1 APOGOSSYPOLONE DERI VATI VES AS ANTI CANCER AGENTS FI ELD OF THE DI SCLOSURE

[ 0001] The disclosure relates generally to Apogossypol one (APOX) and
derivati Wwe® 20h1eme375, and nore specifically, to the use @®CTARDGA 0arSdS
derivatives thereof, in treating cancer, autoi mmune di seases, and/or

i nfl ammati on. BACKGROUND OF THE DI SCLOSURE [ 0002] The apoptotic cascade in
cells is known to lead to cell death. \Wen anti-an%totic roteins, such as

BCL- 2 ( B- cel APOGRRSNEOILNERERPY ATINVES AS ANEX BPoduced by the

cells, uncontrollable cell growth nmay ensue, potentially leading to the
devel opnent of various serFiIEﬁ)é'@ﬁﬁqE ISCHL.6SURG S, and pat hol ogi es,
particularly cancer. Programmed cell - eastcﬁh?gpopt osis) plays a critical

role in the maintenance of normal tissue honeostasis, ensuring a proper
bal and@0M] cdihe dischasurstnclatesgedereldy to Apegossypelaet(4P0G2) hed degydtiks on of

progr cell death_.pr te tunm Is,. and al sg contribut.e

si gni ?H%ng%f[ fl@fi ?18TCCS,§’8$}§B%1§$§T£? ﬁlﬁ&l t?o%g.?@gﬂ%q%{}viﬂv&s gtfeﬁeso PR« al

regul ahfdes, MtoidPARe Asdetses QA oreximehaiic) of anti-apoptotic Bcl-2 famly
proteins occurs in many human cancers and | eukem as and therefore, these

proteins are very attractive targets for the devel opnent of novel

anti cancer agents. In %%ﬁ?@?&ﬂﬂ%@é?@f—&s ers of the Bel-2

famly have been identified and characterized thus far, including Bcl-2,
13c1- 1 = < PRy i
or ot ol T s e ABP R cREMcTa Tl BhoRp (YRANES St NI a4
and BipoteiantsuchpoBCotl B-aelt lymphoapdptienie-2Bnily praidihsy arer@tegiroducdd byer i ze
and negat e each ot ‘s functions. Structyral  studies have el ucidated a
hydr ophotsi e ‘8}"8%@23%1%“(“?%0?&}‘?3% &ye %ﬁ%ﬁ@pﬁé‘f?@&{% e ﬂ%‘p@%@_&}ﬁﬂ? Qfapr ot ei ns
that RaAgss defiBuddidchsed, MRObIER] b pARIBERS, PartRuBrRRIREG! Prodrafided cBRTDEr S.

t he domai'n of pro-apoptotiT proteins may

Thus, nolecules that mmnc _ _
i nduc aleatbdppaptosis) plays ecritibal aglatie thelaiatsnandeyof aprmpalttissugtopietstasisBe 1 - 2

protein i nhi bi:t . cancer .cell death. 03] tosi,S plays a role in
tissué n%“ér%{%oas‘frg’? ?rsb,ala%? Oli%eélcr% P%‘fcqﬁoﬂ apd, 8&%’9 i @P%g 'Sé%ﬁjeﬁgﬂg%téqn unwant ed
cel | s pesgramehet @¥ik EANPRIMES Burhdrgbsis, stef A8 onEeRe BigiifcadiietoBCL- 2 fam |y of
proteins are believed to _be involved in regulating of apoptosis.

Speci fhempIesistapesHiels? familysotsins ame ¢ratral regwiatops efapontosist &verskpression
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bel i eved to al | ow bi.ndi ng of the BH3 d in.of the pro-apoptotic

count @R+ 0 Bmansygiy ant; P?rgow_rﬂegéraog efpcdy? SRl heve hegpgprigisdgand

regul @hi@Bteribddl thad tar AhALIRBBAD! BISK] WIvR], BH-PLBLINY £ABISY SVRMbERGR Ot hers
function through dimerization. Various potential BCL-2 antagonists have
been theBéladifinylyi pteteinsfalsednelnde piordpioptaticafifettosyrmph o Bak,Bax, BadBinsuch as

the BCL-2.fanm]. r.ot.ei ns. However e qgf these.conpounds inhibjt all six

ot o Bid, “RnlihaRie0hS sl ool DOR0Ge B Ml pllSRS HRGTPR G Pesdl SR Bt Xt

BCL- 2 ot -fiMctideh.- Struddintat dudis®Bavdiucldat&Ps hﬁﬁf@}?ﬂUbﬁ‘o cr8Pia€ of ftlhet Ueraps §i ously
e

identified synthetic BCL-2 antagonists were e ctive in inhibiting the

pr ot eidftippeptotic Bal-3 mily pioteintibaichinds the BrBndimgointtirngomain efiprosapoptofized by

ot her fQEMﬁ i o} i SSUes. 004] 1t has
been prev ouglﬁ%}rsé ﬁ%&nlgf I?‘ﬁlg{“ﬁ? %tgg{nrgﬁﬁi;céﬁg%ﬁgd{lﬁ)gfa%%s%?b%ﬁpé%?ﬁ \L/\(ﬁ%e%% ?’gur es 1
and 2 induee aporitodis imd/arabodgaRGhe 2biliBChE ti-gpoptdiciBcl-2 pro@idsuo eihikincanaer a BH3
mm c. ];-éaﬁ(‘ﬁssy-pol is currently in phase Il clinical trails, displaying

si ngl &° & ~antitunor activity in patients with advanced mal i gnanci es.

G ven that Gossypol has toxicity problens |ikely due to it's two reactive
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i n vi removahaf hpwarded ecllsThising e vedeuyerd aud irohast de¢fgnsermevhesismf TBeBGpAl and

Apogo | chave been €0 red. Precglinical. in.vivo data s t hat
Apogod o pr HRLSARS Br QR R By GhGT ph abBtine BLIRFRFS SRR o Gossypol
as welnensterdeft the BCIi-D gk A8l dahact B eaibit ptdgearkinad 26ll @84s (é.%?BCL%' udi ng,
superior bl ood caoncentrations over tinme conpared to Gossypol, due to slower
cl ear &ideXLrandssedtR) or pranale sell deatly (e-anBae fﬁgﬁa@%delﬁﬁba?ﬂd)o Rrepurgivebpoi somer s
of Apogossypol one was acconplished, in which it was shown that racemc
Apogossypol one is as effective as its individual isonmers. Further, the
synt hesi s and eval uati on of several 5, 5 alkyl, ketone and am de
substituted Apogossypol one derivatives, as well as the preparation of the
optically pure conmpound, which had inproved in vitro and in vivo efficacy,
was reported. These observations indicate that Apogossypol and its
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[ 0006] Thus, in view of these considerations, there remains a need in the
art for inproved antagoni sts of anti-apoptotic proteins including the BCL-2
fam ly. SubNBRY04@€75THE DI SCLOSURE [ 0007] Over expr essi on @CTAIséroapsps ot i c
Bcl-2 famly proteins is commonly related with tunor nai ntenance,
progression, and chenoresi stance. Inhtbition of these anti-apoptotic
proteins is an attractive approach for cancer therapy. Apogossypol and its

der i vanewbers b tas vy suchs BClarfi cansain on thgyawfage, fadyydrapdiobicagnpdvet y t o

i nduc -i i Jmhi bk ki i toti -2 fam| ot ei ns.
The. on HaR Resassetio bbb 8L eIt o 2R T sBo B8 SavBHe\ Ah8H “has
been slﬁg&iflg ﬂsd?eﬂieval 0 ;ﬁam’efcﬂ)é gtdpeﬁmisire%naegl, pr fapeyrb! &8l dnti-geVilvalcul t ures and
m ce nodels o ogossypol , but has reduced anti-Bcl-2 activity in vitro.
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5 5Ubﬂaigbﬁfs%%a%@ﬁ%z;%ﬁ%ﬁ??de%ﬁé%ﬁ'{a;ti Bt o) ﬁ%ﬂaﬁ%ﬁg, d@gg 2P act ive

ant agoni sts of anti-dpoptotic Bcl- y prote lred with
bi ndi BCh&tfamly proteink.e Howwver, nomnaf] thesetcompamadydihkibit mHsiepro®inssin thdhe present

ror oviL Bty £ it e sfraae Beliong BOESe BBbed Bty Bk aspect
the dig@MEUrE FirQxh@pR, AAERTHRCS DRI ddneHeY kinthétic BCL%?%@%@&;AS%H o

pharmaceutically acceptable salt, hydrate, or solvate th
[ 0010]Were eHfe¢tivgdp éndlifing (herpraicogBRL- 1h dh eddition.ghe existing antagonisysare, hydr oxyl ,

cyor ot RFEiks W BRLeh NS, Gt task Sl By 108" ko

substituted or unsubstituted al kynyl, substituted or =substituted al koxy,
subst i[00@4d dt haischpréviasBoshbemnahaiahd athral fodatttGEsehbody showsWaSiirus ed

heterocyclic¢, subsituted or_unsubstituted aryl, subsituted or unsubstituted
aryl alk3nd 2. 3 49% a%“@HOgBC&n?sMt'ﬁ@?éé/[(ﬁ%ﬂeﬁ%@ﬁw@%ﬁﬁﬂ% admiy.
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cycl oal kyl, fﬁgfluoroalkth Substitute unsubst enyl,
subst iif geltsd e afifieags andl taxieity ialnkipe of Gossybet andAregossypalsavb $eén ut ed

het L] bstjtuted h | i bstitut ed
s ubabipbted PART bbbyl BEVD et b eyHE] BRtelpy pifend SRR ur ed o
unsubsbxitity esnpat®io@osshpolsastll hbRr Sihglédd phirkiat SdndtR! MaRRfeYishitsY! ;

[0012] R3 and R4 are _each independently hydrogen, substituted or
unsu bé’cl‘le‘éiPécFuBPWI blood concentrations over time compared to Gossypol, due to slower

clearance. Recently, the separation and characterization of atropoisomers of Apogossypolone
was accomplished, in which it was shown that racemic Apogossypolone is as effective as its
individual isomers. Further, the synthesis and evaluation of several 5, 5 alkyl, ketone and
amide substituted Apogossypolone derivatives, as well as the preparation of the optically
pure compound, which had improved ix vifro and in vivo efficacy, was reported. These
observations indicate that Apogossypol and its deriviatives, may be promising lead

compounds for cancer therapy.

[0005] BCL-2 family members are also believed to be involved in inflammatory disorders.
For example, BCL-2 family members have been shown to play roles in neutrophil apoptosis
and inflammatory accumulation. In several inflammatory diseases, the delay of neutrophil

apoptosis is associated with reduced levels of the pro—époptotic BCL-2 family member BAX.



substituted or unsubstituted cycl oal kyl, perfluoroal kyl, substituted or
unsubstituted al kenyl, substituted or unsubstituted al kynyl, substituted or
unsubst i twoab1meszsoal kyl , substi tut ed or unsubstit ut ed PREUSR@OWEISHE,
substituted or unsubstituted aryl, bstltuted or unsubstituted aryl al kyl,
substituted or unsubstituted heteroa substituted or unsubstituted

het eroaryl al kyl, or R3 and R4, g(ﬁether with the Natomto which they are
at t ac Hews alse bremsthes thetessingphilsriselaied ifom ehildreny with equse pethmehavedsst i tuted or

unsu bﬁfcte%ag%{e&ﬁ LOh QR an{u-aZ) é&?% ﬁ%(ﬁgm 1.5d qgﬂtlhyer%e\‘fg é)xg?eizrﬁad

substit unsubstit sub |tﬂ unsu
cycl osfithyekpirgery flawratal BEL-2 ﬁmin&t proteieschre alsol agobﬁtddtwiﬂedrdhmkﬂnyéase.

subst ed or.unsubstit , Substituted or upbsti t.ut ed
het er §§B{<Wre§msl§ peRuaty @Pgﬁﬁuﬁﬁmﬁﬁw KdRgEBed & T@eﬁwa@fthftﬁ%d or

uns ubgfei hitrathréprid f’roxﬁ:j)‘aﬁéﬂtE Wit €rBhnY %sua%t 'Tth}kts‘?SWgrtﬂa{tg{IEa\fﬁm Qbéepl tuted or
unsubstituted heteroaryl, substitute I msubstitute etero al kyl ;

[ 00 14]91RV1V91 ibpt aheqaam dépmrsqrvh&ljarmgem,—amhﬁmmigmhng orechansmios metmv@dedaﬂnky |,
subst' d or tituted c cl oal kyl ., perfluoroal kyl, substituted or
cnsub e efegPes R T, ¢ten oot Eer P POl BRI bot |t uted or

unsu baiseaset@ﬁxdamw By kigh lewidstt dntiUbRA 2id MASpIOStldtta8thaligb&hiQcycl i ¢,

substituted or unsubstituted aryl, substituted or unsubstituted aryl al kyl ,
subst petiveted B)andfﬁﬁb% tand atoe@rw@nmh@énsy Neugophilsifram bpusisuseaptitids miceut ed

e o JRRAL B ralrabfroffh.: TR acctised Hnonsisdl BrspBai i ne Rhsgda' 'Y

hal ogexpresafonruf BCIL-Lrfamilg )pﬁftans bordiibatitlg to Mekgtbatercacehmalakivh of ﬁ@ftlfdpﬁﬂi oaI kyl,
al kenyl ?lk ynyl, alkoxy, het er oal kyl , heterocyclic, aryl aryl al kyl

het er Bxihg [UPURsEasepiably mifs Signaling sydiesrusing sersia ‘ﬂff@(?}l pus e@-@) indice

TSR Tt SR 0 L U R AR

- ( CH2}lis&(s8 pyolyesRirkluding the GeRYatiNR oBBU)L-2 Rhd BCLWKEr These] antléapaptotlat eger fromoO
to 12; and. mis an integer fr 0 to.2; [0OO16]R7 is mdependently hydrogen
al ky| 0 elesalr O,Wnﬁerprﬁ%%t%’a {F an gf glbesls, mﬁil&@mﬂutorﬁ%&tﬂé@ }ce
het erocyclic, aryl, arylalkyl, heteroaryl or heteroaryl al kyl ; [0017] R8 and
RO ar poesrh Tﬂﬁiﬁﬂﬁﬂi@%ﬂtﬂes&ﬁgﬁs@&?ﬂmr@l ﬂﬁbﬁle’rel?l)ﬁ‘ﬁk ey rrth@ﬁftfﬂnq Hﬁ@sl'e‘ﬂw
al kenyl , al kyn het er oal kyl , het erocycl ic, aryl, arylalkyl, heteroaryl,
heter@@ﬁgﬂfm’i-k antlo?POIRB)tl&mﬂOmS inchefing the RGLR famdyN at om to whi ch they are
attached, form heterocyclic or heteroaryl; [0018] Rl is independently
hydr ogen, al kyl, cycl oa Jﬁ?"@ﬁ’ﬁ?ﬁ Ibgﬂ al kynyl , heteroal kyl,
het erocyclic, aryl, aryFa yl, (*er %Q?ykgb q? oaryl al kyl; and [0019]RI 1
i s i ndependently hydrogen, al kyl, cycloal kyl, perfluoroal kyl, alkenyl,
al ky n[ﬂ007h et @N@akmbsiomeﬁ atisappptatic, Ba2ythmilgpydteink o omradely coeiaty&ﬂ wath
het er | al.k and with the, provisi.on that \R.,is _not isopro [0020] I n
Aot hEof SRRt tier dne ChTRe i andro dBLion s Mese SR AROM & ases

and/ Oproteins is an attractive approach for cancer therapy. Apogossypol and its derivatives were

evaluated as anti-cancer agents for their ability to induce apoptosis via the inhibition of anti-
apototic Bcl-2 family proteins. The oxidation product of Apogossypol results in
Apogossypolone, which has been shown to retain some of the anticancer properties in cell
cultures and mice models of Apogossypol, but has reduced anti-Bcl-2 activity in vitro.
Guided by nuclear magnetic resonance (NMR) binding assays, a series of 5, 5° substituted
Apogossypolone derivatives were synthesized and pan-active antagonists of anti-apoptotic
Bcl-2 family proteins were identified with binding potency in the low micromolar to
nanomolar range. Thus, the present disclosure provides novel Apogossypolone derivatives,

which exhibit improved in vitro and in vivo activity.



di sorders including cancers, for exanple, lung cancer, breast cancer,
prostate cancer, and 6 |ynphonoas, autoi mmune di seases, inflammation, and
the |i ke, wbyondrauitsstering to a subject in need thereof PaTtusesiapsisas cal | y

effective anmount of a conpound of Forrmula I, thereby treating the disease
or the disorder. BRIEF DESCRI PTI ON Oé THE DRAW NGS [0021] Figure 1 provides
the structures of Gossypol and ng ossypol (A) structure of a conpound of
the di®9Bbsupecqging tamae ?ﬁneefcme PrgVidesienrarounds haiae Foymulp 6022] Fi gur e

2 provides: (A) the structure of Gossypol (1), Apogossypol (2a), BI79D10
(3a) and 8r (4a); (B) the structure ofonssypoIone (5), Apogossypol one (6a)
and 5, 5 substituted 6a derivati ves ([ ; and t he nol ecul ar docki ng
studi es, including docked strucgu? s Jound 6a (Apogossypol one),
and (D) conpound 6f into Bcl 2 lPDB [0023] Figure 3 provides: (A
NMVR bi ndi ng studi es ofotbsg ' ghe 1H NWR spectrum of
Bcl-XL (25 jiM black), 3 in fhe presence of Apogossypol and
B179D10; and (B) the ECS&xyalties far Apogossypol (2.8 1AM and compounds
B179D9 (1.9 B179F7 (078 ti]M, Hnd BI79D10 (0.361a, M. [0024] Figure 4(A)
and 4(B) illustrates the efsf ectbveness of Gossypol, IApogossypol and the
conpounds of the disclosure on shrinkage of BCL-2 nouse spleen. [0025]

Fi gur rovi des the FP et| ive di ng curves of conmpounds of the
disclﬁ@@? usi # %ﬁ%&?&waﬁbgg F@gnaﬁﬁ%ﬁﬂSéﬁ”ﬁﬂ%?ﬁ&é“%%@“%OX|C|ty
profiles of Gossypol vs. Apogossypol [0027] Figures 7A, 7B and 7C depi ct
the heymabp! oB? eAihdéealiédtBhyafoddhdfilddeR B it &FABQQ%Y&BJI SAbsteRRgy POL

[0028] Figure 8 shows the reative bl ood chem stry profiles of mce treated
with %W@@b%gﬁﬁ@d absyl, @ab,swpeql or lpragm]mp@ QYCéoaqudr perildersalkyt snpsiitutsdor of
apopt cel e 6 and 380,
by Ap§13§61§§t§/tg% §n](;§ P‘ Ex:g?cp or unsubstlltur%ef alk su(gstntgtegg;'unSubR’tS‘c]ﬁ%'%4

alkoxy, substltuted or unsubstituted heteroalkyl, subsituted or unsubstituted heterocyclic,

subsituted or unsubstituted aryl, subsituted or unsubstituted arylalkyl, subsituted or
unsubstituted heteroaryl, subsituted or unsubstituted heteroarylalkyl, -(CHz)jORz, -
(CH),C(O)R?, -(CH,),C(O)OR?, -(CH,)0C(O)R?, (CH,)NR’R?, -(CH2);C(O)NR’R, -
(CH,),0C(O)NR’RY, -(CH2)NR’C(O)R?, -(CH,)NR’C(O)OR?, -(CH,)NR°’C(O)NR’R*, -

 (CH2);8(0)mR’, or -(CH,)NRS(0)R®, wherein j is an integer from 0 to 12; and m is an
integer from 0 to 2;

[0011] R?is independently hydrogen, substituted or unsubstituted alkyl, substituted or
unsubstituted cycloalkyl, perfluoroalkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
heterocyclic, substituted or unsubstituted aryl, substituted or unsubstituted arylalkyl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted heteroarylalkyl;

[0012] R?and R* are each independently hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted cycloalkyl, perfluoroalkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted heterocyclic, substituted or unsubstituted aryl, substituted or unsubstituted
arylalkyl, substituted or unsubstituted heteroaryl, substituted or unsubstituted heteroarylalkyl,
or R? and R*, together with the N atom to which they are attached, form substituted or
unsubstituted heterocyclic, or substituted or unsubstituted heteroaryl;



7 [0030] Figure 10 provides a conparison of activity of Gossypol and
Apogossypol against cultured nurine B-cells fromtransgenic mce: BCL-2 vs.
BCL- 2/ TRAVODDI1/(4@31] Figure 11 provides a conpari son ofPCAusSguesdyses and
Gossypol induction of apoptosis of cultured CLL B-cells. [0032] Figures 12A
and 12B show t he Apogossypol activity in BCL-2 transgenic m ce.

0033 u 3 provides A) the structure of Gossypol (1), ogossypol
Ez) alﬂ?l& 79&%@ lgéqpen@@I}IYQdmg@mrS@bwu@d osun%kbafstmedy ki S%b%igbfég@gm yP

deri v i 0

st uc e B o S e A A B R R AR s
(:DDmaEanbi;ﬁfﬁw andyﬁglsém]rl]bsﬁtllﬁﬂ ch F;ihéulmnwecdba?mé]k)ld %thhnediom@sfabs:%tea 4 Bel -
Ali phatic on of the spectrum.o ac an e
in thee Rets g RS SFRPSEt sti @%r %Bb%en?éimaf&? 00 1. 1M

bl ue) sub@mtea%mmnﬁfed(&&@oﬁw sﬁb%q«)uted(ﬁ)unmaﬁﬁéﬂ%?axgahgl zat | on- based
conpetitive binding curves of” 8m (solid squares) up triangle),

8r (solid dovvgl triangle) and 2 (Apogossypol) (solid dots) using Bcl-2. (O
| nhi b[00éh oR” deindeppndently hydregenpabstistcdror unsubstipteak dlyl, Bdpsiiiytedan

trian blu ria a ol ) (dark
dot s) Sl’#’%t ?&%ﬂoﬁ}iﬁaﬁ‘%ﬁﬂ h@‘é’?lsgﬁﬁ%ﬁ@e S@’%\“%H 3%%%@@%%{)?{@5 and
cel | whsabétithfell agayke Yiastifit@orUsisilgstifted hétasantsyls Sivbstiidd dbusabgeitixey oni ¢
fibroblast cells vvlth wi | d- téﬁ (MEF/ WI'; bl ue bars) or bcix-Abal c-/- double

knoc kbgierocyadig, B&sgwte@aww &y ﬁ@wpwedmwsvlaﬁtw%arwl l5yl, substit ut ed
\ : d by A
V- I(g? a@@%ﬁg? u%%%%gﬁﬁ 3’%%1[ %‘Eﬂgﬁ&gﬁﬁa&q‘?}%m ']ﬂ%ﬁgeé%g & ﬁ v Amnexin

pol ari zat i on- based corrpetltlve curves of 6f using Bcl-XL (red square),
Bc1- 2[00i5ue BoRj, RinE® RYIR], apdRE emayt:hwmptlbnalbgnmklependéxﬁ)y surammteﬂmm bfo cel |

B BB S B agen Gessh. G3inr TiiAgaol O Ak, SRR oot ot o

canceﬁerﬂ%ﬂoaikw%nmgﬂtb&#gr ﬁk&iﬁ%@fhaﬁl&ﬂ I tefG% R iy ﬁlylalksnaﬁytérb ], Was

eval uated usihg A Ssay I nhi'biti on, of’ ceT gr owt dnpounds

6a (rkdematyjalkdb-(ChhseR’ ,S@H:r)é)(O)Bl -(HDE(QYORT, HGTR)OCENR', 6f (pur pl e down

daye SRR VTSRO R ERRBT e bR EUA&L™ (o) P bi 1 on

of cef GHQMR%«WDI@O@H@TNR%@OMW S(@wansoomﬁf‘ of %GHQ)JMWB@@)@H 61

(green_cycle) 1n the human rlmar were treated for 1
days whereslip ay irgeaer ffiopn Qs 12 \?ﬁﬂﬁh&sé’é%@gﬂg&%ﬁ&% V apopt 0si s assay.
[ 0036] Fi gure 16 provides: (A) Chemcal stability of Apogossypol derivatives

squar P1BL R BTGSeI oo by Ak 22T
dot),h@ex@ﬂ;kgbd:s’smgbhwaryh, aglatkyhibeteawryl, ordhatekoamﬂa]zkyb) and 2 (Apogossypol ,

dar k triangle) Chem cal stability was evaluated in the air for 60 days at
room

Jhe stabi.lit t f HPLC
hnd LIRERT BR” 4 BERE 5t pacndntetffhiinorifi souegsd Saraiobes "on
shri nlﬂﬁ&@d qilkﬁpyl “TRtIOAIRA, BREBEYLIR! argl, ahake, h&tbioaRe, ruete@@ﬁ«}iamym,l&q@l on dose

of 0.072 ymol / Al shri nkage data are per cent agg maXi mum r educt i on of
nmce %fpﬂéeﬁp@ﬂ?éwl@@e % apein g whichghey aregitachelfomndgtengeyslingt keterpaiyhij ect i on
of various anount of corrpound 8r. (1)) Effects of conmpound 8r at 42 ny/kg

(0.06m§1/k)0 1 C at ment
with Sl glg |lgr)1'?lrda erl ttwdﬁg‘%en] ec iwa@hﬁ}%@r&@ al%elwl ﬁlqéus' . (n =6).
P < Ohd@&odlky], Ge@rdcktlic) aeyl,lafylalkylhetenery [T heterudirdalkgl; abd 5 substit ut ed
Apogossypol derivatives. [0038] Fi gure 18 provides: (A) Conpound 8r

conpe Wi t hiit.he bin of Bcl- roteins to FITC pepti de;
(B) C@z?]om gl t@“‘él‘s’%ﬁ'aglr‘]‘gﬁ‘ YAESEeh. Lfépg'élj?ﬂh&qrﬂﬂﬁﬂ ﬁ%ﬁ‘?yﬁ alﬁ(ﬂlﬁc and
pr opi Hétekahik9H heRrR§EIRY, aryl, arylalkyl, heteroaryl or heteroarylalkyl; and with the provision

that R' is not isopropyl.

i

[0020] In another aspect, the disclosure provides methods for treating diseases and/or

disorders including cancers, for example, lung cancer, breast cancer, prostate cancer, and



[ 0039] Figure 19 shows the cytotoxicity assays of 5, 5 substituted
Apogossypol derivatives against (A BP3 cell and (B) RS 11846 cancer cell
| i nes usiwg 20nwmex378 V- FI TC and propi di um i odi de assay. [POOAGBRHO@ESES 20
shows the characterization of conpounds in vivo. (A) Effects of 5, 5
substituted 6a derivatives on shrinkage of Bcl-2 nouse spleen at a single
intraperitoneal injection dose of 60 iimmol/kg and 120 gmol / kg,

r es pedympkemoasppytoppuRadispasesainilammatioay whagdse,cbry adEninisigning tlasulient of

m ce ﬂ‘tﬁ ' : t cgggﬁg 0 m}{gl reduction of
spl eeﬁg\%\lgl g ;élleéfa tsl{e@p g‘gﬁrl{a?gr%ﬁgg&‘{er ea mlrlaﬁfja \%; Tﬁéuélgsol ng eu{aﬁgtrhg%g?'i t oneal

| nj ecttreating fhatdiseasecomnhadisordens S. E. (n =7). P <0.0002. (C) Effect of i.p.

61 and 6a at 50 ng/kg on the growth of PCC-1 tunors in nude m ce. Conpound

6f significantly inhihij [ re Q_vehicle control
determ ned with Anov P - : h inhibition ratios
(T/C % were calculated by dividing the average tunor volune in the

treat MeOR1] 9" PigurbY prHEd@MBE SGHEEEBE GYRPOBNUE N PI3Bss5BAIL(AT! stlllcAiPofa 9 Dark
down arrow "1" represents the date mce were treated with conpounds (D)

Aver agempeusd ofethg Hisclopura ¢BY and malepular dacling studioe (@) aB{IDESCRI PTI ON OF THE
DI SCLOSURE [ 0041] Unl ess ot herw se defined, scientific and technical terns

used i nNgEy i i 5B L [ r \Y ' are
como 4?‘3’[‘023 nd gﬁ%‘%rg g &%éla?sh Q@e{ﬂg?‘ &g%énogrcis}&gﬂoll kﬁi ‘E‘P{’Q‘) %Syg)‘r%? '&*ﬁ%ﬁ{?@ﬁb unl ess
ot her (@s)and 8y (da)eB)le stonte of Gossypuloae (3)eApsgsbatdloneGh)ge] plsaral i ties and
plural terns zgﬁl . incl H’dg t he [Sbigng | ar. Ceperally, nomenclatures utilized
in corfhRRygdodemvatiyry (7 Ak andtheanejpeularglocking studiessingluding dacked ol ecul ar
bi ol o ' l(\GQs I j i St r

hybr i glthzlgﬁli&g I’cl) ngigni%)%gg r?gr(é?ﬁg(ﬁ%m?ﬂ{gz’;% \%e ?Etrgg(\)m andﬁ%oﬁr(%lr%n ;]/) Bused in

t he adb;1'YSiWhdard techni ques are used for reconbi nant DNA, ol igonucl eotide
synthesis, and tissue culture and transformation (e.g., electroporation,

| i pof j9N) . Enzynmati.c r ' ..and purificati.on fechnig rfornmed
accor g‘li(#gs ?t o ﬁ%ﬁﬁ%ﬂ?vda%sr F@%@ﬁ@%ﬁ%@ eaghp@sﬁﬁ{ﬁgfcgp ‘gfec?'ﬁ% ﬁ%ﬁ@ﬁed in
the arspedtfundst BASK! (239Mheaek)Nand TBE- XIOMERE brbkaHE BT UpbbbskPbliafd connect i on

wi th, and the | aboratory procedures and techni ques of, anal yti cal

chem $17YD18yand(By the Feganalues Eraogessypol{Ad whddand eempeunds BAZ9RAELAt i cal
chem } rej | known and comonly used in the
art. %ttl\}%ggrg%ﬁ {edgﬁvlgfébag{dg%ggﬁjgggaégﬂl@hem cal syntheses, c%en‘i cal

anal yses, pharnaceutical preparation, fornulation, and delivery, and

t r eat @024] of Fpgtre 40A)sand[4(BA BluStiates thieleffacting:newrafsGosshgiol, M idgossypainghd
abbreyj ati ons furtbher.. ly. [0043] T erm"patient” refers to organi sns
to be er@gg@g,mg@oﬁfﬂgdﬁgaﬁﬁg%gnggn%e@?gg&@ém@se RIeH- or gani sms i ncl ude, but
are not limted to, humans and other manmals. In the context of the

di scl ge0psp, FhQiré SpRVigsstheBP 'éoﬁ?&ﬁh%lﬂiﬂdiﬁgtzﬁrvés dfcompouhd ot flgal  who wi ||
receive or who_has received treatnment described herein (e.qg.,

admi nidiseloguiedsingfB€heXiconpounds of the disclosure, and optionally one or
nore additional therapeutic agents). [0044] The term"BCL-2 fam |y of

Phe. o T2SLi mamihss @ BRESh Rk B by icy G Mgk W g S BOIT "o °1
10 woul d result fromwiting the structure fromright to left, e.g.,

- - CH2(@0027] s &igyireseT AiiB aral 7C dGikizhe heth@olg]jchhprofidesmf haibd irbatdd wthi t sel f or

as par&poggss%ator}%osgy%%it| tuent, neans, unless

[0028]  Figure 8 shows the reative blood chemistry profiles of mice treated with
Apogossypol or Gossypol.

[0029]  Figure 9 provides a comparison of apoptosis induction of NHL B-cell lines,
including DOHH2, RS11846 and 380, by Apogossypol and Gossypol.



otherwi se stated, a straight (i.e. unbranched) or branched chain, or cyclic
hydr ocarbon radi cal, or conbination thereof, which nmay be fully saturated,
nono- or Wwolzyurmgai7ar at ed and can i nclude di- and mul ti vaCerus2eianssas s,

havi ng the nunber of carbon atons designated (i.e. Cl-Cl0 neans one to ten
carbons). Exanples of saturated hydrocarbon radicals include, but are not
limted to, groups such as nethyl, ethyl, opyl, isopropyl, n-butyl,

t - but P030]i s obigusel 10 previdesa gompagisen Qﬁ@etwlty of @{)ﬂéqimb&r;d Apegassypol against

o hoptURRS ARAEY beocl RS S W RRL2hs RO HRIFAIN, L T bt naving

one or nore double bonds or triple bonds. Exanples of unsaturated al kyl
gr oup@oBsIc! uEigureblutpramdemtompm‘isbedf Appgassypdl an@ Gossypehiplductomatfy | |
2- |sopentenyl E g dlen 2, 4- pentadienyl, 3-(1,4-pentadienyl),
et hy rRoptopis of gyltage ﬁ%gy S3 butynyl, and the hi gher honol ogs and i somers.
Alkyl groups whi ch are Ilnlted to hydrocarbon groups are terned

" hormoglpkyy - F&Qﬁ:ﬁihﬁ%ﬁ'IQB%hMﬁf'tH@Apbgo%EﬁQ)l hew By in BUL-0hRkBSenicHie! | t uent s,
and ranges, are for illustration only; they do not exclude other defined
val ues or other values within defined ranges for the groups and

E ubs]ti%&%]nt sFigpesr 1 3arawiges (A) grelspuctupeef Gessymal i) Apegossypoli2oand | i sopr gpyl ,
Dty RN PSR . £50b e RE Wy Bl VG BPbMg Y D°

(al kostydies amyst&reo MR oclekdrexyturds o F(@)Conipﬁ@tlni Dp@pqgos@qbt))ayld D3 o- but oxy,

sec- but oxy, pentox 3- pent ox or hexyl oxy. [0048] The term "al kyl ene" by
i t sel orepouad 85 dntp %J'Zziﬁﬁﬁ@ﬂ%%}}@tl tuent neans a dival ent radical derived

froman al kyl, as exenplified, but not I [ m ted, by --CH2CH2CH2CH2--, --
CHZCH@@FW \Qﬁ% Wﬂ%b di IR GERGH Y @ERpNMRY P cal |y,
(orFlguf? Gyidde % inc ing Sehif % Gt

an al gr ou have from 0 24 carbon atons, with
t hos es;:gc‘mrp:;)f mlfi?ﬁn@i DM) rblafck)/\md Bdf]é@m the preserizeiof goinpourveSmii(2¢) odlre. A

or oupereie mar i 8GR 0E i HR sorfesind AP whohie) BaShorShelel e
"al kYﬂ)olaﬁidﬁ@ﬁébaséii' éﬁ)ﬁ{ﬁéhtlvéibﬂﬁ}ilfnhg'curvegbﬁ SoRAIN SquaRsh) 8§t(§(ﬂid}lﬁﬁ trf&ﬁglepr anched

groups; but reference to an indivi dualwgrou such as 5) g/t enbraces only
1{181%

the s8réphhdownatiangly eng? (Appgesaxtodlselidilots) @m@BclsMﬁ pfeplyl " being

specifi referr tself or in
conbi %rgﬁ%hy\%npﬂo rﬁigftg H‘e&e(} eqfuaré)og(g%een %}?1 of ﬁ%ﬁ‘\%\ag‘éien%b )ats ggxaﬂé stabl e

st r ai glahgle) aldl 20&padsspal)idarkidoty & the His0Hernbany dolidiealCellewegonbi nat i ons
t hereof, consisting of at |east one carbon atons_and at | east one

het er Bt ?ﬁrﬁ%éldéﬂ@lﬂ‘feﬂ]o‘ﬁ?lilh‘é’ WsRyplugtsAisng A hP-54 T assy- @) Mpusgng 5, and
wher ej.fy, aﬁlgfﬁbhmg& RellPRAR w?farty e (RE/ WY DIME bassyp;fbdxﬂ YapPubMal 1y be

oxi di ze e nitrogen het a om nay optiona be quatem zed. The
het er kixickot(yeddharsy,geRotypet Eera tctatSi wrdlyvalmeupﬁ,aﬁfesdbsittutaahy&pogmsyptﬂr posi tion

2t 1 achh? %rs?ﬁé%ryr@ﬁ%p%e&qp%wa%ﬁ%ﬁe e b M EETC Relie " oul are not

limted to, --CH2--CH2--0-- CH3, --CHZ--CHZ--NH— CH3,
--CH2 )5 protide Rrore%ce&lé tefeiAation-biseR corapletitive-obirid)s of 6113,
--042!0-0%:’2 0) 2- - CHB S(Cﬁl - 0- - %m S (O) 3, T G- GHEN - OOHS,

- - CH=G¥RS &eldimmd s1Erg)zBek2 (ldmdofb a@d Ml (erees do‘ézndnangdm (B)ﬂnhlblttqm or

BB, SRE R L8 B i

" het ediaflokyl) /a6t (Been up elidngty) irthe[PC-B hainan pedstees cambxsdalltlu&n tCefite avese a
di val ent radi.cal derlvedfromhete oal ky|, as_ex rrpllfle t.not. limted
by, - tregtpd foridays and eglpviailipy. wasgraluatednpitizdd TRAATE epgp Ndmn%%mn of For
het er 0 »auu Qhd 8Pl the
R R A S R b S L A DI
al ky| dorenliréanglen o thadtt 60heniankang cadeerd dellflinet Kietls wfetfrtrqitmoeaeiamand
hetero e |inki r ri ent of t i nki group is
ot | S Ve el S dr Bias AR Rl Gon Sl R BPISr oup 1 <
wr i tt gdnpdiRits 6% admRk Squakd)e6f @EdaibRond ) dnd)6i ¥greed Sfcld)@h Fhe-nfedd) }iﬂ& and
--R OC(OI)) .SASQ{J%sgﬁ bét;,’d ove, ﬁgt)gngal %Dlze g%)&uégs aes use earré n,
i ncl ude those groups that are attached to the remai nder of the nol ecul e

t hrough a heteroatom such as --C(0)R, --C(O)NR, --NRR, --OR, --SR,
and/or --SO2R . Were "heteroal kyl" is recited, followed by recitations of
speci fic heteroal kyl groups, such as -- NRR'" or the like, it wll be

understood that the terns heteroal kyl and --NR R' are not redundant or
nmut ual Iy excl usive. Rather, the specific heteroal kyl groups are recited to
add clarity. Thus the term het eroal kyI shoul d not be interpreted herein

T .



[ 0053] The term "al koxy" as used herein refers to an al kyl group bound
through a single, termnal ether linkage, i.e., an "alkoxy" group may be
defi ned a80-20R/04¢816re R i s al kyl as defined herein. A "lPomars2ablosssys group
refers to an al koxy group containing, 1 to 6, carbon atons. [0054] The term
"aryl" means, unless otherw se state& a pol yunsaturated, aromatic,
hydrocarbon substltuent which may be a single ring or nmultiple rlngs (from
1to £ ‘Ff‘d)lé) CgHs weredreatad foed d@ﬁgvérdrfeﬂ VéRbility s ¢ velyotaf apngyAnorkia-Yer m

"het er, gg}ers to aryl groups (or rings) that contain fromone to four
heter & tons ? each separate ring in the case of nultiple rings) selected
fromN, 0, and S, wherein the nitrogen and sul fur atons are optionally

oxi di :{@1’36] anrﬂ‘igdnelﬁptqvmr(@t(dre(rﬁ¢alatabilhpbf Apegdsyympl degvativee dhei\leftedter oar yl
be attached t h f th I b

Pt or SREbTPRGHLLG FFPPHG: BRA- Ao th APl e hAus BTy B EFPBY T ude

pheny kriankid) amh(;m& dot? -meladnarda bt), ﬂ(&p@@@ﬁ}m with Bé(:bﬁﬁ!: ¥tid, &’zrrl?l{cﬁlia?é)%d

3-pyrrolyl, yrazo 2-i m dazol i mdazol yl, pyrazinyl, "2-

oxaz oy rApogOS@m(ﬂayk tnaZLgbhe ﬁ;wmwabstdzlbtyy\rvas evabateddn he ainfor §6dayoaty | |

3 SoYR e SRR P e SRR Sp EM.
2- pyr i(B) Hfftkcts 8f Y3 lsﬁbsﬂlydned 5@5@6!;&%& ldaﬁ@dmvles o bhirinkibe o2BclOBRibLLE Shieedl V!
5-indolyl, 1-isoquinolyl, 5-isoquinol 2- qui noxal i nyl, 5- qurnoxalrnyl 3-

qui nolYa Slnalﬁdn@nﬁmqn@ﬂmeceerbéqsrepéarw nargp ke ol slirinkisay data greperegniageand

het er 1 A093 ected
From CResPRl A fea e B en Lot bR e

"aryl mjeé“uoanxf vatietseamoaumy bcwtipouatl 8. @) Effeetshfcahpotind &darr/m mgld (00g! and
het er oar respect.ive [ 005 r.brevity, the term"aryl" when used in
conbi HHP%(}?%) usting PIL %/Pé?qﬁlsw?l%‘l‘[g’% six Bl mics tregpmqnt W%@osm%lﬁ yl al kyl)

i ncl udgs, eﬁroheﬁrlagkcﬁadﬁd T84 SERA W mEdRISS, gs%fl@@ o@b@%e Thus, the term
"aryl al kyI I's meéant to include thoseTa in which an aryI group is
attached to an al k)é gr oup 'fe g., benzyl, phenethyl, pyridylnmethyl and the

i ke) [90391 udiFigyre hbshoves the [TGstdfss of r5, whsulistitutesbh pegossipohdgrevatives. a

nmet hyl ene group) has been replaced by, for exanple, an oxygen atom (e.g.,
pheno hyl.. 2- ' X 1- h l.0 he li ke).
00501 RE) ¢ o Y hovideR AT ohlpound s orapRBC b W MARLERY Bt i, ¢

ri ng, ptotgineal ]FI)T(BBmBHSdemﬁ&e(E)CCymmt@uymsﬁtys bEABIT-73Teagdai3¢gBPS usihgmat i C.
For exanpl e, denot.es .a_phenyl group or an ortho-fused bicyclic

car boé‘g}’é‘”l“@ Fbtéaﬂ%morr l%dﬂqldﬁﬂﬁ{iéyto ten ring atons in which at |east one
ring is aromatic. [0057] "Heteroaryl" enconpasses a group attached via a
ring ¢@u3opn eigde TBRAWCthE Eyt%fd%'i@ﬁy'éésa{yb 395 CONLBt RS Aﬁoé@ssggols' X ring atoms
consi sting of carbon and one to four heteroatons each | ndependently may be
non- pémY@tld’eS w@ﬂ@eﬁA) BDB telt andyiit) REDIP46 vamsercel] lings abing f{nnexini &-FHICO,

(G - C4 %dlmg @ﬁ ols benzyl, as well as a group of an ortho-fused

bi cyc HePi ferocy 28 about ei ght to ten ring atons derived therefrom
particularly a benzderivative or one derived by fusing a propyl ene,

t ri meq0040¢ne Figute rzersrrcamhyhaeanﬁeﬁagbﬁ P cohpd\8ide in 19O KA)) Wikes oA shet er oal kyl ,
het eroc cI oal kyl_, het er oaryl incl udes a sgecrfr ¢ number of nenbers (e.q.

