TRANS- CLOM PHENE METABOLI TES AND USES THEREOF FI ELD OF THE | NVENTI ON [ 0001]
This application clainms the benefit, under 35 USC 119(e), of U S

Provi si oraiD 2Peta2ea17 Appl i cati on No. 61/515,278, filed Au@a3tus49122@u31 t he
entire contents of which are hereby incorporated by reference. [0002] The
present invention relates to netabolites of trans-clom phene in
substantially pure form pharnmaceutical conpositions conprising sanme and
nmet hods for treating various hornone- dependent di sorders BACKGRCIJND [ 0003]
Cl om phene is a HRANSIGIVEMERBHENHVIETAR { DI G ERA

Cl om phene binds to estrogen receptors and bl ocks the nor mal estrogen

f eedback on the hypothal amus and subsequent negative feedback on the
pituitary. This leads to increases in luteinjizing hornone (LH) and follicle
stinul ati ng hormone (FSH). [HEHKOF t%eNVﬁglrnggd | evel s of gonadot ropins

LT o Sl a5t Bt OGS ET S8R PR el of

Endocr i ng{pplidkioaio, 685 5108, fikd 38 ¢)st armd 1 Tanostiie @intedts.of which@ld lierebizndocr i nol .
Met ab. 64: f118 19872 found increases in FSH, LH in both young and ol d nen
after trdXOMORCdIRICINEsH phene. They al so found increases in free and
total teghqsi @B@ﬁ%sénf‘mﬂ@ﬁmﬂ"rélﬁe%@%@ab@ﬁ@s st REnfipIEAL fn sﬁ&ﬂ&ntﬂanﬁﬁlﬂas es.
[0004] In females, clomphene is currently approved as m xture of both
Cis- and fermniBarmaesviieal COMPRSItINS CQBRIIFEYS SBIBF A pribedsipr 'é‘?“%%tou%%to 50%
(Merck MagHalnk-depEndbiQidopArct i on of ovul ation in anovulatory wonen. The
increases In LH and FSH in anovul atory femal es foll ow ng adm ni stration of
cl om phene result in follicular gromh and ultinmately ovul ati on. The drug
is recoomended to be administeregfGtgRAMNS at a dose of up to 100 ng
daily [0005] Ernst et al., J. Pharmaceut Sci. 65:148 (1976), have shown
that cl odﬂ(}ﬂﬁbﬂ@mlshwem@(sewevm‘stwm repepioempilgatpsigiataddo ihioxker: hey refer to
as cis, s-,

o1 o phendom PUFREERScivgl S L ENAIERE N AT ARG A WA St ol
trans- cl ogpghensus-4aH shiasqx&nnmgamwgeqdbaqktondhe finga-y15iis B&s whidrases in

ci s-cl om phene HO has have
al so not d4CPKIE PR (i‘Hﬁ:‘; %%’g%ers?m}usang Hé“s? @E Slrﬁ nzéi 5&%& i rea%%(?ﬁe
cis-i sorreévelssoftghleadm;ensmhmmc o teydiy ecl lesfmeg@ms end @suht iaid hhabicadrsd been
reported to have anti r ivity. The,authors ttri t he
ef f ect of}“&?’ﬁ%tef}f’ﬁﬁo%% Y ?JIPSi)’?Szf%f“pd%t FWV@&X’ %> Eg‘tjlﬁué'bﬂg) tf‘lhglz’ tl‘r?]%’ t he
m xture i(sog8TphRl Binbestel ¥ It Mian Ehi@iisolc Meaibphe nia 8aqunefouﬂ'dnecnteaﬁmaﬂ somer
aids ovulation at the |evel of the Bygot hal glm.f The ége i c,isoner
&4mg SIomi 9

ci s- ¢l onifighlehE B SatyPHE B ofGmempiss iphgnce "R e

physi ol 0GjGeRALRNRY ahPBAI RE05tEoRY | nddnl vOiEh yolRE med @Wlﬁ%;ﬂglﬂﬁ@tinﬁmc{e@é@@r ted to
have different in vivo half-life. The cis _isoner een reported to | eave

resi dual [M00bén femples.<lgnpiphing issEsady YPrayRe anbBitE 8f PAhFisPnd teitigl e dose.

[ 0006] Glm&bﬁe%]m&na%m %?e%@ﬁ'a@&l%% Ydoh B SU4IBVIOS Mah G ©F fheGdecddic! udi ng:
bl urred vi sion, dom nal gl sconfort, gynecomastia, testicular tunors,
vasonot oroffwldsth?esn anpaulstay wamen hBhedaekess infdf ediSthinenovtHe fenales es

suggest t gment
effects. f %WIS%? 018{3{2%%39)3? %ﬁﬂ@gge og&lglrn \(‘:/}glltn ?Lg%)s(gr(lg\gmt% q%w@g (F':§°“rlr}1g %Zaﬁg inits
current flhennatg is trannmgndsdtineening0¥tced dors0day ot & duse ef w th d6hme dalkoul d be
unaccept or.. chropi i t ost erone
defici en?@‘?"%ﬂ %86‘17? aé”glpﬁar m@%u?ﬁé r 6? |1g§ﬂg?8)trf P%‘Jr%gh%@g%r %%lpg%ngtrlrs?% hene
(trans- clrmmupdmfnmgeommﬁct somphenah thagefoewms danbnsiomaphede tci-demighdnect i ve in
the treat men of ., a pan f d rder fr G y hypogonadi sm
in mal es ¥8"9 ?{H‘ﬁé‘fﬁeg?ﬁnd{)’&%wﬁr g fn %ene "3%”633 ap ]gern§ O? (1%1 @Qqaowever first
pass net aAbmbndS@tdErrtsbet dr smgpshyorbipkenk iH@rhas eqmltungsommfalmmﬁeﬂgp ﬁngiwhdkoses to

e o 1 e SH e R B hREREE Aol AT TR 20 eree

di scover ghe t2IMVBIRY) [0 & roddiee ISt thenveRbmaris me @\Urcdﬁiﬁers lalhISflhalmt ially
pure metabolites of trans-c]om phen nd salts thereof eferably the
citrate §%¥%¥“Pﬁﬁpﬁﬁﬁéﬁf?é%k“?é%ﬁ’ fF’ ﬁ%mﬁdﬁﬁPg?ﬁﬁﬁngbé5@??&W?ValIy pur e
nmetabolite of trans-cl om phene or a salt thereof and a pharmaceutically
acceptable carrier are also provided. {0009] The present invention is also
related to nmethods for treating and/or preventing disorders that are
aneliorated by adm nistration of an effective anount of trans-clom phene.
In other words, the present invention provides a nethod for treating any
di sorder which may be treated with trans-cl om phene, conpri sing

adm nistering a therapeutically effective amount of a substantially pure
trans- clonlphene netabollte or pharnaceutlcal conp05|t|on conpr|5|ng sane
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drugs pass fromthe gut through the |iver before distribution to the body,
represents a potential barrier to the transfer of active pharmaceuti cal
agent s frem2otse2oiigesti ve tract to the bl oodstream ThePCYRSen2psastfal l
into distinct classes and have anal ogous nenbers throughout the mammal s.

[ 0025] In various enbodi nents, the present invention provides a
trans-cl om phene netabolite produced by the catalytic action of a nenber of
t he CYP2 a@hibfef3 efféitiol the dhug oproefilatoresttieipadiotefotiss stithg thee tieboikivteisi s
produced primarily through catalytic tion.of CYRP2D6 and/ or CYP3A4 and/ or
AU A ST e e R A RS e ST
trans-cl (ﬂml‘%g&ﬂﬁaxﬂﬁi anRlekst Schid VdoR@r ais-ClRaTpHeat cdndiviidsdo stlaet edulhticom
C26H29N04; 7H31NGB; C26H30NGBCI; C32H36N08CL; C26H30NC3Cl; C27H30NGC3CL,;
C32H36NCBERYhar BrbeMusClogicEad MK Nprd neds OVHiBSRG BROSETSTS el RRATISE) -
C27H3LNCR, , SRAGRANRC hal CARIHABNER GhineCRAMBANGBGod (CR AR B0d
C26H28NG3CL; C26H28NO7Cl; C26H28NC2CL; C27H30 Cl; C24H24NOC1,
C26H28NOXGE!s feirid exgzatafanogenth fplipging a pingly dpseef er red enbodi ment, t he

trans-cl og i I ) f nagtas SRR CBlufrEPMion,
c:26H30N&@f?r@mgﬁgg%ﬁ&%%%%@@'g‘%gusczszffl\nS)c1. [g‘gozg]r ina

parti cul abdomipsleiseom . gyrisoumastinticstieter tpnersevesomeigefitshesandyseyitfes a

subst ant i al e ns-6l.om phe i = - = m phene
Cor - - OH Bl b e TSP Ak bne i YL LB ORI

