85,95,145,178)-6- (4-methoxybutyl) -
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopental[alphenanthrene-3,17-diol;

k) (6R,85,95,145,17S5)-6- (8-methoxyoctyl) -
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopental[alphenanthrene-3,17-diol;

1) (6R,8S5,95,145,178)-3-hydroxy-6- (methoxymethyl) -
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopentala]phenanthren-17-yl stearate;
m) (6R,85,95,145,175)-6- (4-propoxybutyl) -
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopental[alphenanthrene-3,17-diol; and
n) (6R,85,95,145,173)-6-(5-ethoxypentyl) -
7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopental[alphenanthrene-3,17-diol.
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21. A nethod of treating pain in a host in need of such treatnment, the
met hod conprising admnistering to the host a therapeutically effective

anount ofweaewmsmend of claim 1. 22. The net hod @CTalSaéimvo2bosvher ei n
t he manmal i an host is a human. 23. A nethod according to claim21
wherein the co oung sel Elcr:?tdi vely binds to the ER- 13hre ept or.. £ 24. A
phar maceut i cal “¢ombsiEitdR céhpriSity & cBhbound 6f POC& MM S &°

phar maceuti.eal lyraceeptgbl ensamkit@lod comprising administering  to
the host a therapeutically effective amount of a compound

of claim 1.

22. The method of claim 21 wherein the mammalian

host is a human.

23. A method according to claim 21 wherein the

compound selectively binds to the ER-B receptor.

24. A pharmaceutical composition comprising a
compound of c¢laim 1 and a pharmaceutically-acceptable

carrier.
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