"3 t o SYOSH ?"eﬁ‘ﬂ}vatlf’?ﬁeonc Byrinkagaafidisl-2 IF‘%‘FS@ SPISER at 3single AptEApsTimedlet er oat om
[ 0059} }-E@lo&lqogé of p!u%]mo@/'k aﬂﬁ V\Fﬂlzmolik 9%1\'}.6‘ AlChridRadiida 4k @not her
ess-ot a

substi tuent, mean, se state uori ne, chlorine, brom ne,
or i ogementagaof mﬂdmum wdadtion, oftrmcemplsemd]zeaﬁB) Efftaabkedmpouad éf aeét to

|nclude ohalo kyl an ol yhal o Fqor exanmple,. the term
" hal ofE™ fuctiba of BB wéieht oLk BebRmmip e BEoR Wik Saingls
trifl Ekﬁfa@@ﬁtfohé’él injéetfon? Thdth EHoHAT DGhias + SECH 070PW /0023y BADRLPRY 6f and

the like. The term"halo" also refers to fiﬂuoro chl oro, ‘brono, or 1 odo.
and 6a at 50 mg/kg on the growth of PCC-1 tumors in nude mice. Compound 6f 51gn1ﬁcantly

inhibited tumor growth compared to vehicle control determined with Anova statistics
(P<0.001). Tumor growth inhibition ratios (7/C %) were calculated by dividing the average

tumor volume in the treatment group by the average tumor volume in the control group.



WO 2011/ 044375PCT/ US2010/ 051845 14 [0060] The term "oxo" as used herein
means an oxygen that is double bonded to a carbon atom [0061] Each of above
ternms (e.wo0,20l1al4k375, " " het eroal kyl ," "cycl oal kyl, and " retrarsoaipobsas kyl ",
"aryl," "heteroaryl"” as well as their. dival ent radi cal derivatives) are
meant to include both substituted ang unsubstituted fornms of the indicated
radi cal . Substituents for each type of radical are provided bel ow.

[ 0062 P3tbdewn asaws | sepregeripithe date miesaverptreated atideqormpoundetidr Aesyageoal kyl
nonov gl ive radicals (including those groups often
ref er?e%p%ve%ﬂgc%né@% (gl{r%lgqgﬁake%% het er oal kyl ene, heteroal kenyl, al kynyl,
cycl oal kyl heterocycloalkyl cycloalkenyl and heterocycloalkenyl) may be
one or nore of a \]ETAIIVEDfDES@RDBTKQN@FHﬂ-IEDISCUﬂSUREt limted to:
--O?' =0, =NR', =N--OR, --NWR', --SR, -halogen, --SiIRIR'R'"", --0C(0)1V,

0
- NR &%18% )Ul}'ﬂess m&eﬂwﬁé@ﬁ?@imﬁmm aeé%%maf te@%&?QI&O%ew@N@R
- - NRS%%lsclommlﬁndlave MBméairfss MHTREY condAGAID gm&ér@taba ey hdse of 3rdma|i:’\;1) where

m is the total nunber of carbon atons in such radica ' and R

each iskilidpéieguht Fyrtheafualess gthhwsemnlre%bbsqnt@m %ngldar tammﬁhgﬂum@u@d

unsubStreies Ao By 8 s shiVER ol StenciR tllbitnct, o

aryl solskiionivet, andttbclﬁnciixebaf QeraAd ns@ubattm&whemcﬁlar bialz‘dgb§indtptbed1 al kyl ,
al koxy or_.thi oal koxy groups, .or arylalkyl groups. \Wen a corrpound of the

di scl agqh pHgq-19E Polyayclgetide Cthﬁamﬁﬁafr?edﬂeygné@pnom @ﬁsce&e&ﬁwen agbpsegielt he R

group e g oups when
or o Fpdin SRECAEALAR ke BEMEGHE Sl Etffilly R uskl forpedtilaffu DIOALCPC T
ni tr oghgoratctmsudé Byntheshsy albtissaerbilnge atd trinstdrenatioh (@geeleetdeporitivnf orm a 4-,

, nbered ring. For exanple, NR R’ |s meant to.incl ude, but
not bélppféﬁﬁ“e g HIgymatiGieas s apﬁ%wnﬁ??awa tw&mwsfr TR yPETOmSh e Hinggy e

di SCU%ﬁnﬁﬁcRﬁer%%BéélﬁEd{ﬁ)ﬁE Br as%%faé@ lstddm 1&&&@1 R hrt Wk hd déés@ﬂﬁ’ééﬁéi‘élﬂ t hat
the term™alkyl" 1s neant to include groups including carbon atons bound to
gr oupdhe nhmen¢latareshyitizedymrcognestips with, end the latmiratatykgyrbeqdaray.and tecBRBluend

T s SE Rt michsS: it o hbid Sictmistiy Hed el sl PHagcetpcdl oy 's

above ch@Rfip dascyibed Rereint 446 HoSe Hell kabwh afd dofioAlyoRed in GeQuP Stdriardrel | as
their divalent derjvatives) are varied and are selected from for exanple:

hal ogéshniqueyare usedvr F%lemwalewenthesqsml@gewl analssiqse; Rrapnaceuticy @(mezmn

por1/ SrasE R YE et G ¥ ool

--NR--C(NR R'R')=NR"", --NR--C(NR R')=NR', --S(0)R, -S(0)2R,
- - S(0)®M2] R' The fd}lRS@BBterms,GN:fmitibns ahlﬂ)ﬁbbrevi&ions—fuftﬁer appist( Ph) 2,
fluoro(ClX) al koxo, and fluoro(G -C4)al kyl, in a nunber ranging from zero

t th | punb | t t d wh R
R lodl] B T Bl e GG Ry da P B By e HoREdtShe SUbstl tuteq
or una;gbwsmreutsedh B iisms $aUISdd, bl 26 n&Y lirdASIRS knhrh AHsS d R @ m@@hkNk., Tn

substituted or unsubstituted cycl oal kyI ., substituted or unsubstituted

het er diecontsat Rijthe dmbeunet the dermofsubiestiigsnerally eafers ity hn individed sehotwilled or
unsub ?écef‘\}lgo? %ﬂbex{agr c%[v%h ‘treX&Ferﬁt ées%HﬁQcP#éI!%Hgi t hgmgus Caklgﬁ ﬁjel ncl udes more

t han one , eac groups i's °n pendent |y

sel ecbempamdaroéﬂeaﬁkclﬁure ald opilaatly Bhe gf pidasaddittonambeptitiagens).of these
groups is. [0064] Two of the substituents on adjacent atoms of aryl or
het er r h rlngtmay o(;j)tlonallyformarlng of the_fornul

- T- o 0§04 crApg torg “BCLgdpmily of priging] tgfeas the&éw&vémrwemmw currenthRw - or
th' NG SudeQftcad ik fa,ubwgrslk BcRERS: BULX, OBCP.-3 BA--wA BEI MREAMEN Yandt Wo  Of

MCL-1.

[0045]  Where substituent groups are specified by their conventional chemical formulae,

written from left to right, they equally encompass the chemically identical substituents that



substituents on adjacent atons of aryl or heteroaryl ring nmay optionally be
replaced with a substituent of the formula -A-(CH2),--B--, wherein A and B
are i ndepeEodentdsy3’s-CRR --, --NR--,--S(0)--, --S(0)2--, PCTRSQ)1ANRS45 or a
single bond, and r is an integer of from1l to 4. One of the single bonds of
the new ring so forned nmay optional I&p be replaced with a doubl e bond.
Alternatively, two of the sub stituents on adjacent atons of aryl or

het er 9@pld repulhomayritinz the semdtyrefrom sighttodeft. v g h-@HsQbds equiealentdd -+ he

fornmu H-__(CRR)S--X—-(C'R"N where s and d are independently integers of
fromOtd 3, and X' is --0--,-- S(0)--, --S(0)2--, or --S(0)2NW-. The
substituents R R, R' and R'' are each independently selected from

hydr o¢g046] sufrhg 'tdrnnt'aﬁ(ydd),f' byl lﬁSﬂbﬁl}) ast pairtest agbﬁyf subSﬁlthSI?ﬂ, ﬁﬁé&@f’i uﬂlféssgnSUbSt i Ei ut ed
cycl oal kyl, substituted or upsubstjtute et erocycl oal kyl , substituted or
unsubeth%ﬁlﬁ%ﬁatgﬁﬁ straghy (¢ yprapefedy obbrapehedisdiein: ot @glin dydiosaPen . [ 0065] As

used : B : y G HAETTE | t t o 1 i ncl ude
oy ge gt shBnEBOT NGRSk Bl LR Tullf WiBa0 BEAS A oL dolHils | I
10066 fantmcludediraat kydltivaent natichl$) dreing theedunlser of cahomatons dgsigngied Giwal ent | y
bound o, an al kyl ene |inker, The am roup,is --NR R, erein. R and R
are tgb"%d&me?sséeggﬁe@ocaf G- M@nof}%gg’%?‘hﬁﬁ%wg?“ ‘i?ﬂ%lgg{“?ll‘éﬁ’ Byt al kyl |
subst bieliof Unfted 46 pedigsishet @.ﬂn&ﬁ%@ éﬂh?l, VropAURSHop AL BBuBfl, URRHDRbLIYLE ed

cycl oal kyl, substituted or unsubstit uted Fet er ocycl oal Kyl , substituted or
uns ubsgcrRutyleelycdehaxyl, (eychnhissyl)methpld cyaloprapylsthivi,tosebl ogst amdasomydrs of, i

2011/ P 2 51845 16 67 "substituent group." as .used

nor o AR g el okl it BRP SRRt srdebfey - o
- - NH2havingbhe or1fbte doubledbonds Hipleodds. "Bk agsIBs ofuisdsdtéd alk@icrahpey| |
unsubstituted heteroal kyl, unsubstituted cycl oal kyl, unsubstituted

het er B{deolitiage not bwaitadde, th?yle&p&?gﬁpyl, ellfﬁ)@db%@wmtewlh%l{@maerwl),, |2dnd |
hot or DadiBhA-( RELAE SR cYE 10 Bd Loror BB AP Aithe wifleh oy

[ 0070h¢mplogx and isefdkts. -AlARroupsSthich ar€Nimited@6dhydrocii®n ghalps gRitermed
unsubzl%i t(%ﬁeg .al kyl, unsubstituted heteroal kyl, unsubstituted cycl oal kyl,
unsubst9pQped: het er ocycl oal kyl, unsubstituted aryl, unsubstituted

het eroaryl, and
[0047]  Specific values listed herein for groups, substituents, and ranges, are for illustration

-}

only; they do not exclude other defined values or other values within defined ranges for the
groups and substituents. For example, “alkyl” may be methyl, ethyl, propyl, isopropyl, butyl
isobutyl, sec-butyl, pentyl, 3-pentyl, or hexyl; cycloalkyl may be cyclopropyl, cyclobutyl,
cyclopentyl, or cyclohexyl; “-O(C;-Cg)alkyl (alkoxy)” may be methoxy, ethoxy, propoxy,

isopropoxy, butoxy, iso-butoxy, sec-butoxy, pentoxy, 3-pentoxy, or hexyloxy.

[0048] The term "alkylene" by itself or as part of another substituent means a divalent
radical derived from an alkyl, as exemplified, but not limited, by --CH,CH,CH,CH,--, --
CH,CH=CHCH;--, --CH,C.ident. CCH;--, --CH,CH,CH(CH,CH,CH3)CH,--. Typically, an
alkyl (or alkylene) group will have from 1 to 24 carbon atoms, with those groups having 10
or fewer carbon atoms being in the disclosure. A "lower alkyl" or "lower alkylene" is a

shorter chain alkyl or alkylene group, generally having eight or fewer carbon atoms.

[0049]  The terms “alkyl, alkoxy, alkenyl, alkynyl,” etc. denote both straight and branched
groups; but reference to an individual group such as “propyl” embraces only the straight

chain group, a branched chain isomer such as “isopropyl” being specifically referred to.



[0071] (ii) al kyl, heteroal kyl, cycloal kyl, heterocycl oal kyl, aryl, and
heteroaryl, substituted with at | east one substituent selected from

[ 0072] (a)WOx011/0443DK, --NH2, --SH, --CN, --CF3, --NO2, halCogsng10/051845
unsubstituted al kyl, unsubstituted hﬁieroalkyl, unsubstituted cycl oal kyl,
unsubsti tuted heterocycl oal kyl, unsubstituted aryl, unsubstituted
heteroarg and [0073] (b) al kyl, heteroal kyl, cycloalkyl het er ocycl oal kyl ,
aryl, [050et éFlt%iPW "hederpalkyl | Psetiscl artin sembimatien with asgfher fermaneanse| ect ed

from g.?ﬂ) ss othi 51!2\14?;@1 %StflﬁH’Str g@\é btral%%ﬁgd clghg{l AF& cl chngc ‘t')cinr g%%lgl Kyl

unsub ute t876a uns ’oal unsu

het er aoyHigaioky thermm,mhslsmﬁgnm leastydne oafhﬂ)nlalﬁcﬁﬂbﬁid dtﬂé&doﬂbﬂie@é’r@ﬁbﬂl' [0074] A
"size-lj m ted sybstituent” 'size-limted substituent_ group," as used

her ei r?e c%%“%‘é%néhsfl%%iof Pobh B4 $1 296 S ard whersin theaitfogeBescri bed above

?Sraas*"%s ki Eﬁ"" SR AT ORI B B RSohl o hep bl e @1 1

uns ubsiptionalobenqiaternizédk yThe lseterostohs)i @,U¥ Rlamt S and Shaby bel pkadedZattamyZ 0

msrrber.e .het er oal each s bstituted or .unsubst.it cl oal is a
Cobor RGrEP G e PREAST BRp bt t0he Bariigr ot ahith BkEheelB i feahedoor
unsubshé tdai26ch OF Bieqhyet & KXdmples fcRidBSbut bt R ligfited RS ub@H%t@H g2o4 to 8
menber ed het erocycl oal kyl . WD 2011/ 044375PCT/ US2010/ 051845 17 substit ut ed
or unselds i@y zaﬂ‘ﬂ% Ciil » sCHutsHetN(@ds) o HansGHs+ 5+ GHedCHsi ~CH2-aCKyl , each

substi t d b d hgt erogl u Or 4N bstituted
2 to 8 Betat 'ééi(;fé_l' @ Bﬁ @ﬁb&;ﬁ tduts% >0 l&% —nglﬁ}u oal kyl

is a J0OHS, tCCIH@dHON(@mﬁMISHi Ut@Hg,C%--@HzJ:QHL ealkydN. @@do@@@hr thedstituted
or unsubstituted heterocycloal kyl is a substituted or unsubstituted 5 to 7

rrenbelr}&?r%ﬁ@ﬁ By desanseghtivy, QW@ST@@ @ﬁ?}ém@HmNHt'ﬂCHJ and oSHpeO n‘gly exi ist
t
as salg; ﬁC(:PlI%)_%j 281%1 %ﬁgoﬁ# rté?rd 'Tl% eY rlo gllfto§ as uﬁi‘f’i&a{n%ﬁle?% basPlRle abl € sa

forms 1 ori1 des, anesu f onat es,

ni t r atreeans Hﬁlhmsadl(&ﬂ: dé@tﬁs&om ihéﬂemaﬂ@,l afslﬂ:E(&hﬁhﬁéd breidt liadiesl HyegCH,--
res_thereof including racemc

+) - t ) -t
gn Z(t ur 2“a§§’ ?'g é"sg‘gdtoéériz{gs Oé}]g]néﬁg'aN& Gl Egribstsreadkdenesgronrsas gl utamc
aci d. hEtg%&ﬁoﬁ@bmalewc&ﬁy RItER: %chtl}ftﬂ@&mgt%nhﬁf? RAssoskilled in art.

g e
Al so included are base addition salts such as so % ot assfum cal ci um
arrrmmalimler@dgzam; @lk}alnnmn@,ralkmm@num,saadtthe lde) aSHil rfuﬂtlmr fonhliylerh end

| t b f i t i d
caar ¢ ietedlon bR RPY, S dhenphin AR nk el s dmplird by Btbaecadicn °°
CO”pouﬂdﬂudMﬂle@nﬁﬂﬁMtﬁbﬁﬂhn@'@wﬂls%ﬁehewﬁ&ahﬁﬂeQﬁéﬂmnﬁlat befoyoral or in a

suitable inert solvent. &pl es of acceptable acid addition sal ts i ncl ude

t hose Teebeth e €OVQR-+ arst GBIV Qi s dessqaiberypbip v hetgraalicyl ﬁympe,msom nitric,

car bo r dro n r

Car Dot TRIGH B0 B0RREAY BRI uiRES RO Son TROTISL SURDANSRRANL°,
F?EZp?,,‘“2?‘:‘%"‘&“‘2*’3.aﬁﬁt":é‘)”‘?'stc‘@”f‘?i“m"’" P el ont ‘““*"c rﬁi“i%??““?ﬁi‘é‘l o
suber i getef%Hﬁ’ i 16 reqitgey f"@"wﬁgglﬂ éefci‘té“o‘tﬂﬂfﬁa?‘i’l@c hesenealkibaiorps speh as -

p- t ol Wk fopmeqlke%%u be uheérhaaa fhat Hﬁtté}%ﬁ%%ﬁrw 1Candag@kﬁh?1{él}< . Also
included are salts of anmino acids such as arginate an e, and salts
of or gadundalaimrdlsutualheewluswr Ratter,che gdcit hﬂtmoalkylagmutss e ccitbétd ddde.

Cert ai ecifi f oot 0S ai.n bot asi c d acidic
£ ot s T TR ohe R B st Bt it e St diEs e fier “base
or amhétea@gjk}t]lg@(sup%agdcﬁas[wli]or'rth@llﬁ@utraI forms of the compounds may be

regenerated by contacting the salt with a base or acid and isolating the
par ent corrpound in the conventional manner. The parent form of the conpound

di f f erl80%4 o mhedenns icyeleallxl” mnd Shateroryelealiylaiby themsdlvesiorpn eprabinitien such as
sol ub 'V!n'tﬁy é Hﬂg H u?félsé/ Sﬂ%ﬁmsé %%Z%,]Sc%ﬁé %rgloﬁg QP'Q‘W'S Oc{ "hepe?oagf(}ﬁc,l osure can

exist 1'n uns vated
respectively. Additionally, for heterocycloalkyl, a heteroatom can occupy the position at

which the heterocycle is attached to the remainder of the molecule. Examples of cycloalkyl

include, but are not limited to, cyclopentyl, cyclohexyl, 1-cyclohexenyl, 3-cyclohexenyl,



solvated forns, including hydrated forms. In general, the solvated forns
are equivalent to WD 2011/044375PCT/ US2010/ 051845 18 unsol vated forns and
are encomnpaxsadd’shi n t he scope of the disclosure. Certrarscanpsisatis of
the disclosure may exist in nultiple,grystalline or anorphous forns. In
general, all physical forns are equi \}gl ent for the uses contenpl ated by the
di sclosure and are intended to be within the scope of the disclosure.

[ 0079]C&loheptyl, @pdihslrgs Examples of heterasyelpalkplinelade byt giemet Himited s0.don at ons
(opti aal . rs ubl QQB@ N, i emat es,

di astquoﬂé}@h?gllgpgﬁn@lg,l %lg%dl gp?%e% 3@?%?%@ é%rre thlf o’rafms t hat may
be defmmthohmyl;tetraiwdmdﬁminsbbrl;t@rahyﬁbﬁﬂaﬂneml StetryhydasthieR2-ylor (S) - or, ) as "
(D) - 0.aci ds, .and indi | isoners are enconpasse Wi t hin
t he sctS‘iS‘iﬂ"‘ngc’t{“ﬁ 3dYrPE Btz L RIPETHA i: gaﬁf likep hgitermso sslealiplendt i ncl ude
those AAi"GéreRicFclbARYRnE et bo #R d%lérﬁgeliffhgfv@@!)?c R) ElH(?SI ze and/or
isolate. The disclosure is neant to i1 nclude co |n racem c and

opt i cdleteyoqygtoalkydyrraspectiyly.cal | y active (R)- and (S) , or (D)- and
(L)-isorrers may be prepared usi ng chiral synt hons or chiral reagents, or

resol v Si 0NV e n ech ues und ri hed herein
contain o%ief ﬁ%f’ﬁ 8%1?&1&, %’t %gﬁt &FiErsdp ag’é%ﬁﬁ?‘f?%&ﬂ?ﬁﬁ F%"“ ?fﬁd unl ess
speci fhydﬁbo@iﬂ@ﬁrgwtqullﬁo6($arbdii&6!ﬂ§ckuﬂhé§m‘éih91 %ﬂmDQiJﬁ&@ﬁ I, Rebrghol, R0t h E and Z
geonetric jsoner he term "tautomer,” as used herein, refers to one

of twdPub %l?%ylst P\Hfd% @Path a8 therlken i kyl @szmstdmc&pseé beteirheantain dria 6vm| ch are
' eadi logrieAnvhd SHH 10 QREMbROMBILE iR Mol p iRl N useh%gﬁe%ll I R
appar ent to oné ST( é al n conmpoun

di scl dalky®’ a'layme}audss thie mema‘tdyolasallqylg” fa(hldhi&efeﬁd to asayclic hl&yt avap Ioﬁt}frw s of the

conpoun thin the scope qf the di s | gsure, [0082] Unl ess ot herw se
st at ef'® Iqrﬁjé'ieg#‘éw‘ée YSht- CHQD RO} ﬁfh&rt%mw% galirirnet as psegHigeran gafers to a

st er eQphiddrt e 1id ALNERL &vsik re; ,_ S configurations for
each asymmt?‘lt%: ce}br}t&éréroTﬁe?lZ1 %%éys?né e&sstrgglggglﬁg?nﬁ al isomers as well as

enantioneric and diastereoneric m xtures of the conpounds are within the
scope [8053he Tdiedetnp: alk@cy”[ae(ua@l] han¢in seferstth en alkyb gouptbend Sroughtasiege depi ct ed

her ei ant. 1o |‘n ude conpoun djffe the .
preseﬁ%lgﬁlg?l%o}%gh ot %6 Qﬁﬁycgf(?‘?%?ﬁgec%%ﬂwétaﬁﬁ@k giégrﬂjﬁé Sconmpounds
havi nglefihed kéreinC AUTI8FeCHREBE” drbup fehs foedl ﬁﬁ&ﬂﬁg}buﬁéorﬁmhﬁ%ﬁ%@ chtboR
deuteriumor tritium or the replacenent of a carbon by

14C erff9%hed carbon are within the scope of this disclosure. V\D
2011/ 044375PCT/ US2010/ 051845 19

[0054]  The term "aryl" means, unless otherwise stated, a polyunsaturated, aromatic,

hydrocarbon substituent which may be a single ring or multiple rings (from 1 to 3 rings)
which are fused together or linked covalently. The term "heteroaryl” refers to aryl groups (or
rings) that contain from one to four heteroatoms (in each separate ring in the case of multiple
rings) selected from N, O, and S, wherein the nitrogen and sulfur atoms are optionally
oxidized, and the nitrogen atom(s) are optionally quaternized. A heteroaryl group may be
attached to the remainder of the molecule through a carbon or heteroatom. Non-limiting
examples of aryl and heteroaryl groups include phenyl, 1-naphthyl, 2-naphthyl, 4-biphenyl,
1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl, pyrazinyl, 2-
oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl, 3-isoxazolyl, 4-isoxazolyl, 5-
isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-
pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-benzothiazolyl, purinyl, 2-
benzimidazolyl, 5-indolyl, 1-isoquinolyl, 5-isoquinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 3-
quinolyl, and 6-quinolyl. Substituents for each of above noted aryl and heteroaryl ring



[ 0084] The conpounds of the disclosure may al so contain unnatural
proportions of atom c isotopes at one or nore of atons that constitute such
conpoundswoRor1/@xxapl e, the conpounds nay be radi ol abel edTwistdroadidact i ve
i sotopes, such as for exanple triti urq3(3H), i odi ne-125 (1251) or carbon-14
(14C). Al isotopic variations of the-compounds of the disclosure, whether

radi oactive or not, are enconpassed within the scope of the disclosure.

[ 0085] T¥erearpselseiad FrRBEDE BEoMP|of apeeptableybatityents describedrbelaw. Theiteraisude

sal ts afyREET MRl "HER ' r i r i vel.y nontoxic
aci ds orybases, 3epen |%gég%ﬂ%@hggﬁa%ﬁﬁggce&guagﬁtaﬁgh%e%ti es found on
t he comspentitslydescri bed herein. When conpounds of the disclosure contain
relatively acidic functionalities, base addition salts nay be obtai ned by

cont actg th eutral. form,of .such conpounds with syfficient anmount of
t he deLdlolrggh bggre,re‘é’itX’ﬁléerteﬂga?ryBr‘gﬁW ‘éf‘eg?ﬂ? lﬁat?or‘i’e‘?'ghg VAP (8Zanpl es of
phar maggltxog aylthioR6 CaPIRAG)antlase HRehdl M BAdrbry! H{H‘éé%fdeziﬁg«? hnh%;qvepot assi um

cal ci umy anmoni um organi ¢ am no, or iagnesium salt; ar salt.
When c%]ar%ﬂ}?dgﬂ%farb’h&}’éﬁ isanegstiiodnelode those radicalsiin sthjchomsirgl gronpetsi onal i ti es,

i d it . qbt ai.ned._b t.acting.th tral . f f h
B mouicht® AL R @ WhAN oty OO b el fiopiafian %0 *Ie
sui t abthesé alkylt greapsviavihicEx earbbestonf (clthal MBwSMhé SRy hARS ; HF&EA&d 3G s

| Ke

addi tion se?l ts include those derived frominorganic acids

hydr ocHfaH!e anpxyeaatem; (-2 Rhenaxymeghyl.Fopyridylomymstyds dlencar boni c,
phosphgtinth I&BPQJB rgﬁﬁm hori c, di hydrogenphosphoric, sulfuric,
rmnohydrﬂogeynsu u%‘ﬂé yg?i?g)gi c, or phosphorous acids and the |ike, as well
as the salts derived fromrelatively nontoxic organic acids |ike acetic,

pr opi ol#086] i sEheteymi“eryl’has wsied herehil refiirsto dvemramatic cabicsichit eing StypieBllE6-
fumaric,.d actic, .mandel i hthal i c, benzenesul fonic, ptolylsulfanic,
citric™ ]tdéwgl:b Fred, Wg?rﬁ’:?,aﬁé‘?g'i 5 15 a??glact‘ﬁe%m REmple.s @il dengtesck Rheayksal t s
of am sreupe} &5 otk fusds bRV @ BoHBEL HdGp hitig nfn(%' bSerPf; g acids

i ke g?g_cur oni c or galactunoric c'gci dg&aﬁd th%alg(lﬂﬁe steszrp{“%é)gtgglgrlrrgl e, Berge

et al . whichgbleagiomaringas arsmiatie” | Journal of Phar maceutical Science, 1977,
66, 1-19). Certain specific conpounds of the disclosure contain both basic

and acjodke f uggt] b L | ow t he .conpaunds.to be converted into
eit herrogg?e oﬁﬁ é&%ﬁggl%’gddéctg ﬁlggﬁggé?%}so.up[agﬁggﬁ i HH%IF?ribB’ﬁ"P%mé’é‘Pfycﬂlfir ns, the
di scl cgumetipring colesinapnipeurrds ringatois @basisthgafREMSH Uad HAE 19 follr odr ugs of the
conmpounds descri hed hergin are those conpounds that readily undergo

chemi cHICTEHEMS £achiRdenengeniyi BrHBE Ben-Perekde Oxpers. swfysr and NEX: whereghpounds of

the diggéaordieH, 9@ Le SR ¥n ~ r tRolfigcompounds of
the disclosure by m\AD 4201{‘1,/ 4%@%%@%8%%8?%%%%%%%%ﬁgﬁ‘lo}:fgfedor

bi oc hebipxsdic-hetsrorydls dfrabaut aight o ten rempdtoros denined thaefrexapaptielafy e8engs may be
slowy nverted to.the ¢ ounds gf the disclosure when placed in a

tr ans d r%{rer'%?&ep(gtoéﬁ dlggg%‘f%ﬁﬁsn})n\%i %H{O%ﬁ‘é%ﬁ’ F%P%yéﬁ%ﬁ%et&m%@?ﬁeéggr OMBagent .

[ 0087]théetd. erns "a, " "an," or "a(n)", when used in reference to a group of

substituents herein, nean at | east one. For exanple, where a conpound is

substi th ed with "an" al kyl or aryl, the conpound is optionally substituted
with d00%8ast Whew aatgrpallkdlgheserogyclpallsyl ovhateraanyl incges @ gpacifiovnemieraf noi et y
i s subgihbit gdy Wh tq te, -t He .grou y be referred to as
"R-s ubstllht Ut g%’lg %b\ﬁg ?@e@%oy?ztdﬁé JféglgR?nsel‘}g’s?f ?&eﬁir@eé'%tan@ ‘gﬁs?{qr%at%bst i tuted
with at | east one R substituent and each R substituent is optionally
di f f er[@039] [ OOBS}rmdeYeld" wr I'balogen, dnnthemse sesadr ak lpert AF agdthebubstatént) | M ted by

pri nclﬂql es af cgﬁn‘i cal  bondi kno fo those skilled in the art.
Accor df Fg Yo REPE L F%ifg arﬁ&\%”ﬂ% i PIofaRe, 9y 10gine Bempgidditismally.nunber of
subst itkiueytush a8 UeioaByS takd MEARNS iR Iile %ﬁdxﬁﬁ&ﬁ%?aﬁ?&l%a?&%&@ly pif th

ounds I C

principles of chem cal bonding and to give co are not
i nher érampley thettens chala(Eh-6)allol! i meanke oveludepbatmet bé lionigdnary skill in the

art asqhi d ient._conditions, such aqueous,
neutrgP?héﬁg%gégégg?Hﬁﬁ%@ﬁggﬂggf%FgaﬁggﬁgéﬁﬂﬂpFPBXE?m¥%?q@§aﬁ§F52

het er Ghylol’ alsb kyfersad flneiag chiary, lbrarfo,alrti@ihed to the remai nder of the nol ecul e
via a ring heteroatomin conpliance with principles of chem cal bonding
known to those skilled in the art thereby avoiding inherently unstable
conpounds. [0089] The terns "treating"” or "treatnent” in reference to a
particul ar di sease includes prevention of the disease. [0090] The term
"prodrug" or "pro-drug" refers to an agent that is converted into the
parent drug in vivo. Prodrugs are often useful because, in sone situations,
they may be easier to adm nister than the parent drug. They may, for

i nstance, be bioavail able by oral adm nistration whereas the parent is not.

—— N o o N N .




WO 2011/ 044375PCT/ US2010/ 051845 21 [0092] Throughout the disclosure, when a
particul ar conpound is nentioned by nanme, for exanple, Apogossypol or
Apogossypabang/04i#375i s under st ood that the scope of the @CTaiSe&EW081845
enconpasses pharmaceutically accept ablg salts, esters, am des, netabolites,
or prodrugs of the nanmed conpound. [Oé 3]It will be appreciated by those
skill ec{ {)&] t hgl;{%” t hat  conpounds of the disclosure having a chiral center
may exi Qpoliy, EN 9" 46 Bepdihereip means anyoxigen that idbublkechemided foor casborSome
conmpounglsmmay exhi bit polynmorphism It is to be understood that the

di scl osure enconpasses any racemc, optically active, polynorphic, or
stereoisoneric form or mxtures thereof, of a conpound of the disclosure,
whi ch J8@lds s diach nEabayefterms(e gpdalkiyt's tbescalkylgd chebsliyl, afd so, i f the named

conmpoun i nan Chiur@al center, the scope of the disclosure also

i ncl udegetg%ggéoléiﬁgﬁohfrﬂb FeiaRy ehwell 3%@‘&"611%?% gadicad fleri yasivegiare meant
enant i eorirtciudeamthvetibbtitafed GAARASIDHRARS HARPSS B Mi&maﬁﬁﬁntﬂfﬁgﬁﬂxe ts for

i ndividually, substantially free of the other enantioner. us, T

exanpl é?cahs ?8?7{5‘%19@%’@?‘@5@@1%%0% conmposi tion conprising the S enantioner
substantially free of the R enantiomer, or a conposition conprising the R

enanti su i nanti.oner. [10094] By "substantially
free" :P(%W{Z% nlgghf&{%% nggtfot¥ﬁjekl&?f;ﬁﬁ%g%a}ll%ﬁocsmg)gﬂgﬁ’i@gegoqytgg’?&tyllmgwni’ ntagd | ess
t han 8divalent derbetivh eaticds (imluding thobh @RUBILAEN refd tb B@ﬁlk}féh@,falﬁe?ﬁ m nor

enanti Qne na i t han one chiral "éenter,

..t the d conpound conprises nore
the scOp rog}kyiq‘lg%tgrgfﬁgg@ﬁeaquyé ayRlorlkyb detesppyelontiiybsscloalitpylsindg a ni xt ur e
of t heh¥tafdc9eisalde I C i.tions,conprising. each
i st of ooy B B o o Borel o vaRE o S8R AL a iy
exanpl &: -€CIRne@cFHR], FNavAR| aIRR ApSRAShaipgen, L SiRRIRCLOIDC(OJRY UCEROYROMPY i Sing
two se te e roJn€Cl i ,of = Apogossypol * t hroughout this
di scl ogﬁilzg’i"r?gpzlgfe{s CB@(SQW&S"M@@&WFN@EQ@@@N % enrBRIFQDORS -of
ApogosBRpdl RNPER" 1-S()R' hag I_¢ n( + tic ubstantially
free of t e(N(R-:)_r)Enan%i ogr%)r an(élj)%g}r)rpggiﬁ) I?ig?l{s’t at Qﬁgﬁp%énihgﬁ(z}?a
enant i BBPerdapERG Fromegerq tof (R +bY, whee s thertatd nomber. of daftddZkorhs ini smiche! |

known i; apt o el re opticall.y active forms, (for exanple, by
resol u{aiai)crﬁb?%’ Fh’elbr élytl:&el?ri Ee a&gir%%e%‘i?%%t Vg%é? ?‘V QE5Tb SUbstitwpd arnsubgiputed
synt hebiterotikghnsutptituted dyyurabstit@ed tilbdlRg, betutcdl ot unbsGikd@! synt hesis, or

by chr tographi.c separation using a chiral stationary phase) and how to
det er n‘i?“g%f’firgféo %fli S"i’é‘iﬁf&@ﬂ o5 apsupstitptadaryly eigh ardtsubstiswted htht Is3 Halogershed

her ei NsubStituttd d Yin. i J7i , Leh are wel | int art. WO
2011/ 044375PCT/ us%?%ﬁ‘?“&%%"iﬁ%‘g’%@klﬁ%éy MRS Wﬁ%%f’?ﬁ?al ena
conpostampsind pétherdisclasue inthuties momefthin RO, MrlckaRplocéachRemeaal
conpo_né_gﬁ s is SULN ad} ﬁl I He%&g or carriers. The pharmaceutical conposition
facilifates aoimnl SPrary s ?Salrﬁéa“é‘oérpgu% gl B esoupsiivhemmovg thanyine

t echni (fubsse 1 NIVBReRR REd R"CRIRRIR i I i ncl udi but not
limted to, %‘Fﬁ, i n%%i on, aerosol, %mﬁ%@gﬁgﬁﬁgﬁogbm%mayn&

admi ni OARgdowth theay {9 40 fosmrapbs b+, ibans 7emembéredring. Obi alangge, by

react ingg - W i NQrganj.c.or  organi ¢ .acids. such as, hydrochl oric
acid, ﬁ(}lﬁD g r g%ﬂgé éﬁcl:g?&éi,% ’ éﬁt}l%fogg? l:}métcc,fi - I%?YH"SIE!“E ?‘Eﬁi'HHBBMW%{CF@m e

met harebeué fisarissioaoif ubseituzaresnt ¢raRiILinaké &t will §A6F i by ;
salicylic, aci d]eﬁnd the |i ke%3 [ 0097] lnThe ter mhﬁ%éﬁlar rra{g}gﬂﬁ@é%ﬁ@l%éclespt abl e
sal t " PO ISOFgde graypsinchidingcashonsatemsbountiotghapsdiies thet hyclaogen gsowgs) f i cant
i rritabbpis kL ani _\phd [t ds m ni r an S not abrogate
t he bi ol ogi ca?ﬁg}(’:lgé 't flmn gp\r@g{ eer%?i %’g ag?'ﬁ&rge? 'é@@ 'a."&ﬁg& ceuti cal

sal t s GYCHeOEbk zindahie bke)r eacti ng a conmpound of the disclosure with
i norgani ¢ acids such as hydrochloric acid, hydrobrom c acid, sulfuric acid,

nitri hd, hqQric.,aci d t hanesul foni c_acid, ethanesul fonic acid,

p-t ol Sgﬂbgéul @gﬁﬂ%lptggflﬁubgghe@@gg@nggg@rMI faskcals sbove,mygmplaseut i cal salts

can alssbstienehfonhy ndlerteas kRfipd (£UMPHTiliRA ARELIILE Wit @ base
alt netal s \

to forma sajt such as an amoni um salt, an a Vaglﬁ‘il,h as a
sodi uffdAreseissted dEamyfpsenample; halogrml OB, edR'R", SRy -halaken, -SiRIR'R, a cal ci um

or a i ut t, al t hgani LSsuch i, cycl ohexyl am ne,

N net W RQI ?é%he@f%’sﬁ%lﬁggnﬁmgﬁﬁ@t Vﬁgnﬁf@%a‘nﬂRsal ts thereof
with am no acids such as arginine, lysine, and the like.

[0098] "I nfl ammati on" as used herein is a general termfor the |ocal
accunul ation of fluid, plasma proteins, and white blood cells that is
initiated by physical injury, infection, or a |local inmune response. Mny
different forns of inflammation are associated with different diseases.

"I nfl ammati on- associ at ed” di seases include, for exanple, |upus, psoriasis,

. o T T T Y



conpounds of the disclosure for the prevention, anelioration, or cure of
di sease. 23 [0101] The term "pharnmaceutical agent or drug" as used herein
refers towea20heémuzzal conpound or conposition capabl e of PCmdisecémgsm4slesi red
t herapeutic effect when properly adm rlf%ster ed to a patient. [0102] As used
herein, "substantially pure" neans an"oObject species is the predom nant

speci eg, (i &,,,0N & Mplar basis it is nmore abundant than any ot her
i ndi vi %@ng%c»i ‘glgﬁi é‘i"@@@,cmumx )R a--BRSEARRHFNR " tiS(O)Ri -

fracti ggoihR'a. RUI_C el OhhectniSpeCi € r4 ses.at | east
about gg ?)zer’ce%\(t onRa’ %li{g?ze%ésp]s\gﬁl?f Ofgp?’ n%t?@cﬁ’olélgw d&‘ﬂ&"i?é-s.