havi ng t mendrenhancen@itetionts. fhanstmosome ofithkse cheregtiondis ¢haselpmépheipaindief . Thi s

netabolite is_ forped.b - hydr.eoxyl.at\i o . 1.1 e
trans-cl SHIirﬁg?{g’agﬁaévﬁrﬁbe?‘fv%%go[/b%‘gg?/ Ar;h% Cﬁ% g?@%ﬁ%ﬁ”@ﬁgg{ﬁc%ﬁﬂe tftbﬂe present
i nvent i oghphR\vhaas ianenbettBantréanhény opiestesteroanddicondyphene net abol i te,

ohar e o WIELPR a4 BsR 8 8- eamerd P | ST REG s B 7S T or med by

4' - hydr oxpdiahipéncihastien Panaspasd foiberffedtive hetht ransenl b aippivphecfphenyl ri ng.
[ 0030] In another preferred, enpodi rreH%, the eter esgnt. i n)éentl it.on. rovi des a

subst ant idierdgrsgeneing fromsecendiy prrogenaisidp 813 & MuGPRPERY A PANS - ¢l omi phene
(or 3- OHaB('S\%'ih%rg'fé?ﬁﬂl&'. heRR)er, RFOSHIS RBtabistNe tikadrad by the liaatreq@ireof CYP3A4 or
CYP3A5 having the formula O and pharpaceuti ca accgt?%?gb)bresgg ]ﬁts t her eof .

. ar |y
[0031] | melatiisbiagh ¢nses tobgprapinstaeberally Bachinsdraraytic % nvent i on
provi des g, SuDstAM RbliY rddUk & dbfirNfeslobitds PRERR-JIEhipRAk Mefs discovered.
N- deset hyl -trans-cl om phene, produced by 0 the catalytic action of CYP3A4
or CYP3A5 having the forrmula and pharmaceutically acceptable salts thereof.
This nmetabolite is formed by N-desglipwhaikiyon of an ethyl group from
trans-cl om phene. [0032] In another preferred enbodi nent, the present
invention provides a substantially pure trans-clom phene mFt abolite
3, 4- di hy d0U98Y The priggentingertion ereyidep pubgiapiiadly myremeabodiss shranselamiphang e acti on
of CYP3A i > PrRkFmRaiANnpdakRcRHbHGAag hy accept abl e
salts t héé]ﬁg(}?é.}%fg%g%{%@}ﬂﬁgb@&;etg?gd }%r eferred glr:r%odi m&*n{th,io t h% met abolite
pr oduced shistantiallyspueeatebelite afttransglogtiptewpapusal et e pigrnacepiseliher
nodi fi ed . nd is reduced. Accordingly, the present
i nventi oﬁ§%ﬁggfegrg%l\7?ggggglp§58}g§anti ally pure trans-cl om phene OH [ 0034]
| n anot hg0009¢Tht pdsept miertioeds astrokiedsnmethpéefoniseasipg pad/e nvseinged by t he
sequent | gl. oft e¥s| il a?efamCeYiP%'tAé%/b? aa0 1sq:r\¢(1€grpgf dnseffgam%fm)u?tydf %ﬁsdclorﬁfbﬁf}{ed! ngly,
the pres A PRVER T T Arso provi des a substantially pure trans-clom phene
met abol i tig othavivorgs, ttikepredeanineakiof promidesa G2(MBIB ONGETIng 2y diserderovingdt gy at ed
nmet abolite may have any one of the.follow. ng. ... and [0035]
I'n anoth Ftrﬁ?%(il yp gﬁnsé‘ry]r%ﬁg?%enf?mlfrﬁglg69%“5%% mgr?\/ﬂéer{?é_e‘gﬁcag?'g@% &8 a
subst ant izadohyt qPuREbstandns Bromshdmephet alkalbblite opploduaedtiday cinsisiequent i al
catal ytic acti,on of CYP3A4/5 an YPZEG ha\{i ng the formul aOH and
phar macefPMEEHPSSanede PAIE NdSFy 8 PR Fegpent

[0010] Examples of disorders that are ameliorated by administration of an effective amount
of trans-clomiphene (and which therefore may be treated according to the present invention)

include, without limitation, secondary hypogonadism, type 2 diabetes, elevated cholesterol,
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[0036] In another preferred enbodi nent, the present invention provides a
substantially pure trans-cl om phene netabolite produced by the sequenti al
cat al yti cwaeviamoaff CYP2D6 and OH CYP2B6 havi ng the f ®@cwilSa@iiosgdl
pharmaceutically acceptable salts thereof. [0037] In various enbodi nents,

t he present invention also provides pharmaceutical conpositions conprising
one or nore trans-clom phene netabolites or salts thereof as described and

a phar magpudttC@ilgly¥erdies SRIsARY, Bp&Bkidpal, feitBlic@hd MAR ibRrilisederdign prbgattet hods
descri bed herein. [0038] In various enhodi nents, the Eﬂ resent invention also

provi des hyRfeirepby. rspstage ﬁ%“é‘r?fsb‘]e%ﬁ‘rffﬁﬁ%rn%‘eﬁ%ﬁ‘é‘BEﬁrf’?‘eoYﬁ‘f‘a‘é et her eof (or

phar maceuti cal conposition conprising sane) in the treatnent of a

t rans-cl om phene-responsi ve disorder in a patient 0039] In one

enbodi nent, a net hod fd?rR@FeQEWRB’]EI@‘{Q&'&IEWAW\? s is provided
conprising adm nistering an effective anmount of a trans-cl om phene

et abol i G191 Fﬁ}alltls5Ex%?lﬁ@fep(&éntﬁh@'bﬂ%%@inﬁeﬂ%cr&&mﬁ&&lsEﬂuﬁﬂeﬁ@sm%ﬂeS| ng sane)
to a patient in need such treatnent. In a rel ated enbodi nent, a nethod

f or treapfqii'léesan Bradtby Ber (yenaerltdo t est ost erone defici ency i ncl uding,

Wi t hout fRid. QQhO\QJ&QQMEJYE@uct@@Q%@%K%rﬁ he@sting and depression is
provi ded T e use of trans-clom phene for el evatl ng testosterone levels in
a manmal is described in US Patent No. 7,759,360, the entire content of

whi ch is hereby incorporat ele@fAIE Y ERSEerIPTIGNI ticular at colum 4, line
51 to colum 6, line 5. In one erred enbodi nent, the transcl om phene
met abol i ﬂ(H)lB]sWZlml@Fhetmanm-leweomrplhemblelqﬁbemg)?lheirdlqﬂrleﬂefrqué(ﬂofeﬁﬁb@l ment the
pati ent |s hu rel at ed
enbodi nen?scrlgltl rq‘%’ﬂo"&c}gd‘sg‘r/e lr g]gtg ?ﬁ%ﬂégzﬁa‘%@%ﬁgg’?ﬁ%@é‘ﬂf“g%ﬁ)nheé’%ﬁﬁ“&an male is
provi ded dsolopuré srtmge aohsideried beari mcgmahﬁceltlbleeftiwmvmumndof ncalrttrlwn@tocl om phene

nmet abol i t her eof h i sing sane)
to a pat:ig’rlntttl;‘f WV%@B 1 §%e€£1f%terﬂ[e%a ]menf Hlisr gh. ﬁ apign% a’% glr}ﬂg rr{ent t he
trans-cl omvpheﬁte dmtaanbareirtoetdLﬁeo@ﬂstﬂcldtorlanmhehmnmmunenyfv@ﬁml] I'n anot her
enbodi nent a, for d er ea,be ﬁ chol est d vel sdrme srﬂu traeeg

conpri si hgCREHCHE Sé '“e”'fltﬁ@u T AP hsad e B fp G '8? ‘3 Fans el hene

met abol i Tuede@rgm)s@h&r Heh@hgof (or pharmaceutical conposition corrprl si ng sane)

to a patient in need of such treatnent. The use o aps- cl heefor
decr easi HP1¢hHisiebsupfersiaridnal any raggsSe Ffigsnd rﬁ“gl%(’{:’&f‘ atgn genégg t he

entire cop 8fthe AimMUA GliataSréteni@iti REREMOTAhEndd IR BIE HRrestiit partl cul ar
at colum 4, line 66 to colum 6 line 10, In one preferred_enbodi nent, the

t r anscl omivgniare Thistiagpdes ranegpsthat copbe fosmed brigia BdeRet inglideBRTKSIPPHr ef er r ed
enbodi ”E'aﬁd/msw%duﬁaur i §cc%rd?ﬁ'é]§‘@her@ 1dWedsBn @ﬂpﬁ?%faye AU RGO B 1tiBs] 0042]

I n anot her enbodi nent,” a nmethod for treating an preventi ng a condition
sel ect ed rfngerandhianggs @mtlwgbgﬂmwlwuﬁbﬁﬂwd piopsthadala ATeMbeBphy, prostate
cancer apt ShaVtkEflald AGYEER] ddo! QVAURAEOAPT | ST g admi ni stering an
effectlv anount trans- c om phene netabolite or salt thereof (or

phar nncel[ﬂﬂléhBeﬁomrbosnesqnbwrmMM& simppsiianedndingethpdp axei disstos¢dandeed of such
treatment, The f eating Oll)%l prgstate
hypertrop S)?,”Qed L{I? é);%g u‘ég%%g?&th%gheg%g@g(t’%%;%Stre?g%ger|fdes plg 0descri bed in US
Pat ent Appdciibat mmclﬂanbdnhl:@atm@rs dNby, and 0087t ORARIZE B betlhaitiogt It mastdgmptedt of

whi ch is hereb ted r ef nce e, 3,

par agraprtlha(fe(jlﬁfsl ? eﬁ’ ﬁpecbfgcrégonr%{’ h e[%?@irﬂeg {%%S h%%lngﬁlrgg}ror@%@aénbodl nent ,
t he transaclaorpbemeludepabo kdférents 8nldss Oid-don@risci @il mqndmnﬁer\r/me anot her
preferred enb%dl nent the patient is a human male with secondary
hypogonac[ﬁ"%lﬂ EBBAHSPS | n anot her enbodi ment, a method for treating
infertiliéo7] Mheteht Mea@l rEmenidtSitio mvardemhtdmmpmuesargag mardmfmmﬂaemn ng an

ef fective anount of atran -¢clo teo t thereof (or

phar macedefi@%e e bnpasted; ‘oen 81“2 %ﬁ¥%{ﬁ‘5@50 tﬁ%gaétr‘ﬁ‘ﬂ L%thmfrﬁ need of such
t reat mentypgoffipnuse of trans- cI om phene for treating mal e infertility is
described in US Patent Application Publicati on No. 2Q09/0215906, the entire
content d901%hiTBhterms “pEcER/d9spRe0 ﬁﬁa?%ﬁ“eaaﬂ%ytfféfreeqoaweet'ow HAGKAF COTRRANER at page
2, par agraich0822kt 4 RArRAGE cohdit@r agr aph [0034]. I n one preferred

enbodl ment, the trans-clom phene netabolite is 4-OHtranscl om phene. In
anot her preferred enbodi nent the patient is a human nale with secondary
hypogonadi sm [0044] In another enbodi ment, a nethod for preventing the
transition frommetabolic syndrone to type 2 di abetes is provided
conprising adm nistering an effective anount of a trans-cl om phene
nmetabolite or salt thereof (or pharnaceutical conposition conprising same)
to a human mal e with secondary hypogonadi sm The use of trans-clom phene
for preventr ng the transrtlon from rretabollc syndrorre to type 2 d| abetes
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art. [0058] The terns "treat" or "treatnent" as used in the instant
application, refer to both therapeutic treatnent and prophyl actic or

pr event atWoeomsgrsures, wherein the object is to prevent POT/USk@z/0¢adn

(1 essen) an undesired physi ol ogi cal or psychol ogi cal change or disorder,
such as synptons associ ated with secondary hypogonadi sm For purposes of
the present invention, beneficial or desired clinical results include, but
are not '60”1‘9{)@% fefn “ﬁ‘éalt ey <atdtRBn©hs SHIRE LN efeMitthi ARk oinyext ent  of

di sease, stabilized (i.e., not worsening) state of disease, delay or

sl owi ng @fogarteeaeséepsr@greéeﬁmr disersp.iapd Hicluges. Byt inagt|limiterl & inbfb “t“rﬁéh?ju sease
state ang; SF%@]‘ @‘_Sld &Qse(am%n@%e d%‘% {bhiAtnt OF thb q@s@ffd):r orvg'&ﬁsi&efelrg\ﬁﬁ@@& akb@eor

undet ect ab reatment” "can al so nean ol ongi ng survival as conpared to
expect ed os dlrsmsouad)r axhmplet capgingiegiepgon ik g‘@?ﬁ@ef of ﬁ'éﬁ’aé"ﬁ’ dugllisvingthseed of
treatment [ as well as

t hose pr one t’[?(Ln %ﬁseﬁtﬂ)g%l% Cﬁéeea%gog?fsﬁd%ﬂ r‘%{gg&gsor g%k&glrsgt? thgsd ng%sg%\ﬁmom t he

condi t i onisordedi sorder is to be prevented. [0059] Suitable pharnaceuti cal
conpositi n| t. dos age . B t f I h as
tablets Qd}ﬁl % % SU es oP Pevg‘%lﬁrg’g)s{" %Ea(t:] g)sg]grgée%{e?aggsdesegﬁégglnsgtr%g]?rs

enul si onsy deéasagrrm&nmrempsgrthesnsfet bf dgbraur bhdisdase deaxaiepmaentlif fooe hat al use. The
conposi ti ons m of C I utions or

emul si on§°?‘5rrega‘érpeq’ffletr"§ﬁfu‘(1?eﬁglsﬁrgrernod %Sgﬁif’ven%’én ens ﬁthse&S%eO%d%%esY i ons may
al so be fageamylpadsed. f or topr cal adm nistration. For exanple, the conposition
may be formul ated as otion, gream ointnment, gel, foam. or transdermal
patch. | AVGETRS @f‘%r?@W%tl‘?’%(m“i’?eH‘(eanstahcé’mcl?8r‘r'ifg%fiﬂﬁg%ﬁsept m‘feg’} %Eaafr@d as a gel
(e.g. an pﬁﬂ@eg%b‘éer iR GeHAI80%, Q@fe}abﬂyogrezttér&ﬁ@%bﬁ\ﬂﬂO"/@dmré’lprﬁfefa'btyl geatdre. g. to

t he scr otun) h pharpaceutical conpositi onE @go it f.or s

t her eof ARAR éd‘h“b‘rdlné‘@t PIREsFO haning PRHIYESHRRE AN GRaY /dﬁ&ﬂeﬁ?“&} %[%60]

Al t hough grf%aaggmdﬁrcsgm@ﬁét@g}ap@ (Hpecpreferred route, conposi tions accor di ng
to the present i nvention e adm ni stered by an route of adm ni stration
i ncl udi n¢0028hff hn@rmrphﬁrmwug@“y perepiable seltigefes b sriniesird frig cal |

trans mJC agéﬁkérg}éaegp@ébre Adnichad ﬁro@hm ok Bioh A6 &l € [HdRdaniciablds ARMAEWLAT ,
transder Intraperitoneal, epidural, vaginal, rectal, int ranasal ,

subl i nguare ndit Kimited &5 hydsedhiaric, hydrabscreier haigradedic. miric. gnduricn andaabosrboTial . Af t er
adni ni st BELIPMAEAREE OG- VIS, B be

nmeasur ed (g éngé;%cgérsllgba&dde %Egéﬁdﬁﬂ%%agew may be é tcereé)) to aclﬁl evce a

suf fici ermtganmcarcelawludmgtbrénselrrmmdttesfpmg@,@ﬁ@ir?epﬂoeweICsSUtG@nladIWé(ve t he desired
physi ol ogi ¢ Sul.ts. as e S bed above.
Pooo1] campaertiBe: G RRRLE B, e e R o ed
fast-rel eaaameﬁmoml glyccdmsglueirw meallee<a§wofcoglmainat, b@nelcoamthramhm sapyd,
fast-rel ease an Jrons S er t abl et
conprisi & ge%rémrtéc §1a“ EI*IIS ‘? P'C (B'I"@aée aﬁaleersu an a'IeSUI (%m 0 aem@?{ow rel ease
layer. [ @Rf2hesAlfbniofsichhig stigindliccaigs, dmcsgaﬂmae@nhmcEI/Npmf@redmﬂorsplw ated by
reference.in their entirety. [0063] The follow ng Exanples are neant to be
i |1 ustrati%A® Bt the i nvention and are not intended to linit the scope of
the i nvenbon nsardes edbtdihéntd, iR pa@eﬁnﬁiedum abnaes @M&Eoﬂtr&rﬁ- vitro

Met abol i te Profil e of Aaﬁr oxal 1(t ran I om 53523064% A stud

conduct edlagpisae 8 srdpaNt éprrét%r Ieémé fAH HERATOHgn gpRropria

cryopr esgpyigdoNaRAGHhEScally Qf@dma%gwsurﬁeéaﬂaﬂ& 1s6ated f&aagioe eﬁ@g)le cynonol gus
nonkey, and human. The liver is the nmain site of drug i,smand the

I
ful | conpresshehites ef thpdpyaricd gy lﬁeélrlé%rﬂdzlr%%je%rﬁwé@ect If?n% %irf@uqs Yer
enzynes qf,idsh 2 (éPardifialofl @fhg ¥dmi@ls@atBRl JTu@hdQ6miphéd U\Ittehﬁtd/dl'ﬂ? act cell.
| sol ated |iver hepatocytes constitute a physiol ogical rel evant
exper i memeidbotitsd ef the irventina reaydiedidantiged y1d ipqlafed frr»re laarrea PPRGYIPY operti es such
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drugs pass from the gut through the liver before distribution to the body, represents a

potential barrier to the transfer of active pharmaceutical agents from the digestive tract to the

bloodstream. The CYP enzymes fall into distinct classes and have analogous members

throughout the mammals.