Gener alGajalkaxos abHeard(G-Caalfsyl & «ourpbeirhiging bl zeEOMNhé ffalinfbet BRGpaabOU

80 per cent of all macr.onol ecul ar, I)ﬁa}peci,es"i n the conposition, for exanple,
more t RAN SB ST EBIHC BpRAYSEER,and yhetoly, REHE" ans] RCtare packiiadepeagentle al so

puri fi geletted A5aEMIdrédenNAIHRERAY ' t | . be detected
in the conpositi on_%éy Eonvengb?ocﬁélpglgdeg?{éﬁq %@ﬁ@ﬁ@t&%ﬁ%&ﬁ%ﬁbﬁ@% e

conpos ibgteraliydybstityied or upsubstituied o claalkiyh ghtestinpetoramsubRit@d) Accor di ngly, in

one as L.sGl.osur rovi C unds.of Fornula |I;, or a

phar mat?:)1 g%%chgﬁ?%&gg%bes%?uﬁq ‘gr i S%%lﬁfl‘gig%f and syubstityted.or amsyhstitrgd hefgrasrad. n:

[ 0104] RWhdnsa ¢oneteypad A€ thel disdiosdretigeinded \abRAR 3 i ydr oxyl ,
substituted or unsuybsti tust ed al kyl ,esubsti{hu?lgakdrg?%ﬂr?rg%r{)%ta{n get"’ig%h&

cycl oa Toyes 19 indensadeply selegisd iap aistaah Bf, RinBliesd Ri"Ugredpaivkemyrore than

substi Lt §ELede %.g@glgti tuted al kynyl, substituted or unsubstituted al koxy,
substituted or Unsubstituted heteroal kyl, subsituted or unsubstituted

het erocyclic, subsituted or unsubstituted aryl, subsituted O unsubstituted
aryl al [4%}&6,4] s ulsiot afttheisubstituests bs biljatdne dtones Efraegroy heteﬁiab;)ﬂirldgtrﬁéi’y CﬂS

tionall
unsubst.i t ut ed h{e%erqoar I b -(CH2) JOR2, - (CH2) | C(0)R2, 2)JC(§6)0R2,
- (CH2) ]i:lag, ol lifﬂ%éi, )= j‘@("@)‘ﬂm?‘ andlébqg)lnm@m;m RANR--
- (CH2) , i-ORS CORIR2, >ONGD i sElfonh -
(g:HZ)j) Sl Oeil, R6, oro.r?( gg?)?dl\}gs%%% g!%é?fe&ﬁerfel n jbl%?g( %I}’ll | ;ng'tggléélgfmfor%f@% to
12; angHbshtuestson adieceng@toniy efrargl drdieRroar@laifgdhob dittonially ba tepesed evithl i/

hydr og . i ru stjtuted .al kyl, substituted or unsubstituted
cycl oaﬁ%ﬂ@%@rﬂ*ﬁ%’?@gﬁkﬁ'@gﬁﬁ TotHEESHR &Y agrsspsiensndently ReREl-, --O-

subst i § tINBd-, 0:S-yRSDRL,i-t3(09L-, Al HOMNR--De RS irpld bR, Hd LESH l?xgc

bhdrWEdm 1
stituted or unsubstituted heterocyclic, su séltut ed or

het eroal kyl, s L

unsubst ‘ttﬁp%oéﬁ% single howds pfithe aewringsoforesd may dptaonallp bk yéplacedivethi 4 ut ed or
unsubsy h i ; unsubsiitut ed.het eroaryl al kyl ;
[0106] S E9hd, AIRAR K}y, naBEME MRHhoRls Bl E AdmE T ig] Gtsicdintar
unsubsting mag dpadnallly be replaced with a substituent of the formula --(CRR")s--X'--(C"R")q --,

where s and d are independently integers of from 0 to 3, and X' is --O--, --NR'--, --S--, --
S(0)--, --S(O)--, or --S(O),NR'--. The substituents R, R, R" and R" are each independently
selected from hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted

cycloalkyl, substituted or unsubstituted heterocycloalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl.

[0065]  As used herein, the term "heteroatom" or "ring heteroatom" is meant to include

oxygen (O), nitrogen (N), sulfur (S), phosphorus (P), and silicon (Si).

[0066] An "aminoalkyl" as used herein refers to an amino group covalently bound to an
alkylene linker. The amino group is --NR'R", wherein R' and R" are typically selected from
hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, or substituted or unsubstituted heteroaryl.



substituted or unsubstituted cycl oal kyl, perfluoroal kyl, substituted or
unsubstituted al kenyl, substituted or unsubstituted al kynyl, substituted or
unsubst i twoedigtzsoal kyl , substituted or unsubstitut ed PREUS2@OPSISUE
substituted or unsubstituted aryl, sug tituted or unsubstituted aryl al kyl,
substituted or unsubstituted heteroaryf, substituted or unsubstituted
heteroiwéﬁl ky]l ., Br.R?, and R4, to(get her wwth the N atomto which they are
att achdt’®f or Mt sYBSHPENHEERHPy r as IS BEEIn: eaRs exoup selowed Gromahe follesting ut ed or
unsubsthdistiead heteroaryl; [0107]R5 is independently hydrogen, substituted
or tnmsubstituted al kyl, substituted or unsubstituted cycl oal kyl,
perfluoroal kyl, substituted or unsubstituted al kenyl, substituted or

unsubs 108681 ed (A) kA I--NEu b<SH, t-tN.0-GF3, uiNQib sx6, thatogen haisabstiadtbd hlkyl,

substi . iitute efero ic, substituted or unpsubstituted
oy Sl WP RT Y Plut g a BSO8R naubst | ¢ ut ed
het er oangubstitatddsdryll UiisRstitited hgteRskylt fged heteroaryl al kyl; [0108]R6 is

i ndependent |y hydrogen, substituted or unsubstituted al kyl, substituted or

unsubst | ed oal kyl , perfluoroal kyl, substituted or unsubstituted
al kenyﬁ‘?‘@&bs(ﬁ%l‘%‘dilﬁﬁmalr@h s¥elpalkyl hefsroeyelgalkyk atydtand beteoagyl, unsubst i t ut ed

heterogﬁﬂgﬁ{me@wﬁﬁ%{ feidiede Qﬁbsﬂﬂigﬁps%‘ié.crtédt‘ heterocyclic, substituted or
or

unsubstituted aryl, substitute unsubstituted arylal kyl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heteroarylal kyl;
[0109] HO7R} | [ 0ox®3;0R4--NEG, S o6, méiFs beNOpthatupeh, yhsilbuiened ki, | v

bst | Wit t | ected f hyd . hal .~ am no,
itro. B hererd ot BT eriicay) tospbried ARioeysloaylcenyl

al kynyhnsubbtitatedl aryllubaitleéd hete®aBIomyc! ic, aryl, arylal kyl, heteroaryl,
heteroaryl al kyl, -(CH2) OR7, -(CH2)i C(0)R7, -(CH2)JC(0)OR7, -(CH2)i0C(0)R7,

- (CH2)i NR8R9, - (CH2)JC(0)NRBR9, -(CH2)OC(0)NRBR9, -(CH2)3NRIC(O0)R7, -
( cH2) NEIOELD) ofi alkyl.dissere quvﬂwmé@etero@@c)e@(ﬂ,) argiRadd heteroaryl,

- ( CH2) N BV ith (e W iqnteger fromO to 12; and mis an
i nt eger f#on10 P%B%%mngﬁgﬁg%ﬁﬂ%ﬂkékgﬂpéﬁg%endentIy hydr ogen, al kyl,
cycl oal kyl, perfluoroal kyl, al kenyl, al kynyl, heteroal kyl, heterocyclic,

aryl, HOYPhI kid) oxtret@HoaNH,, eSHheCaY, oiFy) -aNKy) Haldgdh idst8stamndd RkyRr e each
i ndependent.| drogen, al kyl.. cycl oal kyl, perfl uoroal kyl, al kenyl,

L1y ry TSR RO e ST, inahistind hetoroerelpuirly
heteroaf[s)abﬁidﬁgaww,ruﬂgﬁbﬁmeggete&g@@taggr with the Natomto which they are
attached, formhéterocyclic or heteroaryl; [0112]Ri mis independently

hydr ogen, _al keQX CYC| oal kyl , perfluoroal kyl, al kenyl, al kynyl, heteroal kyl,
het er o@\%ﬂi c, (b3 plkyl, hgtepeadionyaycloabisybrhstergdyctoalkybtaeylpar heterbiayl, substitut®113] RH

i's indgpg | . Y cl oal,ky pe éll u al kyl,_al kenyl ,

al kynyl , gltggértgé E%Flgﬁg{]see}%gﬁc ci’nclzféx%r y(?h a 2eﬂ'é _r','aﬁ}gf 'ﬁ%a‘r'vﬁ?or

het er dealydeal imsubstit0td 4lkwd, insdbattupsdneterbalRyl BubSituicd celbalk§oPT 0Py -
unsubstituted heterocycloalkyl, unsubstituted aryl, and unsubstituted heteroaryl.

[0074] A "size-limited substituent" or "size-limited substituent group,” as used herein
means a group selected from all of the substituents described above for a "substituent group,"
wherein each substituted or unsubstituted alkyl is a substituted or unsubstituted C;-Caq alkyl,
each substituted or unsubstituted heteroalkyl is a substituted or unsubstituted 2 to 20
membered heteroalkyl, each substituted or unsubstituted cycloalkyl is a substituted or
unsubstituted C4-Cg cycloalkyl, and each substituted or unsubstituted heterocycloalkyl is a
substituted or unsubstituted 4 to 8 membered heterocycloalkyl.

[0075] A "lower substituent" or "lower substituent group," as used herein means a group

selected from all of the substituents described above for a "substituent group," wherein each



[0115] In another aspect the disclosure provides conmpounds of Fornula I,
wherein RL is - (CH2)JC(0) NR3R4; and R3 and R4 are each independently
hydr ogen, weubsiti4tirsed or unsubstitated al kyl, or substi POTAS2@0/051845
unsubstituted arylal kyl. [0116] In ang}her aspect the disclosure provides
conpounds of Formula I, wherein Rl is (CH2)jC(O)NR3R4; j is 0; R3is
hydrogen, and R4 is -CI—|ZCI(;|#S%CI—I3 ) C6H5, -CH2(C6H4) CH3, or - CH2(C6114) CH2CHS.
[0117] S\T‘PF“&HBQ ﬂ%ﬁmsaéiswﬁd 1 iagubgiuied opnwbaetgted&qﬁ:nmmd edchFor mul a |,

d
‘3’?9{:3 r@}%@ghfted 0 er ot ni‘u%?d ﬁ&gfo%%saos%?%t}tggﬂ ' scuaﬁ,[s (1) e?igt[gcg xaggrag pounds

unsubs heterralicy] adakly bubsaninm ortusisaisktiartedicyeldusityil 44 ﬁd)sﬂﬂwdd&ir‘il‘ﬁkubsuﬂﬁed @51-2 0] In
anot her he d sure_ provi des conmpounds of Fornula I, wherein |le
i s sub&ti V@P%‘/ t§§ Tittted or wnsebstitgted Setsracyeloelisyl is e subsiived or ut ed

cycl oa I di scl osure provi des conpounds of
Fgrmjl gﬁ%ﬂm%%}%s}%@%&gg&&%%é ? Ibﬁltkpp [0122] In another aspect the

di scl osure prOV| des co ounds of FormJIa |, wherein Rl is - CH3, -CH2CHS,
- CHecHM8) o s pE e dijcdasRa] may exist dsesnltn sPecdisdomrainshikdessiich

Py ?%ﬁ%%mehc%éﬂfﬁm*%ﬁ%%ﬁ%?ﬁw&etl%ﬁ'ﬁé?raéﬁqwif@ Spr ovi des

conpounthanésufonams, aitrates, maleates, acetates, citrates, fumarates, tartrates (eg (+)-tartrates,

(-)-tartrates or mixtures thereof including racemic mixtures, succinates, benzoates and salts
with amino acids such as glutamic acid. These salts may be prepared by methods known to
those skilled in art. Also included are base addition salts such as sodium, potassium, calcium,
ammonium, organic amino, or magnesium salt, or a similar salt. When compounds of the
disclosure contain relatively basic functionalities, acid addition salts may be obtained by
contacting the neutral form of such compounds with a sufficient amount of the desired acid,
either neat or in a suitable inert solvent. Examples of acceptable acid addition salts include
those derived from inorganic acids like hydrochloric, hydrobromic, nitric, carbonic,
monohydrogencarbonic, phosphoric, monohydrogenphosphoric, dihydrogenphosphoric,
sulfuric, monohydrogensulfuric, hydriodic, or phosphorous acids and the like, as well as the
salts derived organic acids like acetic, propionic, isobutyric, maleic, malonic, benzoic,
succinic, suberic, fumaric, lactic, mandelic, phthalic, benzenesulfonic, p-tolylsulfonic, citric,
tartaric, methanesulfonic, and the like. Also included are salts of amino acids such as
arginate and the like, and salts of organic acids like glucuronic or galactunoric acids and the
like. Certain specific compounds of the disclosure contain both basic and acidic
functionalities that allow the compounds to be converted into either base or acid addition
salts.

[0077]  The neutral forms of the compounds may be regenerated by contacting the salt
with a base or acid and isolating the parent compound in the conventional manner. The
parent form of the compound differs from the various salt forms in certain physical

properties, such as solubility in polar solvents.

[0078]  Certain compounds of the disclosure can exist in unsolvated forms as well as

solvated forms, including hydrated forms. In general, the solvated forms are equivalent to



substituted or unsubstituted arylalkyl. [0125] In another aspect the

di scl osure provides conpounds of Fornula I, substituted or unsubstituted
aryl (G - G8pablayd443750126] | n anot her aspect the di scl osur eCpruseidesisednpounds
of Fornula |, substituted or unsubsti#jt ed - (G -0C6)al kyl (C6H5). wherein R
Is wherein RL is wherein Rl is wherein"RL is [0127] In another aspect the

di scl osur royi des conpounds of Formula I, wherein Rl is [0128] In
alnit hemﬁb&&[m%&ﬁ%&%@%%m%hmwém@scﬂmiq‘afgtaal di sease or a

di sord Qi Juf9m Ubi aety i %‘ﬁﬂ h eutically
ef fect ?ggpg%locﬁnt ofﬁ&a&gorrpou%)g)a 8@“2%@%1165 S, eé%oq—?é%@tf?ﬁ%{ taI ﬁe di sease
or t he genesds albphysi@l fofnsaraepivatent fspthe tises kenteinphitalhir e @isolostesndRid10ds

for treall a,di sease or a disorder, by adm nistering to a subject in need
t her eo I%%m{éﬁé?Bﬁgﬁﬁ’b@ﬁsﬁpp&‘&é}&‘ﬁﬁ&%unt of a conpound of Fornula I,
wherein the disease or the disorder is cancer. WO

2011/ 04818/DH PCTHEAALR{HIBABAE 1R disSIBRRY BksOfs aE?;hm&ﬁc éafbdﬂﬂﬁ%ﬁk g%;{d&a %‘CZ case
or the djsorder is_ cancer, wherein cancer is lung cancer, bre ca ,
pr ost afhira gﬁl&tg;s) obqioqb)lmbcmglﬁg@@ enantiomers, racemates, diastereomers, tautomers,
geometric isomers, stereoisometric forms that may be defined, in terms of absolute
stereochemistry, as (R)- or (S)- or, as (D)- or (L)- for amino acids, and individual isomers are
encompassed within the scope of the disclosure. The compounds of the disclosure do not
include those which are known in art to be too unstable to synthesize and/or isolate. The
disclosure is meant to include compounds in racemic and optically pure forms. Optically
active (R)- and (S)-, or (D)- and (L)-isomers may be prepared using chiral synthons or chiral
reagents, or resolved using conventional techniques. When the compounds described herein

contain olefinic bonds or other centers of geometric asymmetry, and unless specified

otherwise, it is intended that the compounds include both E and Z geometric isomers.

[0080]  The term "tautomer," as used herein, refers to one of two or more structural
isomers which exist in equilibrium and which are readily converted from one isomeric form

to another.

[0081] It will be apparent to one skilled in the art that certain compounds of this disclosure
may exist in tautomeric forms, all such tautomeric forms of the compounds being within the

scope of the disclosure.

[0082]  Unless otherwise stated, structures depicted herein are also meant to include all
stereochemical forms of the structure; i.e., the R and S configurations for each asymmetric
center. Therefore, single stereochemical isomers as well as enantiomeric and diastereomeric

mixtures of the compounds are within the scope of the disclosure.

[0083]  Unless otherwise stated, structures depicted herein are also meant to include
compounds which differ only in the presence of one or more isotopically enriched atoms. For
example, compounds having the structures except for the replacement of a hydrogen by a
deuterium or tritium, or the replacement of a carbon by >C-- or "C-enriched carbon are

within the scope of this disclosure.



[0131] I n anot her aspect the disclosure provides nethods for treating a

di sease or a disorder, by admnistering to a subject in need thereof a

t her apeutwoabiwyo4ef7Sect i ve anmount of a conpound of For nulPaTIUS20t8sE8UH t he
treatment includes inhibition of actiﬁg}ty of at |east one BCL-2 famly
protein. [0132] 1 n another aspect the scl osure provi des nethods for
treati E&ﬁi di srg‘ase or a disorder, by administering to a subject in need

t her eo herl&p &ompeundsyf herdisalosyes mapalse comtain woatyrl peopstticnsofatomit | n
combi naotdpes W ¢t 3B b GRS Ahat 0 ute LKA ABO G e, BRRRC R NS

di scl osure provides nethods for treating cancer or ‘an au Inf iune di sease
in a sadppounds avdyri radiolabelst witheradioastistedshi@ifds; sich astdriexpmpleatifiu@{(BHESSI on

| evel by.admnistering ta t ject a therapeytically effecti t of
2 Comp DU TS Lapricaron b Fb ATl ioap e s oL koo of hinime. d Sease.
[ 0134] bifcRBEreWhetA&REGbadiie odlnse %&%ﬁ"c@rﬁgés%& %ﬁﬁjnlnfﬁé bage of Me &iéc?ﬁﬁ g cancer

or an autoi nmune di sease in a subject ving at | east "one el eva "BCL-2

fam |y protein expression |evel by adm nistering to the subject a
t her apﬂfhﬂﬁ Lal The tsrme phanmeaceytinaly aedeptableovalislis dneafit Bcnetudasalts ofiactive

det er nj.ni g j.eqt ts. responsive.to t herapy . that utilizes
the. cormapamt i ark BReoBltd s relali CETRBRN Y RidsrbetedGRbame Shede 2 1 am 1y
pr ot ei partioulbheubstitapeahoiaties foonda iHeGohPoandsielBibed etk WHRARbApoWRRM €i N an
el evat eﬂt I evei?él s indicative of a subject responsive to the therapy.

[ 0135] Phths 5cinsire coptaim relatively; asidie Bimclonnligios, dase anditinadelis may e obtaineg cancer

or an gyboHtENHRGhEhaRAT ' J: . evated BCL-2
famly %r((g)l%fei n ggﬂfrlesm gorll-lnlno e@g@’t’%ﬁ}g@#‘!ﬂ%ﬂt@%ﬁﬁ%&%@%@ﬂgﬁtﬁr}%&m&g

t her apbasei athiet yeatbf &ra suitabkrinerhsolednt a Examples ofiplefrmbesubivhlly dccepable base
determ '.Q%B\Aﬁ?et hcgr th(ﬁri su% ect. i s re_ﬁgjgnsi ve to a therapy that utilizes

t he coﬁfgdd salt include 3ofiug. pgtassiwm, eajeium, pmmoniumm, Qreaslie Ao, ARMALIESII ar | v
Pr ot i glf, br & Biifs! e COVHBA o BOTRAS P thel disclosIfY! dWRtai s ARy RARPI € wherein an
el evated level is indicative of a subject responsive to-the therapy,

wher ei finetienaligies agidreddition salés mayibe bhisdd by cantactivy the hewtral tforen sfduichct . VO
2011/ 04 ([ US20104 051845 28 13611 n anot.her aspect the disclosure
provi dg@%@?&% !;hgl _ oSP%b%?‘éFH}OHPH@‘I%g?%FSH a gsﬂ CEE?atiOEmr%g'BEP% Petio a
t her apsolvdiat Exirnblez 6Splar@ecmauill; fbehiabloubia aliditioy s iaEmhotge tdsdeve! of
at Ieagt one of the BCL-2 famly protein in the subject and conparing to a

nor nal Feginergrnis geids dke Wrdroehlorieyhydrobyemisgnitris; ehrbosici ndi cati ve of a subj ect

responsi 1.3 t her aspect the di,sclosure provides

ot hodz o ibaeRCarbiat Aot o bR RIRD Sty e UEP BT apy ¢ ha

uti | i zedfusiccmopahydebgehsuffuriehydriodicdyr plessphicrbiad Agds 41d theMeé, a8fvefltashi@Ast one

of the aﬁC?Z %ﬁfrn I }é 1gr.otlei n in the subject and conparing to a nornal

cont r of* S &fRYE, TRET N YL RORPEY STeagq i kegcriny PERiIN® 1ebutyricy blalsie,

r esponghNgict BerdAR, Eﬁ&ﬁﬁﬁﬁubéﬁdﬁﬂﬁkﬁ{c?ldatiﬁqﬁmﬁ@ﬁ@r}iﬁ.‘tﬂ%ﬁk'l%ﬂ%é SRR g)ased on a
|

sanple fromthe subject. [0138] In anotHher aspéct the closure provi des
met hod@hisyfogis; eitng, tartagicywmethanesubfosiapirelcthe like.r Alpandided drosatstdfamapy t hat

tili d. of Formla | determining the |evel of at |east
of |t ha B FERM gl ke Ang iR fEFeRNC St sy oo ealatinarn - O
cont r odcidsadig It lINO@EE fSr APl BaEREt hEVPhairsaceitliaf Salitéﬁ?Jdﬁﬁnda OEUbj ect

e

responsi ve to the therap%, wherein the determnation IS ma ased on a
sanpl PFar@asautieal Seknee 1197 40b, WS)-e Cartainspecifiptempaunds bf theakisckusbref | ui d or

tunmor SARRY Goth basic and acidic functionalities that allow the compounds to be converted into

either base or acid addition salts.

[0086] In addition to salt forms, the disclosure provides compounds, which are in a
prodrug form. Prodrugs of the compounds described herein are those compounds that readily
undergo chemical changes under physiological conditions to provide the compounds of the

disclosure. Additionally, prodrugs may be converted to the compounds of the disclosure by



[0139] In another aspect the disclosure provides nethods for determ ning
whet her a subject is responsive to a therapy that utilizes a conpound of
Formul a Iwokyidgssssm ni ng the | evel of at | east one of wPrhe/BALOASTEAM |y
protein in the subject and conparing a normal control sanple, wherein an
el evated level is indicative of a sub# ct responsive to the therapy, and
wher ei n, t he -2 famly polynucl eotjde or polypeptide is BCL-2, BCL-XL,
BCL- W chemic lB ordyioghemicyl methpds dn amexWyp sBYiremRRIEt Fotexaiple poulgs mpeobs des
met hods)dhy chiied ROmRRBRIBRAGE drthediS ' i Ly psast one of
the BCL-2 Tam |y protein Ee%lber gr ealgeééu{%lgyﬁérpg\?%dsﬁiaﬁi%gé%na% ﬁacl:el |, by
admi ni seserviorrgvitlya stiéableedrizyme oe thanicaMeagembunt of a conpound of Fornula I,
t hereby reducing the |evel of BCL-2 fam |y protein(s) and inducing

apopt OFa S~k N cel l.. «[+0141] 1 n @not her aspect the disclosure provides
met hodi‘"@g:l i?\lzlgé?nr?ﬁ ﬁ’pofﬂ’og} sara’il)n’ ‘gh‘:c"e?ﬁegﬁ‘g(ﬁ%?fﬁncff tPé‘}%?“Ib‘P#%‘gStFtB%‘g‘f one of
t he BCherid, atdah yit Iémtoﬁb.nFBﬁﬁaﬁffpfléJ WRbed cdiptnt§Y fbdtidufedew IO M AlkyE 6l | - bY

adm ni stﬁri ng to the cell an effective amobunt of a conpound of Formula I,
¥

t her eb it EPTHBOUNdds pajenally sulptituted withiat leagont elkyl snd/emat l¢astions argl.

t ORI Sad iy t cellois a |1, WO
2015/ oy FTseRer BB B Ry IERE Oyl L5 0N K STrBinkal B gl mmeireerttar o
provi des"Restiistitisted. b Whenela aioigy &RguBSiItgted, ThembRty is sABMitMEA Hithe BasOf  at
| east one_of the BCL-2 faml ei n _menber greater than levels in a

y .prot, .
cont r oPREByspbstifyent and eachiiepybistituent is pptienally differemt ect i ve anount of a

compound of Formula I, thereby reducing the level of BCL-2 famly
prot ei [YoBB] anthekdtioh 9 cSRPRIRS o8 tHeHiddMS Elinﬁ@ﬁrbglé)?i& ?es%?lc{meﬂli%aﬁ cancer
cell, and wherein'cancer IS lung cancer, breast cancer, prostate cancer, or

| ynphoherding kneyg) torthasecikillad ingpent. Atrerdingly) wherea growpvindy be sutistiated hyor

i nduci tosis in a gell . havin l.evel. of at | east one of the BCL-2
fam Iy O 8RB S huibe oL SHbati RS L gesttigns,re seleriet et fo, comply with
admi ni piirdipleg of éhehtical Gohdingan®td cf% totBpGUHRY Whid aré nSORRAUAE) Alstdpps mul a 1,
t her eby reduci ng the level of BCL-2 famly protein(s) and i'nduci ng

apopt o8rdor woyld be kapwn tovpres of ardingey skéll in the ar as &kely 66 be hestableundersyst em

[ 0144] . S j scl.osur r gvi.des t hods.for determ ning
{0441 B ANONR Lo gRER by Kol BELCIULS ISR Mo LR Lot 10,
conpouRor efaniply, abkterddyoloalkyUby etéroakyyisGangditd thel Bfalma¥edf 8E ndIBEeda fam 1y
protein.n a cell of the subject prior to and during treatnent with the

conpouf i8S RRlFaiom & erepliance With gyiariplss ofchemicalhendingdmowaita thase skiled at | ve
of _ef f Bt kMRS EOlvoldify ﬁﬂ@feﬁﬁ% uhfble bbb, the compound. [ 0145 Tn
C s ods

anot her aspect the disclosure provi for determ ning the
effectiveness of a therapeutic reginen including adm nistration of the
compoulf988F FEherierms ['tr¢ating” euijestnient'bin refengme itng patieulhedistase inchudd3EL - 2

famly 1Nl cell of the subject prior to and during treatnent with
the co I%gét}{r\t%'?%ﬁ‘t\%rcglseﬁg% decreased level of BCL-2 famly protein is

indicative of effectiveness of the therapy that utilizes the conpound,
wher ei 0090 sTihg eah “pARIngEe ¢pro-drug™ refers to an agent that is converted into the

parent drug in vivo. Prodrugs are often useful because, in some situations, they may be easier
to administer than the parent drug. They may, for instance, be bioavailable by oral
administration whereas the parent is not. The prodrug may also have improved solubility in

pharmaceutical compositions over the parent drug, or may demonstrate increased palatability

or be easier to formulate.

[0091]  As used herein, the term “Apogossypol” is a broad term which includes, without
limitation, L-Apogossypol, D-Apogossypol, racemic Apogossypol, S-Apogossypol, R-
Apogossypol, (-)Apogossypol and (+)Apogossypol, and includes (-)Apogossypol that is
substantially free of (+)Apogossypol.



[ 0146] I n anot her aspect the disclosure provides nmethods for determ ning the
ef fecti veness of a therapeutic reginen including adm nistration of the
conpound wb 2povagud7a | in a subject, by conparing the | ePell/ushola/oBGYs 2
famly protein in a cell of the subj e@t prior to and during treatnent with
t he conpound, wherein a decreased |ev of BCL-2 fam |y protein is
indicatjve of effectiveness of the therapy that utilizes the conpound,

wher ei :ﬁb(ﬁi& SLTE‘]‘ 0 ge displogyre, Wi apstailer comnound issmentinged by came, for east
cancer exRhdts! AbSuoRafHohr ARSedsYHRIAER is kitbATdd ! Ghscidig

di scl osur eﬂpr o%(i?gde?ﬁr?et%ogsgfs eter M i nr;g(%oﬁlgh %19 ?%%%Psggglgs&sgiosge

t her apéntdnepasesgiphemacagticatly moceptilensaits reaters) amides; hetabeliteq Wi gradiuds@rnul a Tin
a subj 2011/5)_44375PCT/ US2010/ 051845 30 by conparing the |evel of a

ct
BCL- 2 ?‘éerﬁaﬂf\ég%{l’@f‘ﬂ in a cell of the subject prior to and during treatnent
wi th the conpound, wherein a decreased |evel of BCL-2 famly protein is

i ndi caf0098] of ekl dppestesed Bf thobeskilley iale 40 Blat rhpdA@s of e dERIaKNT,
wherei n the subject has cancer, and wherein cancer includes, but are not

i mi t ed2YiBE 2 ghiral ceptenimay grighisntangdibstisolatedh il ontically adive@ed racenlioformancer

liver i s ncer vari,an c r rqst ate cancer,
I yrrpho?aa?l%?gu éﬁ%ﬁd;s n?%%ﬁ%} ﬁ(g%g@ﬁ)t}%&nyg 1HGe ﬁo%geﬁsg)ﬁagﬁq‘?éhea‘ﬁﬁcqﬁwqmi c

ny el ogemmuspabees keyrrapmids ogtielyeaties polymuighie AatGeireoi B fofd \é1&hixnited e
cancer ?I er cancer brain cancer. [0148]1n another aspect the

d r
di scl o eé’?’}:ﬂ &HOH@S%Pgﬁlaéllchu@eWMmﬁmseﬁ e wefud propestins siesaibed
t hera i i3 | i 1.0l ), - of . Formul a |
o orul AISELIPR nabich SOBE AL LBl cisel B FORDOEAEAREIORREC L | o
t he sublsednclysics opmpesitiors comprrispgtthemtemittmisnird of the t@0 EpMtiEnerye eilnsa
decreased | evel of BCL-2 faml rotein, is indicative of effectiveness of
e n el cOlperi iz gact fatoRbe iy uplss PHaR ALY dirs ke RS o
aut oi MeRkAGoRheS OTEIR for[-R4ARI! Sorddratinel hé’l%ﬁgﬁfa &H@ogggﬁ keagﬁﬁng Q%V' des

met hods for treating inflammation in a subject by m ni Ster o the
subj ectnanfomgesibstanially freeefi the Rtenantidmaerececimpasition ehipeistigitke Rnount of a

conpou E . harmaceutically acceptable salt, hydrate, or
sol vat g%tnﬁtenrngg%@ olélgd%%:ee&t %gieﬁﬂ%ﬁ)mti on thereby, wherein Rl is as
descri be above. [0150] 1 n another aspect the disclosure provides nethods for
treati [0994] di Bg&sebstmtially flecvic ctaﬁeanbmaaﬂmceh?)bﬁﬁbﬂgomﬁﬁ&s%&laiﬂ%tld%\, need

t her eof aﬁétﬂer eu]'gef' cally effective anount of a co@rr‘lp}gunq of Formula I,

wher ei ¥ E5idhef 8@ackless than $% geless thap 3 er less thandYoeiibe minendnastiomerpdbr i at i ¢
art hri fheSamke B&RN ot RUTRL 9] L] t] | er 0sj s,

ul cerati ng ch?If%Ps, nydgﬁsﬂtr%gsnfng gr av?2%}?%&&’?&’#@%&%%&@%9%@8%%? aiso

Hashi msckdss ¢dmpasitaing cempiisiog A nsxtlirs efthe yvadoisalismstresinersessobalt 4sc  anemni as,

i nsul i ndent di.abete L1itus, glonerulonephritis, rheumatic fever,
ost eoar E‘?eq%ﬁ }ogl,s “g% lyn%f?ﬁil_rcﬁ%t??o%ﬁrrsﬁgftﬂt?@?’ fﬁed’%gll‘ﬁ Pthe dipfierROIETS,  ast hima,
Sj ogr eTis, fotRABBPR, cofRRbRElly aVailal BPOLRWENYSS 20800 mENRe \ééﬁgHLihg two
m t ochondri a' n%%gat hi es, Amyot I’OFhI ¢ Lateral Sclerosis, A zheiner's

ap

di seas¥pagte e grs. [Tbe serjtpiomneio tAragossypeld throhghait this disclosurp immlidde s
met hod . I i r_a.disarder, by .adm nistering to a subject
in neeg)n{1 es}tfé%? a{flt ? %g@%%éﬁ??%g??cym&t‘f%@? nggﬁ%ﬁ‘ﬂt Cqpppogitions that comprise

the (+) enantiomer substantially free of the (-) enantiomer, and compositions that comprise

(=]

the (-) enantiomer substantially free of the (+) enantiomer.

[0095] It is well known in the art how to prepare optically active forms (for example, by
resolution of the racemic form by recrystallization techniques, by synthesis from optically
active starting materials, by chiral synthesis, or by chromatographic separation using a chiral
stationary phase) and how to determine the anti cancer activity using the standard tests

described herein, or using other similar tests which are well known in the art.



conpound of Forrmula I, wherein the disease or disorder is a mtochondrial
myopat hy such as WD 2011/ 044375PCT/ US2010/ 051845 31 MELAS syndrone, MERF
syndr one,wheberi4g37di sease, Werni cke's encephal opat hy, ReCI/UGsgodoorses
honocysti nuria, hyperprolinem a, nonkegiotic hyperglycinem a, hydroxybutyric
am noaciduria, sulfite oxidase defici&hcy, or conbined systens di sease (Bl2
defi Cii cgyi 5_2%52] I n anot her aspect the disclosure provides nethods for
treati @0 %] qi ddg ey pharrpcentical compositenT; Tafest torg mixture ofa sotpewnd with need

t her eo ; i - f f. Formula |, by
Fur t od R ERRR Y, ol B LR Raler IR SRATRR Mol o )

[ 0153] Kaviliatss hémimsimtion of the coinpolndtoran qrpmisme Muleplb acthnfqaes 6f eat i ng

infla tion i.n a subject by.adm ni.stering to the subject .in need of the
treat gﬁ?’“ﬁ&%% _"]ngfle%me genyudiy potdimiedignprghiiviesionror mul a 1,
by f ur blesolaghFbmtiol, @hil Achical ﬁ&hﬁﬁ§tilfaYi%n.5 ?ﬁﬁi&e&gicaﬁéb%@égisdng RhrPhiEPbe Sg SRI).

[0154] In another aspect the disclosure provides net or treatin
i nf | amebiainsd byreastisg spmpeurnsly vethvinaiganisrar meganis achds seolbpselrydrochlorieatidf t he

treat [ i-cal ffectiye anmount. of [o30) und of Formula I,
wher erﬁﬁ)@rﬁgro?xﬂ? Pahat | olg%lclgyllnﬁrf“f %\%i’ﬁf#’logﬁwgg 26id; me W%Pfﬁmﬁ aelhdi ti on

wher ei athahesutfonidiatidpp-tolaedesplficni€ Aot WalE ARURid £RIGKE 8RES, PSoriatic
arthritis, lupus nephritis, rheumatoid arthritis, nmultiple sclerosis,

ul cer ﬁm gﬁ colitis, ‘rr%ast henia gravis, ITP TIP, Gave's disease,

Hashi mN®75  t Hhe Gire ‘rarmaseyically agqeptablesalts sefersiie A deranuiatinn oftai componnd as,

i nsul i '@Qﬁ{ . ] aql.o j tis. .Lheumati,c fever,
ost eoag}aﬂﬁe‘?ﬁ]{gﬁ%uggtb y arct rllﬁ?t%isla,)ﬁ {é’er ma %%%@%ﬁgﬁs%@nm%ﬁ}%ﬁlapﬁg P®%ast hma,
Sj ogr enet absggatty thabjological agiivitysandgutopartitsafkhelyahpapldy PhéiGcsas@ukdltsi S,

m t ochondri al . r at hi es, Anyotrophj ateral Sclerosis, Al zheimer's

di seasBP &F Oétaf%y. ref(%lfg@ﬁ%p&%«?ﬁt&neéﬁgfgretm@ BOSENSAGHES Pl des

et hodBydrashlbiie ali iy drtrbRTEd, Qfintt, 4id YRR GLIO¥R AL R4gr 1 ng Lo the
subject in need of the treatnment a pharmaceutically etfective anount of a

conpouBgthepesublopigiagid, ethapgsuforic abid, p-tdlienemedforinadig, sahiéylmmuvat amdnthatikaci at ed

onp : AR Ae: b e > e poka o
Uhe i TERRREE MICEE s BPRREbY RchiSe febbid @hedsibmbangs s o o
di seasbase\¢forhckeiltssueh aephahapaiuRy saliRgh hIkaH AHATE, IONREY sddiftH ok 3.

hyper prol i nem a, nonketotic hypegﬁi‘lbyci nem a, hydroxybutyric am noaciduri a,
sul fi t Botassiwm salt. g pikaiing earth metaksahin uchcs aypslcium orh sagnesiyiBaltdetaltoifency) .

WO 20 1&11g%ﬁ15 ik gﬁéﬂ%&ﬂl&ﬁ%me, N-methyl-D-glucamine, tristhydroxymethyl)

methylamine, and salts thereof with amino acids such as arginine, lysine, and the like.

Y

[0098] “Inflammation” as used herein is a general term for the local accumulation of fluid,
plasma proteins, and white blood cells that is initiated by physical injury, infection, or a local
immune response. Many different forms of inflammation are associated with different
diseases. “Inflammation-associated” diseases include, for example, lupus, psoriasis,
rheumatoid arthritis, and inflammatory bowel disease. Other inflammation-associated

diseases are discussed herein.

[0099]  As used herein, the terms “anti-inflammatory agent” refers to any anti-

inflammatory compounds that are used in the treatment of inflammation.

[0100] “Treatment,” as used herein, pertains to the therapeutic administration of the

compounds of the disclosure for the prevention, amelioration, or cure of disease.



32 [0156] I nfl anmati on di sorders may involve the activity of apoptotic
regulators. Thus, it is desirable to identify conpounds that nodul ate the
activity wb2apaptrsi c regul ators, such as BCL-2 protei neCTRSetoosspdbunds
are described herein. In sone enbodi ts, the binding of these conpounds
prevents the interaction of anti -apo;r)%gti c BCL-2 fam |y nenbers with

pr o- apf tgti c,BCL-2 fam |y nmenbers, and t hereb3(1 reduces the biol ogi cal

acti vi (ﬁo I alts Sseppbarmaceeicabagenhpr drugeapiesed hepin referetaa eheminal conpounds
may be . ] I e I vin

it i - aganpddrch Bty BUEKRN lch I TRRES uRkaliidec: Whdh bloby
conpouadisinisteredteea patienconpri se vari ous derivati ves of Apogossypol one havi ng
Forrmula |I. These conmpounds may be adm nistered to a patient with a high
susceptd b itk to devel opi ng a.condi tjon assogciated with inflammtion, for
exanpl Ld,lla?tpuésélf efth _ci"élﬁgf‘rﬁla@ylpélﬁqjéﬁea\nﬁéfllo JEE qpﬁ%‘ﬁ%llstth%lf’reflﬂ‘f@“’ﬁ& i ent

wi Il dewelesnisyueh acesla BdsRNsis m&@&ﬁﬂdaﬁﬂlﬁaﬁh&%tﬁ&ih@ivﬁiuﬁpsﬁ%ﬁﬁhg@é prodrugs
of Apogossypol one having Formula |. For exanple, when Rl I's the acetate

noi et yCYmPTtENNOHEY 4 sybstantially purified fragtorcis mrompasition whorein thedbiest speoiedr ugs

for th ap, Qi i e 0s one derivatives. In another
enbodi rs}%rﬁéﬁéteﬁe co%%%h‘%?? p%Fc eﬁ L@l?ﬁ rgcﬁlﬁgga }SZ%?%i F@&gnboéwiqmagm%sr. Formula I,
wher ei Giehdrally, ansbstatially phthednivisitRinl willefrprisé Hoke fisin BBGR SORReALSIH 85%
90% 95% an?q?g%;/o For exanpl e, the conmpounds of Fornula I rraé(ybe urified

to essBRIOHO gesrisst ip the porppations Scxaypls: Bieec thay abeut Ve 984 PE%ci ous
o o Tt GO SRRl Tl o

. man%
reactive, thus e uci n e aval

D;D

ons of active
drug asmcicanginogbe deteaed in thépompssitigobpomventidias dytpeonanethods) whdieiut t he

probl egatic al.geh des, retaj gs ct] vlt agai nst anti-apoptotic BCL-2-famly
pr ot ei NE COBRPYOYEUISIS SEHALY LA SRS Clf§-ce tol erate doses of

Apogossypol one. Furthernore, Apogossypol one may be superior to parent
corrpounﬂosalossmwrdﬂfgtybiﬂ&mgéctm di1bR HYYidRE EorRpdurRdeY Forh\fa S€ Of
Apogossypol for treating cancer is described in PCT Publication No. WO
2005/ 009434, filed June 25, 2005, which is hereby incorporated by reference
inits entirety. Gven that Gossypol hap toXicity problems likely due to
two reactive al dehyde groups, th unds 2Qf Fernula | were designed to

| ack these al dehydes but retain j ;
famly proteins in viteQ and_in
Apogossypol into the BH3
forms two hydrogen bonds

) BC1- 2osuggest t hat Apogossypol
Arg 143 and Tyr 105 in Bcl-2 through
1 and |' hydroxyl group #, Apogosypol al so fornms hydrogen bonds
WO 2011/ 044375PCT/ US2010/ 051845 & with Txpl4l and Jyr 199 in Bcl-2

t hrough 6' hydroxyl group on the right naphthal ene ring. The isopropyl
group on the left naphthalene ring inserts into the first hydrophobic

pocket on@armaceBtdalR, acetypthtde s4le hiydapy, opydlvae tiegeodnwhdieint i ght napht hal ene
ring inserts into the hydrophobic pocket (P2). Analysis of the predicted

o B 2 SRR e S B 53 5451 ot o
PO A G N R et e
t he comsBestifecdplkenyd, sibsiituted or ansubsituted allechybeitbstituted or ussubStithiedn or
monof Oarlfgé()ly%&b%ﬂtuted or unsubstituted heteroalkyl, subsituted or unsubstituted heterocyclic,
subsituted or unsubstituted aryl, subsituted or unsubstituted arylalkyl, subsituted or
unsubstituted heteroaryl, subsituted or unsubstituted heteroarylalkyl, -(CHz)jORZ, -
(CH2)C(O)R?, -(CH,);C(O)OR?, (CH2);0OC(O)R?, -(CH)NR’R®, -(CH,),C(O)NR®R?, -
(CH2)0C(O)NR’R’, -(CHo);NR’C(O)R?, -(CH);NR’C(O)OR?, -(CH,)NR°’C(O)NR’R", -
(CHz)jS(O)mRé, or -(CHz)jNRSS(O)mRé, wherein j is an integer from 0 to 12; and m is an

integer from 0 to 2;



t?lHR 0=S-,0 CH OH OH NHR WO 2011/ 044375PCT/ US2010/ 051845 34 101611l n
particular, the synthesis of 5, 5" am de substituted Apogossypol one

deri vati wee 20f1/msconpounds of Formula | is outlined beCowms2Reagsas s and
conditions: (a) NaOH, H20, reflux; ( H2SO4; (e) DVB, K2COB; (d) TiC 4,

Cl 2CHOCH3, rt; (e) HC, H20 (f) NaC 2, H202, KH2PO4, HE:IJBCI\Ik)r}:; Cl(g) :g:lsm
H20; (h), EDCl . ,NH2R, HOBT, rt; (i) BBr3, CH2C 2 HCO, ; ) Fe :

10162(1[ SEhofn l%ﬂaéw,nd%@slgyﬁ‘mg(%) substitpted s ynsubstituted adiotss edoder refl ux

condi t| | | I O Lo | t ffaond.. ound 2.
T L R SR
pr ovi densubstoteddlidmyll setstineet oroinselestingedbetéronikiyh) sibsGhtedoturtubhitae@net hyl

met hyl . ether resylts in the |ass of the isopropyl groups and sinultaneous
b1 1 or WFRETEH: Sthstered promsubshitied wab SRR HOLRRSRRSTFRAY SN des | he

al dehY%Sﬁﬁ@a%Qﬂslﬁzstiﬁ%m%&rgl, bishsRithdl &%sﬂﬂsﬁiﬁlt%%%g?rﬁe , KH2PO4 in

acetonitrile and acidified wth agqueous HClL to provi or r espondi ng
acid conmpound ? Treatment of conpound 6 with EDCL, NH2R, HOBT at room
t enper BHQPE aRf andiB " engeaetnindepandesbuirazenDarbstitujddairivosutstittahglylnd 7

col ut; St SRRkl SRR APl ER RS A MR 658 dati on
of comubstinited ovivinbubsetita dlkydy2 SMBstiiied iofl @ssubkierutéd HetceshlAROaMSERAlPNE
deri VaElIils\lll%Stl%l-lted heterocyclic, substituted or unsubstituted aryl, substituted or unsubstituted

arylalkyl, substituted or unsubstituted heteroaryl, substituted or unsubstituted heteroarylalkyl,

or R? and R*, together with the N atom to which they are attached, form substituted or

unsubstituted heterocyclic, or substituted or unsubstituted heteroaryl;

[0107] R’is independently hydrogen, substituted or unsubstituted alkyl, substituted or
unsubstituted cycloalkyl, perfluoroalkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
heterocyclic, substituted or unsubstituted aryl, substituted or unsubstituted arylalkyl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted heteroarylalkyl;

[0108] RS is independently hydrogen, substituted or unsubstituted alkyl, substituted or
unsubstituted cycloalkyl, perfluoroalkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
heterocyclic, substituted or unsubstituted aryl, substituted or unsubstituted arylalkyl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted heteroarylalkyl;

[0109] R,R! R% R’ R* R’ and R® may be optionally independently substituted with 1 to
3 groups selected from hydrogen, halogen, amino, nitro, cyano, hydroxyl, alkyl, cycloalkyl,
perfluoroalkyl, alkenyl, alkynyl, alkoxy, heteroalkyl, heterocyclic, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, (CHo);OR’, -(CH2);C(O)R’, -(CH,);C(O)OR’, (CH,);,0C(O)R’, -
(CHNRR’, -(CHR)C(O)NRPR?, -(CH,);0C(O)NR®R®, -(CH,;NR'°’C(O)R’, -
(CH2)NR’C(0)OR’, (CH)NR"’C(O)NR®R’, -(CH,);S(0)mR ", or (CH,;NR'°S(0)mR ',

wherein j is an integer from 0 to 12; and m is an integer from 0 to 2;



WO 2011/ 044375PCT/ US2010/ 051845 35 [0163] The synthesis of 5, 5 alkyl
substituted Apogossypol one derivatives of Formula | is outlined below 12
Reagent s wiodotiandi7si ons: (a) RWgBr or RLi, rt; (b) 1\11P4¢TAS2HROS184E)

Pyri di ni um chl orochromate, CH2C12, rt,;. (d) Et3SiH TFA or Pd/C H2; (e)
BBr3; (f) HC1, H20. [0164] Conpound g was treated with different Gignard

or lithi reagents to_afford a secondary al cohol 9, which was oxidized to
gi ve tﬂ’é'fﬁiﬁen gés@ PSWWW’@(FW%%%W%?Y@M@#ﬁieéﬂumﬂﬁlhﬁkgwlaﬁlm%duced

d hyl
Por on T R O AL el B O b BT e 13 ana 14, i 11

onl'y hydrogen agtom or car boxylic acid at 5, 5 positions, were synthesized

to ex plﬂdilb] i f RS enybR} amteadmndcpe?derﬁly Igdwgenoaikyls cycg@nlkyl?ymﬂ?makyhanm Eg .
bi Io |V un esi ze reatj ou
o o cHRE sl Refontiochappeyats, 58 Skl Bisbr el hisrcaalda it ng

produ Céndfi'lll'%l tSpREARE Wik the Weiorh 'ﬂ@@lﬁc‘h&ﬁé}e‘é}e laRAURH dféﬁh |h¥te%c§/@ 1O Rlerbdypr omi de

to gi ve corrpounds 13 and 14, respectively. 2011/ 044375PCT/ US2010/ 051845
Rea ents .and conditjons: (a) H2SO4 H20; BBr3, CH2C12;
(d) HAP11Zbo. R}"G mdpnendenslyrhyeeages; %WIBCYCballwétm OEQPAISII; enyd, alkynyl,

Apogo Sﬁ&&%ﬁlﬂ?ﬁ heefdoyald, UR3, £2f1afk9l, Ii%l.e?()ak'yl,or heteroarylalkyl; and

[0113] R is independently hydrogen, alkyl, cycloalkyl, perfluoroalkyl, alkenyl, alkynyl,
heteroalkyl, heterocyclic, aryl, arylalkyl, heteroaryl,or heteroarylalkyl;

[0114]  with the provision that R! is not isopropyl.

[0115]  In another aspect the disclosure provides compounds of Formula I, wherein R is -
(CH2)jC(O)NR3R4; and R? and R* are each independently hydrogen, substituted or
unsubstituted alkyl, or substituted or unsubstituted arylalkyl.

[0116] In another aspect the disclosure provides compounds of Formula I, wherein R! is -
(CHp)C(O)NR’RY; j is 0; R? is hydrogen; and R* is -CH,CH(CH3)CHs, -CHy(CsHy)CHs, or -
CH,(CeH4)CH,CHj.

[0117]  In another aspect the disclosure provides compounds of Formula I, wherein R! is -

%LNNQ j,;LuU%

(CH,),C(O)NRR?; j is 0; R? is hydrogen; and R* is

J T

[0118] In another aspect the disclosure provides compounds of Formula I, wherein R! is -
(CHz)jC(O)RZ; and R is substituted or unsubstituted alkyl, substituted or unsubstituted
arylalkyl.

[0119]  In another aspect the disclosure provides compounds of Formula I, wherein R! is -
(CH,);C(O)R?; j is 0; and R? is CH,CgHs.



is outlined below. Reagents and conditions: (a) BBr3; (b) HCl, H20; (c)
FeCl 3, H2SO4. [0167] As shown above, denethylation of ketone conpound 11
occurs upao20rieat3ment with BBr3 in dichl oronet hane and &cirdistéioasiseh of the
solution with aqueous HCl1 provides c ()rrpound 15. Oxidation of compound 15
with FeCl3 in H2SO4 provi des the desiTed Apogossypol one derivative 16.
[0168] , The synthesjzed conpounds of Fornmula | may be screened by .

one- di L‘B&@I ongrf a‘iqlf‘?@éﬂ"‘é?éggr%ﬁ eprpdeheamerousdeet Famadnl whersin R is NVR)

bi ndi n LIS i mﬁ ' 1 NWVR bi ndi ng
assaysgﬁ%ﬁ%ﬁ%@%?@?%?%ﬁg%&ﬁﬁﬁgggfn t g&ﬁtgg? K‘(]ai&r%%l' Titration
Calorinmetry assays (I TC), cell viability assays and conpetitive

fluor eﬂl:]éﬁze potrother aspeshtheskisiesuicRPayidescammupdodf Bomptal déerdin Rbistul a |
di spl a?; hti%gl ?Ji nding affinity for Bcl-XL in these assays. The nobst potent
compou %I’s né‘ Ce significant chem cal shift changes in the active site

nmet hyl groups (region between -0.38 and 0.42 ppm in the one-di nensional
1H NVR[GR2Et r In adotiiRe hspéct b diselssarevaided conRini@b o rintd N§hERin ¥Ois -
2011/0 75 S2010/.051845 37 _di spl acenent assays, which is nore

ef f ect M 3, O Hob A (CGHm2r esul t s of “the NMVR bi ndi ng data and
the FP assays, binding affinity of the conpounds of Formula | for Bel-XL
usi ng [OIS3PSSBY andkh disc r | }bcw ' : . dat a,

t he co[ ouﬁds of Foe?rarlﬁl%g{flhggilégg)lsgl%}gg‘t’qgﬁcomﬂr?gfl#ﬁaf |(rillllé{\13“?lgg§le:ﬁ Lwth a
Kd val E@ﬁ)&(@sHé)@rF(ﬁfb)qﬂé&thwhtlaimqﬁiscagdlﬂegqmﬁlon(@(d)(;. 1.7iuM in the sanme
assay. Consistent with N1VIR binding, FPA and | TC data, the conpounds of

For mul i spl stron fficacy in i.nhibiting,ce r h.in PCBM. cells,
whi ch E)xl g?gss %%Oﬁhqr 3§Peeg%§’8 lségIsi{rﬁP.m‘flgiséé’Fg’@fg% %tjr#cf’q%l‘:‘%wi‘”ﬁ?‘&y‘ risti cal
rol es hubstitatdd o2 pafibesiuedandalByl - 1 has been suggested to be an inportant
anti-apoptotic factor in large B-cell |ynphomas anong Bcl-2 famly

pr ot ei Rﬁ Therefore, the binding properties and specificity of se] ect ed

Bel - XLIMEP velncaothen aspectibe diseclosyts providss asmpevads eftkeamalsd whereBeR- B, Mel - 1
and Bf Lsplighsd e unds of Formula | display strong

bi ndi n%ubé?#&i%r%q?;ﬁs%trﬁﬁg@fwf(ﬁg%@ﬁd Bfl-1, and inhibit Bcl-2, M-1 and
Bfl-1 with | ow I C50 val ues, which are nore potent than Apogossypol in

si m | al01R6] askegmther hspectihp disalbsure fprézadesdompoundsyoftformulat heheriteR Liat ed

agai ns 60,. H129 P I ' , Which express high | evels of Bcl-2,
M- 1 aénugl:’lg%f"'%-dfrW@%ﬁ@?ﬁﬁé@?&gﬁﬁhﬁk@ﬁém wi th FPA data, the conpounds of
Forrmula | display significant efficacy in inhibiting cell gromh in H460

and BPR12%] | sInvirothek @ypebiFhe disalov@® providéstoipBuiidy S FoRhER!, igRirPogossypol .
Mol ecul ar docking studi es of the conpounds of Formula I dempnstrate that

2- phenhprspy i grouRs "p i ns e~ IRt o hydr ophobi ¢
pocket s ( ann Bel hence yi ng t hes gi ons @ e
efficiently conpared-to i soprofiyl groups 8f:Apogossypoel. In addption, the
car bony on the right naphthal ene ring al so formed an additi onal
hydr ogen bon th residue Tyr199. O her conpounds of Fornula I may al so
di spl ay strong pdan-active inhibitory properties against Bcl-2, M1-1 and
Bfl -1. [0170] The anal ysis of the structure-activity relationship (SAR) of
synt heghzgd C I I t bstitution at 5, 5

posi til(?n ﬂay %e% ?Hrr%géstpggtttﬁ g@é’%ﬁ%@\g/ﬂg&s ert%(;r%effns%? Ges I%FP?‘I?ﬁaty to Bcl-2
f ani | ydiperdereby admihistenindi togl sybjethia reedtirrsoda taragoutioallyeetfecyivé Ambisioggen
atons or_ carboxylic aci roups. on 5,5 positjons, display weak or no

i nhi bi TGP OQ‘(?“%% gzjg?fg'ﬂh‘é?a}@ﬁéh%@%%ﬁ%OsIhRdéﬁord%e 5, 5 anide
substituted conpounds of Formula | indicate that |longer and flexible

hydr ODQQM]C UnQBthes Bpactant iRE10&kE b%@des&ﬁ@ﬁ%&@ﬂr atiﬁ?(?Ircfiseﬁgledmr 40 d

hydr ophobi ¢ groups. Replacenent of “small nethyl cyc? opFopane or short

cycl opHsnrger, gy adpnisisringdageubieet inyieed terdof » yherapentipallyssffestignahibws of by

I ner eatﬁ)?np%ﬁui of ng'f;/v%%érz %1% 1éele{§e2 grlt?l/e (a?s%rsd%‘?is%sancer.

[0130]  In another aspect the disclosure provides methods for treating a disease or a

disorder, by administering to a subject in need thereof a therapeutically effective amount of a



i nhi bition potency. Also, conpounds of Fornula | having phenethyl groups at
5, 5 positions may display potent cell activity in the 11460 and PCG3M

cel I |inesowhim4zzsnpounds of Formula | having phenyl gPowusaey/ogisspl ay
relativly weak cell activity. Based og,the nodeling prediction, this is

| i kel y because | onger and flexible grt psbnay |ns§rt deepea |n$oFthe rl ?nd
P2 pockets. The SAR of the 5, 5' alkyl substituted conpounds of Fornula
was IOex GPopewnd ot ogmnla s wherenhhe dissgseios Shrotiserdefris aanses dwréinganseets lpag ency.

CoMpOURSlSsclordif Gk, hrotlatdLehSGDH Wil sOPENT Y1 groups di'splay | mpr oved
to

activity conpare ogossypol I sopropyl groups. Again, conpounds of

Formula | with a phenethyl group may be nore active than conpounds with
benzyl [(3dlip. I edothgr AspecHiBRlissdisird proeidbamethednfos trediimga Bigesevenal groups.

-Bel- il v 1nhi bi .GX15- 070 tested ip H460 cell line
i T afspe o fembnis s Sy pminced herine Bempeiteslue fortsscatinn gtpona

( DLBCL poapbind d iR raMRITeWRERESHE GreRfrkniincilEs Hﬂ%i&r%f{ e%&ti@f‘ty Bf Li1dast Bl - XL and

Mc1-1 | s _approximately 10:3:1. As shown in Table 1, was det erm ned t hat

BP3 ceBCloy &mikppwicind hi gh | evel Bf1-1 and Mc1-1 by Western bl ot anal ysis.
Table 1 M1-1 Bcl-2 Bcl-xI Bfl1-1 BP3 +++ No + +++ RS4:1 1 No ++++

[0132]  In another aspect the disclosure provides methods for treating a disease or a
disorder, by administering to a subject in need thereof a therapeutically effective amount of a

compound of Formula I in combination with an anticancer agent.

[0133]  In another aspect the disclosure provides methods for treating cancer or an
autoimmune disease in a subject having at least one elevated BCL-2 family protein
expression level by administering to the subject a therapeutically effective amount of a

compound of Formula I, thereby treating the cancer or autoimmune disease.

[0134]  In another aspect the disclosure provides methods for treating cancer or an
autoimmune disease in a subject having at least one elevated BCL-2 family protein
expression level by administering to the subject a therapeutically effective amount of a
compound of Formula I, and determining whether the subject is responsive to a therapy that
utilizes the compound, by determining the level of at least one of the BCL-2 family protein in
the subject and comparing to a normal control sample, wherein an elevated level is indicative

of a subject responsive to the therapy.

[0135]  In another aspect the disclosure provides methods for treating cancer or an
autoimmune disease in a subject having at least one elevated BCL-2 family protein
expression level by administering to the subject a therapeutically effective amount of a
compound of Formula I, and determining whether the subject is responsive to a therapy that
utilizes the compound, by determining the level of at least one of the BCL-2 family protein in
the subject and comparing to a normal control sample, wherein an elevated level is indicative
of a subject responsive to the therapy, wherein the determination is made based on a sample

from the subject.



+ No 4-point rating scale for western data: ++++: Very high |evel +++:
H gh | evel ++: Mediumlevel +: Low No: Not Detectable [0172] The potent
Bcl- XL armiOBel1/@438t agoni st ABT- 737 di spl ayed no cel | aeCixisegroagsunst BP3

cell lines because ABT737 is not effegjive against Mel-1 and Bfl-1. [0173]
The ability of the conpounds of For Ito induce apoptosis of the human

| ynpho 1}}346 cell line, which expresses high |levels of Bcl-2 and

Bcl- XL e PRpheE @speep thedisclosureqprayides matheds for determpingwhethe di ur n

i odi de géox i vatiall ik, (Y SIS re used.
The syﬁt rjlesilzeglgH cnglr‘r}%g)ﬁhgﬁsé? fy tjﬁgﬂrdﬁﬁygﬁ P% ?%%&ovﬁgﬁﬁ%&u@g@%%gwgiﬁ% of the
RS 118kyekef 4t Idastaneiof the BOEE thepbnutetein imthasabject andedrpaingas a nohgalconpounds

of Formula,l are effective with | ow EC50 val ues, which is W)
2011/ OIIPSHE R ‘%s‘?%?ﬁ%@%‘@t@geﬁg ﬁ%ﬁ“gfcé%‘(e i& FibjscbiespRnsiveds the therany.hunan
cancer PC3M. and H460 cell lines. Again, the negative control conpounds

can L ay e . Th
| nducef18gpk Bf aitth AQRIOSE3isRlostiriRddtdfioshek dibhfinind Okl aThe

conmpounds of Fornula | have cgt otoxicity agai nst Bax/

( DKO) IREROPSITE &0 f thewany thafutidiapy s cqmymrndiof Foiidh Lanyt degroptiog ittee Bc1- 2

fanil ' 2t ve. phenot t ent -act i
o o IRERE Dst e e U DS A e GRS R pol aBing 08 BMeAlcnoc kout
mouse  eoritrof smhplef whereinl aasdevaridllevel MahdioKS)e ¢ha dubjebi RepoRndadarfthihgym at 10

jiMusin | TG Annexin V/ Pl _assays, inplying that those conpounds di’spl ayed
sone o?‘fé-g‘f"g?rﬁlé’ttﬁ"e a?tm?tl%ﬁ&@??éa%@d’é’ea W}Pg%ﬁ pardhelpuhi¢cdyed reduced
off-target effects than Gossypol which displayed very simlar cytotoxicity
i n VEF[0aB8] VER! DSt bpest AL dikLloltre préViGQTRARGEOD d reduced
of f-tar etg] ef fect but IJdi spl ayeolo vvegilgerl abq?ﬁh!t)y t{)dl n uggléﬁgfgéﬁ%%% s of the
MEF cefubject tsrrpenossive to HtheBipydhatdiilisesrs¢dnipeuad of Bomoula fibyafetdrminitg ehel -

[ 0175] 0 ol h l.yphenol scaffold with 6 hydroxyl groups on the
napht hgﬁ‘gnog%?feé%,onﬁﬁ?ﬁrﬁm@'zb%“@ ipa?t?é‘_dntﬂﬁ? Sd‘llﬂeﬁb_ OTGREHE 10 2 Barmogossy pol
may  becabiohbdiesic,byhe6it lay tlevhicailagl istiném:étk\/ef%ﬁ_%%ﬁgfe& éﬁio%sivé@&ﬁl%%ﬁéé can

al so be stabilized by introducing electron w thdraw ng groups, sucir’as

car bonYherginghe determinpiéonis prade dasadeonrd sagplo fomutbe sutjes andiwhereladhieease t he

el ectr e ‘hal ene ring and subsequently sl ow down

oxi dat ?gﬁeﬁlélggﬁg{ﬂ@ﬂgﬁgﬁ&%@rggﬁOns_ The chemical stability of solid
conpounds may be eval uated at roomtenperature. The stability of the
conpoul¥d3Nas Imeamother esj)ectsthmgiselomammaﬁddsmetbcidsl-ﬂ&&ét&ﬂﬂmhg\%et@{Qr all, 5, %

am de substituted.coppounds of Fqr.nmula | show superior chem cal stabilit

conpar & Jetci)ls,&f)sé’ﬁﬂggﬁ/% t eTaHyS'%?F Pflé%ﬁsérc,omﬂ‘?én@: ehiertmdes L barydetsamiring theo g

degr adedelf betead Ond 8F e HCI OGH i1 BRALAUA I Bl CorRBARITHPR o homB MO 80%
t he absen of ascorbi

deconposed under sane condition in e acl d. npounds
havi ngpontrol sample, wherein an elevated level is indicative of a subject responsive to the therapy,

and wherein the BCL-2 family polynucleotide or polypeptide is BCL-2, BCL-XL, BCL-W,
MCL-1, or BCL-A1.

[0140]  In another aspect the disclosure provides methods for inducing apoptosis in a cell
having a level of at least one of the BCL-2 family protein member greater than levels in a
control cell, by administering to the cell an effective amount of a compound of Formula I,

thereby reducing the level of BCL-2 family protein(s) and inducing apoptosis in the cell.

[0141]  In another aspect the disclosure provides methods for inducing apoptosis in a cell
having a level of at least one of the BCL-2 family protein member greater than levels in a
control cell, by administering to the cell an effective amount of a compound of Formula I,
thereby reducing the level of BCL-2 family protein(s) and inducing apoptosis in the cell,

wherein the cell is a cancer cell.



a phenethyl group at 5, 5" position are also |ess stable than am de
conpounds due to |l ack of electron wthdrawi ng groups. [0176] To test the
phar macolwgi2etlo4p37dperti es of the conpounds of Formul a PCTIUSR010M581E I O

pl asma stability, mcrosomal stability,,and cell nenbrane perneability may
be determ ned. From these studies the %9orrpounds of Fornmula | display

superio S and m cros |l stability than ogossypol . The conpounds
on on d egqlgégd %ﬁ’&ﬁ]&“ PapgCt %@%&Smrwl}é@f mé‘ihodp_\sp fﬁg indu{&(g@apﬁoein in grc)elht
pl asma nhyih@a ARRDOEAYAR! ot RCAE] 47 Mgt DR AP £ 000

9

ns. .Iln
addi tion, the conpounds degraded 24% an PSR TR ?ngerFgrmT hour
i ncubat PHral gell,\kp appninisering REBETLIUSR Offerts hekantél & @mpouad 05 PoRhula I

pr epar afi ite 0SS degr.aded 36% under sane condition. The
conmpou ngiepég S %mschnc%/@g ?%Fﬁ?‘ly]g‘gt@rfe PEQIEHR() @nfl Indusing apeptosis i thsicells y

conpar edht@in’the gels iy@incer @Ml /41d WikirSid c8n&? {inatkd - 1= NVR bi ndi ng
assays, FP assays, | TC assays, cytot o>?i city gggg%}%%%&%&é‘#‘%?ﬁ%%’?&?ei nvitro
ADVE dafaicen Relysymesands of Fornmula | may be selected for farther in vivo
studi es using B6Bcl-2 transgenic mce. B-cells of the B6Bcl-2 transgenic

' BSand Late in the. spl. f mce. Th
Cpl con war ot PR SLrRErné dREI e LY HrehtbFisaPriog Acpramt i o s 1 he

wei ght haying glevel afan asttametof e BOE-2 fandlyseateiiBhehBet dasalerdnid RYSESNL C M ce
and var(i:oag‘j Li tl{Y wag_ W.t hi.n 2% anong control B6Bcl2 mce. The in vivo

acti vi t TRLobeely Ry a SEWE%“\/%?%eléﬁ%megma@ntbia@womdnmqmgmsypol and
Gos sy potheteBy sedhicing!tBe B3 1 ' ' single.intraperitoneal
(ip) inj ggt}’on a{l‘l@]Z unol / %G@Pﬁﬂggygre({n@#é?ﬁ %‘Iag nglﬁ%ﬁl?lfltjﬁ?é!’ tested
5, 5 awhaendhpes!] isatcel of trepoumus sy§teor nul a | di spl ay superior in vivo
activity conpared to Apogossypol and Gossypol. In particular, the conpounds
i nduce et 0 l.een . wei ght reduction. Since the maxi mnum spl een
shri nk‘é‘é’g‘?ﬂouﬂﬁa"%%ﬁ%& Bordhic isGlostus pray: of methnds dor drtermimingthegtiectivenses
conpountfsa therdpaiid regfven AR dBfiPaton BF ' N i) S

Apogos ol andGosg%pol onlglm¢ aFlldug:ed 4Q%A) O@%%gf)??%nﬁ%}#&w%%ianﬁb eFteen

wei ght tCORENg disdlevel 94 p BCl-R damBy aratsin iwanelt of the subjectiptior ¢ @l g no

act i Vi ttyeatrRerdt ico i ce S _expgcte rall tested 5, 5" alKkyl
subst i t_utéed cgﬁngggﬁggﬁgﬁlgbyﬂngﬁég?d%r%%?CQGVFIO%&% Py PELEINS t y conpar ed
to 5, Bhdigatiwelslibstivenetsed tiaotimpapyndat ulifdt He digporhge treated with a

conpound of Fornula | have nore apparent signs of G toxicity at 72 unol/kg
e toxicity and efficacy of compounds, the

50 d bal 1
Enax inarrgmo%‘{ﬁie?gf’ géo%%saég‘f%dlﬁeﬁo%“ﬁ%m@&%%m?@dm dejgpininieg thesiffegtivengssoup of

five mofe thdvhmeativesedmbs 8RUREM dinRtgii 39 nd 12.5
ng/ kg (bip,p) and obsegrh\?ed for agwberi od %@géﬁhggégp%r%ﬁqg}oﬁghr%ﬁ?Bisﬁgf’a’(body

wei ght DY &eeparngthedevehpf & BCLAR fanily:prowein i @tdlivef thé fiject pricpissandirihbe

maxi mu i . served at the fifth i ch underwent 80-100%
rec over@ ;g\gl%@%g%mﬂﬁ %%Aﬁoﬁﬁb‘%?rglg aa‘i)e%e(ﬂ‘seéi leyel 05%2?@1%1’%913 fowed no
wei ght indegivaiof bffediivendss of irtanadpthabilnat s ShBBLAY st WAk b HRT ot

I ke

| oss. Therefore, the MID of the conpounds having Formula | are y
bet wee i85 ny to 50 ny/ kg, approxinately. Next, the in vivo activity and
toxicity of the conpounds having Formula | in groups of six mce each at

e T e

exper i Rbmiherapuaticgproemigchudigtaderinistitidnefske cimound 98 Fbaeull ifa Sigdif | cant
o ' x e B e RO B L B eProiebm et e et g torend dunigng. of
Che colrse ol 1hie sty TEiaBtkaaLanbobeLs Bnll il *7 4T "0
synt helidk@tve ptetisesivensseerl the therapyrthatrupiligts tha cuinpoundamdieicin thesabjesigrys. The
ol e e I M Bt raan? PP RIS G o G HTARROBERI  cul t ur es

of the PC3M., H460, H1299 and BP3 cancer cell |ines, which express Bcl- XL,
Bcl- 2, (W47l 1 BrmhoBfer aspect the discloswe pyovidéstiet B6EOroY adte@Sining th@@ff&gi%ﬁe%& orl ar
i ed apoptosis

to nan r range.. These conpqunds al so may effectively i nduc

of the%%?ﬁi@“%ﬁ%‘é‘% 19%}5@8&& stratiopof the wmpeyad gt Bemmidmi immsubgact,and
show little cytotoxicity agai nst Bax/Bak doubl e knockout nouse enbryonic
fibroblast cells in which antiapoptotic Bcl-2 famly proteins |lack a
cytoprotective phenotype, inplying that these conpounds have little
off-target effects. Finally, these conpounds show favorabl e chem ca
stability, in vitro ADME properties and superior in vivo efficacy conpared
t o Apogossypol in Bcl-2 transgenic mce in which Bcl-2 is overexpressed in

e o = . ~ oA ~ " .



[0180] Binding of the disclosed conpounds to anti-apoptotic BCL-2 proteins
can induce apoptosis and thereby treat inflammtion and/or inflammatory

di sor der swolzn1isamsenbodi nent s, di scl osed conpounds canPlOirN$2410/051845
anti-apoptotic BCL-2 fam |y proteins sgé:h as, for exanple, BCL-2 or BCL-XL.
Thi s bi nding can inhi bit bi ndi ng of the anti-apoptotic BCL-2 fanmily menbers

to pro- ggo toti.c &Cl[ 1‘ra menbers. I n various enbodi nents, binding of
di scl os wehotaB {amilyf protein In(ﬁrﬁe&fofchﬂmibgaecepnbleﬁ)\md during

ant i apoptahd optotic BCL-2
famlls ggnbgﬁsmt%lcgﬁ %%?3%@#*%“‘%% ?% st 8ﬁ3§i 2 v Protaip, bot i ¢

r esonan&siqakivRpf mvm@sasﬁﬁlysthmmy thanpilizas theRBmpd@sd whareh Hﬁ' aBj ecf’ha eries

of conmpoyp ng .Formul.a | be synt hesi zed as potent pan-adctive
i nhi bi tor S O?H @Wth %aﬁ’f?ftlflﬁlu%?:gig%t FGRPY imitgdoioetmalimeiarygastrdintestirsl pot ent

conpountiact@ancelr,doldl daficdrhBvdyicasd to Bcl-XL, Bcl-2, M1-1
and Bfl-1 vm&h IC50 vafures of 0 eg%kﬁicaﬁt%?,gl%%tf%?&f?% 15 FANCHY PEPSTEE ¢ ¢ v

r espect FaRSFYy lymphog mkg@@l@mmﬂgmwmsamgm@sman%ndmﬁynd al so
potentl,ylyklggélpiug% llnF %gnw%aﬁceé(ﬁleg?m hurra{] | ung cancer and BP3 human

B-cel | [|ynphoma ce e dngscles aB%efJ bqugr caneerchladier av

r espect ¢aneényor begnpanuedl 8r ef fectively i nduces apoptosis of the RS 11846
human | ynphoma cell line in a dose-dependent manner and shows little
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OR HO Osubjg?:‘t g}_‘administering to the subject in need of the treatment a pharmaceutically effective
amount of a compound of Formula L, by further administering a selective serotonin reuptake
inhibitor (SSRI).

[0154]  In another aspect the disclosure provides methods for treating inflammation in a
subject by administering to the subject in need of the treatment a pharmaceutically effective
amount of a compound of Formula I, wherein the inflammation is inflammation associated
with a condition wherein the condition is lupus erythmatosus, psoriasis, psoriatic arthritis,
lupus nephritis, rheumatoid arthritis, multiple sclerosis, ulcerative colitis, myasthenia gravis,
ITP, TTP, Grave’s disease, Hashimoto’s thyroiditis, Crohn’s disease, autoimmune hemolytic
anemias, insulin dependent diabetes mellitus, glomerulonephritis, rheumatic fever,
osteoarthritis, gouty arthritis, dermatitis, bronchitis, rhinitis, asthma, Sjogrens’ syndrome,
meningitis, adrenoleukodystrophy, CNS vasculitis, mitochondrial myopathies, Amyotrophic

Lateral Sclerosis, Alzheimer’s disease, or a tumor.

[0155]  In another aspect the disclosure provides methods for treating inflammation in a
subject by administering to the subject in need of the treatment a pharmaceutically effective
amount of a compound of Formula I, wherein the inflammation is inflammation associated
with a condition wherein the condition is a mitochondrial myopathy, wherein the
mitochondrial myopathy is MELAS syndrome, MERF syndrome, Leber’s disease,
Wernicke’s encephalopathy, Rett syndrome, homocystinuria, hyperprolinemia, nonketotic
hyperglycinemia, hydroxybutyric aminoaciduria, sulfite oxidase deficiency, or combined

systems disease (B12 deficiency).
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[0156]  Inflammation disorders may involve the activity of apoptotic regulators. Thus, it is
desirable to identify compounds that modulate the activity of apoptotic regulators, such as
BCL-2 proteins. Such compounds are described herein. In some embodiments, the binding
of these compounds prevents the interaction of anti-apoptotic BCL-2 family members with
pro-apoptotic BCL-2 family members, and thereby reduces the biological activity of anti-
apoptotic BCL-2 family members. As a result, the compounds may be used to treat or
prevent inflammatory disorders involving anti-apoptotic BCL-2 protein activity. In various
embodiments, the compounds of interest comprise various derivatives of Apogossypolone
having Formula I. These compounds may be administered to a patient with a high
susceptibility to developing a condition associated with inflammation, for example, lupus

erythematosus, to reduce the likelihood that the patient will develop such conditions.

[0157]  The disclosure also provides prodrugs of Apogossypolone having FormulaI. For
example, when R’ is the acetate moiety (-OC(O)CH3) in Formula I, these compounds may be
used as pro-drugs for the oral administration of the Apogossypolone derivatives. In another
embodiment the compounds of the disclosure include compounds of Formula I, wherein the
compound is substantially pure, such as more than about 85%, 90%, 95%, and 99%. For

example, the compounds of Formula I may be purified to essential homogeneity.

[0158]  Apogossypolone may be more efficacious than Gossypol, yet less toxic. The
aldehydes in Gossypol make this compound reactive, thus effectively reducing the available
concentrations of active drug and causing toxicity. Apogossypolone, a Gossypol analog
without the problematic aldehydes, retains activity against anti-apoptotic BCL-2-family
proteins. Daily dosing studies show that mice tolerate doses of Apogossypolone.
Furthermore, Apogossypolone may be superior to parent compound Gossypol with respect to
toxicology and efficacy. The use of Apogossypol for treating cancer is described in PCT
Publication No. WO 2005/009434, filed June 25,2005, which is hereby incorporated by
reference in its entirety. Given that Gossypol has toxicity problems likely due to two reactive
aldehyde groups, the compounds of Formula I were designed to lack these aldehydes but

retain activity against anti-apoptotic Bcl-2 family proteins in vitro and in cells.

[0159]  Molecular docking studies of Apogossypol into the BH3 binding groove in Bcl-2
suggest that Apogossypol forms two hydrogen bonds with residues Arg 143 and Tyr 105 in
Bcl-2 through 1 and 1° hydroxyl group, respectively. Apogosypol also forms hydrogen bonds
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with Trp141 and Tyr 199 in Bcl-2 through 6” hydroxyl group oﬁ the right naphthalene ring.
The isopropyl group on the left naphthalene ring inserts into the first hydrophobic pocket (P1)
in Bcl-2, while the isopropyl group on the right naphthalene ring inserts into the hydrophobic
pocket (P2). Analysis of the predicted binding models indicates that while the overall core
structure of Apogossypol fits rather well into BH3 binding groove of Bcl-2, the two isopropyl
groups do not apparently fully occupy the hydrophobic pockets P1 and P2.

[0160] A general synthetic scheme that may be used to synthesize the compounds of the

disclosure is provided below.
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[0161]  In particular, the synthesis of 5, 5' amide substituted Apogossypolone derivatives

of the compounds of Formula I is outlined below:

OH oH OH oM ‘ g OMe
OH ab HO O OO oH _° MeO OQ OMe
OMe
HO OH MeO
1 2 - 4
O« _H Oy OH
__OMe oM OMe

de  MeO f.g e0 OMe  h
S O

MeO OMe MeG

H o 5 HO™ S0

6

R

R R ;
Oy NH O NH 0 Ox, NH
OH
GO0 W O L e 300
Meo 0 ome _+_, HO ) oH Yy o
MeO OMe HO OH HO
HN"S0 O
R

HN"~0 HN"~0
' R
8 9
Reagents and conditions: (a) NaOH, H,0, reflux; (b) H,SOy; (c) DMS, K>CO3; (d) TiCly,

CI,CHOCH,, 1t; (e) HCI, HyO (f) NaCIG,, H,0,, KH,PO,, CHCN, rt; (g) HCI, H,0: (h) EDCI,
NH,R, HOBT, tt; (i) BBrs, CH,Cl, §) HCI, H,0: (K) FeCly, H,SO,

[0162]  As shown above, Gossypol 1 is treated with aqueous NaOH under reflux
conditions and the solution is acidified with H,80; to afford compound 2. Methylation of
compound 2 occurs upon treatment with DMS and K,COs to provide compound 4.
Treatment of compound 4 with TiCl, and dichloromethyl methyl ether results in the loss of
the isopropyl groups and simultaneous bisformylation, which upon acidification with aqueous
HCl provides the aldehyde compound 5. Compound 5§ is oxidized with NaClO,, H,0,,
KH,PO;, in acetonitrile and acidified with aqueous HCl to provide the corresponding acid
compound 6. Treatment of compound 6 with EDCI, NH,R, HOBT at room temperature
affords the amide compound 7. Demethylation of compound 7 occurs upon treatment with
BBr; in dichloromethane and acidification of the solution with aqueous HCl provides the
amide compound 8. Finally, oxidation of compound 8 with FeCl; in H>SO, provides the

desired Apogossypolone derivative 9.
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[0163]  The synthesis of 5, 5' alkyl substituted Apogossypolone derivatives of F ormula I is

outlined below.

CHO HO__R OyR
oM
OGN Co's SliUD e % s
Noe e O e oY e
MeO OMe MeO OMe MeO OMe
CHO 5 R on

R™ ™0
9 10

R R

o ee 0
d MeO ef HO
e SEeat Bl oseas
MeO OMe HO OH
R R
11 12

Reagents and conditions: (@) RMgBr or RLj, rt; (b) NH,CI, H,0; (c) Pyridinium
chlorochromate, CH,Cl,, rt; (d) Et;SiH, TFA or Pd/C, Ha; () BBr3; (f) HCL, H,0.

[0164] Compound 5 was treated with different Grignard or lithium reagents to afford a
secondary alcohol 9, which was oxidized to give the phenone 10 by pyridinium
chlorochromate. Triethylsilane reduced phenone 10 to alkyl compound 11 followed by

subsequent demethylation using boron tribromide to afford compound 12.

[0165] Compounds 13 and 14, with only hydrogen atom or carboxylic acid at 5, 5°
positions, were synthesized to explore if substitution at 5, 5’ position is important for
enhancing biological activities. Compound 13 was synthesized by treating compound 4 with
concentrated sulfuric acid to lose isopropyl group. The resulting product and compound 6
was then treated individually with boron tribromide to give compounds 13 and 14,

respectively.
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Reagents and conditions: (a) H,SO,, 1t; (b) H2O; () BBr3, CH,Cly; (d) HCI, H,0.

[0166]  The synthesis of 5, 5' ketone substituted Apogossypolone derivatives of Formula I

is outlined below:

O._R O- R
(o]

e i x « ”
veo Ll o
B S
MeO OMe OH

R™ ™0
1"

16
Reagents and conditions: (a) BBrs; (b) HCI, H,0; (c) FeCl,, H,S0,

[0167]  As shown above, demethylation of ketone compound 11 occurs upon treatment
with BBr3 in dichloromethane and acidification of the solution with aqueous HCI provides
compound 15. Oxidation of compound 15 with FeCl; in H,SO, provides the desired

Apogossypolone derivative 16.

[0168]  The synthesized compounds of Formula [ may be screened by one-dimensional 'H
nuclear magnetic resonance spectroscopy (1D-'H NMR) binding assays against Bcl-X .
Active compounds in 1D-'H NMR binding assays are then selected and evaluated in the
Isothermal Titration Calorimetry assays (ITC), cell viability assays and competitive
fluorescence polarization assays (FPA). A group of compounds of Formula I display high
binding affinity for Bcl-X| in these assays. The most potent compounds induce significant
chemical shift changes in the active site methyl groups (region between -0.38 and 0.42 ppm)
in the one-dimensional 'H-NMR spectra of Bel-Xp and also have an ICsq value in the FP
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displacement assays, which is more effective than Apogossypol. To confirm results of the
NMR binding data and the FP assays, binding affinity of the compounds of Formula I for
Bel-X, using ITC assay were tested. In agreement with NMR binding and FPA data, the
compounds of Formula I display potent binding affinity to Bcl-X; with a K4 value that is
more potent than Apogossypol (Kq = 1.7 uM) in the same assay. Consistent with NMR
binding, FPA, and ITC data, the compounds of Formula I display strong efficacy in inhibiting
cell growth in PC3ML cells, which express high levels of Bel-X;..

[0169]  Bcl-2 and Mcl-1 play critical roles in cell apoptosis and Bfl-1 has been suggested
to be an important anti-apoptotic factor in large B-cell lymphomas among Bcl-2 family
proteins. Therefore, the binding properties and specificity of selected Bcl-X| active
compounds of Formula I may be evaluated against Bcl-2, Mcl-1 and Bfl-1 using FP assays.
The compounds of Formula I display strong binding affinity for Bel-2, Mcl-1 and Bfl-1, and
inhibit Bcl-2, Mcl-1 and Bfl-1 with low ICs, values, which are more potent than Apogossypol
in similar FP assays. The compounds of Formula I may be further evaluated against H460,
H1299 and BP3 cell lines, which express high levels of Bcl-2, Mcl-1 and Bfl-1, respectively.
Consistent with FPA data, the compounds of Formula I display significant efficacy in
inhibiting cell growth in H460 and BP3 cells with low ICso values, which are more potent
than Apogossypol. Molecular docking studies of the compounds of Formula I demonstrate
that 2-phenylpropyl groups at 5, 5> positions inserted deeper into hydrophobic pockets (P1
and P2) in Bcl-2, hence occupying these regions more efficiently compared to isopropyl
groups of Apogossypol. In addition, the carbonyl group on the right naphthalene ring also
formed an additional hydrogen bond with residue Tyr199. Other compounds of Formula I

may also display strong pan-active inhibitory properties against Bcl-2, Mcl-1 and Bfl-1.