[0025] In various embodiments, the present invention provides a trans-clomiphene metabolite

produced by the catalytic action of a member of the CYP2 or CYP3 family. In preferred

embodiments, the metabolite is produced primarily through catalytic action of CYP2D6

and/or CYP3A4 and/or CYP3AS.

[0026] In one embodiment, the present invention provides a trans-clomiphene metabolite

having a chemical formula selected from: C26H29NO4; C27H31NO3; C26H30NO3Cl;

C32H36NO8Cl; C26H30NO3Cl; C27H30NO3CI; C32H36NO8Cl; C26H28NO3Cl;

C36H43N407SCl; C26H30NO3CI; C36H43N407SCl; C27H31INO3; C24H24NO2CI;

C26H28NO2CI; C27H30NO3CI; C27H30NO6CIS; C26H28NO3Cl; C26H28NO7Cl,

C26H28NO2CI; C27H30NO3CI; C24H24NOCI; C26H28NO2Cl; and C24H24NO2CL.

[0027] In a preferred embodiment, the trans-clomiphene metabolite has a chemical formula

selected from: C26H30NO3CI, C26H28NO2CI, C27H30NO3CI, and C24H24NOCI.

[0028] In a particularly preferred em'bodiment, the present invention provides a substahtially

pure trans-clomiphene metabolite, 4-hydroxy-trans-clomiphene (or 4-OH-trans-clomiphene)

produced by the catalytic action of CYP2D6 having the formula

OH

S

HaC
N O
O and pharmaceutically acceptable salts thereof. This metabolite
is formed by 4-hydroxylation at the para position of the trans-clomiphene phenyl ring.

[0029] In a preferred embodiment, the present invention provides a substantially pure trans-

clomiphene metabolite, 4'-hydroxy-trans-clomiphene (or 4'-OH-trans-clomiphene), produced

HaC

eI ST

_ by the catalytic action of CYP2B6 having the formula w and



22.8 598 due + Hydroxylation - - 16.6 29.5 C26H30NG3C1l 22.95 440

Reducti on2x Hydroxylation - - 43.7 - C27H30NC3Cl 22.9 452 Methylation + 2x
Hydr oxyl aw0an13/020017 15. 8 C32H36N08CL 23. 1 598 d ue + Hy#coisk@riognsL2. 4
18.1 - 30.8 C26H28NGBC1l 23.5 438

pharmaceutically acceptable salts thereof. This metabolite is formed by 4'—hydroxylation at
the para position of the trans-clomiphene phenyl ring.

[0030] In another preferred embodiment, the present invention provides a substantially pure
trans-clomiphene metabolite, 3-hydroxy-trans-clomiphene (or 3-OH-trans-clomiphene),

produced by the catalytic action of CYP3A4 or CYP3AS having the formula

HO. l

RN

‘ HaC
N O
O and pharmaceutically acceptable salts thereof.

[0031] In another particularly preferred embodiment, the present invention provides a

substantially pure trans-clomiphene metabolite, N-desethyl-trans-clomiphene, produced by

Cl
H3C NH
Ea N \/\O O

the catalytic action of CYP3A4 or CYP3AS having the formula O
and pharmaceutically acceptable salts thereof. This metabolite is formed by N-desalkylation
of an ethyl group from trans-clomiphene.

[0032] In another preferred embodiment, the present invention provides a substantially pure
trans-clomiphene metabolite, 3,4-dihydroxy-trans-clomiphene, produced by the sequential

catalytic action of CYP3A4/5 and CYP2D6 having the formula

OH

HO. l

CI

HiC
HC N\/\O O
’ O and pharmaceutically acceptable salts thereof.

[0033] In a related preferred embodiment, the metabolite produced by the sequential action

of CYP3A4/5 and CYP2D6 is further modified such that a double bound is reduced.



2x Hydroxylation - - 86.2 117.1 C36H43N407S C 23.5 711 S-d utat hi one

conjugation - - - 15.9 C26H30NO3Cl1 24.0 440 Reduction + 2x Hydroxylation

66. 8 53. WO 20130BGHA3NAO7S C 24.2 711 S-@ utat hi one conjPGHALSR@IR/049451 -

13.6

C27H31NG3 24.3 418 Methyl ation + 2x Hydroxyl ation + Dechlorination + H 28

37.5

Accordingly, the present invention also provides a substantially pure trans-clomiphene

OH
HO l
w cl
HaC\/N\/\O O I

H3C

metabolite having the formula (C26H30NO3Cl) ‘

[0034] In another related preferred embodiment, the metabolite produced by the sequential
action of CYP3A4/5 and CYP2D6 is mono-methylated. Accordingly, the present invention
also provides a substantially pure trans-clomiphene metabolite having the chemical formula

C27H30NO3CIl. The mono-methylated metabolite may have any one of the following

structural formulas:

Hsg OH
O O
HaC
HSCW SO : \l < ¢l
WINCHQEe VN
; and .

[0035] In another preferred embodiment, the present invention provides a substantially pure

trans-clomiphene metabolite produced by the sequential catalytic action of CYP3A4/5 and

HO O
HiC

O
e JO

CYP2B6 having the formula o1 and pharmaceutically acceptable
salts thereof.
[0036] In another preferred embodiment, the present invention provides a substantially pure

trans-clomiphene metabolite produced by the sequential catalytic action of CYP2D6 and



- 530.7 C24H24NO2C1 24.7 394 Hydroxyl + Deethylat ion - 335.6 113.1 188.9
C26H28NO2CL 25.0 422 Hydroxylation 747.4 724.4 1999.3 1432. 8 C27H3ONG3C1
25. 1 452 wbthid@bi1ion + 2x Hydroxyl ation 140.7 93.9 310. PCIOB2@2029AFB0N06CL
S 25.5 532 Methylation + 2x Hydroxyl + Sulfate conj. - - 152.8 -
C26H28NC3C1

OH

CI

CYP2B6 having the formula on and pharmaceutically acceptable

HyC

HiC -~ N\/\ o O

salts thereof.

[0037] In various embodiments, the present invention also provides pharmaceutical
compositions comprising one or more trans-clomiphene metabolites or salts thereof as
described and a pharmaceutically acceptable carrier, which can be used in the methods
described herein.

[0038] In various embodiments, the present invention also provides the use of a trans-
clomiphene metabolite or salt thereof (or pharmaceutical composition comprising same) in
the treatment of a trans-clomiphene-responsive disorder in a patient.

[0039] In one embodiment, a method for elevating testosterone levels is provided comprising
administering an effective amount of a trans-clomiphene metabolite or salt thereof (or
pharmaceutical composition comprising same) to a patient in need of such treatment. Ina
related embodiment, a method for treating a disorder related to testosterone deficiency
including, without limitation, oligospermia, azoospermia, wasting and depression is provided.
The use of trans-clomiphene for elevating testosterone levels in a mammal is described in US
Patent No. 7,759,360, the entire content of which is hereby incorporated by reference, in
particular at column 4, line 51 to column 6, line 5. In one preferred embodiment, the trans-
clomiphene metabolite is 4-OH-trans-clomiphene. In another preferfed embodiment the
patient is a human male with secondary hypogonadism.

[0040] In a related embodiment, a method for treating secondary hypogonadism in a human
male is provided comprising administering an effective amount of a trans-clomiphene
metabolite or salt thereof (or pharmaceutical composition comprising same) to a patient in
need of such treatment. In a preferred embodiment, the trans-clomiphene metabolite is 4-
OH-trans-clomiphene.