[0170]  The analysis of the structure-activity relationship (SAR) of synthesized compounds
of Formula I reveals that substitution at 5, 5 position may be important for achieving
stronger binding affinity to Bcl-2 family proteins. Accordingly, the compounds of Formula I
with hydrogen atoms or carboxylic acid groups on 5, 5” positions, display weak or no
inhibition in all assays. Analysis of the SAR of the 5, 5° amide substituted compounds of
Formula I indicate that longer and flexible hydrophobic groups show better efficacy than
small, short and rigid hydrophobic groups. Replacement of small methylcyclopropane or
short cyclopentyl groups by longer methylcyclohexyl group may significantly increase cell
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inhibition potency. Also, compounds of Formula I having phenethyl groups at 5, 5° positions
may display potent cell activity in the H460 and PC3ML cell lines while compounds of
Formula I having phenyl group may display relativly weak cell activity. Based on the
modeling prediction, this is likely because longer and flexible groups may insert deeper into
the P1 and P2 pockets. The SAR of the 5, 5° alkyl substituted compounds of Formula I was
explored. In general, longer hydrophobic groups show improved potency. Compounds of
Formula I with isobutyl and isopentyl groups display improved activity compared to
Apogossypol with isopropyl groups. Again, compounds of Formula I with a phenethyl group

may be more active than compounds with benzyl group.

[0171]  The H460 cell line has been studied by several groups. A pan-Bcl-2 family
inhibitor, GX15-070, may be tested in H460 cell line with an ICsq value of 3.85 uM. BP3 is
human diffuse large B-cell lymphoma (DLBCL) cell line overexpressing Bfl-1. The mRNA
ratio of Bfl-1, Bel-X; and Mcl-1 is approximately 10:3:1. As shown in Table 1, it was
determined that BP3 cell overexpressed high level Bfl-1 and Mcl-1 by Western blot analysis.

Table 1
Mcl-1 Bcl-2 Bcl-xI Bfl-1
BP3 +++ No + +++
RS4;11 [No ++++ + No

4-point rating scale for western data:
++++: Very high level

+++: High level

++: Medium level

+: Low

No: Not Detectable

[0172]  The potent Bel-X; and Bel-2 antagonist ABT-737 displayed no cell activity against
BP3 cell lines because ABT737 is not effective against Mcl-1 and Bfl-1.

[0173]  The ability of the compounds of Formula I to induce apoptosis of the human
lymphoma RS11846 cell line, which expresses high levels of Bel-2 and Bel-X;, was
cevaluated. For these assays, Annexin V-FITC and propidium iodide (PI) double staining,
followed by flow-cytometry analysis were used. The synthesized compounds of Formula I
effectively induced apoptosis of the RS11846 cell line in a dose-dependent manner. In

particular, the compounds of Formula I are effective with low ECs, values, which is
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consistent with previous results in human cancer PC3ML and H460 cell lines. Again, the

negative control compounds induced weak or no apoptosis of the RS11846 cell line.

[0174]  The compounds of Formula I have cytotoxicity against Bax/Bak double knockout
(DKO) mouse embryonic fibroblast cells (MEF) in which antiapoptotic Bcl-2 family proteins
lack a cytoprotective phenotype. Some potent pan-active Bcl-2 compounds displayed slightly
cytotoxicity in Bax/Bak double knockout mouse embryonic fibroblast cells (MEF/DKO) by
killing 20-35% of them at 10 pM using FITC-Annexin V/PI assays, implying that those
compounds displayed some off-target effects. However, those compounds displayed reduced
off-target effects than Gossypol which displayed very similar cytotoxicity in MEF and
MEF/DKO cells at 10 uM. In comparison, Apogossypol had reduced off-target effect but
displayed weaker ability to induce apoptosis of the MEF cells compared to 5, 5’ amide

substituted compounds of Formula I.

[0175]  Apogossypol has a polyphenol scaffold with 6 hydroxy! groups on the naphthalene
ring, which may be oxidized to quinones. Stabilized Apogossypol may be obtained by
cocrystalizing it with ascorbic acid. Apogossypol can also be stabilized by introducing
electron withdrawing groups, such as carbonyl groups on the naphthalene rings because these
will decrease the electron density on the naphthalene ring and subsequently slow down
oxidation rate and other side reactions. The chemical stability of solid compounds may be
evaluated at room temperature. The stability of the compound was monitored using a
combination of HPLC and LCMS. Overall, 5, 5° amide substituted compounds of Formula I
show superior chemical stability compared to Apogossypol. In particular, the compounds
may be only 10% degraded after 60 days at room temperature while Apogossypol is almost
80% decomposed under same condition in the absence of ascorbic acid. Compounds having
a phenethyl group at 5, 5° position are also less stable than amide compounds due to lack of

electron withdrawing groups.

[0176]  To test the pharmacological properties of the compounds of Formula I, the in vitro
plasma stability, microsomal stability, and cell membrane permeability may be determined.
From these studies the compounds of Formula I display superior plasma and microsomal
stability than Apogossypol. The compounds only degraded 4% and 11%, respectively, after 1
hour incubation in rat plasma while Apogossypol degraded 47% under the same conditions.

In addition, the compounds degraded 24% and 10%, respectively, after 1 hour incubation in
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rat microsomal preparations while Apogossypol degraded 36% under same condition. The
compounds also showed similar or improved cell membrane permeability compared to

Apogossypol.

[0177]  Using a combination of 1D 'H-NMR binding assays, FP assays, ITC assays,
cytotoxicity assays and preliminary in vitro ADME data, the compounds of Formula I may be
selected for further in vivo studies using B6Bcl-2 transgenic mice. B-cells of the B6Bcl-2
transgenic mice overexpress human Bcl-2 and accumulate in the spleen of mice. The spleen
weight is used as an end-point for assessing in vivo activity as the weight is highly consistent
in age- and sex-matched Bcl-2-transgenic mice and variability was within 2% among
control B6Bcl2 mice. The in vivo activities of the compounds were screened side by side
with Apogossypol and Gossypol in a single Bcl-2 transgenic mouse with a single
intraperitoneal (ip) injection at 72 pmol/kg. In agreement with all in vitro data, tested 55
amide substituted compounds of Formula I display superior in vivo activity compared to
Apogossypol and Gossypol. In particular, the compounds induced more than 40% spleen
weight reduction. Since the maximum spleen shrinkage would be no more than 50% in this
experimental model, these compounds induced near maximal (85-95%) biological activity
while Apogossypol andGossypol only induced 40% of maximum reduction in spleen weight
at same dose. Again, the negative control compounds displayed no activity in transgenic
mice model, as expected. Overall tested 5, 5° alkyl substituted compounds of Formula I

display lower in vivo activity compared to 5 , 5’ amide substituted compounds.

[0178]  The mice treated with a compound of Formula I have more apparent signs of GI
toxicity at 72 pmol/kg (50mg/kg). In order to balance the toxicity and efficacy of
compounds, the maximum tolerated dose (MTD) of the compounds was explored using a
group of five mice. Mice were treated with a single dose of 100, 75, 50, 25 and 12.5 mg/kg
(ip) and observed for a period of 14 days monitoring morbidity (body weight loss) and
mortality. All mice were alive after 14 days and the maximum weight loss was observed at
the fifth day which underwent 80-100% recovery after 14 days. The mice dosed at 25 and
12.5 mg/kg showed no weight loss while the mice dosed at 50 mg/kg displayed around 13%
weight loss. Therefore, the MTD of the compounds having Formula I are likely between 25
mg to 50 mg/kg, approximately. Next, the in vivo activity and toxicity of the compounds

having Formula I in groups of six mice each at dose of 42 mg/kg (60 pmol/kg) was evaluated.
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Consistent with the single mouse experiment, the compound treatment of these mice resulted
in a significant (~70%) reduction of spleen weight (P<0.0001) compared to the control group
of six mice. All mice tolerated the treatment well and only mild signs of GI toxicity were

observed. The average weight loss of mice was 7.8% during the course of this study.

[0179]  The compounds of Formula I were synthesized and evaluated in a variety of in
vitro and in vivo assays. The most potent compounds bind to Bcl-X;, Bcl-2, Mcl-1 and Bfl-1
with low ICso values. These compounds also may potently inhibited growth in cell cultures
of the PC3ML, H460, H1299 and BP3 cancer cell lines, which express Bel-X;, Bel-2, Mcl-1
and Bfl-1, respectively, with ECsy values in the submicromolar to nanomolar range. These
compounds also may effectively induced apoptosis of the RS11846 human lymphoma cell
line in a dose-dependent manner and show little cytotoxicity against Bax/Bak double
knockout mouse embryonic fibroblast cells in which antiapoptotic Bcl-2 family proteins lack
a cytoprotective phenotype, implying that these compounds have little off-target effects.
Finally, these compounds show favorable chemical stability, in vitro ADME properties and
superior in vivo efficacy compared to Apogossypol in Bcl-2 transgenic mice in which Bcl-2 is
overexpressed in B-cells. Thus, the critical roles of anti-apoptotic Bel-2 family proteins in
tumorgenesis, chemoresistance, and the potent inhibitory activity of the compounds of
Formula I against anti-apoptotic Bcl-2 family proteins, provide important apoptosis-based

cancer therapies.

[0180] Binding of the disclosed compounds to anti-apoptotic BCL-2 proteins can induce
apoptosis and thereby treat inflammation and/or inflammatory disorders. In some
embodiments, disclosed compounds can bind to anti-apoptotic BCL-2 family proteins such
as, for example, BCL-2 or BCL-X.. This binding can inhibit binding of the anti-apoptotic
BCL-2 family members to pro-apoptotic BCL-2 family members. In various embodiments,
binding of disclosed compounds can reduce the formation of complexes between anti-

apoptotic BCL-2 proteins and the BH3 domain of pro-apoptotic BCL-2 family members.

[0181]  Guided by a combination of nuclear magnetic resonance (NMR) binding assays
and computational docking studies, a series of compounds having Formula I may be
synthesized as potent pan-active inhibitors of anti-apoptotic Bcl-2 family proteins. One of
the most potent compound, 8r, inhibits the binding of BH3 peptides to Bcl-X;, Bel-2, Mcl-1
and Bfl-1 with ICso values of 0.76 pM, 0.32 uM, 0.28 uM and 0.73 uM, respectively. This
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compound also potently inhibits cell growth in the H460 human lung cancer and BP3 human
B-cell lymphoma cell lines with ECs, values of 0.33 uM and 0.66 pM, respectively.
Compound 8r effectively induces apoptosis of the RS11846 human lymphoma cell line in a
dose-dependent manner and shows little cytotoxicity against bax” bak”" cells in which
antiapoptotic Bel-2 family proteins lack a cytoprotective phenotype, implying that compound
8r has little off-target effect. Compound 8r also displays i vivo efficacy in transgenic mice
in which Bel-2 is overexpressed in splenic B-cells. Together with its improved chemical,
plasma and microsomal stability relative to Apogossypol, Compound 8t provides an

apoptosis-based therapy for cancer.

[0182]  Gossypolone 5, a major metabolite of compound 1 formed by oxidation, displayed
similar cytotoxic effects as compound 1 on several cancer cell lines and has been recently

- proposed for treatment of cancer. Apogossypolone (6a or ApoG2), a derivative of 5, has as
well been reported as a potent inhibitor of Mcl-1 and Bcl-2 proteins. Compound 6a blocks
binding of Bim and Bcl-2 and induced apoptosis in a number of human cancer cell lines.
Compound 6a also induced regression in several tumor xenograft models and its maximum
tolerated dose (MTD) when administered orally is above 240 mg/kg while the MTD of (-) 1
is 50 mg/kg. It is therefore attractive to further explore whether 6a derivatives displayed
similar or improved biological activities compared to 6a. It was envisioned that 5,5’
substitution of 6a could result in compounds with improved biological activities. The
synthesis and biological evaluation of novel 5, 5° substituted 6a derivatives (6-8) which
replace the isopropyl groups of 6a with various alkyl (6), ketone (7) and amide (8) groups at

5, 5’ positions are provided herein.

[0183]  Thus, in another embodiment, a general synthetic scheme that may be used to

synthesize the compounds of the disclosure is provided below.



0.59 0.22 0.13 0.08 0.31 0.19 10.1 0.04 6.9 1.76 6] Fsco 410. + 8.99

2.49 1.44 0.20 2.38 0.21
WO 2011/044375 PCT/US2010/051845

43

T
OMe d

OMe

. . MeO.
OMe —> OO OO OMe
MeO
MeO CO OMe MeO OMe e

11 12

e, f

Reagents and conditions: (a) NaOH, H,0, reflux; (b) H2SOy4; (c) DMS, K,COs3; (d) Hs1Os,
95°C; (e) BBr3, CH,Cly; (f) HCI, Hy0; (g) TiCl, rt; (h) CL,CHOCH;, rt; (i) HCI, H,0; (j)
NaClO,, H,0,, KH,PO4, CH3CN, 1t; (k) EDCL NH,R, HOBT, rt; (I) FeCls, CH;COOH,
60°C; (m) 20% H,S0;,.

[0184] Compound 1 was treated with NaOH solution at 90 °C to provide compound 2a,
which was readily methylated in the presence of potassium carbonate to afford compound 9.
Compound 9 was oxidized to compound 10 using periodic acid. Subsequent demethylation
of the compound 10 using boron tribromide afforded compound 6a. Reaction of compound 9
with TiCl, followed by dichloromethyl methyl ether resulted in loss of isopropyl groups and
simultaneous bisformylation to give aldehyde compound 11. The aldehyde groups of
compound 11 were oxidized and coupled with a variety of commercially available amines in
the presence of 1-ethyl-3-(3’-dimethylaminopropyl)carbodiimide (EDCI) to afford amide
compound 12. Subsequent demethylation of compound 12 affords compound 4. Several

oxidation reagents such as [bis(trifluoroacetoxy)iodo]benzene, potassium nitrosodisulfonate
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and ferric chloride were used to converted phenol 4 to quinone 8 and the ferric chloride is the

most efficient oxidation reagent for this conversion in our hand.

[0185]  The synthesis of 5, 5” alkyl substituted 6a derivatives is outlined below:

Oy H HO._R Oy R
oM OO OMe OMg OO OMe OMe OMe
c
S ™ co o=
MeO OMe MeO OMe MeO
H™ "0

1 R™ "OH

OMe OMe

oo
MeO

R

Reagents and conditions: (a) RMgBr or RLi, rt; (b) NH4Cl, H,0; (c) Pyridinium
chlorochromate, CH,Cly, 1t; (d) BBr3; (e) HCI, H,0; (f) Et;SiH, TFA; (g) Pd/C, Hy,
CH;COOH; (h) FeCls, CH;COOH, 60°C; (i) 20% H,SO..

[0186] Compound 11 was treated with different Grignard or lithium reagents to afford a
secondary alcohol 13, which was oxidized to give the phenone 14 by pyridinium
chlorochromate. Alcohol 13 and phenone 14 were readily reduced using triethylsilane to
afford alkyl compound 15. Compound 15 was then demethylated using boron tribromide to
afford compound 2. Oxidation of compound 2 using ferric chloride gave 6 as 5,5 alkyl
substituted 6a derivatives. The reduction of ketone 3 using H, in the presence of Pd/C also
affored compound 2. Demethylation of compound 14 followed by ferric chloride oxidation

afforded compound 7 as a 5,5 ketone substituted 6a derivative.
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The synthesized 5, 5’ substituted 6a derivatives were first screened by one-

dimensional 'H nuclear magnetic resonance spectroscopy (1D 'H NMR) binding assays

against Bcl-X;. A group of compounds (6a, 6b, 6f, 6i, 61, 6m, 7, 8a-c) induced chemical

shift changes in active site methyl groups (region between -0.38 and 0.42 ppm) in the one-
dimensional 'H-NMR spectra of Bel-X;.. As shown in Table 2, the 5,5’-substituted 6a

derivatives were evaluated using a combination of 1D 'H-NMR binding assays and cell

viability assays.

Table 2
O R
o _ O OH
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Compounds against cell line using ATP-LITE assay

Compounds against cell line using Annexin V-FITC and propidium iodide assay
[0188]  To confirm the results from the 1D 'H NMR binding assay described above, °N-
labeled Bel-X, protein was produced and measured by 2D [°N, 'H]-HSQC correlation
spectra in absence and presence of selected compounds. Consistent with 1D 'H NMR
binding assays, compounds 6f, 6i and 8a displayed strong binding to Bcl-Xj, as qualitatively
evaluated by the nature of the shifts at the ligand/protein ratio of 1:1. To confirm the results
of the NMR binding data, the binding affinity of selected compounds for Bcl-X using FP
assay were evaluated. Table 3 demonstrates the cross-activity of selected 5, 5 substituted 6a

derivatives against Bel-X;, Bel-2, Mcl-1 and Bfl-1.

Table 3
ICso (nM) FPA K4 (uM) ITC
Compound
Bel-Xp Bcl-2 Bfl-1 Mel-1 Bel-X,,
6a 0.63+0.02 | 037+0.02 |217+035| 0.54+0.03 2.80 + 0.60
6b 0.55+0.06 | 025+0.02 |141+0.11| 0.47=0.03 1.50 = 0.80
6f 310+£028 | 3.12+0.15 |14.7+6.63| 2.05+0.15 2.50 +2.20
6i 0.34+0.03 | 029+0.01 |0.65+0.05| 0.24=0.02 0.45 + 0.26
6¢ 2994016 | 227+0.15 ND* 3.08 +0.17 ND
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6l 0.15 £ 0.06 0.34£0.06 |0.70+0.07 [ 0.40 % 0.05 ND

7 0.34 £ 0.02 022+£0.02 |0.69+0.03 | 0.35+0.02 ND

8a 0.32£0.01 023+£0.01 |0.71+£0.06 | 0.47+0.03 ND

8c 0.24 £ 0.02 021+0.01 |1.25+0.09 | 0.32+0.02 ND

ND?* = Not determined

[0189] In agreement with NMR binding, compound 6f displayed potent binding affinity to
Bel-X;. with an ICsp value of 3.1 pM in FP assay. A group of compounds (6a, 6b, 6i, 61, 6m,
7, 8a, 8¢) were 5-19 times more potent than 6f, with ICsg values ranging from 0.16 to 0.63
pM in same assay. Compound 6f inhibits the binding of BH3 peptides to Bel-X;, Bel-2 and
Mcl-1 with ICsg values of 3.10, 3.12 and 2.05 uM, respectively. In a cellular assay, 6f
potently inhibits cell growth in several human cancer cell lines in a dose-dependent manner.
Compound 6f further displays in vivo efficacy in transgenic mice and demonstrated superior
single-agent antitumor efficacy in a PPC-1 mouse xenograft model. Together with its
negligible toxicity, compound 6f represents a promising drug for the development of novel

apoptosis-based therapies for cancer.

[0190]  To further confirm results of the NMR binding data and the FP assays, the binding
affinity of selected compounds (6a, 6b, 6f, 6i) for Bcl-X; using isothermal titration
calorimetry (ITC) was evaluated. In agreement with NMR binding and FPA data, compound
6f displayed high binding affinity to Bcl-X; with a K4 value of 2.5 uM by ITC and compound
6i showed increased binding affinity with a K4 value of 0.45 pM in same assay. Compound
6a showed similar binding affinity with 6f with a K4 value of 2.80 uM by ITC. Consistent
with the NMR binding, FPA and ITC data, compounds 6a, 6d-6g, 6i and 61-m displayed
potent efficacy in inhibiting cell growth in a 3 day ATP-Lite assay in the PC3 cell line, which
expresses high levels of Bel-Xy.. The average ECs value of 6i, 61 and 6m is 0.60 pM, hence
2.5-fold more potent than 6a (ECso = 1.5 uM). Compound 6f (ECsp = 1.1 uM) displayed

- XL,
XL
3
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similar efficacy in inhibiting PC3 cell growth as the potent compound 6a in same assay.
However, although compounds 8a and 8¢ displayed strong binding affinity to Bcl-X; in the
NMR binding assay and FP assay, they showed relative weaker efficacy in inhibiting growth
of PC3 cells with ECs values around 7.6 pM. The discrepancy is likely due to high
hydrophilicity and molecular weight of 8a and 8¢, which may result in low cell permeability.
Cell permeability of selected compounds was therefore evaluated using the parallel artificial
membrane permeability assay (PAMPA). As anticipated, compounds 8a has a lower LogPe
value of -7.9 indicating poor cell membrane permeability while the LogPe value of 6f is -5.6
indicating excellent cell membrane permeability. Compared to 6f, compound 6a also has

relatively lower cell membrane permeability (LogPe = -5.9).

[0191]  In addition to Bel-Xy, other members of the Bcl-2 family are known to play critical
roles in tumor survival. Therefore, further evaluation of the binding properties and
specificity of selected 5, 5’ substituted 6a derivatives against Bcl-2, Mcl-1 and Bfl-1 using FP
assays were undertaken. Compound 6f displayed potent affinity against Bcl-2 (ICsq = 3.12
pM), Mcl-1 (ICso = 2.05 pM) and relative lower affinity against Bfl-1 (ICsp = 14.0 pM) in FP
assays. Compound 6f was further evaluated against H460 and H1299 cancer cell lines, which
express high levels of Bcl-2 and Mcl-1, respectively. Consistent with FPA data, compound
6f displayed potent efficacy in inhibiting cell growth in H460 and H1299 cell lines in a 3 day
ATP-Lite assay, with ECsp values of 0.59 pM and 1.5 pM, respectively, which is comparable
with 6a. Molecular docking studies of compound 6f demonstrated that 1-methyl-4-
propylbenzene groups at 5, 5’ positions inserted deeper into hydrophobic pockets (P1 and P2)
in Bel-2. Based on the docking models, compound 6f also forms two hydrogen bonds with
residues Arg 143 and Tyr 199 in Bcl-2 through the 1” oxygen and 6° hydroxyl groups,
respectively. In addition, the 7° hydroxyl group on the right naphthalene ring also formed an
additional hydrogen bond with residue Tyr141. Other 5, 5’ substituted 6a derivatives, such
as 6b, 6i, 61 and 6m also displayed strong pan-active inhibitory properties against Bcl-2, Mcl-
1 and Bfl-1. The most potent compound 6i displaces BH3 binding to Bcl-2, Mcl-1 and Bfl-1
with ICs values of 0.29, 0.24 and 0.65 uM, respectively, in FP assays. In agreement with
these FPA results, the compound 6i showed potent cell growth inhibitory activity against the
H460 and H1299 cell lines in a 3 day ATP-Lite assay, with ICsq values of 0.13 and 0.31 uM,
respectively. The H460 cell line has been studied by several groups with respect to

sensitivity to Bcl-2 antagonists. However, although compounds 7, 8a and 8¢ display potent
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binding affinity to Bcl-2 and Mcl-1 with average ICsq values of 0.22 pM and 0.38 pM,

respectively, in FP assays, they showed relative weak efficacy in inhibiting growth of H460
and H1299 cells with average ECs values of around 5.8 pM and 17 pM, respectively. This
discrepancy is partially due to high hydrophilicity and molecular weight of 5,5° substituted

ketone and amide 6a derivatives, resulting in reduced cell permeability.

[0192]  The ability of 5, 5 substituted 6a derivatives to induce apoptosis of the human
leukemia RS4;11 cell line (which expresses high levels of Bel-2 and Bel-X;) and human
lymphoma BP3 cell line (which express high levels of Bfl-1 and Mcl-1) in a one day
Annexin-V apoptosis assay was evaluated. For this assay, Annexin V-FITC and propidium
iodide (PI) double staining was used, followed by flow-cytometry analysis. The pan-Bcl-2
family inhibitor 6f effectively induced apoptosis of the RS4;11 and BP3 cell lines in a dose-
dependent manner with ECsy values of 3.5 and 3.0 pM, respectively, which are 2-3 times
more potent than 6a (ECso values of 7.4 and 9.2 uM, respectively) in same assays. By
comparison, the potent Bcl-X; and Bel-2 antagonist ABT-737 displayed no cytotoxic activity
against BP3 cell lines presumably because ABT737 is not effective against Mcl-1 and Bfl-1.
Consistent with previous results obtained for human PC3, H460 and H1299 cancer cell lines,
most of synthesized 6a derivatives induced apoptosis of the RS4;11 and BP3 cell lines in a

dose-dependent manner.

[0193]  To further explore the anticancer activities of selected 5, 5 substituted 6a
derivatives, their ability to induce apoptosis of primary lymphocytic leukemia cells freshly
isolated from different patients affected by chronic lymphocytic leukemia (CLL) in a one day
Annexin-V apoptosis assay was tested. Consistent with previous results obtained for human
RS4;11 and BP3 cell lines, the most potent compound 6f effectively induced apoptosis of two
primary CLL samples in a dose-dependent manner with LDs, values of 10 uM and 15 uM,
respectively. By comparison, compound 6a display weak activities in these two primary cells
(LDso > 30 pM). Compound 6f was further tested against primary leukemic cells freshly
isolated from different six patients affected by CLL using the same assay. In agreement with
previous CLL results, compound 6f effectively induced apoptosis of all six CLL samples with
LDso values ranging from 1.0-16.9 pM. Compound 6¢ also effectively induced apoptosis of
primary CLL samples, with a LDs, value of 6.5 uM while 6a is less effective (LDso > 30

uM).
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[0194]  To test the pharmacological properties of 5, 5° substituted compound 6a
derivatives, their in vitro plasma stability, microsomal stability, and cell membrane
permeability were determined. Table 4 provides the plasma stability, microsomal stability

and membrane permeability of selected 5, 5° substituted 6a derivatives.

Table 4
Membrane
Compounds Plasma Stability | Microsomal Stability | Permeability
poun (T = 40 mins) (T = 40 mins) (PAMPA,
LogPe)
6a 77% 47% -5.94 + 0.09
8a 91% 1% | -7.88 £ 0.08
6b 98% 69% -6.17 + 0.02
6d 74% 98% -5.82 +£0.20
6e 81% 89% -6.58 + 0.05
6f 86% 63% -5.59 + 0.08
6g 87% 88% -6.65 + 0.05
6i 95% 91% -7.11 £ 0.04

[0195]  From these studies, it was concluded that most of the synthesized compounds
displayed superior plasma and microsomal stability compared to 6a. Compounds 6f and 6i
degraded 37% and 9%, respectively, after 1 h incubation in rat plasma while 6a degraded
53% under the same conditions. In addition, compounds 6f and 6i also displayed better
plasma stability and only degraded by 14% and 5%, respectively, after 1 h incubation in rat

plasma preparations while 6a degraded 23% under the same conditions.

[0196] Based on a combination of 1D 'H-NMR binding assays, FP assays, ITC,
cytotoxicity assays and preliminary in vitro ADME data, compounds were selected for iz vivo
studies using a B6-Bcl-2 transgenic mouse model. B-cells of the B6 transgenic mice
overexpress human Bcl-2 and accumulate in the spleen of mice. The spleen weight is used as

an end-point for assessing in vivo activity as it was determined that the spleen weight is
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[0197]  To further confirm results of the single transgenic mouse experiment, the in vivo
activity of compound 6f in groups of seven B6-Bc¢l-2 transgenic mice each at a dose of 60
pmol/kg was evaluated. Consistent with the single mouse experiment, compound 6f
treatment resulted in a significant (~60%) reduction of spleen weight (P<0.0002) compared to
the control group of seven mice. All mice tolerated the treatment well, with no evident signs
of toxicity. The average weight loss of mice was ~ 5.0% during the course of this study with

compound 6f.

[0198]  To examine the therapeutic potential of compound 6a and its derivatives (6f and
6i) as a single agent against prostate cancer, the in vivo efficacy of these compounds were
investigated side by side with compound 1 on the growth of PPC-1 xenograft tumors. When
dosed i.p. three times in first week at 50 mg/kg, compound 6f and 6a induced strong tumor

. regression compared with the control group. Mice treated with 6f and 6a tolerate the
treatment well in first week with modest (~5%) weight loss. However, mice treated with 6i
(50 mg/kg, i.p.) and 1 (25 mg/kg, i.p.) died in the first week of this experiment. Mice were
treated with 6f and 6a twice in the second week and once in third week at 50 mg/kg. Overall,
compound 6f displayed significant antitumor activity compared to control group, with T/C%
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[0202]  According to another embodiment, any of the disclosed compound may be used for
the manufacture of a medicament for the treatment of a pathological condition or symptom in
a mammal, such as a human. The medicament may be directed to the treatment of cancer,

within the limitations described herein.

[0203]  According to another embodiment, the disclosure provides pharmaceutical
compositions. The pharmaceutical compositions may comprise any of the disclosed
compounds, or pharmaceutically acceptable salts, hydrates, or solvates thereof, and a
pharmaceutically acceptable diluent or carrier. The pharmaceutical compositions may be
used to treat cancer. The pharmaceutical compositions can further optionally include one or
more additional therapeutic anti-cancer agents, including, but not limited to, such agents as
(1) alkaloids, including, microtubule inhibitors (e.g., Vincristine, Vinblastine, and Vindesine,
etc.), microtubule stabilizers (e.g., Paclitaxel [Taxol], and Docetaxel, Taxotere, etc.), and
chromatin function inhibitors, including, topoisomerase inhibitors, such as,
epipodophyllotoxins (e.g., Etoposide [VP-16], and Teniposide [VM-26], etc.), and agents that
target topoisomerase I (e.g., Camptothecin and Isirinotecan [CPT-11], etc.); (2) covalent
DNA-binding agents [alkylating agents], including, nitrogen mustards (e.g.,
Mechlorethamine, Chlorambucil, Cyclophosphamide, Ifosphamide, and Busulfan [Myleran],
etc.), nitrosoureas (e.g., Carmustine, Lomustine, and Semustine, etc.), and other alkylating
agents (e.g., Dacarbazine, Hydroxymethylmelamine, Thiotepa, and Mitocycin, etc.); (3)
noncovalent DNA-binding agents [antitumor antibiotics], including, nucleic acid inhibitors
(e-g., Dactinomycin [Actinomycin D], etc.), anthracyclines (e.g., Daunorubicin [Daunomycin,
and Cerubidine], Doxorubicin [Adriamycin], and Idarubicin [Idamycin], etc.),
anthracenediones (e.g., anthracycline analogues, such as, [Mitoxantrone], etc.), bleomycins
(Blenoxane), etc., and plicamycin (Mithramycin), etc.; (4) antimetabolites, including,
antifolates (e.g., Methotrexate, Folex, and Mexate, etc.), purine antimetabolites (e.g., 6-
Mercaptopurine [6-MP, Purinethol], 6-Thioguanine [6-TG], Azathioprine, Acyclovir,
Ganciclovir, Chlorodeoxyadenosine, 2-Chlorodeoxyadenosine [CdA], and 2'-
Deoxycoformycin [Pentostatin], etc.), pyrimidine antagonists (e.g., fluoropyrimidines [e.g.,
5-fluorouracil (Adrucil), 5-fluorodeoxyuridine (FdUrd) (Floxuridine)] etc.), and cytosine
arabinosides (e.g., Cytosar [ara-C] and Fludarabine, etc.); (5) enzymes, including, L-
asparaginase, and hydroxyurea, etc.; (6) hormones, including, glucocorticoids, such as,

antiestrogens (e.g., Tamoxifen, etc.), nonsteroidal antiandrogens (e.g., Flutamide, etc.), and
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aromatase inhibitors (e.g., anastrozole [Arimidex], etc.); (7) platinum compounds (e.g.,
Cisplatin and Carboplatin, etc.); (8) monoclonal antibodies conjugated with anticancer drugs,
toxins, and/or radionuclides, etc.; (9) biological response modifiers (e.g., interferons [e.g.,
IFN-.alpha., etc.] and interleukins [e.g., IL-2, etc.], etc.); (10) adoptive immunotherapy; (11)
hematopoietic growth factors; (12) agents that induce tumor cell differentiation (e.g., all-
trans-retinoic acid, etc.); (13) gene therapy agents; 14) antisense therapy agents; (15) tumor
vaccines; (16) agents directed against tumor metastases (e.g., Batimistat, etc.); (17) inhibitors
of angiogenesis, and (18) selective serotonin reuptake inhibitors (SSRI’s).

[0204]  Reative, but non-limiting examples of suitable SSRIs that may be used include
sertraline (e.g., sertraline hydrochloride, marketed under the trademark “Zoloft®” by Pfizer,
Inc.) or sertraline metabolite, fluvoxamine (e.g., fluvoxamine melate, marketed under the
trademark “Luvox™ by Solvay Pharmaceuticals, Inc.), paroxetine (e.g., paroxetine
hydrochloride, marketed under the trademark “Paxil®” by SmithKline Beecham
Pharmaceuticals, Inc.), fluoxetine (e.g., fluoxetine hydrochloride, marketed under the
trademarks “Prozac® or “Sarafem®” by Eli Lilly and Company) and citalopram (e.g.,
citalopram hydrobromide, marketed under the trademark “Celexa® by Forest Laboratories,
Parke-Davis, Inc.), and metabolites thereof. Additional examples include venlafaxine (e.g.,
venlafaxine hydrochloride marketed under the trademark “Effexor® by Wyeth-Ayerst
Laboratories), mirtazapine (e.g., marketed under the trademark “Remeron®” by Organon,
Inc.), buspirone (e.g., buspirone hydrochloride marketed under the trademark “Buspar®” by
Bristol-Myers Squibb), trazodone (e.g., trazodone hydrochloride marketed under the
trademark “Desyrel®’ by Bristol-Myers Squibb and Apothecon), nefazadone (e.g.,
nefazodone hydrochloride marketed under the trademark “Serzon®” by Bristol-Myers
Squibb), clomipramine (e.g., clomipramine hydrochloride marketed under the trademark
“Anafranil®” by Novopharm, LTD, Ciba, and Taro Pharmaceuticals), imipramine (e.g.,
imipramine hydrochloride marketed under the trademark “Tofranil® by Glaxo-Welcome,
Inc.), nortriptyline (e.g., Nortriptyline hydrochloride marketed under the trademark
“Nortrinel® by Lundbeck), mianserine (e.g., marketed under the trademark “Tolvon®” by
Organon, Inc.), duloxetine (e.g., duloxetine hydrochloride marketed by Eli Lilly and
Company), dapoxetine (e.g., dapoXetine hydrochloride marketed by ALZA Corporation),
litoxetine (e.g., litoxetine hydrochloride marketed by Synthelabo Recherche (L.E.R.S.),

Bagneux, France.), femoxetine, lofepramine (e.g., marketed under the trademark “Gamonil®”
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autoimmune diseases such as, for example, lupus erythematosus, rheumatoid arthritis,

multiple sclerosis, and psoriasis; and organ specific autoimmune diseases such as, for
example, ulcerative colitis, myasthenia gravis, Grave’s disease, Hashimoto’s thyroiditis,
Crohn’s disease, lupus nephritis, autoimmune hemolytic anemias, immune thrombocytopenic

purpura (ITP), thrombotic thrombocytopenic purpura (TTP), insulin dependent diabetes
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etc.); (3) noncoval ent DNA-bi nding agents [antitunor antibiotics],
including, nucleic acid inhibitors (e.g., Dactinomycin [Actinonycin D],
etc.), anthracyclines (e.g., Daunonthicin [Daunonycin, and Cerubi di ne],
Doxorubi cin [Adrianycin], and Idarubicin [Idanycin], etc.),

ant hracenedi ones (e.g., anthracycline anal ogues, such as, [Mtoxantrone],
etc.), bleonycins (Bl enoxane), etc., and plicanycin (Mthranycin), etc.;

(4) antinetabolites, including, antifolates (e.g., Methotrexate, Folex, and

R A a2 o o, o, o v e




55 by MERCK & Co., Inc.), tonpoxetine (e.g., marketed by Eli Lilly and
Conpany). The di scl osure enconpasses SSRIs that are currently used, or

t hose | atwo 2digaasrer ed or formul ated. SSR' s, includi ng Phoas20109588d5 her ei n,
may be adm nistered orally in an ano bet ween about 2 ng and about 2,500
ng daily. [0205]In the broad sense, y cancer or tunmor (e.g. hematol ogic
and sogi d tunors) may be treated according to enbodi nents of  the

di scl oSGIFIB tyley @ Mgridy et ntush @s g yagetarls o oF @ palyetbylene gbrcal- nYaniersatssdi nent s
of the,di i t : -k - Q,; cer,
br ai . TalcHals G4y Be b Codgs bt orfirkti R ihodity hf By (RS AR oSN

cancer forms divh agpémice,dabletsy pillg)as tapsnles amyere, cobted atittcgatating evax, deHader cancer,
cervi cal Cgfgﬂffﬁr .kenggﬁmatri all. cancer, l.u cancer Ignora-small C%'gll , ovarian
cancer S%AH & liky AoVB YAIXEIRerdtziR ﬂge acHyABRBP Yy FHETQRCAN HICloRgas

Cer Vi X3 swhASEAL atdnt, iR&RMSId (pgéﬁﬁaﬁ‘é&ng ahGrREervatRRg! a HRYNA lav6 %&‘ﬁ% ci noma

(lung cancer), skin cancer .g.” nel anona, basal cel’l carcino , hairy
cel | | ehskeyrirgrangedlands Agynphtsriabused itk preparinganytwnif dospgeofoymishould bkem a

(breast, & hl add acut.e el.oge s | eukem nmeni ngeal . | eukem a, chronic
nyel og }hagﬁlsacﬁugﬁéyn?cﬁ?p%ﬂﬁ a@ﬁ%&é‘ﬁ%ﬁ?ﬁ‘&mﬁ\)ﬂﬁg‘e EIBPH’??}% F?I‘P-lotyﬁ‘g ncers

t r eat egdditiey, dai¢ hérelukRBiribed RImBosR] haf 88 GRObEorRedintd NXRIRMBreldabd ti pl e

nyel oma, and MDS. [0206] Non-[imting exanpl es of autoi nmune di seases t hat
may bePicp@atiens apdidsyicahy herein descri bed conpound and nethods of the

di scl osure include rheumatoid arthritis, psoriatic arthritis, juvenile

| di 0pafRii) 8 ARG hidefh dediitcdRbmpBEhE Y ko RSB Ercl MR REVIEM! OSUS,
nyast heni a gravis, juvenile onset diabetes, glonmerulonephriti-’s, autoi mune
t hyr oi BitteperitoBaliy dly' isfudios @a sgectionoSolsiods sbaryeerdih desceibed eompduntinsay bul | ous
penphi goi d, sarcoi dosi s, orjasis, ichthyosig, Gayes ophthal nppathy,

b or i atk Bebaed i Waieg opppAlRTRIEH YBARANIGR S Sirbistant RISHET IO MY BRI As

di SCUSERParkd idTByEerfElighid foBfetiylencSIRB]E 'ﬁﬁé@ﬁﬁ[‘%ﬂﬁ?ﬁ%ﬁ% tRERYE A iffhigods for
treating and/of “prevention ‘various 1nflammatory disorders, diseases and
condi t Vader ordinaty donditiansref sterpgelansbusdethsse nieparatses naayccontainla preservativec| ude,

W t hou];0 Iri néinhg{ei on hscﬁst.em' ¢ _aut oi mune di seases such as, for exanple,

| upus er%/?‘f"le %‘gf GRS R thritis, nulti pl e sclerosis, and

psori asis; and organ specific autoi nmune di seases such as, for exanple,

ul cer af02¥#] coBietilesinjcorBRisoRitiofs Baf bk prepared\ty ificdth&iRAEE anyHaGBinMesRibed
thyroiditis, Crohn' SH%l sease, lupus nephritis, autoi nmune henol ytic

aneni a<CMRavRg 9f 1 the spilisispt tseapeeticaponnt an thepppropritesabsnt with Naddusedyt openi ¢

pur pur i L i : ] QF phritis,
B T oBEF ingrb Bl Ll aRRR Aol o G foRrdiily it BB, hARER
accor dease ef stetile pomidsrsdosthk psepasation off sige]e injettabletsoluitiohs,ahé¢ mothods bfr
inflammtory arthritic,conditions such as oriatic.arthritis,

ost eoal ERHTHILAE NACHTR Ak e Frecze 4yiRg ohauaut. idhich Y ldkamatidsy pf the

condi tAcpive irfpi6ledPIsihly a8 HoMAI deSirediRERRdnt 12 thePrOAGINIY biSrilel fikepbd i S etc.,
brought about by injury, allergies, infections, mcroorganisns, traum, or

physi cellutsnscheni cal agents. The treatnent of inflammatory aspects of
asthma, Sjogrens' syndrone, neningitis, adrenol eukodystrophy, CNS

vascul jobk %, M ri.al . at hi . [ 1¢c Lateral Sclerosis

A 2ot (0218, (hOAGORAUREHRALY B SKRLERBONBA B N, SRR BT pe

di scl obungi.e. Bxherpit & ifuidd Hookodrdit ivell gewapllyt bé ésirable el 8@mMEtASt tythdr one,
MERF syndrone, Leber's_disease, Wernjcke' s encephal opat hy, Rett_ syndrone,
honoc -?M@Osﬁyﬁépbm AP In ARIRRIBRET W‘%?ﬁéﬁ"@f}t?]@gﬁ acceptabicoxybut yri ¢
am NOaGnGH whichdhdy bd £sdhdl cﬂ%siﬁluﬂfoge'fﬁ%ﬁﬂ cﬁ?férﬁﬁmﬂ@ﬁgelgﬁ%%?so‘ﬁ'ﬁ €ase
(B12 deficiency). 'In association wth such prevention and/or treatnent,

ar t i clsshe$ tabmelayamiareeystalling odiulosensilicayatuntds and thedike. Alsefultiguidal

treatments by.djsclos ounds are als rovid 0208].Ln. sone cases,
it mycagéerggé}%d&vyaé Tpd B&Qgﬁ{ ﬁ?’%‘fl%f}r yﬁgyr-ﬁﬁpﬁqlféfwig}eph%an fid as a
sal t. douaihesmay boHREREEH disdel aREEaRB M WIsS BhtichallP GittiBe Ml Hos- aci d
addition salts fornmed with acids which form a physi ol ogi cal acceptabl e

ani on, toxigrsueieianss-c Adiuyayts and additiensd artimicteialtagents swy deadded toreptispizeral onat e,
tartar i zoate, ascorbate, ketoglutarate, and

gl ycertg‘%§5°$%ﬂ%§'£&@‘g§3?‘g§ e inorganic salts may al so be forned, including
hydrochl oride, sulfate, nitrate, bicarbonate, and carbonate salts.

Phar maceutically acceptable salts may be obtai ned usi ng standard procedures
well known in the art, for exanple by reacting any herein descri bed
conpound with a suitable base affording a physiologically acceptabl e anion.
Al kali netal (for exanple, sodium potassiumor lithium or alkaline earth
metal (for exanple calcium salts of carboxylic acids can al so be nade.

NN N .




conmpound of in the sufficient therapeutic anmount in the appropriate sol vent
with various of the other ingredients enunerated herein, as required,

fol | onwed WQ 2hil4e375st erili zation. In the case of steril eCpasdenwssfses t he
preparation of sterile injectable solyfions, the nethods of preparation are
vacuum drying and the freeze drying t€thni ques, which yield a powder of the
active_ingredient plus _any additional desired ingredient in the previously

any ) !
steri | B%P] ¢ e TBg resyltant lignid comppsipngmay begpeliad faamahsosbent padsmusediy her ei n

descri G ' [ ' At li quid.
Homeve??grie% Wi P%{Hgagén%ﬁgl y&%gésggg?’rogéﬁégl%do&gg @ena!fget% teep a;‘\%]‘l ok g[%uég%_%ip as
conpos bt awwo®! sprajas.nihizgkérenssuch as sythdtivgiolyaners) fatty acids famt sdid gilahnly

accept apbl e rrjer,. whi e a solid qoqr a ljquid. Useful solid carriers
i ncl udgst%?risré%} alff’f}‘?l O‘i'lgFﬁEm e‘él@%ﬁ%@@%@ FH&?@L{IMW&#S&@P plse de employed

cel | ul @s@ lighid ¢ffers & Nl ~ ' d’#ﬁ?‘{ WelN] 1l i ncl ude

wat er, al _clo_ol S orrsgl ycoﬁgreg?%v%gpgs}%éé @(S)’ho g fé%ﬁagg’lagﬁggﬁllkeg?@mi ch the
conpoufpicaagn dicectly $e thewkin afithelispeasdmdwatto gose baving otdineay skillapthiecnal | y
with the aid of nontoxic surfactants. Adjuvants and additi onal

antim i al bhe added to optimze the .properties for a given
use. qum[ 02@? ﬁggesﬁgéﬁptpé%?g 5 acﬂhagngcgﬁﬁ%aé iCPWBf%%g%gOIB%“SA%PﬁS%‘aS om
absor besthpqads, orugherhacutigillygoedphablasdintesoR e ahbigitich WaghNgs, or sprayed
onto the affected area using punp-type or aerosol sprayers. Thickeners such

as sy nPlP?é{qaﬁe%’GPl}mPtablﬁtdtﬂ}‘elg&r @arrier. gF urthesthe diselosure prayidestthe use dfat t y
al coho (R ET mdi fq i : i can al se be
it oy oAk €S & erkih 8 om Bhadfif ith el LAGHE o BB S (@R e

soaps, and the like, for application directly to the skin of the user, as
known {@16hosh vemiousgmbodinmeatsytheldidclosure grivéides 4 mefHdd ¥ tfeweingdi scl osure al so

provi des, a phar npceuti cal conposition, conprising di scl osed conpounds, or a
phar m@&ﬂngaé?rpf 13683 1308 ten apsorigtad ﬂhm@g BIWLRICORPHITE a
phar megdihistetroito AGRARMADIh S El bi§Rh tRbrag b LEctive f of 4 dicIGLeHC! OSur e

provides the use of conpounds disclosed herein in conblnation Wth other
known egmpounds inpembinatipn o6 thym additionhDatsinflammatry compewizbali ment s, t he

di sclo ides a nethad. for  treating . inflammta i sease and/or a
condi tTon ggélglé%ﬂg’f &G e%anﬁﬁ Sf‘)‘ﬁﬁea% ‘gtherc RO Iﬁ?}w‘?ﬁd{?f ﬁﬁeipﬁ"d’ePBo% manmmal
i N needf iaflamiiory dieapand dh a ebhdifibn ¥RoaaRE WittOhflamBiafich 65§ theargynd, in
conbi nation wi th an additional anti-inflammatory conpound or

. - . . . - - a
phar netedu¢ing e Gkehibeod thain paticat will develaprsuch inflanineationripeovidedt The et hods f or
t he pr ' A1l 3 [ ; it iated. with
1 armaons O LSRR Riato RRRE RSP b fhof o, 37 RRE BN |
devel opf asdistlosedfcompoand ona plsarmacedtidaity acEhgtable shiotgreddn i ncl ude
adm nistering to a mammal in need of such therapy, an effective anount of a

di sclo o] und or,_ a pharpmaceut, cally .acceptable salt thereof.
{03767 PRIFE AP B P s b Bl it 58 bR £ Bving e SRbior Pricoiailbpect
part i Chilrad, ¥uspeSdBIhaves RE6EBE pRinea WididaseWr cBRHINEN HvORAnd MfBnfhafoase or

condi tion involving inflammation, conprising admnistering to a manmalian
subj ectomBTisiEImiRBEL to 2 mammagmntsublgr! ip need thetdof e tharapenticaly effectimpound

conpri si I f. di S ed c ounds of For.nu I be.a single
cnant | Sn8ht 8 a o8B A e S e R ORISR e omb Bl o EvpmntE by b2

m xt ur@singlezhamtion?0% mixtoirof thy/(+)Mehghiond abdithe((#))enditidmdr, £ABLMtOsEr and
about #g)% %yl ess bé wei ght g}f the (-) or (+) enantioner, respectively, or
a phar o ORMye By dstehs pf thed5) o (-kenaptiemer and abpuichQg of less boweighbohs to
af f ectypt r t el : i 4 ' t t he
b A e L T

admi ni prodmgithereol saas tofaffect traat onprovert inflananatidier t her apeuti ¢ agent usef ul
for treating or preventing the diseases or disorders disclosed herein. In

sone nmbodi nents., t.he ti in i ch the therapeutic effect. of the other
her ap gt T ot cBuboyiiier, s, il s otk STl edton e e iing

t her apeflinmatibh afludefadiliisMRRBUTIMRHectdfe HiRdiinY 8F Antfhdr he@NRiuti€dgent[ 0218] In
sone e”siéﬁﬁ' ments, the other therapeutic agent is an anti-inflanmtory

agent . Useld foy tesating oppreventing|thardiseasesoratiearders discloatsl ker¢ior Insemeccording to
sonme enbodi nents discl osed herein include, but are not limted to, steroids
(e.g., cortisol, cortisone, fiudrocortisone, prednisone,

met hyl pr edni sol one, 6-net hyl predni sone, trianti nol one, betarnethasone or
dexanet hasone), nonsteroidal anti-inflammtory drugs (NSMDS (e.g., aspirin,
acet am nophen, tolnmetin, salicylates, ibuprofen, nmefenam c acid, piroxicam
nabunet one, rofecoxib, celecoxib, etodolac or ninesulide). For the
treatnment of |upus erythmatosus, for exanple, the conpounds discl osed

o o -, e - o o




60 [0221] In cases where conpounds are sufficiently basic or acidic to form
stabl e nontoxic acid or base salts, admnistration of the conpounds as

sal ts maywbeonppeispri ate. Exanpl es of pharnaceutical |y aceastablogissalts are
organic acid addition salts fornmed w %51 aci ds which forma physi ol ogi cal
acceptabl e anion, for exanple, tosylat®e, methanesulfonate, acetate,

citrate, malonate, tartarate, succinate, benzoate, ascorbate,

a- ket o§MBpdiments, ﬂ&ﬁ@%”—“@@&?ﬁbﬁﬁb@&ﬁ&f@ﬁ ihe etberthrrapeufiorgensial t s may

al so beyd QR gi I carbonate, and
car bonat e sal tgsaﬂsr\??g ° a%ﬁcry]a@gg %ﬁ‘?feuglgggt%% flt@éégﬁoss%ﬂ %be obt ai ned
usi ng dewaﬂlarbaisq:)feueédures wel | known inthe art, for exanple by reacting a
sufficiently basi c conpound such as an anine with a suitable acid affordi ng

h bl e Al kal tal (f | di
ot asol CiBE: B s OB MEn R BF e torsherin Sent o BRARDRBIMEKIL AR ool ¢
of car BR¥ybles oﬂ&ﬁtﬁiﬁ)fﬁ?fﬁnﬁb@%g@@ts Qﬁ%le foQ %@iccgﬂﬂn%%%% Frﬁ&ﬂs In

practi ci 2}9 t he di scl osure may formul ated as pharmaceutical conpositions
and ad#isplosedeheseintiecladerhntaat natnhmxb@i to, siamhdsa(s ga chutivel cpisomnt in a variety

of for echo U n atio orally or

par ent g?l %ﬁ%lggl%grge% %ugvlé‘?*lc%e yqpl}‘?ﬁ?léﬁﬁ Lﬁa SPty lpé g?la@ﬁ’d’(? neous

rout es bethﬂ@ﬂlﬂidﬂ&e)r@mﬁ&&nﬂﬁﬂorﬁﬁérwﬁﬁe@ﬁllﬁﬁhﬁ%aﬁﬂw o8 (R8AIDSRe g, orally,
in conbination with_ a pharmaceuti cal I% accept abl e vehicle such ‘as an inert

di | uenﬁ‘sﬂiﬁlnaa‘ﬁeté%’sli%hﬂaﬁpl@e@ﬂu gsligylates.ri Wrofenh@efe@em@ asfid, pdnoKivasy r at i on may
be or ah fmdibtld, AHEQRHS celbSiGh e&@dﬁtl ?sqﬁ'?dgj Hd QDG 9SG 5nsf OF

exanpl e, parental, [ ntramiscular, o Jica chu aneous. &5conpounds
may beele'ﬁuhaiems fom ekmnpie,ahe soxhpouﬂale Hisc@@é&h&ranmsalb(ﬁbe adiisk@edTPr essed
|ntotablets or be, i ora]ﬂlﬁd directly with the food of the

pat i enforyuRgtion wi ]o‘inallan?]ffgf“gb’é‘ﬁ Bga fricreple hydsexychlosoquingngor énpound
may becGHiiRRGiM {ioteRiE REmOM laagrrgﬁ m of
mgestf%?e tlab | ets, bucca: ?abéép%%éoﬁ%(gq%% ca e[quAtﬂl ﬁﬁ?rs‘f
suspenSYQifPEhOS}sl}aﬁIué@ waf ers, and the |ike. Such conpositions and

preparati ons shoul d cont ai n at | east 0.1 % of active conpound. The

per cent@q 1t 08,9 o a eparati ons. may, .of .course, be varied
and ma venl 1 R R 151 gﬁ"ﬁ’ﬁf)ﬁ‘? CYHC agsplis 2B EHHPLE (8 wei ght of a

gi ven uzmcbnﬁﬁﬁuag@nélﬂfdfhmﬁﬂi%llﬁﬁ%ﬁlcﬂfn 6fotaxné, QERAhe! ELIRHAE
therape%ltl cal ly useful conpositions is such that an effective dosage | evel

wi || bElERBmFEeridazy, doyeyolinershenouse sl osmees earbopms]therhtéenonpounds

of For n t he
Cabl o Doy il DR oA B b Mook Bl By s R Rontine

foll ovxﬁlng)thdnlthmimesus agént mr@nmiﬁst@gae &ng. hcycmmeJ Iy dre:0izines pdihfedfha@megr! at i n;
exci pi gn ch .a ca |um ra% atg]ﬁ g1$| ntegrati ng agent such as com
st ar ch’ b lgo G’ﬂ}eﬁ raneBtic agant; rancaptirmalaesl as
Nagnes{el) aﬁ{eﬁﬁgﬁﬁﬁmaﬁ&hé’r Mﬁ&fénétﬁ& gﬂﬁ&@tphé QteaﬁleﬁU%lg c%rBEIH&IE&)

| actose or aspartame or a flavoring agent  su
wi nt er ¢exveyclingrhyelats; ngilhmbbydrnqﬂm@e bovagitad or Wiefantrhfe)unl t dosage formis
a capsule, it may contain, in addition to materials of the herein type, a

liquid i bl .hyl | | . Vari
|19 OB | ShnoBUEpES: AR SRR, Py 9 1R BB RSB o 201 08,
of t hedisdbsude u;mntanﬁbsd?ggﬁlch@lﬁ mhuﬁﬁfuzb@ ﬁioﬁﬁ@@naltaﬁﬁi)(ﬁiys NdH-liln$tingdxafipRsUl €s

may be. ¢ )égvmth el atin, wax, shellac or sugar and the |ike. A syrup or
elixir "ﬁﬁ‘a Al énélé?‘i’lX/ese@of%éﬁﬁﬂpleschr BatenoNo £ 1,283 3% Wkiteersheet eni ng

agent , ARt ey, Biad. BHARY DRASRAS) Rﬁﬁg flavoring such
as cherry or orange f P \sﬂﬂﬁ?Any mat gIRI uséﬁ%ﬁﬁt&:}ggg%&n%&gﬁﬁncﬁ%ﬁof dosage
f orm sGéuw imhnbﬁlepﬁmamuwagenaﬂiaylsamﬁuphmm@acb duihsdiscibiat for traatdhgxi ¢ in

the a unts gﬂtl o the acti.ve c ound may be incorporated
into s F‘Eﬁ’é Eaé*é“’ % 828, Bsedulin dassdisqlesie; SQ’HEY@SW% may
al so b@gea@nwmcat £186d herel2 KON USS ¥ 2é tﬁaﬂaﬁ@o@@rdrmﬁl%@h;( rdiotbd{eiiSdedth, OF

i nj ectlon Sol uti ons of the active conpound or its sa s may be prepared in
wat er , SssHicombicaneenpgeats influde Elanopiridal, Adsiamfycint(denoruliicimpeVRBions can al so be

PPl MO8 el BN H, 9L vcol e T acetny and mxures

preparations contaln a preservatlve to prevent the growth of

m croor gani sns. [0227] The pharmaceutical dosage forns suitable for
injection or infusion can include sterile aqueous sol utions or dispersions
or sterile powders conprising the active ingredient which are adapted for

t he extenporaneous preparation of sterile injectable or infusible solutions
or dlsper5|ons optlonally encapsulated |n Ilposones In all cases, the

o, o o - o,y o,




formati on of |iposones, by the maintenance of the required particle size in
the case of dispersions or by the use of surfactants. The prevention of the
action ofwgi2erigauygani sns nay be brought about by vari ougCaniSedaosses al and
antifingal agents, for exanple, parabgns, chlorobutanol, phenol, sorbic
acid, thimerosal, and the like. In mﬁ&/ cases, it will be advisable to

i nclude isotonic agents, for exanple, sugars, buffers or sodiumchloride.
Pr ol onlfBd1hbshr ¢aseowhese compoynds ar sbfieie i qrjagiskic pefpripstablenpgtnxiabout by
t he usg.;:} ey Wi I f o e,
al urr miis oo b8 ST RAR By OF pRRSHDYAR ASeRPnay BOLBib e pfORERLe,
pr epar phhrtmgcéuticallyparcaptablg shltecara otdaviee acidhguiskitivh daits foremetd @ejth doddh whiohint i n t he
appropri ate solyent with ri ous of the other ingredienfs enunerated

her ei niorada I?hé’dlﬂ\(‘??é%ﬁl apcspiab By o xpmples fasylate, BthagssulionateRectie of

Ceril _ PIT Zat Cutions th
steri | gupRWHRIchafeOfartafife, Eﬁm@%&}a@, as%%ﬂfa('tjé, tﬁhﬁgwfg?.géel?gel, gadplutions, the

met hods of "preparation are vacuum drying an rying techniques,
whi ch glye¢rdphospbatele Buiteble inerganic salis inay raksdibe fornpddy snchudynglaydiro¢hboride, desi r ed

i ngr edi in the.previously sterile-filtered solutions. [0229] For topical
adni ni §1ﬁfaiﬁ’int#ﬁte’t %ﬂ%o O?J‘?%‘:@W{ebﬁ?hﬁrppl ied in pure form i.e., when they

are liquids. However, it will generally be desirable to adm nister themto
t he ski0222p CPhagagtéitiealy &cep@ablishid maﬂ Be obfdine@ WikinB atan@ardWrédedares well
dermat ol ogi cal |y acceptahl e carri er, ich may be a solid or a liquid.

[ 0230] krasryin the pstgfor gxample By restingia sylisieptlybesieleempaynddyck asan amingal c,
clay, m.&r qi : Shab ] } ul
1 aun G ARRE Bt R BsidoeSiuly aRep@ Ahish A6t B8al P ollBio o1 ool
bl endssodiumygutassiviher lithivaoon dikatiny edrth sittab@brvednple cilsipey) st oft ef f ecti ve

| evel s, E&i.onajly with the aid of non-toxic surfactants. Adjuvants such as
f r agr atAtREYAG@cUy Gt PIShBE M2AE ni crobi al agents may be added to optinize the
properties for a given use. The resultant |iquid conpositions may be

appl i e2b8pm #hs QérRSSndP askFal iHsp%tiEﬁfg'tﬁ@di%lBﬁfr@_rﬂA?%@Q&%ﬁﬂ%@@' a9t her
dressings, or sprayed onto the affected area using punp-type or aerosol

spr ay epkarmpeertical Homplositionsansh asiministesgdrtoagnammpbiany hest,ssuch ag 4 uman patienf at t y
acid salts and ters tty al.cohols i fi.ed cellul oses or nodif.ied

i ner o U ol TEhE fapl QySfS ST Bte SR SRR L FREY of PR il

spr eadppirgrap@siug Sintr@ahisenl) t0pREINVrSub&PaREus Atkst he 1ike, for application
directly to the skin of the user. 63 [0232] Exanples of useful

der mat gl Qgj cal_ . conpositions which pay be used to deliyver the_ conpounds of
st ruct &2281 A JS’PC EPTRRPUDHS M bR S&?"%m%@ﬁﬁﬂvﬂdmﬁu%tﬁédse?rg-i orglly, iBgampinatiogee U, S.
Pat ent §itaphatnRERICAAT acloptidic A1 st bn fnerfdiflichy S0 R0tk USef Ul
dosages of "t he conpounds y be determ ne %y conparing their 1n vitro

act i vi carieraniheirputeiof admutistiatioy may terviraledr imebeheus. Bthéradates of t he

extrapolation.of.effective dgsages i.n _mce nd ot her animals, to_humans

are knd n{sgra?%mﬁhd?, #’BFX f’rﬁ%’é‘fnt@e]&glﬂn§$°“%£t tQH’ccaﬁii’.d S ',b@@%‘,‘egl‘i@. The)234]

Gener adn¥pounBe a9 be @AEIbAI iR Rakfl orlsBR sRANPALNHS RleS; %d(}"l%_eacdmoﬂrgss@d {eglui d
an

conposition, such as a |otion, may be between about O. about 25.0 nass
% suchblets, bemar bp ingomerated diregslyowith thegoorhefihe patizat's dist eFerareli on in a

sem -sgl ] N sition such as a gel qr. a er may be between
about F}fgglﬁif a O%Qtrgt?(ggﬁn?saé:klgq CLTR Sm%yel?wa%ﬁo 13%%‘8/}%‘§p%05 2.5 mass %
[ 0235] extiyderetsranthiisedfin tHeeforn 0P higoslibl OtabRes, BaddalRbES, trofliesdipkay, ieligird, her eof
required for use in treatnent will vary not only with the particular salt

sel ect BHPHWIONS Y5R% YVALCrh and Bigtlkeo SushipRrapasitions jape propa@tinag shouldgontaie

condi t} hn j I and wi | |
be ul t?tﬁ%‘c}[sg § /gto ?%1 ﬁg;e??g@r%gﬁggh g{:eﬂ@&g&?éﬁﬁédéanﬁ Bﬁ{(l)glg %?%ﬁx%hérﬁig Pnician. In
gener ainay,lod\wewnse, beavasiad aadbmay dosenivmyly e betweach abowtige abbuts@mettheabout 0. 2

and about, 100.Q p, mo| / Kk r day. I n one.enbodi nent, the dose may phe, e.g.,
bet \/\/eeWel%%?f?a %}Yé)d ‘1”3{ g‘bsgﬁ‘%)ﬁ’im(ﬂ gt ?)%‘?’“W%ﬁ?mPWméidﬁéu@h%S’a‘Pﬁg%?B}’ a

sui t abhRfifl @6mpBBHoRSs sich thet daFfc@ie mag@@oelm% dbtain@d about 100 no/ kg,
e.g., between about 10 and about 75 ng/kg of body wei ght per day, such as
bet ween about 3 and about 50 ng per kil ogram body wei ght of the recipient
per day, for exanple, in the range of between about 6 and about 90

ng/ kg/ day, such as in the range of between about 15 and about 60 ng/ kg/day.
[ 0236] Phar maceuti cal conpositions suitable for use in the nethods discl osed
herei n include conpositions where the active ingredients are contained in
an anount effective to achieve its intended purpose. Mre specifically, a
therapeutically effective anmobunt nmeans an anount of conpound effective to
prevent, alleviate or aneliorate synptons of disease or prolong the
survival of the subject being treated. Determ nation of a therapeutically

Y T o B Y M o - o,



[0237] The exact fornulation, route of adm nistration and dosage for the
phar maceuti cal conpositions disclosed herein may be chosen by the

i ndi vi duaophyigi4ei7zan in vi ew of the patient's conditi onPCTiyse@alosis4st he

dose range of the conposition adniniséered to the patient may be between
about 0.5 and about 1000 ng/ kg of the batient's body wei ght, or between

about 1 and about 500 /k%, or between about 10 and about 500 ng/kg, or
bet weeldZ28but Tho cempownsls of Fompulahmey bsfadmimistgepdiin atvagetyodyvayei o . The

dosage h ngl e j f r.nore.qi wen. i,n the course
of oneeg%xwg’rqg@g%ég,’ Ug)gﬂ#ép @é’e%ggﬁégygﬁ%gwégﬁ%a&#sw&%n ﬁgqpﬂgﬂ%{wgdos age is
est abl bsided,sueh sugiina rhgachntipacadiasage stabch drelatiheetodslerts OMBhERHaRiuh D50

val ues, or ot her. a[t) ropriate values derived fromin vitro or in vivo

st udi eBhosphatg; a,disky fg%aatg’s& 38654 S&}glﬂ 9s cqmy ghagsdl, Bofatostarely alginisagidi and thevlikgsi mal s.
[ 0238] 2 MprRamdfich bemapRGTund A844R; Wid 4 s@&t&ﬁﬁ%%éfnpﬁgh%@ sforflid! Grubigsdl” U0
basis, in nost cases, sone generalizations r rding the dosage nHy be
made. Tastoselaf aspadavagea fleyirmyrgeot suah aspedperthintrmil gfatinengreers pr biesrmyf or

exanpl an oral. dose .of,  between agbout .0. 1 and about 500 ng of each

i ngr edlﬁg‘r’ﬂrfngslﬂ%b%g&%gt 50@?& tﬁ%ﬂ’t‘l‘f gﬁsaﬁﬁ forps 5%812&“?@2 g contaig, ddifigen about
5 and ab@uferid@Gf M HRFeiffype/d QN RRYRr, sttPs RIREBR 0iPbr 4 l'ar dose
of each ingredient bee:t Wefygﬁ at;%gt 0. 01 st and%oufeofggrdngk?lglgg%%ﬁyas bet ween
about 8lyeohyVamensqiksrtmaerialyymag by . astseatingsrer spothervlisamddifp thetpSicalfonh each

i ngr edj : eut i ¢ C I ti.gns discl osed .here ar. a

phgr nalégﬂli}% isgllea(f P@?gg%g%% (Lai:t g g‘%’%antcg’gg@g ’%lgf”c%lcglfsél Sé‘%aﬁl?fecoﬁ*e fhse, the
conpos ¢latim vizsi, sigllac ot figai aidelle liké. 0A%yhip@<lRE MA20ntAN HRIRealé vel y the
conpositions disclosed herein may be adm ni stered by continuous intravenous
i nf usi EOTPPIMRACHICRRSY Ob Bugtosqasppsicelmingagent. mtlsd iaad prapylnasabsnvasty per day.
Thus, i el j.on each.ingr.edient wll
ypi bl TS ban T {1l ha1RTas Menak Shorkr Ol Sl BoRT ASh B W e ot a
dai | y preparire dy yair doseger fatm ablonld bs phartraoeutivally atoepiabRl dnd siBstamtiallh@ofange

bet hout 0.1 and 400 ny. | mbodi ments, th younds wi | |
e ac ARSD A HRPR SmBRPHY e, 1 aB0e 10RRABY MUK IBsRRpRERTD o weck

or nor gstadedir@lea Pira@dns¥i8aldsvicé0239] Dosage anobunt and interval may be
adjusted individually to provide plasma | evels of the active noiety, which
are sufficient to maintain the nodulating effects, or mnimal effective
concent®24f} onThesappoupde mer@lseibeladmanigtefedrintanshoedynpoimtrdpdritoneatly biye

esti . .-yt t sages necessary to achjeve the. MEC w | |
dependoior hbieBidt ' St dRRAEFoRESERT IS o BFY behempct nieish

Howev eoptiorBllCnassinyith 8 holoRiz Salicatt DifjRrsismtbah lsddedrepans il l,
concenltra i o&s. %4& Eos_age, intervals can al so be_determ ned using MEC
val ue. l‘lﬂiﬁiﬁB Fihyisne ebicels apeting and miiees daerenfiand imoile dimdss ordipareh  mai nt ai ns
pl asmag =900 d ' . t ween, 30- 90%
E g R o e b e brop O, nhi'E phesBp ME B B 2k,
t he ef ¢fgvicracegdnisied. concentration of the drug may not be related to plasm
concentration. [0241] The anobunt of conposition adm nistered will, of

cour seg d ndent _on..the, subject bei reated, on_the suhject's weight,
the se oggﬁt yegﬁert’ agnﬁ‘fefufllc%]tqoﬁ)?ﬁelfgﬁ’és %ﬁﬁ%rfglblflﬁgﬂﬂﬁl AT Cfysion ¢ 1y Hé? he

j udgnenerilefaqiidoRs BEIAGEHS dHdipeRiutSios kRfle AW confbrisd ML SctiiagieaRAL S, the

conpositions may, if desired, be ed in a pack or dispenser device, which
may coWhighgreasepisd forthe extismpornssesarermrationcd steailqinjrgtablecordinfusibée i ngr edi ent .

The p anpl e.. ri |. or plastic foil uch. as a blister
pack. g{%ggig%P&%?g%é)ﬁggrgﬂ%eé\l}? %pes%e? IBelpggoé%%éﬂfJé&aﬁﬁ’ t?‘?lg 'F’?Jai‘?i ons for
admi ni ddsagd foomn.shdlid bpatkile fluill aplenss uidy ) GRAdRRNACENIRAALGE: aMdt h a notice
associ at ed Wﬁltée .thg container in form prescribed by a _governnental agency

r egul atPTAES t e farpie prevehiplemay be g splvenfordiqaid disransipe mediunhi ch not i ce
i's refdsdsue, &r e % r human
or vet é;&ii_\ﬂna?% admi %Pfs)% %ﬁegﬁﬁ%ﬁkﬁ%ﬁwg«e}f e’%%“?plée’%gl%ﬁg’, ﬁlﬁg&lg%%gl?r Izu(gei | abel i ng
appr ovEhidpolyeibylensglyrolsdandrtbie Iike)gvemstable aits; aertoxic bicend estersj @idi on dr ugs,

or the I roduct J.nsert. osi tjons.ca i.sing a c ound

di scl o5\ gg& ﬁg‘%ﬁgﬁ'ﬁ%ft%r’rﬁ%ﬁt' a hgdor?l?'nerzg%bocgﬁ'p‘aﬁ lB‘f @abﬁﬁm%ﬁ"%&@i@ Bgﬁ?‘i er may al so
be prepared, placed in an appropriate container, and | abel ed for treatnent
of an indicated condition. [0243] In various enbodi nents, conpounds of the
di scl osure may be | abel ed usi ng nethods known in the art. One detectable
group is a fluorescent group. Fluorescent groups typically produce a high
signal to noise ratio, thereby providing increased resolution and
sensitivity in a detection procedure. For exanple" the fluorescent group
absorbs light with a wavel ength above about 300 nm such as above about 350

e S o o, A - N o Y b1 e




67 EXAMPLES [ 0248] Various aspects of the disclosure may be further
illustrated by the followi ng non-limting exanples. [0249] Abbrevi ati ons

i st: BcIw@:20B/0@¢375 | ynphoma/ | eukem a-2; EDCI: 1-et hyl- BCTRIS2010/051845

di met hyl am nopr opyl ) carbodii m de; 1D JH NVR one-di nensi onal 1H nucl ear
magneti c resonance spectroscopy; SAR™“Structure-activity relationship; FPA:
Fl uoregcence Pol ari zation Assays; |TC |sothermal Titration Calorimetry;
CLL: diorsatien pilipasemps by th%m@ﬁﬁnance\mf theyaquired pasticlysis in thsegse efbr yoni ¢

fibrob %ﬁ% I géég bl e
knocko{ifgﬁérrr%lﬁlgge&e l%(c%ﬁc %%tgo pégﬁ%P&? @th %ﬁgtyc?ﬁlgﬁ OE @g - Liquid
chr onab@lynagimabaulcbﬁmnbammﬂmsteﬂalmﬁdramﬁh@yl agels Jor Ek ghplpepdrabefmnce | i quid
chr omat.qgr aphy;. TROSY: ans ax on- Pt i m zed Spectroscopy; ADVE:
Absorp‘flﬁ‘g‘}?%&ef{%‘tphm{n B‘X’ICR‘/E ﬁ dnesaRy cepasct vl Bet hy |

sul phoxi\g@bleRbSnckidd #6tBHic R gaﬁg abi @x 1 4}?' 1 so B dhori, @l | €l
artificial menbrane perneall on assay; I‘—‘ T‘%: uorescei n I sot |ocyanate

GST: G’mﬂmhd ebmﬁtmmfsh@mmablaa@pd@hmp krameﬂnmught alsbus Ay itheeyse SiEtheSt andar d
error; Pro ide; .NADPH. N cotinam de. adeni ne di nucl eoti de
phospha Osﬁbo g%%ﬁsicgg 3bs ef\lrﬁ’f'ﬁin B@“W‘@H‘Wﬂﬂ%sﬁeafﬁﬁa‘& rve.
EXAMPLEe]dtin. GENERAL  SYNTHETI C PROCEDURES [ 0250] Unl ess ot herwi se noted, all
reagents and anhydrous sol vents (CH2C12, THF, diethyl ether, etc) were

obt ai ned _from commerci al sources and used w thout purifi cation. All

r eact i B428her dtepleripiseishle soltigne are Preragedyaissommprtingthe actizie compauidinol vi ng
air Or qﬁﬁﬂé&%ﬁﬂﬁh&h«%’ %&?@écﬁv&}%ﬁ WRRAELO! §EHe 8&%% Rodildid 09€n
at m)sp ere I I'1ca gel reverse ase chromat'ogr aphy s peérformed using

pr epacémenhesatbd hareipehs ltequlf‘edwolhﬁmﬂrhyd@m steRtdatiap)n theasiseof StM\ﬂhyowﬂbﬂs final
conpoupnds were ur|f ed tpo.> %[fU[I ty, as determ ned by a HPLC Breeze
from spr?R?I etile g ns; the greghagls ﬁﬁ?;@Pi@GOWer‘@G’E‘F@e phase

col u f3 ow rate
of ey izl oo ding KR @h%@ﬁ%l%@f‘eﬁ SPRERE BB AL inthcibappll 00 [ 52
m n atanyCestenakidsiredhingredidn? Gn whe prediotsly Erije-Slidred sdluBonsACN wi th 0. 1% TFA)

Conmpounds were detected at X = 254 nm WD 2011/ 044375PCT/ US2010/ 051845 68

0252 -h | t di wi t.h f t f 1
£rL/ o HOZEST SR P 8 Bt R 0 e a5 oS e Rl B8 Hrid 15006 &
(Sol vethty &e lida@iswitdweled 1 Wil iien&ially 88 dedtiabR adivfikister ﬁl%nTtE%e Sl@pgg)ounds

were detected at X = 254 nm [0253] 1H NVR spectra were recorded on Varian
300 orcamRogEions goformplatingg, inprrpbisatiewith 8 dermesiplpgically acaepisbletcetriarn ppm ( 6)

rel ati ﬁhﬁh He\BAS O ppm. Coupling constant are reported in Hz
t hr oug oﬁt akagsd\%pgé){rggq& ata were acquired on Shimadzu LCMS-2010EV for

| ow resol ution, and on an Agilent ESI-TOF for high resolution. EXAVPLE 2:
SYNTHESR3D[OF UdulGokB Cakies iopluBORMY Alitid¢ORid} Sivh syaithdsy,s of 5, 5 amide

STt sy SRR SRS e SlumiRh nd e Rk’ DEcAPRRAY BiRieR incioE Wadtr, ' °

alcohols or glycols or water-alcohol/glycol blends, in which the compounds may be

dissolved or dispersed at effective levels, optionally with the aid of non-toxic surfactants.
Adjuvants such as fragrances and additional antimicrobial agents may be added to optimize
the properties for a given use. The resultant liquid compositions may be applied from
absorbent pads, used to impregnate bandages and other dressings, or sprayed onto the

affected area using pump-type or aerosol sprayers.

[0231]  Thickeners such as synthetic polymers, fatty acids, fatty acid salts and esters, fatty
alcohols, modified celluloses or modified mineral materials can also be employed with liquid
carriers to form spreadable pastes, gels, ointments, soaps, and the like, for application directly
to the skin of the user.



Reagents and conditions: (a) NaOH, H20, reflux; (b) H2SO»; (c) DMVS, K2CGCB;
(d) Tid4, A2CHOCH3, rt; (e) HC, H20 (f) NaCl @2, H202, KH2PO4, CH3CN, it;
(g) HC, WeQp1yday37€EDCl , NH2R, HOBT, it; (i) BBr3, CH2C PCHTS2016@0184% K)

FeCl 3, H2SO4. [0255] Cossypol 1 is t43eat ed with agueous NaOH under refl ux
conditions and the solution is aciditied with H2SO4 to afford corrpound 2.
Met hyl ati on of conmpound 2 occurs upon treatnment with DVS and K2CCB t

pr ovi 232bnpBramples offpssfil dematelpgicalgosrnesitionghich raay l'ﬁ wed todefiver the ©

di chl t I i | groups and
si mul '?&ﬁé%%ﬁyk cﬁ}fé Igtol?g\to tﬁi%‘%%fp%lﬁ@gfl 1Tl ég{)tl on \ﬂhfﬁ%g%ous HC1

pr ovi Bssnts msm,d@mmw@memﬁs&,w@pﬂmm 8.s oxidized with NaCl02, H202,
KH2PO4 in acetonitrile and acidified with aqueous HCl to provide the

corre in corrp at nent .of co und 6 with EDCl, NH2R

T BBSR0on ol Snsiead it sosmebf i e deierBRER B dompatie Betgt irobn. of
corrpoau%ﬂu , SHIGH Rf%d%@ltfr E@ﬁ{lﬁiﬁpﬁmws hvBRiods ik tHé etkpoRiBh bR Bfetie
acidification of the solution with agueous HCl provi des the am de conpound

8. Fi detiapss inaxicelanid othes Anipwis, tumemanswire kngvetiozhe artHpsexample.sed €55t he

desir one derivative 9. [0256] The synthesis of 5, 5' alkyl
subst %ﬁ?w&o%gﬁgypol derivatives is outlined bel ow. Reagents and
conditions: (a) R VIigBr or RLi, rt; (b) NH4Cl, H20; (c) Pyridinium

chl or p2B4pmaGenerlty conicntrdtidh oftidSionhpolihds eff Fdrahula I ihia;liqued BBr3; (0 110,
H20. [0257] . Conpound 5 was treated W|th dlfferena)ggi nard or |ithium

r eagefREPesHion F‘%Frhdaszi‘ %‘&‘bl’i‘%?é(rtif betegerbayt O diandiab 1g5S, 80548 2§i ve t he
phenoa&“%&a%m 3' Hm) Aoci‘}fe@aﬁf:&maﬁéﬁﬁfi'é’énﬁ'éoﬁﬂ%rE&Qi’ced phenone 10
to al kyl conmpound 11 fo by ‘subsequent denethylation using boron

t ri br complssition sutch as a gclmnammcﬂeﬂﬁlay [be BEBecLabu Wnidandlgboansl. 0 1sassiios sucbnl y
hydr ogen at om or rbgxylic idat 5 5" positions, were synthesized to
expl og bqt‘f"e%‘lﬂ}’é’f“fﬁgt égalpa@q%‘& position is inportant for enhancing

bi ol ogi cal activities. Conpound 13 was synthesized by treating conpound 4
W th aeaspnt TAé efoast! Jf kd @ong;fduﬁdt& anQSHvd SO MY atBleQhdteof] RRuIred Bt | NY
product and conpound 6 WO 1/044375PCT/ US2010/ 051845 70 was t hen treat ed
i ndi vhsfualttegtoygnt wilh yayrnot pnlyrveith e pedicylay saltsplgstadivng alpg veiftthe goute of

res pec@é%!f%“o’@ 0131 ﬁ%%%n Lf;l&eapondﬁ onq)esﬂgqtrésated(a%}i tﬂz§ Frand donditih ot i20: (C)

BBr 3
patient and will be ultimately at the discretion of the attendant physician or clinician. In

general, however, a suitable dose may be in the range of between about 0.2 and about 100.0
umol/kg per day. In one embodiment, the dose may be, e.g., between about 0.2 to about 1.0
umol/kg per day. In some embodiments, a suitable does may be in the rage of between about
0.5 and about 100 mg/kg, e.g., between about 10 and about 75 mg/kg of body weight per day,
such as between about 3 and about 50 mg per kilogram body weight of the recipient per day,
for example, in the range of between about 6 and about 90 mg/kg/day, such as in the range of
between about 15 and about 60 mg/kg/day.

[0236] Pharmaceutical compositions suitable for use in the methods disclosed herein
include compositions where the active ingredients are contained in an amount effective to
achieve its intended purpose. More specifically, a therapeutically effective amount means an
amount of compound effective to prevent, alleviate or ameliorate symptoms of disease or
prolong the survival of the subject being treated. Determination of a therapeutically effective
amount is well within the capability of those skilled in the art, especially in light of the

detailed disclosure provided herein.



[0259] The synthesis of 5, 5 ketone substituted Apogossypol one derivatives
of Formula | is outlined bel ow 111516 Reagents and conditions: (a)
BBr3; (b)wbeh1/H2s (c) FeCl 3, H2SO4 [0260] Denet hyl ati eaTafS2ke061885
conpound 11 occurs upon treatnent w tg BBr3 in dichloronethane and
acidification of the solution with aq bous HCL provi des conpound 15.

Oxi dat i f npound 15 with FeCb in H2SO4 provi des the desired
Apogosi@%'gﬁongr é?{wg?wéatm= roufgreEasimipisiratirsmd dosaprdenhepheusaceuti@k AVPL E

?02([5)5'-1 15&6%N¢@S-§ﬁe%zﬁrw§ﬁl [ so%ﬁp@sémandm ?VIYnOI_CLthf 2' - bi naph

thyl - 8pstlent’sd:pndmbmxaypieaihddm(db)se ra(ﬁgmaﬁumcbom;(oﬁusﬁyamh)lste@dmmwaﬁeﬁl Iy

0% tR = 12.50 mn
?\I\//g![ lhgbl 5 bferb% g{elnxa out (p eol{;g[ Il&@d mgﬂcg o?PLeCpa%%H égm?y weight, or between
[ 0262] 5b&t-1%d%@9ﬁmwh or%ﬁveeﬁ,a%&uﬂ%%w&%%n t bl naph
thalene (9) [0263 COrrp%/ﬁ% in 50916% WMS&

A

heat ed S0g8é gbgyttl P g@ﬁk&@f@@ p@lms%sdﬁmlghn Th@dcdiagekmasr be arsa@lﬂ omErormd Xt ur e

3 d. d.112S04 (35
n) i S oo BEHORCHT M the 8RS of dhlor Tord oy Y s PRI GBSt or o,
washed Whdrénovatn@en doshgelis exehblishedf agmbi’a ﬁnﬁmmos ﬁmwaauﬁ%é@éﬁl H5)a Wm te

lid. 1H NVR (300 MHzZ, CDC13) 8 7.61 (s, 214), 5.93 (s,
2027 (§f H%qoq)valugs P35 other alzmypnaag 8@u@%1qlenz@cifron2mmtw or memyo studig$ agd, J= 5. 5

RVS cal cd for C28H3006
46é 21 5 ?ﬂl\_e/‘langﬁ?%t%ﬁtﬁggié@%cy#ﬁd‘é%%’mb‘gﬂﬁg 2a (3.8 g, 8.21 mnol) was
di ssolved into acetone (200 ni). K2CO8 (23.9 g, 206.7 mol) and di net hyl
sul f at §0238p. 3 AlthouglOe Exantubjagesvill baddreemmed ohhelrigdgidngnbasisy intmestwas
refluxed under nitr N foreémh The solid was, collected by filtration and
was hed “H&P ﬁamgé%é{l%{ Bs thepiding,tha dasaee paypeymadey Lheslagy dpsags ipgimen 9 as

MVR FPGkral

white ﬁﬁ'ah@tdﬁﬂ%%nan %Eﬁ ﬁ?r?tﬁofo‘}/égam ral d(ﬁg 8{” ?etw%%r}%)oﬁ ?4@8& ?nd 121 1)

3.98 (m 811()) 57 (s, b611),
about 500 mg of each 1ngred1ent such as between about 1 mg and about 250 mg, e.g.

between about 5 and about 200 mg or an intravenous, subcutaneous, or intramuscular dose of
each ingredient between about 0.01 mg and about 100 mg, such as between about 0.1 mg and
about 60 mg, e.g. between about 1 and about 40 mg of each ingredient of the pharmaceutical
compositions disclosed herein or a pharmaceutically acceptable salt thereof calculated as the
free base, the composition being administered 1 to 4 times per day. Alternatively the
compositions disclosed herein may be administered by continuous intravenous infusion,
which may be at a dose of each ingredient up to 400 mg per day. Thus, the total daily dosage
by oral administration of each ingredient will typically be in the range between about 1 and
about 2000 mg and the total daily dosage by parenteral administration will typically be in the
range between about 0.1 and about 400 mg. In some embodiments, the compounds will be
administered for a period of continuous therapy, for example for a week or mere, or for

months or years.