[0041] In another embodiment, a method for decreasing cholesterol levels is provided,
comprising administering an effective amount of a trans-clomiphene metabolite or salt
thereof (or pharmaceutical composition comprising same) to a patient in need of such
treatment. The use of trans-clomiphene for decreasing cholesterol levels is described in US

Patent No.7,368,480, the entire content of which is hereby incorporated by reference, in v
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25.5 438 2x Hydroxylation - - 82.4 70.7 Cmpd RT m z Transformation Human
Cyno. nonkey Beagle dog SD Rat C26H28NO/Cl 25.6 502 3 x 2 x Hydroxyl ation
68. 0 44. 8v6201B3/0200@26H28NC2CL 25. 8 422 Hydroxyl ati on 53. #CHBIS201304%H51
C27H30NGBCL 25.9

particular at column 4, line 66 to column 6 line 10. In one preferred embodiment, the trans-
clomiphene metabolite is 4-OH-trans-clomiphene. In another preferred embodiment the
patient is a human male with secondary hypogonadism

[0042] In another embodiment, a method for treating and/or preventing a condition selected
from the group consisting of benign prostate hypertrophy, prostate cancer and elevated
triglycerides is provided comprising administering an effective amount of a trans-clomiphene
-metabolite or salt thereof (or pharmaceutical composition comprising same) to a patient in
need of such treatment. The use of trans-clomiphene for treating benign prostate
hypertrophy, prostate cancer and elevated triglycerides is described in US Patent Application
Publication No..2008/0242726, the entire content of which is hereby incorporated by
reference, in particular at page 3, paragraph [0030] to page 4, paragraph [0041]. Inone
preferred embodiment, the trans-clomiphene metabolite is 4-OH-trans-clomiphene. In
another preferred embodiment the patient is a human male with secondary hypogonadism.
[0043] In another embodiment, a method for treating infertility in a human male is provided
comprising administering an effective amount of a trans-clomiphene metabolite or salt
thereof (or pharmaceutical composition comprising same) to a human male in need of such
treatment. The use of trans-clomiphene for treating male infertility is described in US Patent
Application Publication No. 2009/0215906, the entire contenf of which is hereby
incorporated by reference, in particular at page 2, paragraph [0029] to page 3, paragraph
[0034]. In one preferred embodiment, the trans-clomiphene metabolite is 4-OH-trans-
clomiphene. In another preferred embodiment the patient is a human male with secondary
hypogonadism. v

[0044] In another embodiment, a method for preventing the transition from metabolic
syndréme to type 2 diabetes is provided comprising administering an effective amount of a
trans-clomiphene metabolite or salt thereof (or pharmaceutical composition comprising same)
to a human male with secondary hypogonadism. The use of trans-clomiphene for preventing
the transition from metabolic syndrome to type 2 diabetes mellitus in such a patient
population is described in US Patent Application Publication No. 2009/0099265, the entire
content of which is-hereby incorporated by reference, in particular at page 3, paragraph
[0040]. Ina préferred embodiment, the trans-clomiphene metabolite is 4-OH-trans- -
clomiphene.

[0045] In yet another embodiment, a method for reducing fasting blood glucose levels is
provided comprising administering an effective amount of a trans-clomiphene metabolite or

salt thereof (or pharmaceutical composition comprising same) to a human male with
9
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secondary hypogonadism. The use of trans-clomiphene for reducing fasting blood glucose
levels in such a patient population is described at paragraph [0041] of US Patent Application
Publication No. 2009/0099265. In a preferred embodiment, the trans-clomiphene metabolite
is 4-OH-trans-clomiphene.

[0046] In yet another embodiment, a method for treating type 2 diabetes mellitus is provided
comprising administering an effective amount of a trans-clomiphene metabolite or salt
thereof (or pharmaceutical composition comprising same) to a human male with secondary
hypogonadism. The use of trans-clomiphene for treating type 2 diabetes mellitus in such a
patient population is described at paragraph [0042] of US Patent Application Publication No.
2009/0099265. In a preferred embodiment, the trans-clomiphene metabolite is 4-OH-trans-
clomiphene.

[0047] In another embodiment, a method for the treatment of female infertility is provided
comprising administering an effective amount of a trans-clomiphene metabolite or salt
thereof (or pharmaceutical composition comprising same) to a female in need of such
treatment. Preferably the trans-clomiphene metabolite is administered as a daily dose in the
early follicular phase of the menstrual cycle for five consecutive days. For example, an
administration schedule could involve administration on days 5 to 9 or on days 3 to-7 of the
menstrual cycle. Preferably the patient is an anovulatory female.

[0048] In another embodiment, a method for the treatment and/or prevention of breast cancer
is provided comprising administering an effective amount of a trans-clomiphene metabolite
or salt thereof (or pharmaceutical composition comprising same) to a female in need of such
treatment. According to this embodiment, the trans-clomiphene metabolite may be
administered to a female at increased risk for developing breast cancer in order to prevent the
development of breast cancer. Alternatively, the trans-clomiphene metabolite may be
administered to a female with breast cancer in order to treat the breast cancer. The trans-
clomiphene metabolite may also be administered as an adjuvant therapy following initial
treatment with surgery in order to minimize the possibility of relapse. Preferably when
administered as an adjuvant, the trans-clomiphene is administered for a period of about 5
years.

[0049] In another embodiment, a method for the treatment of endometrial (or uterine) cancer
is provided comprising administering an effective amount of a trans-clomiphene metabolite
or salt thereof (or pharmaceutical composition comprising same) to a female in need of such

treatment.

10



RT mz Transformation Human Cyno. nonkey Beagl e dog SD Rat C26H28C1NO
(AndroxalQ) 27.6 406 None 4297.8 3166.4 6227.3 3166.8 C27H31NOG3 22.5 418
Met hyl at iwe 2613220y dr oxyl ati on + Dechl orination + H 18. PCT8IS3012849G51
C26H30NCBC1 22.7 440 Reduction + 2x Hydroxylation 56.1 43.3 117.3 -
C26H28NO3CL 23.5

[0050] In yet another embodiment, a method for the treatment of ovarian cancer is provided
comprising administering an effective amount of a trans-clomiphene metabolite or salt
thereof (or pharmaceutical composition comprising same) to a female in need of such
treatment.

[0051] In various embodiments, the invention provides intermittent dosing procedures useful
in the treatment methods described herein.

[0052] By “intermittent administration” it is meant a period of administration of a
therapeutically effective dose of a trans-clomiphene metabolite, followed by a time period of
discontinuance, which is then followed by another period of administration of a
therapeutically effective dose, and so forth.

[0053] The administration period of the therapeutically effective dose may comprise
continuous dosing, as for example with a sustained-release formulation, or may comprise
daily, weekly, monthly, or therebetween, dosing, as for example, with one, two or more
tablets per day, so long as the dosing interval during the administration period is less than the
discontinuance period.

[0054] The preferred length of the discontinuance period depends on the concentration and
frequency of administration of the effective dose during the administration period and in any
case should be chosen such that the desired therapeutic effect is achieved during the treatment
period. For example, where the trans-clomiphene metabolite or salt thereof (or
pharmaceutical composition comprising same) is administered to elevate testosterone levels,
the discontinuance period should be terminated before testosterone levels fall below about
300 ng/DL.

[0055] Pharmaceutical compositions according to the present invention may comprise or
consist essentially of a frans-clomiphene metabolite of the invention at a dosage between
about one mg to about 200 mg (although the determination of optimal dosages is with the
level of ordinary skill in the a‘rt). The composition may comprise a trans-clomiphene
metabolite of the invention at a dosage of about 1 mg, 2 mg, 3, mg, 4 mg, 5 mg, 10 mg, 15
mg, 20 mg, 25 mg, 30 mg, 35 mg, 40 mg, 45 mg, 50 mg, 55 mg, 60 mg, 65 mg, 70 mg, 75
mg, 80 mg, 85 mg, 90 mg, 95 mg, 100 mg, 110 mg, 120 mg, 130 mg, 140 mg, 150 mg, 160
mg, 170 mg, 180 mg, 190 mg, 200 mg or there between.

[0056] Pharmaceutical compositions may comprise 100% w/w of a trans-clomiphene
metabolite or may additionally comprise other active agents useful in achieving the desired

therapeutic effect. Where the pharmaceutical composition comprises 100% w/w of a trans-
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clomiphene metabolite, one or more additional active agents may be separately co-
administered sequentially or simultaneously to achieve a desired therapeutic effect.

[0057] Dosages are preferably (but not necessarily) administered as part of a dosage regimen
designed to give rise to serum testosterone levels that mimic or correspond to the normal
secretary total serum testosterone profile described in FIG. 1 during the period of
administration and preferably during the period of discontinuance as well. For example,
according to FIG. 1 a dosage of the preferred composition may be administered in a
pharmaceutical formulation that would give rise to peak serum testosterone levels at around 8
a.m. Such pharmaceutical formulations may be in the form of sustained release formulations
prepared as described for example in U.S. Patent No. 6,221,399, Japanese patent 4-3 12522,
Meshali et al, Int. J. Phar. 89:177-181 (1993), Kharenko et al, Intern. Symp. Control Rel.
Bioact. Mater. 22:232-233 (1995), WO 95/35093, Dangprasit ef al., Drug. Devel. and Incl.
Pharm. 21 (20):2323-2337 (1995); U.S. Patent Nos. 6,143,353, 6,190,591, 6,096,338,
6,129,933, 6,126,969, 6,248,363 and other sustained release formulations well known in the
art.