[0239]  Dosage amount and interval may be adjusted individually to provide plasma levels
of the active moiety, which are sufficient to maintain the modulating effects, or minimal
effective concentration (MEC). The MEC will vary for each compound but may be estimated
from in vitro data. Dosages necessary to achieve the MEC will depend on individual



[ 0264] 5, 5t-Di i sopropyl-6,6',7,7" -tetranmet hoxy-3, 3'-di net hyl-2, 2" -bi napht hyl
-1,1',4,4' - tetraone (10) [0265] Periodic acid (10 g, 43.8 mml) was added
to a sol woaniaf44376npound 9 (0.62 g, 1.12 mmol) in 20 niecofusdiiozoarses and t he
reaction m xture was stirred at 95 for 15 mn. Crushed ice was added to
guench the reaction. The solution é extracted twce with ethyl acetate
and the organic | ayer was washed with water, brine and dried over SHA.

The sehajastarisigsandyiouterntadmiristraiiops Hlpyvexst HHIE rsaysrdicnsseys maviheatiedy f 1 ash
silic he o to give 142 ng of conpound 10 (23% as yellow
so|id.a’ﬁéfﬂ‘%éﬁ€oo %g‘],i@a?%%%o) 8 7.56 (s, 2H), 4.31 (m 2H), 3.97 (s, 6H),
3.94 (s, 6H), 2.03 (s, 6H), 1.40 (d, J= 1.8 Hz, 6H), 1.39 (d, J= 1.8 Hz,
611) . [02¢0] 20Dosdp¢4BE6RAETaSRO 1e/deEhdisd 1ging MEC value. Compositions should

[0266)6,6'. 7, 7' -tetrahydroxy-5,5" -dii.sopropyl-3 3. -di +2,.2" = Qi napht hyl
7T bsdminiicied Ugie S REIOT GUR maieint Pt bRl abo R MEC 1o 1o "Uns
addedofhhe BireS SudhHs BeBvee 3019008 ., KAWRAITIIIA. (2 O43edTBE 10Bal4dmiiBirationn 10 m
of anhydrous CH2C12 at -78 C. Stirring was continued at -78 Cfor 1 h, 0 C
f or 1lothsclegtivie uptbke the eféastiee kncakeontentration of 8 dypamey apt bewelaseshtogilasmeg 5 ni
of 6M _HC1 was added to the mxture and stirred for 1 h at roomtenperature.
The a‘d‘lﬂ?S’i’J%anyer was extracted with dichloronethane (3 x 50 nm.). The

conbi ned organic |ayer was washed with water, brine and dried over MySO4.
The sfi24ght ThAS amomgticompesitibmadmimisteradarill, o comse, bedlepariepon theed usi ng

C- 18 cql.unm chromat ogr aphy (H20/ Acetgnitri]e) followed by recrystallization
f r om BH0BSAL being frepted athe SURIECt %glzfe%eﬁaveaﬁy eﬁ%aﬁfﬂaﬁ% 7RIGHNEL ©

br ownz y&tnk 8 §PAna the RiEDMR o€ ibi Liaft. 7- 31 (s, 2H), 4.32 (m 2H),
1.88 (s, 65&%9‘?‘&‘{%"'2‘%‘?&, BH) = %Q%’ééé(%, T H)?QIIBC NMR (600 MHz, (CD3)2S0)) 8
187.10, 182.51, 150.92, 149.54, 147.60, 137.78, 137.10, 126.24, 125.00,

111. 0f242F . 0In va2i®us embodingBts, tte.composiRbE may.iif gestred I ediiRrapagh 060 i n

(Met hqd é} RVE cgl gld for 8112608 491’1d.700 (tM + "Q .fougﬁ 491 1696.
[0268?’8? SeTACHICErBRICR AT SRAE O%° Ol P R Ry opags foms o g 1093 Ns - bi s ( 2-
phenyiirsent) The packdméy fdr%ké;ﬁﬁhé@bﬂlgﬁs@ineﬁil peplasthytoil Ssuh a6 b GliktePYyRRI de (8a)
[0269% A solution of conpound 4a (290 ng, 0.414 mmol) in 12 nL of acetone
and 28herpackiorslispenser deviee wax bpeeqoaepasiedzby instruchannfor gdmangtyatigns iThg t he
addi tj.on of;. % J i [ ferni | .6. 64 mol )
and fg%ksog\fi ési)g?g%nm% taiegs0 ]q%ogﬁgéeﬁfigﬁﬁde&'g% #Eﬁoﬁgen%\ﬁ%éﬁgégﬁ t&éﬁ%ﬁ%ﬁ%ﬁe iL of water
was a resribedvbyl alpyverimehtabigeady spuatin@ thesmbiufhdtareasse or shiieofS ol uti on was
extracted twice wih diethyl ether and the organic | r was shed with
wat er PRasPiafi@ticly. whick qodcsis rA¥ipsbie oRepral DEH AESECKhBL ATRLRIGAS Vv acuo
and t R& 1,65 QY G et Rar) WidiliSthidY. SudBnSRlAIR KALARBLAPba R abeling

(H20/ Acetonitrile) td give 60 ng of conpound 8a (45% as yellow solid. 1H
NVR ( 60iowddryy 18BD30S) Food. an@d Direg AZH)inisatioh fod pre3cription2iregs, ontHg apfiroged (t, Jj =
J2 -= 7.2 Hz, 4 7.18 (t, J../. = .12 = 7 Hz . 3.54 . (d,.J= 7.2 Hz,
ar), Brosyelifer Qémaqéaon% gompfising 3 cagppund %ﬁﬁl?éeﬁ%d% A i, 6H). 13C
NVR ( 66pdvitte plidrdetdutiBallBfric? Pnayldish KeBprepafbd, Paced tlarP#pprdfihtd Sontdiftéy, 99,

146. 55, x_)L40. 6%, 129. 63, 128.54, 127.53, 127.23, 126.13, 124.30, 113.14,

48. 34andilpbalad fargregiment of gpindiqated gonditiop. 98.3% tR = 5.82 min (Method A).
HRVS cal cd for C42036N2010 729.2443 (M + H), found 729.2441. WO

2011/ ﬂﬂﬁl%fS P 4R %Qilbggf&r?e%?s, compounds of the disclosure may be labeled using

methods known in the art. One detectable group is a fluorescent group. Fluorescent groups

typically produce a high signal to noise ratio, thereby providing increased resolution and
sensitivity in a detection procedure. For example,, the fluorescent group absorbs light with a
wavelength above about 300 nm, such as above about 350 nm, e.g., above about 400 nm.
The wavelength of the light emitted by the fluorescent group is above about 310 nm, such as

above about 360 nm, e.g., above about 410 nm.



73 102701 Foll owi ng the above nentioned procedure and the appropriate
starting materials and reagents used; conpounds 7 and 8b-8c were

synt hesi 2&0.2011/044375 _ PCT/US2010/051845

[0271] 6,6',7, 7" -tetrahydroxy-3, 3" -di g&tzhyl -N5, N5' - bi s(3-net hylbenzyl)-1, 1",
4,4 - tetraoxo-1,1",4,4" -tetrahydro-2;2' - bi napht hyl-5, 5" - di car boxam de
(8b). Yield, 50% 111 NMR (600 MHz, CD30D) 8 7.44 (s, 2H), 7.39 (s, 211),
7.29 (12441 = Fho flpgrescens detqctalle poicty may be splepied fipm a varigy pf struptyral 7. 06 (d,

J= 7.8 - = 15 = 4 2 ., 1.91
(s, orgiteps addligind o ol Pine ol itfipe PRomnts ia itling BatiniiBes k. 150" 50
147. 04diati880-Ftilberie3OpyRdnes ] @utciRary phenahthridiaBsab, 9-4RhoddidiAdf p@4h  126. 00,
124.32,. 113..21, 44 65, .21.66, 14.49. HPLG purity 99.0% tR = 5.53 min

( Met hoHiARIOREPEgRNGINE HMinGS, AP BACFRoNOBAGETORSY AN ANARAYALIAE; 3 ound 701. 2128,

[ 0272] Naid¥equiRin®d, %ei?@é?%! PsReb bl ﬁi’sfblz-o 2az$18'|1 b QH%?ZB&%O %éiazﬂ' methyl-1,1

",4,4' - tetraoxo- 4' -tetrahydro-2, napht -5, 5"~ di carboxani de

(8c). watiaph bissPeminppriNiviRirg 6alcs, hﬂie,brigﬁ)ﬁﬁﬂptrﬁcyilin? s’(&sozphgndl) be@iﬁﬁiaégi;zfl J E g. 6
1 =. 6.6 . 6 411), 2. t, J = = 6.
o, arfhenyfaagfe.foxc-y Shibngeng idofe, amiery Dy Bty Pheapzing, 32 = 6. 6

Hz, 61glicybBCshdRat®@in WdzphySa! rdiHare f1ab §3 xB%herk @ 6. 151. 99,
150. 18 ‘fﬁﬁ%ﬁ, 143.51_1,1 140.73,  138. 24, 13_0.519, fzg.%g,chf_z;?%s, 126. 09,
124. 311lugrespemgandghodmning dyesy; cyaning dyest @, 4diflugm-4-borarfa, daslinzitsyindaeesss t R =

6. 99t MRk IR, 64, Bl HARAORRO P b Rty (M + W) found

757. 27

[0273]6,6',7, 7 -Tetrahydroxy-3, 3" -di methyl-5, 5" - bi s(2- phenyl acetyl)-2, 2' - bi
napht hji245]1, 1In viribus embodiareats( the.coiipelmts & be léiﬂéledﬂwlﬂle(r@ﬂg lwééin% %@Dﬁ H?
7.32 (s 11),.7.28 (d, J = 6.0 Hz, 4 7.22 (t, Jdr/ =J2 = 6. , ,
7.15 &ﬁ,onﬁape_ shy,emitga gigppl, szaefff,at%.al%g@{#ﬂlp%&til)? intgodygtionsof §yitablesc NVR (60
Mz, ChgRbdss 8L &M, Breludb8PorRSsuch@d, 87 exahiile, PH 1%7913% c?}néﬁhelﬁ’ke 519 75,

134. 05, 130.14, 129.78, 127.70, 126.40, '125.69, '122.90,

various embodiments, the compound may be conveniently administered in unit dosage form;
for example, containing between about 5 and about 1,000 mg, such as between about 10 and
about 750 mg, e.g., between about 50 and about 500 mg of active ingredient per unit dosage

form.

[0246]  In some embodiments, the active ingredient may be administered to achieve peak
plasma concentrations of the active compound of between about 0.5 and about 75 uM, such
as between about 1 and about 50 pM, e.g., between about 2 and about 30 uM. This may be
achieved, for example, by the intravenous injection of a 0.05 to 5% solution of the active
ingredient, optionally in saline, or orally administered as a bolus containing about 1-100 mg
of the active ingredient. Desirable blood levels may be maintained by, for example,
continuous infusion to provide about 0.01-5.0 mg/kg/hr or by intermittent infusions
containing about 0.4-15 mg/kg of the active ingredient(s).

[0247]  The desired dose may conveniently be ed in a single dose or as divided doses
administered at appropriate intervals, for example, as two, three, four or more sub-doses per
day. The sub-dose itself may be further divided, e.g., into a number of discrete loosely

spaced administrations; such as multiple inhalations from an insufflator.



111.65, 49.31, 12.84. HPLC purity 99.0% tR = 9.44 min (Mthod A). HRVS
calcd for C38H26010 643.1599 (M + H), found 643. 1601.

[ 0274] 1, WORPH/04437F" - hexamet hoxy- 3, 3' -di net hy1-5, 5' - bi s@dTraseorpptsenet hyl ) -
2,2' - binaphthyl (150. To a freshly ézepar ed 4-net hyl benzyl magnesi um
chloride (30.85 mml) solution at roomtenperature was added a sol ution of
11 (2.0 g, 3.86 mrnol) in anhydrous tetrafgdrofuran (30 nL) and the
reaction nixture was heated at 30EXAMP The reaction m xture was
poured onto saturated anmoni um chl oride solution and the aqueous | ayer was
WO 201 {gXa4437 i

was hedwvm tE b?ﬁﬁﬁg%??ggé%%&ﬂm%oj ﬁél::fu?@rel?tl\#uon t%%%“?ﬂg fgﬁg‘wngvapor ation
of t heligtitieg exgapdesyel | ow oi | 13. To a solution of the yellowoil 13 (1.4 g,
1.929 mmol ) in 25 nL TFA was added 3.1 nL of triethylsilane dropw se. The

| ut I t t
For 1o TR BB faiths (RCBEEE oy LR o enihrt BRI ey PTG ECm ol
col urm dinhethylada@hegpy)carbodiindiles BO- lnmmetﬂﬁné;ﬁiorﬁplwﬁhaéa{r giid (50%
from11). THNWR (600 Mg, CDCI3) 8 7.64 (s, 211), 7 .44 (s, 211), 7.26 (d, J
= 7.8 FEFOnapeg SPEELosCapy; SAR—Struquactm relajiogshipsFPAHfluomsencg s, 6H), 3. 60
(25356|('|Eola?i |_§t70n( %SJSI Imjégtﬁeﬁnﬁ%lﬂlon%onﬁei%g ALr.: CHrdnic lympHocyt14 He, 411),
[ 0275] BuBemoh; N&T: hWildEy;& MitEs( Mowus¢ ayibploaiveibryblhst 2eRs; D@ pBabBhk Dotibleb, 6' , 7,

7' -h | 1 | ut 5.56 g, 22,2 dded
dr op\(/amxg'g quﬂl b%@éf}%ft&@‘@%fgq Y%ﬁ%'@ﬁgut(f&ms eFPBIONiG ﬂ]grrgbla%r‘l_g‘\%; gﬁN; dr ous
CH2C12 Agktonifdle LMY Liqlﬁm Mﬁ§m§t%§f Ry 39? gdﬁld%%gnags gﬁ%ﬁa?lguze Cont fi _h, and

anbi ent tenperature for respe t| ing 30
m. of Bwfqmnmbqladdhmmmgrmm RONE Tamtbverse Reladati@r-Optifmizedat r oom

) TRR A D koo PG e REetith shaorerediog RBAS o ed over

IVQSO4 DTxheth«yloAuwlﬂmldéappeqn@Rﬂ%qirsﬁaﬁ@cay@&%nqﬁé PM&%@&HH Wagichprified
by C— 18 col utm chr onat ogr ?/FHYCH%HZO/ Acetonitrile) to give 1.1 g ofc conpound

2f membgangipefaeationjagsay lugggeeinHpariRiocpoRyGST: Ghedtios-S-. 45 (s, 2H),

7. 34 1 = 7.2 Hz,. 4 3.27
(m A%ns%%%? psePydBpacd pugref shitoe, St Sapdan b propfiinfaingty) o650 ¢ &
glgzgnmﬁm (Wiebtimeanidy adddRidlinad]etide Phosphatd3 896 Rbmtidhé bed Mintutddand f ound
[0276] é,%é::,Air?aiunqeétﬂ?‘Wﬁﬁ-oxy- 3, 3' - di net hy1- 5, 5' - bi s( 4- net hyl phenet hyl ) - 2, 2'
- binaphthyl-1,1',4,4'-tetraone (61). A solution of conpound 2f (1.0 g,

1.55 mmi) in 50 EKANIPRES: CENBRACSYR-RETIEFPROCRHURRES heated on an
on

oil bath (60-67 C during the additi o aqueous sol ution
of ferric chloride and for several mnutes |onger. The sol uti on was cool ed
and 50[0R380bf Waless Oﬁhwsmmé@ri fall|reagsets abg aamymusmblwque(@hbcmwuuﬂemyi c

aci d. o) ra edt ce Wt dlet and e organic
| ayer %/\:[/ggr g\tgzﬁ’%l(-f Jviﬁt%iﬁé i He OHECGEPPQHSGSV ?gllhvent was
concentenetiond Weme patortned ﬁﬁl o{félﬁdﬂiéiﬁgldséﬁvﬂ@ SAR %abflblﬁs(inbb‘lvfﬁ J& &%Mgmre

chromalteggi1t1=V y (H20/ Acetonitril e) to give 350 ng of corrpound 6f (35% as

yel | ow? reagFmtsmmm%ﬁmm%tm TpIumyzew apmagphere, Sitiay gel pr myversd phase=' 7. 8

7 4”?"”“5‘@%”&’%&%igs‘ép%#ﬁﬁgg%%%fé@@ﬁ%geiﬁ) T dlidees Blagie) o5

611) . resEchikgty( @00finHzomERBEB)WeBe hdHiGHo 18P Prity] 49d@&rmined by a HPLC

Breeze from Waters Co. using an Atlantis T3 3 4M 4.6 mm x 150 mm reverse phase column.

[0251]  Method A: The eluant was a linear gradient with a flow rate of 1 mL/min from
50% A and 50% B to 5% A and 95% B in 15 min followed by 5 min at 100% B (Solvent A:
H,O with 0.1% TFA; Solvent B: ACN with 0.1% TFA). Compounds were detected at A =
254 nm.



148. 72, 146.61, 139.47, 138.20, 134.62, 131.79, 128.32, 128.14, 126.47,
123.95, 110.50, 34.44, 28.68, 19.69, 13.36. HPLC purity 99.0% tR = 17.53
m n (Met WO 28 1/04HRVS cal cd for C40H3408 643. 2326 (M +11pCTiusaend/o61835 2326.
[0277] Fol | owi ng above nenti oned proggdure and the appropriate starting
materi al s and reagents used; conpoun 6b- | 61 and 6m wer e synthesized
[0278]6,6',7, 7" -tetrahydroxy-5, 5 dllsobutyl 3,3 -dinethyl- 2 - bi napht hyl -
1,1, 40252]t etMaibead B b§ eluw‘ewes a By gl@ﬂaenmwnh@ébm Mg of Un;é@)n om, 39 (s,

210 o R B B 1 AR Bl eS8 gt 2, Bty 1)
138. 38).1%3132&(801\1@216B65C1\1&&h©OL% IFW) 3 CompbuAds we8 défectedat 13525451, 14. 96.
HPLC purlty 96 7% tR = 13.68 mn (Mthod A). HRVS cal cd for C301-13008

519. 2013 found 519. 2012
[ 0279]182 lb. st F%M%‘ﬂ?ﬁ frg Wees Tegpried op Variary 30Q e Bakere Uk H instraments-hy 1- 2, 2' -

5 10" gtgﬁ%cah shinsfofrb ALl AN (30 8 081 B S (D) 250

Hz, J Zzoastén ! btz regidred i8 Hthfoghoutl Mass sgiechial dal? weredacguirtd or?Shl)n,adZU 10 ( m

(2%33) NreM (@Q}E%‘é% O%refé@ﬁ %9@ agg*g@aéﬁ%%ﬁ){“zf@%éﬁ %ﬁ%ﬂl@g 133%? =

132. 26, 126.19, 123.05, 110. 84 40. 26, 32.00, 30.65, 24.50, 14.52. HPLC

pur ) t¥|) 99f 0% XWRIPLE®: SYNTHEGIEUIOPHA) CONPEUNIDS OF PORFIBLINO08 571. 2326
, foun

[0280] 5,5' -bis(2-c Iohexyleth l) - 7' -tetrahydroxy-3, 3 -di nethyl-2, 2

" bi ndPA34ly| -Thersynihesjs of &Y S(lléét}tutesh@oaossygo}pnqdmmvemfahw

(CD3) r. br, 2H), 7.30 (s, 2H), 3.08 (m
411) %igﬁ’@“%%‘%iﬁ“@éﬁ %‘Eﬁ‘e‘ﬁgel% 0 Hz, 4H), 1.68 (d, J = 12.6 Hz, 4H),
1.61 (d, J = . 211), 1.35 (m 6H), 1.23 (q,J] = 24.6 Hz, J2 = 12.6
Hz, 4H), 1.16 (m 211) 0.96 (m 4H). 13C NMR (600 MHz, (CD3)2S0)) 8
185.20, 182.22, 148.95 148.85, 146.16, 138.00, 133.20, 125.96, 123.03,
110.72, 38.02, 36.26: 32 87, 26.32, 25 9123 93, 14 44 HPLC pupity 98.5%
BiAQePHB) . HRVB calc 4208 627. 2954 pMe f ound

627. 296G
[0281] 6 ' =
1,1, 4] 9 Y tetraone (6e). Yléﬁh (600

oH), 7.36°(d, J1= 7.8 Hz, 4H), 7.28 (t2 Jj 7.8Hz, J2 = 7.2 Wz, 4H), 7.16
(t, J1 = 7.8 Hz, J2 = 7.2d¢gH 2H), 3.47 (m WD  OyOH
2011/ 044375PCT/ US201Qf 05184k, ZhwedH) , 2. 84 (t 3, A yp = 7.8 Hz, 4H),

1.95 (s, £d1).mddPLC D

[0282] 6, 6', 7, Mt ahydroxy 3, 3' - di net hylz{%} & - bi s(3-phenyl propyl )-2, 2" -bin
apht hyl - 1 1',4, 4 -Petraone (6g). Yield % 114 NWR (600 MHz, CD30D) 8
7.39 (s, 2H), 7.26 (;y 8H), 7.14 (m 2H), 3.27 (m 4H), 2.81 (t, Jk = = 7.8
Hz, 4H). 1.97 (s, &1 1.90 (p, Jj = J2 oJN8 Hz, 4H) 13C NV G600 Mz,
CD30D) 8 185. 90 |

o) - HRVB calcd for

Reagents and conditions: (a) NaOH, H,O, reflux; (b) H,SO,; (c) DMS, K,COg3; (d) TiCly,
CI,CHOCHg, rt; (e) HCI, H,0O (f) NaClO,, H,0,5, KH,PO,, CH;CN, rt; (g) HCI, H,0O; (h) EDCI,
NH;R, HOBT, rt; (i) BBrg, CH,Cl, (j) HCI, H,0; (K) FeCls, H>SO,

[0255]  Gossypol 1 is treated with aqueous NaOH under reflux conditions and the solution
is acidified with HySOj4 to afford compound 2. Methylation of compound 2 occurs upon
treatment with DMS and K,COjs to provide compound 4. Treatment of compound 4 with



[0283]6,6",7,7 -tetrahydroxy-3, 3" -dinmethyl-5,5"-bis(3-nmethyl-3-phenyl butyl)
-2,2- binaphthyl-1,1",4,4"-tetraone (6h). Yield, 50% 11-1NWVR (600 IHz,
CD30D) 8 WORRIW@4373 = 7.8 Hz, 4H), 7.36 (s, 214), 7.32 @CI/UBR00/03B4s 7.8
Hz, 4H), 7.16 (t, Jj = 7.2 Hz, J2 = 7.8 Hz, 2H), 3.04 (t, Jj= 7.8 Hz, J2 =
8.4 Hz, 4H), 1.96 (s, 6H), 1.91 (m #£P1), 1.47 (s, 12H). HPLC purity 98.0%
tR = 13.5 mipn, (Method B). 13C NVR (600 Mz, CD30D) 185.36, 182.93,
149. 38Tiyanddichleupmetioyl metlayl ether gesultoin the kpss gfthe isopropy] gnopps a7d 125, 66,
124. 84 : : : : . . . cal cd for
Caaia U O iy ot “wieh il ittt ddedus 71 BhovidB e
[ 0284] Addtydd ictmpayid B, Gompoutd-3 Btoxadizedrwixly NACR,, 8L ORIKEAR®, i acdtbmiagibt hyl - 1,
1',4,4' - tetrapne, (61). Yield, 55% 111 NVR (600 N-Hz, CD30 7.44 (s, 2H),
7.22 (Pd agrdfigP s slu%ﬂqf ,ﬂcﬁﬁa?w le the carrespondipg acjg compogn ,Tr@me,ng of 17 (t,
J1 = Teotngdhmd $3vith EDE1MRIL R HOBT batd T , 4H),
cofnpdn % Fodnd ﬂ:m) atdre affoflistie %régieggiln%fﬁg&zél

1.86 (s, 611). 13C NWR (600 MHz, (CD3)250)) 8 185. 38,
149. 77DemetbyB8on oficorgmund Jgoctars upsd edtmenPBith BBri BBdidiBprobshate, and 25. 76,

123.69, .111.68, .31.68,..14. 77. HPL rity,99.6%.tR = 12. ] Met hod A).
o iR oo iistiolt apter BE bilas Giastids Sompdia S, Findl,

[ 0285] &xiatiodi FCAmpbin ®RARTET); 6 HESOF plovids HRNWEIeX Wpdgaksystilomt hy! - 2, 2' - bin
aphthyl- 1,1',4,4"-tetraone (61). Yi e?d, 60% 11-1N|\/B %60 VMHz, CD30D) 8
7.45 (derivaliye9.7' 22 (d, J = 6.4 Hz, 4H), 7.18 (d, J= 6.4 Hz, 411), 4.59 (dd,
J1 = 13.8 Hz, J2 = 26.4 Hz, 4H), 1.85 (s, 614). HPLC purity 99.0% tR =

655, 090101 o Do SheperPOusH s BRRREH dbivutieh dufabaion 001

[ 0286] 5, 5t - bi s(bi phenyl-4-ylmethyl)-6,6",7, 7" -tetrahydroxy-3, 3" -di net hyl -2,

2' - binaphthyl-1,1",4,4"-tetraone (6n').Hgi §Id, 52% | FI NVR (6Q0; MHz, CD30D)
8 7.55 (d, J = 7.2 HEHO4H), 7.44 (d, J = 1.8 Hz, 6H), 7.38 (t,1J,/ = 7.2
Hz, J2 = 7.8 Homs¥ (d, J 7 MHOMe7 27 (1t JJjMe e J2 =
6.6 Hz, Rdd e/aEMeB) > eOCI—MQO J 88 e6I—|). HPLC
purity 99.0 T (M catcd 10lp2F208 739. 2326
M + Mg [10] MeQ

[0287] 6, 6', 7°MP -t et r ahydr oxy- 3, ® ¢t met hy1- 5, 5Lbi s(4&Tbri f | uor omet hoxy) phen
ethyl)- 2,2 -binaghthyi-1,1",4,4-tetrdbone (6j). To a solutiog of 3j (100
mg, 0.13 mml) in 25 nL of etRonal and InlL acetic aci®k at room tenperature
under H2, 10% pal | adi u antystirred overni ght.

the addition of 7R of1a 10% aqueous sol uR’ion of ferric chloride and for
several mnutes |onger. he sol ution was cool ed d4d 5 nlL of water was added
foll owed by 3 nL of aqueous 20% sul furic acid. The solution was extracted

twi ce Ryagentsjandsonditionsy (2 RMgBreordilgarti () NEu6l, By (uRyrishiniwit h wat er, bri ne

s pu e B S B P bR (B G 1 6 i Ve~ 30 g
of conmpound 6] (30% as yellowbrown solid. Ill NVR (600 MHz, CD30D) 8 7.48

(d, J [0297]8 Heqmpddnd SAvadirdated Rith diffe2dht Catigndrd Gf.1Bhikim redddnts 13.24@rd 1 4H) ,
2.88 (t, Ji =.8.4 J2 = 7.2.Hz, 4H),. 1.95 . .HPLC ity 97.0% tR
= 11. Es“?c?ﬂd'ﬁry(%‘%hr%giz %5“."% R iAo BQF t&mqnféék%g?@m@@%ggr '( M + H

f ound chfstodebfate] A2B8y1sfaht RTLEE FRAVSR: TRHLAI8H %gmﬁaa&ﬁﬁﬂyfogloglgé \R’de

appropriate starting nmaterials and reagents uUsed;  conpoun
synt hegbsegaent demethylation using boron tribromide to afford compound 12.

[0258] Compounds 13 and 14, with only hydrogen atom or carboxylic acid at 5, 5°
positions, were synthesized to explore if substitution at 5, 5° position is important for
enhancing biological activities. Compound 13 was synthesized by treating compound 4 with

concentrated sulfuric acid to lose isopropyl group. The resulting product and compound 6
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EXAMPLE 3: DETAILED SYNTHESIS OF THE COMPOUNDS OF FORMULA I

[0261] 1,1'6,6',7,7-Hexahydroxy-5,5'-diisopropyl-3,3 '-dimethyl-2,2'-binaphthyl-8,8'-
dicarboxaldehyde (1). Compound 1 (Gossypol) is commercially available from Yixin
Pharmaceutical Co. HPLC purity 99.0%, fr = 12.50 min (Method A).

[0262] 5,5'-Diisopropyl-1,1',6,6',7,7'-hexameth0xy-3,3'—dimethyl—2,2'-binaphthalene
®

[0263] Compound 1 (5 g, 8.65 mmol) in 50 mL of 40% NaOH was heated under nitrogen
at 90 °C for 3.5 h in the dark. The reaction mixture was cooled and poured slowly onto ice
(300 mL) and concentrated H>SO,4 (35 mL) mixture to form white precipitation. The
precipitation was filtered, washed with water and dried to afford 3.8 g of compound 2a (95%)
as a white solid. '"H NMR (300 MHz, CDCl3) 6 7.61 (s, 2H), 7.50 (s, 2H), 5.93 (s, 2H), 5.27
(s, 2H), 5.13 (s, 2H), 3.88 (m, 2H), 2.12 (s, 6H), 1.55 (d, J=5.5 Hz, 12H). HPLC purity
99.2%, tr =13.12 min. HRMS calcd for C23H3005 463.2115 (M + H), found 463.2108. The
compound 2a (3.8 g, 8.21 mmol) was dissolved into acetone (200 mL). K>COs5 (23.9 g, 206.7
mmol) and dimethyl sulfate (16.3 mL, 206.7 mmol) were added and the reaction mixture was
refluxed under nitrogen for 24 h. The solid was collected by filtration and washed using
acetone and water and dried to yield 4.2 g of compound 9 as white solid (93%). '"H NMR
(300 MHz, CDCl3) 7.83 (s, 2H), 7.43 (s, 2H), 3.98 (m, 8H), 3.94 (s, 6H), 3.57 (s, 6H), 2.20
(s, 6H), 1.56 (s, 12H).

[0264] 5,5'-Diisopropyl—6,6’,7,7'-tetramethoxy—3,3'-dimethyl—2,2'-binaphthyl—l,1',4,4'-
tetraone (10)

[0265]  Periodic acid (10 g, 43.8 mmol) was added to a solution of compound 9 (0.62 g,
1.12 mmol) in 20 mL of dioxane and the reaction mixture was stirred at 95 °C for 15 min.
Crushed ice was added to quench the reaction. The solution was extracted twice with ethyl
acetate and the organic layer was washed with water, brine and dried over MgSOy4. The
solvent was concentrated in vacuo and the residue was purified by flash silica column
chromatography to give 142 mg of compound 10 (23%) as yellow solid. '"H NMR (600 MHz,
CD;0D) & 7.56 (s, 2H), 4.31 (m, 2H), 3.97 (s, 6H), 3.94 (s, 6H), 2.03 (s, 6H), 1.40 (d, /= 1.8
Hz, 6H), 1.39 (d, J= 1.8 Hz, 6H).
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[0266] 6,6',7,7'-tetrahydroxy-S,S'-diisopropyl—3,3'-dimethyl—2,2'-binaphthyl—l,l',4,4'—

tetraone (6a)

[0267]  0.54 mL of BBr; (1.43 g, 5.71 mmol) was added dropwise into a solution of
compound 10 (260 mg, 0.48 mmol) in 10 mL of anhydrous CH,Cl, at -78 °C. Stirring was
continued at -78 °C for 1 h, 0 °C for 1 h, and ambient temperature for 1 h. 50 grams of ice
containing 5 mL of 6M HCI was added to the mixture and stirred for 1 h at room temperature.
The aqueous layer was extracted with dichloromethane (3 x 50 mL). The combined organic
layer was washed with water, brine and dried over MgSO,. The solvent was concentrated in
vacuo and the residue was purified using C-18 column chromatography (H,O/Acetonitrile)
followed by recrystallization from ethyl acetate/hexane to give 163 mg of compound 6a
(70%) as brown-yellow solid. 'H NMR (600 MHz, CD30D) § 7.31 (s, 2H), 4.32 (m, 2H),
1.88 (s, 6H), 1.42 (s, 6H), 1.40 (s, 6H). °C NMR (600 MHz, (CDs),S0)) 5 187.10, 182.51,
150.92, 149.54, 147.60, 137.78, 137.10, 126.24, 125.00, 111.03, 27.07, 20.50, 20.35, 15.00.
HPLC purity 99.5%, tr = 11.60 min (Method A). HRMS calcd for Ca5Ha50g 491.1700 M+
H), found 491.1696.

[0268]  6,6',7,7'-Tetrahydroxy-3,3'-dimethyl-1,1',4,4'-tetraoxo-N°,N°-bis(2-
phenylpropyl)-1,1',4,4'-tetrahydro-2,2'-binaphthyl-5,5'-dicarboxamide (8a)

[0269] A solution of compound 4a (290 mg, 0.414 mmol) in 12 mL of acetone and 23 mL
of acetic acid was heated on an oil bath (60-67°C) during the addition of 18 mL of a 10%
aqueous solution of ferric chloride (6.64 mmol) and for several minutes longer. The solution
was cooled and 30 mL of water was added followed by 20 mL of aqueous 20% sulfuric acid.
The solution was extracted twice with diethyl ether and the organic layer was washed with
water, brine and dried over MgSO,. The solvent was concentrated in vacuo and the residue
‘was purified by C-18 column chromatography (H20/Acetonitrile) to give 60 mg of compound
8a (45%) as yellow solid. "H NMR (600 MHz, CD;0D) § 7.42 (s, 2H), 7.34 (d, J = 7.2 Hz,
4H), 7.30 (t, J; = J; = 7.2 Hz, 4H), 7.18 (t, J; = J, = 7.2 Hz, 4H), 3.54 (d, J=7.2 Hz, 4H),
3.22 (m, 2H), 1.91 (s, 6H), 1.39 (s, 6H), 1.38 (d, J = 6.6 Hz, 6H). >°C NMR (600 MHz,
CD;0D) 6 184.50, 183.68, 170.44, 151.92, 150.19, 146.99, 146.55, 140.68, 129.63, 128.54,
127.53,127.23, 126.13, 124.30, 113.14, 48.34, 40.74, 19.97, 14.50. HPLC purity 98.3%, g =
5.82 min (Method A). HRMS calcd for C4oH36N201y9 729.2443 (M + H), found 729.2441.
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[0270]  Following the above mentioned procedure and the appropriate starting materials

and reagents used; compounds 7 and 8b-8¢ were synthesized.

[0271]  6,6',7,7'-tetrahydroxy-3,3'-dimethyl-N°,N° -bis(3-methylbenzyl)-1,1' 4,4'-
tetraoxo-1,1'4,4'-tetrahydro-2,2'-binaphthyl-5,5'-dicarboxamide (8b). Yield, 50%; 'H
NMR (600 MHz, CD;0D) § 7.4 (s, 2H), 7.39 (s, 2H), 7.29 (d, J = 7.2 Hz, 2H), 7.20 (1, J; =
7.2 Hz, J;=17.8 Hz, 4H), 7.06 (d, J="7.8 Hz, 2H), 4.61 (dd, J; = 15 Hz, J, = 4.8 Hz, 4H),
2.35 (s, 6H), 1.91 (s, 6H). °C NMR (600 MHz, CD;0D) 5 184.57, 183.70, 170.33, 152.01,
150.28, 147.04, 139.71, 139.24, 129.68, 129.41, 128.87, 127.33, 126.04, 126.00, 124.32,
113.21, 44.65, 21.66, 14.49. HPLC purity 99.0%, fz = 5.53 min (Method A). HRMS calcd
for C4oH3N,01 701.2130 (M + H), found 701.2128.

[0272] NS,N5'-Bis(4—ethylphenethyl)—6,6',7,7'-tetrahydr0xy-3,3'-dimethyl—l,1',4,4'-
tetraoxo-1,1',4,4'-tetrahydro-2,2'-binaphthyl-5,5'-dicarboxamide (8¢). Yield, 52%; 'H
NMR (600 MHz, CD50D) § 7.43 (s, 2H), 7.23 (d, J = 6.6 Hz, 4H), 7.12 (d, J = 6.6 Hz, 4H),
3.60 (m, 4H), 2.96 (t, J; = J2 = 6.6 Hz, 4H), 2.50 (q, J; = J; = 6.6 Hz, 4H), 1.93 (s, 6H), 1.20
(t, J; = J2= 6.6 Hz, 6H). ’C NMR (600 MHz, CD;0D) & 184.55, 183.68, 170.37, 151.99,
150.18, 147.01, 143.51, 140.73, 138.24, 130.09, 129.09, 127.38, 126.09, 124.31, 113.18,
43.03,36.03,29.68, 16.49, 14.51. HPLC purity 97.6%, fz = 6.99 min (Method A). HRMS
caled for C44HaoN2O19 757.2756 (M + H), found 757.2745.

[0273] 6,6',7,7'-Tetrahydroxy-3,3'-dimethyl—5,5'-bis(2-phenylacetyl)-2,2'-binaphthyl—
1,1',4,4'-tetraone (7). Yield, 49%; 'H NMR (600 MHz, CD30D) 8 7.32 (s, 2H), 7.28 (d, J =
6.0 Hz, 4H), 7.22 (t, J; = J> = 6.0 Hz, 4H), 7.15 (t,J; = J; = 6.0 Hz, 2H), 4.13 (m, 4H), 1.93
(s, 6H). 3C NMR (600 MHz, CD;0D) § 204.02, 183.63, 181.97, 150.74, 147.30, 145.10,
139.75, 134.05, 130.14, 129.78, 127.70, 126.40, 125.69, 122.90, 111.65, 49.31, 12.84. HPLC
purity 99.0%, &z = 9.44 min (Method A). HRMS calcd for C3gHys010 643.1599 M +H),
found 643.1601.

[0274] 1,1',6,6',7,7'-hexamethoxy-3,3'-dimethyl-5,5'-bis(4-methylphenethyl)-2,2'-
binaphthyl (15f). To a freshly prepared 4-methylbenzylmagnesium chloride (30.85 mmol)
solution at room temperature was added a solution of 11 (2.0 g, 3.86 mmol) in anhydrous
tetrahydrofuran (30 mL) and the reaction mixture was heated at 30°C for 18 h. The reaction

mixture was poured onto saturated ammonium chloride solution and the aqueous layer was
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extracted twice with diethyl ether, washed with brine and dried over MgSOs. Filtration
followed by evaporation of the ether gave yellow oil 13. To a solution of the yellow oil 13
(1.4 g, 1.929 mmol) in 25 mL TFA was added 3.1 mL of triethylsilane dropwise. The
solution was heated at 75°C for 1 h followed by stirred at room temperature for 18 h. The
solution was concentrated in vacuo followed by silica gel column chromatography to give
660 mg compound 15f as colorless oil (50% from 11). '"H NMR (600 MHz, CDCls) 8 7.64 (s,
2H), 7.44 (s, 2H), 7.26 (d, J = 7.8 Hz, 4H), 7.15 (d, J = 7.8 Hz, 4H), 3.99 (s, 6H),3.94 (s,
6H), 3.60 (s, 6H), 3.37 (t, J; = J2 = 8.40 Hz, 4H), 2.98 (, J; = J, = 8.4 Hz, 4H), 2.35 (s, 6H),
2.20 (s, 6H).

[0275] 3,3'-dimethyl-5,5'-bis(4-methylphenethyl)—2,2'-binaphthyl-l,1',6,6',7,7'-hexaol
(29). 2.1 mL of BBr; solution (5.56 g, 22.2 mmol) was added dropwise into a solution of 15f
(1.23 g, 1.76 mmol) in 60 mL of anhydrous CH,Cl, at -78 °C. Stirring was continued at -78
°C for 1 h, 0 °C for 1 h, and ambient temperature for 1 h, respectively. 300 grams of ice
containing 30 mL of 6M HCI was added to the mixture and stirred for 0.5 h at room
temperature. The aqueous layer was extracted with dichloromethane (3 x 100 mL). The
combined organic layer was washed with water, brine and dried ovér MgSO;4. The solvent
was concentrated in vacuo and the residue was purified by C-18 column chromatography
(H20/Acetonitrile) to give 1.1 g of compound 2f (90%) as white solid. Yield, 45%; "H NMR
(600 MHz, CD;0D) 8 7.45 (s, 2H), 7.34 (s, 2H), 7.20 (d, J = 7.2 Hz, 4H), 7.08 d,J=172
Hz, 4H), 3.27 (m, 4H), 2.87 (m, 4H), 2.31 (s, 6H), 2.03 (s, 6H). HPLC purity 96.6%, fg =
17.00 min (Method A). HRMS calcd for C4H330¢ 615.2741 (M + H), found 615.2720.