[0058] The terms “treat” or “treatment” as used in the instant application, refer to both
‘therapeutic treatment and prophylactic or preventative measures, wherein the object isto
prevent or slow down (lessen) an undesired physiological or psychological change or
disorder, such as symptdms associated with secondary hypogonadism. For purposes of the
present invention, beneficial or desired clinical results include, but are not limited to,
alleviation of symptoms, diminishment of extent of disease, stabilized (i.e., not worsening)
state of disease, delay or slowing of disease progression, amelioration or palliation of the
disease state and remission (whether partial or total), whether detectable or undetectable.
“Treatment” can also mean prolonging survival as compared to éxpected survival if not
receiving treatment. Individuals in need of treatment include those already with the condition
or disorder as well as those prone to develop the condition or disorder or those in whom the
condition or disorder is to be prevented.

[0059] Suitable pharmaceutical compositions or unit dosage forms may be in the form of
solids, such as tablets or filled capsules or liquids such as solutions, suspensions, emulsions,
elixirs or capsules filled with the same, all for oral use. The compositions may also be in the
form of sterile injectable solutions or emulsions for parenteral (including subcutaneous) use.
The compositions may also be formulated for topical administration. For example, the
composition may be formulated as a lotion, cream, ointment, gel, foam, or transdermal patch.

In one preferred embodiment, the composition is formulated as a gel (e.g. an aqueous
12
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alcoholic gel) for transdermal administration (e.g. to the scrotum). Such pharmaceutical
compositions and unit dosage forms thereof may comprise ingredients in conventional
proportions.

[0060] Although oral administration is the preferred route, compositions according to the
present invention may be administered by any route of administration including, but not
limited to, intravenous, subcutaneous, buccal, transmucosal, intrathecal, intradermal,
intracisternal, intramuscular, transdermal, intraperitoneal, epidural, vaginal, rectal, intranasal,
sublingual, intra-articular, intra-cerebrospinal and intrasynovial. After administration of the
composition, serum testosterone levels may be measured as described above and dosages
may be altered to achieve a sufficient increase in the serum testosterone levels to achieve the
desired physiological results associated with normal testosterone described above. |

[0061] Compositions of the present invention may also be administered in fast-release
formulations, slow-release formulations or mixtures of fast-release and slow-release
formulations such as a multi-layer tablet comprising at least one fast-release layer and at least
one slow-release layer.

[0062] All of the references discussed herein are incorpbrated by reference in their entirety.
[0063] The following Examples are meant to be illustrative of the invention and are not

intended to limit the scope of the invention as set out is the appended claims.

EXAMPLE 1

In vitro Metabolite Profile of Androxal® (trans-clomiphene)

[0064] A study was conducted to determine the metabolic profile of Androxal® in
cryopreserved hepatocytes from Sprague-Dawley rat, Beagle dog, cynomolgus monkey, and
human. The liver is the main site of drug metabolism and the full complement of hepatic
drug metabolizing enzymes (including liver enzymes of the CYP P450 family) are
maintained within the intact cell. Isolated liver hepatocytes constitute a physiologically
relevant experimental model for the evaluation of liver-related drug properties such as
metabolism. Cyropreservation of the hepatocytes greatly enhances their availability for
studies.

[0065] Primary hepatocytes isolated from several donors for each animal species and five
human donors were pooled according to species and cryopreserved. The hepatocytes were
thawed, subjected to Percoll density gradient centrifugation to remove debris and counted to

determine yield. Viability was measured using Trypan blue exclusion. The hepatocytes were
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diluted with CYP assay buffer (Krebs-Hensleit Buffer) to prepare a 2X cell suspension of 2.0
x 10° viable cells/ml. Aliquots of the 2X hepatocyte suspension (0.5 ml containing 1.0 x 10°
cells) were transferred to appropriate wells for a final 1X cell density of 1.0 x 10 cells/well.
All incubations were conducted at 37 + 1° C, 95% air/5% CO», and saturating humidity in
12-well uncoated culture plates. Aliquots of 2X Androxal® dosing solutions (0.5 ml
containing 6 and 60 pM Androxal®) were added to each appropriate well for a total final
volume of 1 ml. The cultures were incubated for 1 and 4 hours. The sample size was N =2
replicates.
[0066] Matrix control samples were included as a source of background matrix components
to aid in metabolite identification. Equal volumes of 2X hepatocyte suspension and CYP
assay buffer without Androxal® were combined and incubated for 4 hours.
[0067] Chemical degradation control samples were included to evaluate the possibility of
chemical degradation of Androxal® in the absence of cells. Equal volumes of 2X Androxal®
dosing solution (6 and 60 uM) and CYP buffer were combined and incubated for 1 and 4
hours.
[0068]' Metabolic positive control samples were included to evaluate the metabolic capacity
of the cryopreserved hepatocytes from each spécies. Equal volumes of 2X 7-

" Ethoxycoumarin dosing solutions (150 uM) and 2X hepatocyte suspension were combined
and incubated for 1 and 4 hours.
[0069] The incubations were terminated as follows: Metabolic positive control incubations
were terminated by adding an equal volume of methanol. "All other incubations were
terminated by placing the plates on ice. The contents of each well were mixed thoroughly

- and divided into five cryoviéls‘ An equal volume of organic solvent was added to one
cryovial. The samples were either immediately analyzed or stored in cryovials at -70° + 10 C
until analysis.
[0070] All samples were analyzed by reverse-phase HPLC. A UV profile of the samples was
obtained followed by liquid chromatography-mass spectrometry (LC/MS) analysis using a
Micromass® Q-Tof-2 mass spectrometer capable of conducting accurate mass measurement.
Preliminary metabolite identification was aided by the use of Metabolynx® software.
[0071] The metabolic capacity of the hepatocytes frorﬁ each species was evaluated by
measuring the formation of 7-hydroxycoumarin and its conjugated derivates, 7- |
hydroxycoumarin glucuronide and 7-hydroxycoumarin sulfate in the metabolic positive

control samples using a validated HPLC bioanalytical method. The cryopreserved
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hepatocytes used in the study were considered to be metabolically active and the incubations
acceptable.

[0072] The relative amounts of Androxal and its metabolites after 1 and 4 hour incubations
are reported below at Tables 1-4.

[0073] Four major Androxal® metabolites (C26H30NO3Cl (M3), C26H28NO2CI] (M14),
C27H30NO3CI1 (M15) and C24H24NOCI (M22); see Tables 1-4 below) were observed in
incubations with human hepatocytes, with hydroxylation, dealkylation and dehydrogenation
as the major observed metabolic transformations. Metabolites C24H24NO2Cl,
C26H28NO2CI, C27H30NO3Cl and C24H24NOCI were also observed in incubations with
rat, dog and monkey hepatocytes. C26H30NO3CI was observed in the monkey and dog
hepatocyte incubations with the 30 mM Androxal® dose. At the low dose of Androxal®,
consistent with blood levels found in clinical trials (3 uM), hydroxylated metabolites
predominate (see Tables 3 and 4 below). It was determined that 85% and 91% of all
recovered metabolites were hydroxylated compounds at 1 and 4 hours respectively at the low
dose (e.g. C26H28NO2CI). At the higher dose of Androxal® (30 uM) de-ethylation becomes
important and about half of all metabolites recovered were deethylated (2X demethylated)
compounds (e.g. C24H24NOCI). Without being bound by theory, it is believed that CYP3A4
may have a higher binding constant/lower affinity for trans-clomiphene. Alternatively,
higher concentrations of trans-clomiphene may overwhelm the CYP 2D6 system capacity in
these hepatocytes. CYP 2D6 is largely responsible for hydroxylation and de-ethylation is
accomplished largely through CYP 3A4. This data suggests that the primary active
metabolites of trans-clomiphene are 4-OH-trans-clomiphene, produced by the action of CYP
2D6 and N-desethyl-trans-clomiphene, produced by the action of CYP 3A4.

Therapeutic administration of these metabolites is expected to ameliorate the disorders
described herein while reducing side effects which accompany administration of trans-
clomiphene resulting from the individual actions of trans-clomiphene and its metabolite -

components shown below.
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Reduction + 2x Hydroxylation 49.3 - - C26H28NO3Cl1 23.5 438 2x
Hydroxylation - - 27.9 - C24H24NO2C1 24.7 394 Hydroxyl + Deethylation 29.4
- 14.3 CroHEBMNRAELI 25.0 422 Hydroxyl ation 247.0 43.4 108TAIS2W2D49451
C27H30NGBC1 25.1 452 Methyl ation + 2x Hydroxyl ation 148. 4

Table 1: Metabolite Profile of Incubations Containing 30 pM Androxal® for 4 hours

Cmpd RT m/z | Transformation | Human | Cyno. Beagle | SD
monkey | dog Rat
C26H28CINO | 27.6 406 | None 4012.5 |2828.5 |4989.3 |3123.3
(Androxal®)
C26H29NO4 17.7 420 | Dechlorination + | - - - 130.2
H+
Hydroxylation +
2x
Hydroxylation
C27H31NO3 22.5 418 | Methylation +2x | 20.3 26.6 - 438.2

Hydroxylation +
Dechlorination +
H

C26H30NO3Cl |22.7 440 | Reduction + 2x 125.9 64.7 65.9 -

Hydroxylation

C32H36NO8CI | 22.8 598 | Gluc + - - 16.6 29.5
Hydroxylation

C26H30NO3Cl {2295 |440 | Reduction _2x - - 43.7 -
Hydroxylation '

C27H30NO3CI | 22.9 452 | Methylation +2x | - - - 15.8
Hydroxylation

C32H36NO8CI | 23.1 598 | Gluc + 22.4 18.1 - 30.8
Hydroxylation ,

C26H28NO3Cl |23.5 438 | 2x - - 86.2 117.1
Hydroxylation

C36H43N407S | 23.5 711 | S-Glutathione - - - 159

Cl ’ conjugation

C26H30NO3Cl |24.0 440 | Reduction+2x | 66.8 53.1 - -
Hydroxylation

C36H43N407S | 24.2 711 | S-Glutathione - - - 13.6
Cl conjugation
C27H31NO3 243 418 | Methylation +2x | 28 37.5 - 530.7

Hydroxylation +
Dechlorination +
H

C24H24NO2CI | 24.7 394 | Hydroxyl + - 335.6 113.1 | 188.9
Deethylation '
C26H28NO2Cl |25.0 422 | Hydroxylation 7474 | 7244 1999.3 | 1432.8
C27H30NO3Cl | 25.1 452 | Methylation +2x | 140.7 | 93.9 310.1 ]905.3

Hydroxylation
C27H30NO6CI | 25.5 532 | Methylation +2x | - - 152.8 |-
S Hydroxyl + :
Sulfate conj.
C26H28NO3CI | 25.5 438 | 2x - - 82.4 70.7

Hydroxylation
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41.5 256.1 134.5 C27H30NG3Cl 25.5 452 Methyl ati on + 2x Hydroxyl ation -
C27H3ONOBCLS 25.5 532 Methyl ation + 2x Hydr oxyl
- C4H24N9C1R20BM2801378 2x Denet hyl ati on (Deet hyl ati on) 4BCA/UGS208/089451
Abbr evi ati ons:
mass/ char ge

mz,

RT,

I AM Androxal O for 1

retention tinme; Cyno.,

Tabl e 4- Metabolite Profil e of

cynonol gus;

+ Sul fate conj.

15.
27.

SD, Sprague-Daw ey;

Hour Cnpd RT :
Cmpd RT m/z | Transformation | Human | Cyno. Beagle | SD
monkey | dog Rat
C26H28NO7CI | 25.6 502 |3x2x 68.0 44.8 64.2 -
Hydroxylation
C26H28NO2CI | 25.8 422 | Hydroxylation 53.9 63.2 30.5 -
C27H30NO3CI | 25.9 452 | Methylation + 2x | 24.7 10.3 - 97.4
Hydroxylation
C24H24NOC1 | 27.5 - |378 |2x 1262.4 |2175.0 |723.5 |673.8
Demethylation
(Deethylation)
C26H28NO2CI | 28.0 422 | Hydroxylation - - - 174.6
C24H24NO2C1 |29.06 |394 | Hydroxyl+ - 59.1 - -
Deethylation
Abbreviations: RT, retention time; Cyno., cynomolgus; SD, Sprague-Dawley; m/z,
mass/charge
Table 2 — Metabolite Profile of Incubations Containing 30 mM Androxal® for 1 hour
Cmpd RT m/z | Transformation | Human | Cyno. Beagle | SD
monkey | dog Rat
C26H28CINO 27.6 | 406 | None 4297.8 |3166.4 |6227.3 |3166.8
(Androxal®) '
C27H31INO3 22.5 | 418 | Methylation + 18.1 19.3 - 346.1
, . 2x
Hydroxylation +
Dechlorination +
: H
C26H30NO3Cl 22.7 | 440 | Reduction +2x | 56.1 433 1173 |-
_ : Hydroxylation
C26H28NO3Cl 235 438 | - - 70.0 39.8
Hydroxylation
C26H30NO3CI 24.0 | 440 | Reduction+2x |32.9 449 - -
Hydroxylation ,
C27H31NO3 243 | 418 | Methylation + 30.0 28.9 - 420.3
2x
Hydroxylation +
Dechlorination +
H
C24H24NO2CI 24.7 | 394 | Hydroxyl + 22.0 54.0 36.7 45.2
Deethylation
C26H28NO2CI 25.0 | 422 | Hydroxylation | 538.8 455.5 1535.2 | 992.7
C27H30NO3CI 25.1 452 | Methylation + 36.4 22.6 199.7 | 445.8
2x
Hydroxylation
C27H30NOG6CIS | 25.5 532 | Methylation + - - 249 -
2x Hydroxyl +
Sulfate conj.
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m z Transformati on Human Cyno. nonkey Beagl e dog SD Rat C26H28CLNO
(Androxal0) 27.6 406 None 625.8 279.1 148.9 240.0 C26H29N04 17.7 420
Dechl or i maioi2ers/02047+ Hydr oxyl ati on + 2x Hydr oxyl ati on - PCTAUS3@2/P493217 H31NO3

22.5 418 Methyl ation + 2x Hydroxyl ation + Dechlorination + H- - - 24.2
C26H30NGC3C1
Cmpd RT m/z | Transformation | Human | Cyno. Beagle | SD
monkey | dog Rat
C26H28NO3Cl 25.5 | 438 |2x - - 1022 | 16.2
Hydroxylation
C26H28NO7Cl 256 502 |3x2x - - 20.8 -

Hydroxylation
C26H28NO2CI 25.8 | 422 | Hydroxylation 25.4 27.9 - -
C27H30NO3CI 259 | 452 | Methylation + - - - 41.7
2x

Hydroxylation
C24H24NOCI 275 378 |2x 699.8 1029.8 | - 336.6
Demethylation
(Deethylation)
C24H24N0O2C] 29.06 | 394 | Hydroxyl + - 10.5 - -
Deethylation '

Abbreviations: RT, retention time; Cyno., cynomolgus; SD, Sprague-Dawley; m/z,
mass/charge

Table 3 — Metabolite Profile of Incubations Containing 3 uM Androxal® for 4 hours

Cmpd RT m/z | Transformation | Human | Cyno. Beagle | SD

- monkey | dog Rat
C26H28CINO 27.6 | 406 | None 285.4 84.2 103.2 182.5
(Androxal®)

C26H30NO3Cl 22.7 | 440 | Reduction+2x |493 - - -
Hydroxylation

C26H28NO3Cl 235 438 | 2x - - 27.9 -
: Hydroxylation
C24H24N0O2CI 24.7 | 394 | Hydroxyl+ 294 - 14.3 -
Deethylation
C26H28NO2Cl 25.0 | 422 | Hydroxylation 247.0 434 1034 | 31.1
C27H30NO3Cl 25.1 | 452 | Methylation + 148.4 415 = | 256.1 134.5
2x
Hydroxylation
C27H30NO3Cl 25.5 | 452 | Methylation + - 15.7 - -
‘ 2x
Hydroxylation
C27H30NO6CIS | 25.5 | 532 | Methylation + - - 27.5 -

2x Hydroxyl +
Sulfate conj.

C24H24NOCI 275 378 |2x 43.4 - 18.6 -
Demethylation
(Deethylation)

Abbreviations: RT, retention time; Cyno., cynomolgus; SD, Sprague—Dawley; m/z,
mass/charge
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22.7 440 Reduction + 2x Hydroxylation 24.5 - - C26H28NO3Cl 23.5 438 2x
Hydroxylation - - 52.5 - C27H31NC3 24.3 418 Methyl ation + 2x Hydroxyl ati on
+ Dechl orwoapnisgmoea7H - - 27.1 C24H24NO2Cl1 24.7 394 Hydroxyus2e2Demshyl ati on
- 13.6 12.2 C26H28NO2C1 25.0

Table 4 —~ Metabolite Profile of Incubations Containing 3 uM Androxal® for 1 Hour

Cmpd RT m/z | Transformation | Human | Cyno. Beagle | SD
monkey | dog Rat
C26H28CINO 27.6 | 406 | None 625.8 279.1 148.9 |240.0
(Androxal®) -
C26H29NO4 17.7 | 420 | Dechlorination + | - - - 36.7
H+
Hydroxylation +
2x
Hydroxylation
C27H31NO3 22.5 | 418 | Methylation + - - - 24.2
2X

Hydroxylation +
Dechlorination +
H

C26H30NO3CI 22.7 | 440 | Reduction+2x |24.5 - - -
Hydroxylation

C26H28NO3CI 235 438 |2x - - 52.5 -
Hydroxylation

C27H31INO3 243 | 418 | Methylation + - - - 27.1
2x

Hydroxylation +
Dechlorination +
H

C24H24NO2Cl 24.7 | 394 | Hydroxyl + - 13.6 12.2
Deethylation
C26H28NO2CI 25.0 | 422 | Hydroxylation 240.3 2394 218.8 | 100.9
C27H30NO3Cl1 25.1 452 | Methylation + 349 107.4 2329 | 2558
2x

Hydroxylation
C27H30NO3CI 254 | 452 | Methylation + - 12.2 - -
2x

Hydroxylation
C27H30NO3CI 25.9 | 452 | Methylation -+ - - - 16.2
2x

Hydroxylation
C24H24NOCI 275 |378 |2x 48.3 223 25.9 -
" | Demethylation
(Deethylation)

Abbreviations: RT, retention time; Cyno., cynomolgus; SD, Sprague-Dawley; m/z,
mass/charge :

19



422 Hydroxyl ation 240.3 239.4 218.8 100.9 C27H30NGBCl 25.1 452 Methyl ation
+ 2x Hydroxylation 34.9 107.4 232.9 255.8 C27H30NGBC1 25.4 452 Methyl ation

+ 2X Hydrweepbswaem7- 12.2 - - C27H30NGBCL 25.9 452 Met hpCatiser2/649Rx1
Hydroxyl ation - - 16.2 C24H24NOCl 27.5
CLAIMS
1. A substantially pure compound having a chemical formula selected from the

group consisting of: C26H30NO3CI, C26H28NO2Cl, C27H30NO3Cl,and C24H24NOCI, or

a pharmaceutically acceptable salt thereof.

2. A substantially pure compound according to claim 1 having a structural

OH

HaC

“BC\)N\/\O O . ]

formula selected from the group consisting of: ;

. 0
HacW O S e o
Hac\/N\/\o O H3C\J\j\/\ O
o
HO O :

or a pharmaceutically acceptable salt thereof.

3. A pharmaceutical composition comprising one or more compounds according

to claim 2 and a pharmaceutically acceptable carrier.
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378 2x Denethyl ation (Deethylation) 48.3 22.3 25.9 - Abbreviations: RT,
retention tinme; Cyno., cynonolgus; SD, Sprague-Dawl ey; m z, nass/charge
CLAI M5 WO 2013102047subst anti al | y pure conpound havi ng aPCharse@alo4446r mul a
selected fromthe group consisting of: C26H30NO3Cl, C26H28NO2C1,
C27H30NGBC1, and C24H24NOC1, or a pharmaceutically acceptable salt thereof.
2. A substantially pure conpound according to claim1 having a structural
C]r;I formul a Se::l.lf!Cte/dnfefmmf(}}r’rtfta@ilig)ﬂworﬂ@nyﬂiyﬁ&g'ong:liﬂﬁ or a disord¢d3Bekdated or a
pharmaceutically acceptaple.salt thereof. 3. A.pharnmaceutical canposition
oD o1 5O ibp PRORETEB TS BERAl P RS e e peaen an

phar macegtitGab hModf et pRArfabariitd @bmposion 2P 4BIP20017PCT/ US2012/ 049451

4. A nmethod for treating secondary hypogonadi sm or a di sorder associ ated

therewith in a hungn nmal e patient in.need th f orisi O tori
to the pati eng' anr@fef%%]mfgccif:’fﬁgmﬁe n ﬁ&orﬁ?\‘%;tﬁ’aésea[fﬁ)‘n‘gt%}eagﬂgggﬁgﬂlg.hsOfe ring

claim 3. 5. The nethod of claim4 wherein the conposition is
admi ni st er ed 6.nt erThetrhelindd of claim 5 wherefn thd henpaitivods afiniciktatethtbthedhaiesi n t he

conposi t|08&66§3_§8r&1ayn{n§etwearl‘ed to the patient once per 3-30 day interval.

7. The method of claim 6 wherein a serum testosterone level of at least 300

ng/DL is maintained during said interval.

8. The method of claim 4 wherein the disorder associated with secondary
hypogonadism is selected from reduction of muscle mass, reduction of bone density,

reduction of libido, oligospermia, and azoospermia.

9. A method for treating infertility in a human female, comprising administering

to the female an effective amount of the pharmaceutical composition of claim 3.

10.  The method of claim 9 wherein the composition is administered to the female

as a daily dose for a period of five consecutive days.
11. The method of ¢laim 9 wherein the female is anovulatory.

12.  The method of claim 9 wherein the composition is administered during the

early follicular phase of the menstrual cycle.

13.  The method of claim 10 wherein the administration period of five consecutive

days begins on the second to fifth day after the onset of spontaneous or induced menstruation

14. A method for preventing the transition from metabolic syndrome to type 2
diabetes in a human male comprising administering to a human male with metabolic

syndrome an effective amount of the composition of claim 3.

15. A method for reducing fasting blood glucose levels in a human male
comprising administering to a male in need thereof an effective amount of the composition of

claim 3.
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7. The method of claim6 wherein a serumtestosterone |evel of at |east 300
ng/ DL i s maintai ned during said interval. 8. The nmethod of claim4
wher ei n twe 2dixoder associ ated with secondary hypogonadC3misee20¢448ct ed
fromreduction of nuscle mass, reduction of bone density, reduction of

l'i bido, oligosperm a, and azoosperm a. 9. A nethod for treating
infertility in a human female, conprising admnistering to the fermale an

effective anoynt oA n{eh@)dﬁm;daﬁ&%%é,@aiaba@srm%hﬁqhma@fco@ba;m 3. 10.
The nethod of claim9 wherein the conposition _is admnistered to the fenale

as a dai Rgmineswingde thy hpwan sglegrithityRee? digbréwcneffodivaagpgunt of the compgsitiopy g

met hod of,rglLiglgn 9 wherein the female is anovul atory. 12. The met hod
of claim9 wherein the conposition is adm nistered during the early
follicular phase of the nenstrual cycle. e net.hod of claim10

) 13, T
wherein the aéﬁini%PFﬁFﬂéﬂWﬁﬁf?Bﬁ%@?%fVW@“&%%E@E@I%Vﬁaﬁﬁvgnﬁgﬁins on the
second t g fidfiddbindaya Adta®! withish RBR&led ik SRRIIGNBOUSaR CarlcBHAGE[cHRNST I uat i on
14. A nethod for preventing the transition from netabolic syndrone to type
2 di abet emopri of thegaaRosineol¢BHPAi si ng admini stering to a human male with
met abol i ¢ syndrone an effective anount of the conposition of claim3.

15. A nmethod f@r rRduiAGef AslihdiGeRd 08dergh HEOSE fefMRI ®mphsiag human mal e
conpr|3|ng adm nistering to a male in need thereof an ePfectlve amount of
ing

t he conpesinnigsiingfio g feaal with biggst oeay w2Hied!HeemeugRd s/ comgasion of 16. A
met hod fqy,;tkeating type 2 diabetes in a human nal e conpri sing
admnistering to the human male with type 2 di abetes an effective anount of
t he conposition of claim 3. . 17.ﬁﬁ nmet hod for preventjng breast
cancer in a hbfran f&iiod fgfRIHEFIHEMEERT HICEPSPS TG aécqféhzh“ W th an

I ncr easeqod 18 KorfirisHR\ahiitithalb @ dshal€ ANREd tharodif @febivanaimiTthof the
conposi tion of claim 3. 18. A nethod for treating breast cancer in a
human f esaimgositsypy cgimg. admi ni stering to a fermale with breast cancer an

ef fective anount of the conposition of claimS3. _ 19. A method for
treating endongt rifle cotpBlidd\& pRErmRY@licAR dcadpedle dall tierddl BROrdiBLRIMm
conprising admi nistering to a female in need thereof an effective anount of
the conpdsiherein thrsalijofihgicgmpound is a ciggfe sathe conpound or phar maceutical |y
acceptabl e salt thereof according to claim2, wherein the salt of the
conpound is ajgit regeosbolind or pharmaciticallFhRc iR thetdof plrardimaedaingal |y
acceptabl e salt thereof according to,claimOH H3C) 2, having the formula
22. The conpound or pharmaceutical |l yl acceptable salt thereof according to
cl aim

HaC

w O SO
Hsc\/N\/\o
(J

2, having the formula

22, The compound or pharmaceutically acceptable salt thereof according to claim

\ Cl
HC NH\/\ o

2, having the formula
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