[0276] 6,6',7,7'-tetrahydr0xy-3,3'-dimethyl-5,5'-bis(4-methylphenethyl)-2,2'-
binaphthyl-1,1',4,4'-tetraone (6f). A solution of compound 2f (1.0 g, 1.55 mmol) in 50 mL
of acetone and 80 mL of acetic acid was heated on an oil bath (60-67 °C) during the addition
of 68 mL of a 10% aqueous solution of ferric chloride and for several minutes longer. The
solution was cooled and 50 mL of water was added followed by 30 mL of aqueous 20%
sulfuric acid. The solution was extracted twice with diethyl ether and the organic layer was
washed with water, brine and dried over MgSQOy. The solvent was concentrated iz vacuo and
the residue was purified by C-18 column chromatography (HO/Acetonitrile) to give 350 mg
of compound 6f (35%) as yellow solid. 'H NMR (600 MHz, CD30D) & 7.40 (s, 2H), 7.22 (d,
J=71.8Hz, 4H), 7.08 (d, J = 7.2 Hz, 4H), 3.45 (m, 4H), 2.78 (t, J; = 8.4 Hz, J, = 7.8 Hz,
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4H), 2.30 (s, 6H), 1.93 (s, 6H). *C NMR (600 MHz, CD;0D) § 185.65, 182.87, 149.35,
148.72, 146.61, 139.47, 138.20, 134.62, 131.79, 128.32, 128.14, 126.47, 123.95, 110.50,
34.44, 28.68, 19.69, 13.36. HPLC purity 99.0%, fr = 17.53 min (Method A). HRMS calcd
for C4oH3405 643.2326 (M + H), found 643.2326.

[0277]  Following above mentioned procedure and the appropriate starting materials and

reagents used; compounds 6b-1I, 61 and 6m were synthesized.

[0278] 6,6',7,7'-tetrahydroxy—5,5'-diisobutyl—3,3'-dimethyl—2,2'-binaphthyl—l,l',4,4'-
tetraone (6b). Yield, 50%; 'H NMR (600 MHz, CD30D) & 7.39 (s, 2H), 3.18 (m, 4H), 1.94
(m, 2H), 1.93 (s, 6H), 0.96 (d, J = 6.0 Hz, 6H). *C NMR (600 MHz, (CD3),S0)) 6 185.67,
182.75, 149.97, 149.53, 146.67, 138.38, 132.10, 126.65, 123.60, 111.39, 34.43,29.18, 23.13,
23.11, 14.96. HPLC purity 96.7%, fgr = 13.68 min (Method A). HRMS calcd for C30H300s
519.2013 (M + H), found 519.2012.

[0279] 5,5'-bis(cyclopentylmethyl)-6,6',7,7'-tetrahydroxy—3,3'-dimethyl-2,2'—
binaphthyl-1,1',4,4'-tetraone (6¢). Yield, 40%; 'H NMR (600 MHz, (CD3),S0O) 6 10.99 (s,
br, 2H), 9.54 (s, br, 2H), 7.34 (s, 2H), 3.23 (dd, J; = 7.2 Hz, J, = 4.8 Hz, 2H), 3.15 (dd, J; =
72 Hz, J,= 4.8 Hz, 2H), 2.10 (m, 2H), 1.87 (s, 6H), 1.61 (m, 8H), 1.45 (m, 4H), 1.26 (m,
4H). C NMR (600 MHz, (CD;),SO)) 5 185.25, 182.29, 149.36, 149.00, 146.23, 137.95,
132.26,126.19, 123.05, 110.84, 40.26, 32.00, 30.65, 24.50, 14.52. HPLC purity 99.0%, tg =
16.80 min (Method A). HRMS calcd for C34H34Og 571.2326 (M + H), found 571.2323.

[0280] 5,5’-bis(2-cyclohexylethyl)—6,6',7,7'-tetrahydroxy-3,3'-dimethyl—2,2'-
binaphthyl-1,1',4,4'-tetraone (6d). Yield, 50%; '"H NMR (600 MHz, (CDs),S0) 8 10.88 (s,
br, 2H), 9.51 (s, br, 2H), 7.30 (s, 2H), 3.08 (m, 4H), 1.85 (s,6H), 1.80 (d, J = 12.0 Hz, 4H),
1.68 (d, J = 12.6 Hz, 4H), 1.61 (d, J = 11.4 Hz, 2H), 1.35 (m, 6H), 1.23 (q, J; =24.6 Hz, J, =
12.6 Hz, 4H), 1.16 (m, 2H), 0.96 (m, 4H). >C NMR (600 MHz, (CDs),S0)) 6 185.20,
182.22, 148.95, 148.85, 146.16, 138.00, 133.20, 125.96, 123.03, 110.72, 38.02, 36.26, 32.87,
26.32,25.91,23.93, 14.44. HPLC purity 98.5%, fr = 14.76 min (Method B). HRMS calcd
for C33Hy205 627.2952 (M + H), found 627.2952.

[0281] 6,6',7,7'-tetrahydroxy—3,3'-dimethyl—5,5'—diphenethyl-2,2'-binaphthyl-l,l',4,4’-
tetraone (6e). Yield, 38%; '"H NMR (600 MHz, CD30D) 8 7.41 (s, 2H), 7.36 (d, J = 7.8 Hz,
4H), 7.28 (t, J; = 7.8Hz, J; = 7.2 Hz, 4H), 7.16 (t, J; = 7.8 Hz, J; = 7.2 Hz, 2H), 3.47 (m,
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4H), 2.84 (t, J; = 8.4 Hz, J, = 7.8 Hz, 4H), 1.95 (s, 6H). HPLC purity 99.0%, fr = 15.48 min
(Method A). HRMS caled for C3gH3p0s 615.2013 (M + H), found 615.2015.

[0282] 6,6',7,7'-tetrahydroxy—3,3'-dimethyl—5,5'-bis(3—phenylpr0pyl)-2,2'-binaphthyl—
1,1',4,4'-tetraone (6g). Yield, 42%; "H NMR (600 MHz, CDs0D) 6 7.39 (s, 2H), 7.26 (m,
8H), 7.14 (m, 2H), 3.27 (m, 4H), 2.81 (t, J; = J; = 7.8 Hz, 4H), 1.97 (s, 6H), 1.90 (p, J; = J;
= 7.8 Hz, 4H). >C NMR (600 MHz, CD;0D) 8 185.90, 183.4, 149.40, 148.80, 146.70,
142.80, 138.22, 132.54, 127.96, 127.75, 126.61, 125.11, 123.67, 110.42, 36.15, 30.73, 26.21.
HPLC purity 98.0%, fx = 16.20 min (Method A). HRMS calcd for C40H3405 643.2326 M +
H), found 643.2334.

[0283] 6,6',7,7'-tetrahydroxy-3,3'-dimethyl-S,S'-bis(3-methyl-3-phenylbutyl)-2,2'-
binaphthy}-1,1',4,4'-tetraone (6h). Yield, 50%; 'H NMR (600 MHz, CDs0D) § 7.52 (d, J
=7.8 Hz, 4H), 7.36 (s, 2H), 7.32 (t, J; = J, = 7.8 Hz, 4H), 7.16 (t, J; = 7.2 Hz, J, = 7.8 Hz,
2H),3.04 (t, J; = 7.8 Hz, J; = 8.4 Hz, 4H), 1.96 (s, 6H), 1.91 (m, 4H), 1.47 (s, 12H). HPLC
purity 98.0%, g = 13.5 min (Method B). *C NMR (600 MHz, CD;0D) § 185.36, 182.93,
149.38,148.47, 146.58, 138.18, 133.24, 131.96, 127.47, 126.47, 125.66, 124.84, 123.69,
110.29, 42.15, 37.51, 35.48, 28.19, 22.01. HRMS calcd for C4qHy;05 699.2952 (M + H),
found 699.2964.

[0284] 3,5'-dibenzyl-6,6',7,7'-tetrahydroxy-3,3'-dimethyl-2,2'-binaphthyl-1,1',4,4'-
tetraone (6i). Yield, 55%; '"H NMR (600 MHz, CD30D) & 7.44 (s, 2H), 7.22 (d, J = 7.2 Hz,
4H), 7.17 (t,J; = 7.2 Hz, J; = 7.8 Hz, 4H), 7.17 (t, J; = 7.2 Hz, J,= 7.8 Hz, 2H), 4.63 (q, J;
=11.4 Hz, J; = 14.4 Hz, 4H), 1.86 (s, 6H). °C NMR (600 MHz, (CDs),S0)) 6 185.38,
182.54, 149.94, 149.77, 146.53, 140.89, 138.49, 130.01, 128.60, 128.33, 126.45, 125.76,
123.69, 111.68, 31.68, 14.77. HPLC purity 99.6%, tz = 12.12 min (Method A). HRMS calcd
for C36H2605 587.1700 (M + H), found 587.1710.

[0285] 5,5'-bis(4-chlorobenzyl)—6,6',7,7'-tetrahydroxy—3,3'-dimethyl-z,2'-binaphthyl—
1,1',4,4'-tetraone (61). Yield, 60%; 'H NMR (600 MHz, CD30D) 6 7.45 (s, 2H), 7.22 (d, J
= 6.4 Hz, 4H), 7.18 (d, J= 6.4 Hz, 4H), 4.59 (dd, J; = 13.8 Hz, J, = 26.4 Hz, 4H), 1.85 (s,
6H). HPLC purity 99.0%, tr = 14.88 min (Method A). HRMS calcd for C4oH3F,05
655.0921 (M + H), found 655.0931.



Mc1-1 and Bfl-1 using Fluorescence pol arization-based conpetitive binding
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[0286] 5,5'-bis(biphenyl-4-ylmethyl)—6,6',7,7'-tetrahydroxy-3,3'-dimethyl-2,2'-
binaphthyl-1,1',4,4'-tetraone (6m). Yield, 52%; 'HNMR (600 MHz, CD50D) 6 7.55 (d, J
=72 Hz,4H), 7.44 (d, J = 7.8 Hz, 6H), 7.38 (t, J; = 7.2 Hz, J, = 7.8 Hz, 4H), 7.30 (d, J =
7.8 Hz, 4H), 7.27 (t, J; = 7.2 Hz, J, = 6.6 Hz, 2H), 4.59 (dd, J; = 13.8 Hz, J, = 27.0 Hz, 4H),
1.88 (s, 6H). HPLC purity 99.0%, fr = 16.96 min (Method A). HRMS calcd for C4oH3,F,05
739.2326 (M + H), found 739.2329.

[0287] 6,6',7,7'-tetrahydroxy-3,3'-dimethyl-5,5'-bis(4-(triﬂuoromethoxy)phenethyl)-
2,2'-binaphthyl-1,1',4,4'-tetraone (6j). To a solution of 3j (100 mg, 0.13 mmol) in 25 mL
of ethonal and 1mL acetic acid at room temperature under Hy, 10% palladium on carbon
(0.10g) was added and stirred overnight. The solution was extracted twice with diethyl ether
and the organic layer was washed with water, brine and dried over MgSO4. The solvent was
concentrated in vacuo and the crude residue (2j) was dissolved in 5 mL of acetone and 8 mL
of acetic acid was heated on an oil bath (60-67 °C) during the addition of 7 ml of a 10%
aqueous solution of ferric chloride and for several minutes longer. The solution was cooled
and 5 mL of water was added followed by 3 mL of aqueous 20% sulfuric acid. The solution
was extracted twice with diethyl ether and the organic layer was washed with water, brine
and dried over MgSO,. The solvent was concentrated iz vacuo and the residue was purified
by C-18 column chromatography (H,O/Acetonitrile) to give 30 mg of compound 6j (30%) as
yellow-brown solid. '"H NMR (600 MHz, CD30D) & 7.48 (d, J = 7.8 Hz, 4H), 7.42 (s, 2H),
7.20 (d, J = 7.8 Hz, 4H), 3.48 (m, 4H), 2.88 (1, J; = 8.4 Hz, J, = 7.2 Hz, 4H), 1.95 (s, 6H).
HPLC purity 97.0%, #r = 11.67 min (Method B). HRMS calcd for C4Hz5FcO19 783.1659 M
+ H), found 783.1659.

[0288]  Following above mentioned procedure and the appropriate starting materials and

reagents used; compound 6k was synthesized.

[0289] 5,5'-bis(3-(4-ﬂuorophenyl)propyl)—6,6',7,7‘-tetrahydroxy-3,3'-dimethyl—2,2'—
binaphthyl-1,1',4,4'-tetraone (6k). Yield, 45%; '"H NMR (600 MHz, CD30D) 8 7.37 (s,
2H), 7.24 (m, 4H), 6.97 (m, 4H), 3.26 (m, 4H), 2.78 (, J; = 7.2 Hz, J,= 7.8 Hz, 4H), 1.94 (s,
6H), 1.90 (m, 4H). HPLC purity 96.5%, z = 8.76 min (Method B). HRMS calcd for
CaoH3,F205 679.2138 (M + H), found 679.2150.
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EXAMPLE 4: EVALUATION OF THE COMPOUNDS OF FORMULA I USING
CELL VIABILITY ASSAYS

[0290] The activity of the compounds of Formula I against human cancer cell lines
(PC3ML, H460, H1299, RS11846) may be assessed by using the ATP-LITE assay
(PerkinElmer). All cells are seeded in either F12 or RPMI1640 medium with 5 mM L-
glutamine supplemented with 5% fetal bovine serum (Mediatech Inc.), penicillin and
streptomycin (Omega). For maintenance, cells are cultured in 5% FBS. Cells plated into 96
well plates at varying initial densities depending on doubling time. H460 and H1299 plated
at 2000 cells/well, A549 and PC3 at 3000 cells / well, and RS1184568S at 10,000 cells/well.
The compounds are diluted to final concentrations with 0.1% DMSO. Prior to dispensing the
compounds onto cells, fresh 5% media is placed into the wells. Administration of
compounds occurs 24 hours after seeding into the fresh media. Cell viability may be
evaluated using ATP-LITE reagent (PerkinElmer) after 72 hours of treatment. Data are
normalized to the DMSO control-treated cells using Prism version 5.01 (Graphpad Software).

[0291]  The apoptotic activity of the compounds against RS11846 cells may be assessed by
staining with Annexin V- and propidium iodide (PI). Lymphoma cell line, RS11846, is
cultured in RPMI 1640 medium (Mediatech Inc., Herndon, VA 20171) containing 10% fetal
bovine serum (Mediatech Inc., Herndon, VA 20171) and Penicillin/ Streptomycin (Mediatech
Inc., Herndon, VA 20171). Cells are cultured with various concentrations of a compound of
Formula I for 1 —2 days. The percentage of viable cells may be determined by FITC-
Annexin V- and propidium iodide (PI)-labeling, using an Apoptosis Detection kit (BioVision
Inc.), and analyzing stained cells by flow cytometry (FACSort; Bectin-Dickinson, Inc.;
Mountain View, CA). Cells that are annexin-V-negative and Pl-negative are considered

viable.

[0292]  The apoptotic activity of the compounds of Formula I against mouse embryonic
fibroblast wild-type cells (MEF/WT) and mouse embryonic fibroblast BAX/Bak double
knockout cells (MEF/DKO) may be assessed by staining with Annexin V and propidium
iodide (PI). MEF/WT and MEF/DKO cells are seeded in 24-well plate at a seeding density
of half a million per well (in 1 ml of DMEM medium supplemented by 10% FCS). The next
day, a compound of Formula I may be added to wild-type and DKO cells at final
concentration of 0, 2.5, 5.0, 7.5 and 10 uM. On the following day, floating cells are pooled
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Conpountith afhezent cgl SalfgﬁquS§e§1 after bugf ingybgtion with 0.25% Trypsin/EDTA solution
(Gibco/In-Vitrogen Inc.). Cells are centrifuged and supernatant is discarded, and the cell

pellet is re-suspended with 0.2 ml of Annexin-V binding buffer, followed by addition of 1 pl

Annexin-FITC and 1 pl PI (propidium iodide). The percentage of viable cells may be
determined by a 3-color FACSort instrument and data analyzed by Flow-Jo program, scoring
Annexin V-negative, PI-negative as viable cells. The EC50 values for the compounds of

Formula I are provided below in Table 5.

Table 5

L,
OH ECso (HM)

R (0]
RS4;11 | H460 | BP3 | H1299
Compound R= :
P (uM) @M | (M) | M)
BI97C3 HJK >30 5.7 9.1 ~30
BI97C4 \@AH\ >30 6.2 | 28.4 ~30

BI97C5 >30 4.4 10.1 9.1

BI97Cé6 >30 74 6.1 10

BI97C7 11.1 0.73 10.8 10.6

BI97C9 10.1 0.70 12.4 2.3
BI97C10 15.6 2.2 15.5 1.3

At e
O
>_/
O_/
(O
BI97C11 (O~ 47 10 | 75 | o085
O~
O~
e
oo\

BI97D1 3.1 0.59 4.0 1.56
BI97D4 3.0 0.9 6.0 1.5
BI79D5 15.0 1.6 30.0 2.1

BI97D6 ND # ND ND ND

BI97D7 ND ND ND ND
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BI97D8 F@‘\_\ ND ND ND ND

ND? = Not determined

EXAMPLE 5: CROSS-ACTIVITY OF SELECTED COMPOUNDS OF FORMULA I

[0293]  The cross-activity of selected compounds of Formula I, against Bcl-X, Bcl-2,
Mcl-1 and Bfl-1 using Fluorescence polarization-based competitive binding assay (FPA) is

shown below in Table 6.

Table 6
ICso (uM)
Compounds

Bel-X, Bel-2 BIf-1 Mcl-1
BI97C3 0.32 0.23 0.71 0.47
BI97C5 0.24 0.21 1.3 0.32
BI97C6 0.36 0.22 0.69 0.35
BI97C7 0.55 0.25 1.4 0.47
BI97C9 3.0 2.3 ND * 3.1
BI97C10 12.6 6.7 ND 5.9

ND?*" = Not determined

EXAMPLE 6: PLASMA STABILITY, MICROSOMAL STABILITY, AND CELL
PERMEABILITY OF SELECTED COMPOUNDS OF FORMULA I

[0294] To test the pharmacological properties of selected compounds of Formula I, the in
vitro plasma stability, microsomal stability, and cell membrane permeability were

determined. The results are shown below in Table 7.
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BI97C7 98% 69% 6.1

BI97C10 74% 98% 5.6

BI97C11 81% 89% -6.8

BI97D1 86% 52% 5.0

BI97D4 87% 88% 7.1

ND?" = Not determined

EXAMPLE 7: CHARACTERIZATION OF SELECTED COMPOUNDS OF
FORMULAIIN VIVO

[0295]  The characterization of selected compounds of Formula I ir vivo may be
determined. As shown below in (A) and (B), the dose dependent effects of BI97C10 and
BI97C7, respectively, on shrinkage of Bcl-2 transgenic mice spleen at a single intraperitoneal
injection dose of 0.06 and 0.12 mmol/kg did not show any toxicity. All shrinkage data are
percentage of maximum reduction of mice spleen size. (C) Effects of compound BI97D1 at
0.12 mmol/kg on reduction of spleen weight of seven Bcl-2 transgenic mice treatment with a
single intraperitoneal injection. Data shown as means + S.D. (n=7). P=0.0002. No toxicity

is observed.
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value = 0.0002 Controll3197D1 EXAI\/PL? 9: MOLECULAR MODELI NG [0296]

Mol ecul ar nodel i ng studi es were condu 2ed on a Li nux workstation and a 64
3.2- GHz CPUs Linux cluster. Docking studies may be performed using the
crystal Ast Mgt ure of BCL-XL in conpleex with Bak-derived peptide (Protein
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Paired t-test; {-Ratio = 7.227

P value = 0.0002
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Control BIS7TD1

EXAMPLE 9: MOLECULAR MODELING

[0296]  Molecular modeling studies were conducted on a Linux workstation and a 64 3.2-
GHz CPUs Linux cluster. Docking studies may be performed using the crystal structure of
BCL-Xy in complex with Bak-derived peptide (Protein Data Bank code I1BXL). The docked
structures of the compounds having Formula I in the peptide-binding pocket may be obtained
by ChemScore as the scoring function in the GOLD docking program. The protein surface
may be prepared with the program MOLCAD as implemented in Sybyl (Tripos, St. Louis).
Docking studies may also be performed using the crystal structure of Bcl-2 in complex with a
benzothiazole BH3 mimetic ligand (Protein Data Bank code 1YSW). The ligand may be
extracted from the protein structure and used to define the binding site for small molecules.
Apogossypol and its deriﬁatives may be docked into the Bel-2 protein by the GOLD docking
program using ChemScore as the scoring function. The active site radius may be setat 10 A
and 10 GA solutions generated for each molecule. The GA docking procedure in GOLD
allows the small molecules to flexibly explore the best binding conformations while the

protein structure is static. The protein surface may be prepared with the program MOLCAD



83 as inplenmented in Sybyl (Tripos, St. Louis) and used to anal yze the

bi ndi ng poses for the studied small nol ecules. EXAMPLE 10: FLUORESCENCE
POLARI ZATWOMOABBAYS (FPA) [0297] A Bak BH3 peptide (F- BalBlS3)10/051845
(GQVGRQLAI I GDDI NR) was | abel ed at the ftermnus with fluorescein

i sot hi ocyanate (FITC) (Mol ecul ar Pr obéé) and purified by HPLC. For
conpetitive b| nd| ng a 100 nM_GST- BCL- XL ATM protei n was prei ncubated
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[0301] Fenal e 6-week-old nude mice were purchased from Charles River
Laboratories. 5 x106 PCC-1 cells suspended in 0.2 mM PBS were injected
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[0309] W L.; Liu, D.; Zhang, Z J.; Shan, S.; Han, X ; Srinivasula,
S. M; Croce e M ; Al nenri, E. S.; Huang, Z. Structure-based di sco:c/ery of
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Anmer Ca 2000, 97, 7124-9.
of Ame b Transgenic mice expressing Bcl-2 have been described as the B6 line.’® The BCL-2

transgene represents a minigene version of a t(14;18) translocation in which the human BCL-
2 gene is fused with the immunoglobulin heavy-chain (IgH) locus and associated IgH
enhancer. The transgene was propagated on the Balb/c background. These mice develop
polyclonal B-cell hyperplasia with asynchronous transformation to monoclonal aggressive
lymphomas beginning at approximately 6 months of age, with approximately 90% of mice
undergoing transformation by the age of 12 to 24 months. All animals used here had not yet
developed aggressive lymphoma. Compounds dissolved in 500 pL of solution (Ethanol:
Cremophor EL: Saline = 10: 10: 80) were injected intraperitoneally to age- and sex-matched
B6Bcl2 mouse, while control-mice were injected intraperitoneally with 500 pL of the same
formulation without compound. After 24 hours, B6Bcl2 mice were sacrificed by
intraperitoneal injection of lethal dose of Avertin. Spleen was removed and weighed. The
spleen weight of mice is used as an end-point for assessing activity as it was determined that
spleen weight is highly consistent in age- and sex-matched Bcl-2-transgenic mice in
preliminary studies. Variability of spleen weight was within +2% among control-treated age-

matched, sex-matched B6Bcl2 mice.
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unsubstituted arylal kyl, subsituted or unsubstituted heteroaryl, subsituted
or unsubstituted heteroarylal kyl, -(CH2)30R2, -(CH)i C(0)R2, -(CH2)C(0)0OR2,
- (CH2) i OO RA44376 CH2) NR3R4, - (CH2)i C(0) NR3R4, - ( CH2) OCCO)USRBRAS51845

(CH2)i NR5C(0) R2, -(CH2).; NR5C(0)0OR2, -éCHZ)i NR5C(0) NR3R4, -(CH2)i S(0) I Re,
or -(CH2)j) NR5S(0)",R6, wherein j is an“integer fromO to 12; and mis an
integer_f_on19 to %; R2 i.s i ndependently hydrogen, substituted or

unsubs tiidiRgeligity of lizands &1 recenteticamplexes b Somput Liged Mol Hes 1997, 11, 425-
perfluapeal kyl , substituted or unsubstituted al kenyl, substituted or
uns-ubstituted al kynyl, substituted or unsubstituted heteroal kyl,
substituted or unsubstituted heterocyclic, substituted or unsubstituted
aryl, 40391i t Jieschner, MinBlehs,tG.1 Wobbhardt, Y. AR¢ilihg, SsiBs¢kniannedl Texturasubst it ut ed
het eroaryl, substituyted o nsubst.i t d, heteraoaryla l; R3 and R4 are
each | B@ﬁd%HFWWW@?‘B&%H‘?%%FBB@F%%@@I @ﬂp‘éd@%&%’ bgﬁgé- al kyl |
substituted or =substituted cycl oal kyl, perfluoroal kyl, substituted or
unsubs0360] ed Saitfer, 20} 1/idid4 BI7: FRERASSA0 D0/ MSLBHE, R4P alikanys, ES Whekstdaut ed or
unsubstituted al kynyl, substituted or unsubstituted heteroalkyl,

subst i Mt &9oBrHuhs 1t BedChregeB oy Ming A.Jupdompsend-d¥.; BestduSs Wt ut ed

aryl, sybstuid JEsd-g i . . bst 1§ ut r _Lnsubstituted
het er oar y?ﬁl} su s?ixgu?ggﬁ %;r?ﬁ% r?é%geg i %?élg{lﬁ%%%%g&?iﬁég*#?gsf o‘?()pﬁ%slsand R4,

t oget hécientd NetshBork) MYQrh99d, 245, 83-DR&y are attached, form substituted or
unsubstituted heterocyclic, or substituted or unsubstituted heteroaryl; R5

is ind en .hydr.oge ubstitu or. ynsubsti t yt al kyl , substituted
or unsE‘g’iﬁﬁft ug@éu%"é’cﬁo R A i 'hgg‘g’z?i‘lﬁ‘y%,f@%‘ﬁ’%‘f’?r yfg@rﬁg‘ﬁﬂfﬂwﬁi"’f’t ut ed
al keny BHSu#IS prdteinG B atd B ubihy ek Bk Hitibed SURRlsis WhBbkoik 2005 WSt i t ut ed
het er oal kyl , "Substituted or unsubstituted heterocyclic, substituted or

unsubsPV@-98kd aryl, substituted or unsubstituted arylal kyl, substituted or
unsubstituted heteroaryl, substituted or tuisubstituted heteroarylal kyl; R6

is ind ent, I Qgen,. suBlsti twt ed or~ upsubst i tuted.al kyl,, substituted
or unsﬁgsﬂjt u?@#“%@"% Efffg?l’ géM’ltlu%url%gﬁkcyt ﬁ%ﬁ@?’?ﬁufwnb X’u%‘sﬁbjgvte tut ed
al kenyP, Cs @hsérie{ M. d¢ Reed, UnSuD#fdréntiat dffedtk yNBel-2 st Biéetd ivtranipspist i t ut ed
heteroal.k% substituyted or unsubstituted heterocyclic, substituted or

|
unsubs PHEGFEeE Al Mead S St tBd- 89, 11A4edd38Q ut ed aryl al kyl, substituted or

unsubstituted heteroaryl, substituted or unsubstituted heteroarylal kyl; R

Rl, R2j0363) RAithBaeh B0 disRsidha0 8caPIds0d Wic RAGREAAB A dbotbBRidifd ed wi th
1 to 3_groups selected from hydrogen, halogen, amno, nitro, cyano,

hydr ox tiwilldiekapderstopd thd moglifications andovapiatitn are ahdommpassedabiklyin yhe, spaditemdy ,
heterog%ﬁg%f he.erQF clic, aryl, arylalkyl, heteroaryl, heteroaryl al kyl,

- (CH2) A é&)‘? &{eo) R7, -(CH2)i C(0)0R7, -(CH2)0C(0)R7, -(CH2)JINRSRO,
-(CH2) JC(0) NR8R9, -(CH2)0C(0)NRBR9, - (CH2).1NR1C(0)R7, -(CH2)i NR19C(0)OR7,
-(CH2), I NR1C(0) NR8R9, - (CH2)i S(0)",R11, or -(CH2)iNR19S(0),"R11l, -wherein
] is an integer fromO to 12; and mis an integer fromO to 2; R7 is

i ndependent |y hydrogen, al kyl, cycloal kyl, perfluoroal kyl, al kenyl,

al kynyl, heteroal kyl, heterocyclic, aryl, arylalkyl, heteroaryl, or

het eroaryl al kyl; R8 and RO are each i ndependently hydrogen, alkyl,
cycl oal kyl, perfluoroal kyl, al kenyl, al kynyl, heteroal kyl, heterocyclic,
aryl, arylal kyl, heteroaryl, heteroarylalkyl, or R8B 95 and R9, together
with the Natomto which they are attached, form heterocyclic or
heteroaryl; Rl is independently hydrogen, alkyl, cycloal kyl,
perfluoroal kyl, al kenyl, al kynyl, heteroal kyl, heterocyclic, aryl,
aryl al kyl, heteroaryl,or heteroaryl al kyl; and




R1' is independently hydrogen, alkyl, cycloal kyl, perfluoroal kyl, al kenyl,
al kynyl, heteroal kyl, heterocyclic, aryl, arylalkyl, heteroaryl, or

het er oar ywal2kylg443965t h t he provision that R. is not isopComgke10d518The
compound of claim1, wherein R is -(£H2)i C(0)NR3R4; and R3 and R4 are each
| ndependent |y hydrogen, substituted of” unsubstituted al kyl, or substituted

or uns tituted arvl al kyl. 3. The conpound of claim2, whereinj is 0; R3
i s hydpm&ﬁﬁ&mzm( CH3) C6H5, - CH2( CBR1) CH3, or |
-CH2(C6H4) CH2CH3. 4. The conpound of claim2, whereinj is 0; R3is

hydr oggn; a GHRE H, orH CH3 5. The conpound of claima1,
V\%ereigg' Rl ?gc&pad@djog(%) Rzgrgnd R2 is substituted or unsubstituted al kyl,
substituted or unsubstituted aryl al kyl. 6. The conmpound of claimb5, wher ei n
j is 0; and R2 is CH2C6H5. 7. The conpdund Bf claim 1, wherein Rl is
substituted or unsubstituted al kykcor substitutegh or unsubstituted

cycl oal kyl . 8. The conpound of @@ R is (G-C)alkyl. 9. The
I}

conpound of claim8, wherein le , -CH2CH2CH3, or -
R! o] I

CH2CH( CHB) 2.

HO'

or a pharmaceutically acceptable salt, hydrate, or solvate thereof,
wherein:

R'is independently hydrogen, halogen, amino, nitro, cyano, hydroxyl, substituted or
unsubstituted alkyl, substituted or unsubstituted cycloalkyl, perfluoroalkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, substituted
or unsubstituted alkoxy, substituted or unsubstituted heteroalkyl, subsituted or
unsubstituted heterocyclic, subsituted or unsubstituted aryl, subsituted or
unsubstituted arylalkyl, subsituted or unsubstituted heteroaryl, subsituted or
unsubstituted heteroarylalkyl, (CH,);0R?, -(CH,);C(O)R?, -(CH,);C(O)OR?, -
(CHz);0C(O)R?, (CH)NR’R?, -(CH,);,C(O)NRR?, ~(CH,);0C(O)NR’R”, -
(CH2)NR’C(O)R?, -(CH2)NR’C(O)OR?, -(CHo)NR*C(O)NR’R*, -(CH);S(0)R",
or -(CH2)NR’S(0),R®, wherein j is an integer from 0 to 12; and m is an integer
from 0 to 2;

R%is independently hydrogen, substituted or unsubstituted alkyl, substituted or
unsubstituted cycloalkyl, perfluoroalkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted heterocyclic, substituted or unsubstituted aryl,
substituted or unsubstituted arylalkyl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted heteroarylalkyl;

R? and R* are each independently hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted cycloalkyl, perfluoroalkyl, substituted or unsubstituted



WO 2011/ 044375PCT/ US2010/ 051845 96 10. The conpound of claim7, wherein Rl
Is -(CH2)g(C5H9) or -(CH2)g(C61-111), wherein q is an integer fromO to 6.
11. The cwopound43yf claim 1l, wherein Rl is substituted ecTassubssistut ed

aryl al kyl. 12. The conpound of claim1l, wherein Rl is substituted or
unsubstituted aryl (CLCB) al kyl . 13 The' conpound of claim 12, wherein RL is
substituted or, unsubstituted - C6) al kyl (C6H5). 15. A nethod for
treating a di2R¥lesHstititedazam sy, sebstiiredprsunsebsiuted heteroaliiybct i n

need ther eof o iiekABEHdSaL theéd%{??&glugcgrlgmng%eiuﬂﬁugm{ﬁgggggf oaim 1,

thereby treating the disease or t
wher ei n t he dibbetsted or umdubstdu‘@d acdalkyls sulatimesd. orbﬁsubiﬁﬁltddﬂidf@ f, claim 16,

wher ei n cancer al i rrent troin ti naI tract cancer, on cancer,
Sty el EceRanial

liver cancer’ ghuspt ety wapeakyl, %%ch&?ﬂ@@ef“’thbQ§t%0@ancer

| ynphona, | el eyich théy e dithélbd2ohth Gu B i@ 8 AL A HE RN B O C

nmyel ogenous | eukem a)’, dney cancer, lung cancer, nuscle cder, bone
cancer, bl addébstwﬁd:erumubﬁrtaﬂedhcfamaeyl 18. The nethod of claim 15, wher ei n
the treatment includes inhibition of activity of at |east one BCL-2 famly

of claim 1o oRaenaRty Bfoefh Bheshe e Shmsi Ry B SR coq o

treating canuasubstituasl @uldall{ymrpéf’fmdﬂbailaﬁsﬁbbﬁmﬁsd%‘#hh%&tlthfé&'aﬂ&nﬁt | east one
el evated BCL-2 fam |y prot elrlggqlgr ession | evel conprising admnistering to

the 97 subj éelesﬁalt?qw@rlals‘élaﬁl yrfsubstityted arpasybstistited hetsrgadlgdd of clai m
i af e oyt kERkiA b asGAAEd Rl AN WG AL PEARR b e ST 100 Of

claim 20, further conprising eterm SUD ?ry S responsive
to a therapy stbstituted bli lilmebstttlhted aqﬁqlkrﬂnd;bsmwﬁrdr&hﬁ@sﬁﬁteaﬂmd%diﬁl the |evel

of at least 0 BCL-2 f ly protein in the subject and conparing to
a nor mal contg}qlaﬁtl%g ‘H‘,S‘l tef heteragladkdi ed 1 evel is indicative of a

subj ect responsive to the therapy. 22. The nethod of claim 21, wherein the

det er mi nat i Rh id dEREAGerIIILErdYen, ZubHREE of LR IbdIARed M) e Slbstituted or
unsubstituted cycloalkyl, perfluoroalkyl, substituted or unsubstituted alkenyl,

substituted or unsubstituted alkynyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted heterocyclic, substituted or unsubstituted aryl,
substituted or unsubstituted arylalkyl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted heteroarylalkyl;

R, R, R%, R’, R*, R’, and R® may be optionally independently substituted with 1 to 3
groups selected from hydrogen, halogen, amino, nitro, cyano, hydroxyl, alkyl,
cycloalkyl, perfluoroalkyl, alkenyl, alkynyl, alkoxy, heteroalkyl, heterocyclic, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, -(CH,);OR’, -(CH,);C(O)R’, (CH,),C(O)OR’,
-(CH2);0C(O)R’, -(CHo)NR®R’, -(CHy);C(O)NR®R®, -(CH,);0C(O)NR®R’, -
(CHz)NR'’C(O)R’, -(CH2)NR°C(0)OR’, -(CH,);NR*C(O)NR®R?, -
(CH2);S(O)mR ", or -(CH,)NR'S(0),R", wherein j is an integer from 0 to 12; and

m is an integer from 0 to 2;

R’ is independently hydrogen, alkyl, cycloalkyl, perfluoroalkyl, alkenyl, alkynyl,
heteroalkyl, heterocyclic, aryl, arylalkyl, heteroaryl,or heteroé.rylalkyl;

R® and R’ are each independently hydrogen, alkyl, cycloalkyl, perfluoroalkyl, alkenyl,
alkynyl, heteroalkyl, heterocyclic, aryl, arylalkyl, heteroaryl, heteroarylalkyl, or R®



23. A nethod of determ ning whether a subject is responsive to a therapy
that utilizes a conmpound of claim1, conprising determning the |evel of at
| east onewof20tig4BEL-2 fami |y protein in the subject anaCtarspaviospss o a
normal control sanple, wherein an eleyated |l evel is indicative of a subject
responsive to the therapy. 24. The method of claim 23, wherein the

determ nation is,made based on a sanple fromthe subject. 25. The nethod of
clai m 24, whéréRy tograha avith the Nsatgmyp syhieh thay are attaghesh faronkstersevgbicor 26. The
met hod of cl gL} Adyl: Wherein the BCL-2 family pol ynucl eotide or pol ypeptide
is BCL-2, BCL-XL, BCL-W MCL-1, or BCL-Al. 27. A nethod of inducing

apopt osi s inloa cell having a |level of at |east one of the BCL-2 famly

pr ot ei n nmenBeris grdependentiyhizmirdgenedlkyli cycloatict peofluareilkyl, akomwylj Akyryl,

adm nistering to the.cell an effectivye amunt of a co ng of claim1,
t her eby redugf’tr‘?boaij?@ }Teg"ﬁf‘é‘fycgf’ %m?'ia\ff i ?erﬁ?réfﬁ%ri }P?(“sr?aq&ﬁ’ﬂ‘yﬂ;rﬂi@ci ng
apoptosis in the cell. 28. The nmethod of claim27, wherein the cell is a

cancer cel IR‘IZQindHS@ldeﬁm%r@enpAl@m%mm,%&ﬂ0 rsglﬁﬁ?mk'k@l,l ARghygancer,

breast cancer, prostate cancer, or Tyrrphomas. 30. e met Hod of ¢l aim 27,
wherei n t he beleroalkyl.detespgyclie, arfleanyttiichetsreangher hepmparylalkyl;

2011/ 044375PCT/ US2010/ 051845 98 31. A nethod of determ ning the

ef fectivene 1i; i i ncl udi ng adm ni stration of the
conpound of%ﬁeﬁf%ﬁﬁgﬂﬁﬁjlg%ﬁ%ﬁﬁ&li sing conparing the |level of a BCL-2
famly protein in a cell of the subject prior to and during treatnent with
t he coPpounthe odmapeing of chiémrlewhentid BYisl-(GH,)BIDINR Riyiahg Rpand Rf areieach

i ndi cative of, effecti.veness of the.ther .that utilizes.the conpound. 32.
The net hod BfeRendenyydroggn, sy ﬁ‘t?tﬁ%"%ﬁ‘l?ﬁg%’tmtﬁ alkyly pesybstied ofhe et hod of

claim 32, m&@,ﬁggtﬁu@ag%lkﬁs | ung cancer, breast cancer, prostate cancer, or
| ynphomas. 34. The net'hod of claim 31, wherein the subject has an

aut oi nune di sorder. 35. A nethod of treating inflammtion in a subject
conpri&i ng qumm%dioﬁglamztWbergmbjlée;tRllﬁhﬁg@ﬁemfandﬂ?ei&feat ment a

phar maceut i @ﬁlztﬁ(@lfﬂ)%%lt—ﬂ,‘fél—ﬁﬂ&ﬁ?}cﬁgf ora-ccl%'{'Eﬁ%%H%Hg.l aim1l of Formula I:

A

4. The compound of claim 2, wherein j is 0; R? is hydrogen; and R* is CHs
o]
L CHs o CHa
,or * .

5. The compound of claim 1, wherein R' is -(CH,);C(O)R?; and R? is substituted or
unsubstituted alkyl, substituted or unsubstituted arylalkyl.

>

6. The compound of claim 5, wherein j is 0; and R?is CH,C¢Hs.

7. The compound of claim 1, wherein R is substituted or unsubstituted alkyl or
substituted or unsubstituted cycloalkyl. A

8. The compound of claim 7, wherein R! is (Cy-Cg)alkyl.

9. The compound of claim 8, wherein R! is -CHj;, -CH,CHj, -CH>CH,CHs, or -
CH,CH(CHs),.



or a pharmaceutically acceptable salt, hydrate, or solvate thereof, to
reduce the inflammtion thereby. 36. The nethod of claim15, wherein the

di sease owOodnsloMdEs i s | upus eryt hnmat osus, psoriasis, pPomitstélo/oarsuhritis,
| upus nephritis, rheumatoid arthriti Sg multiple sclerosis, ulcerative
colitis, nmyasthenia gravis, |ITP, TTP, & ave' s di sease, Hashinoto's

t hyr oi gi tis, Crohn's disease, autoinmune henolytic anem as, insulin
dependdft diThpsemrowRd gficlai 7, whersar R lén@%}hbq'(@i%z) of HEtha{Getl: Devherein q is
osteoarthri tj thritis, dermatitis, bronchitis, rhinitis, asthm,
Sj ogrens'’ s%%%t%%ggﬂ%)f&rleﬁon%i tis, adrenol eukodystrophy, CNS vasculitis,

m tochondria' myopathies, Anyotrophic Lateral Sclerosis, Al zheiner's

di seasé]. or The compound oficiai6 1] be B HEFihBAA&rOmbgEENS BylalkThe et hod of
claim 36, wherein the mtochondrial nmyopathy is MELAS syndronme, MERF

syndrope, L r.'. s di seas rnj cke' s .ence | opat hy, .Rett syndrone,
honocyst nu?ﬁgforﬁf/’%uéﬂaﬁ)&gﬁlﬂgﬁi ‘gi,lerﬁlgdiléf 5t Sggﬁ?fjg e 'tlﬂg?ﬁi ?IYY( droxybut yri ¢
am noaci dur Cg)allgul fite oxi dase deficiency, or conbined systens di sease (Bl12
deficiency). 38. The nmethod of claim 15 or claim35, further conprising
adm ni Téﬁeri a selective serotonin reuptake inhibitor (S SRI). 39. The

met hod cF8¢ pempoungypficlaim k2, wherein Bnissubsiiiuted or wasubstitatedotCiassoci at ed
with a condity rein the condition is |upus erythnmatosus, psoriasis,
psoriatic arb%jﬁ?{i}tl@ggs)ﬁupus nephritis, rheumatoid arthritis, nultiple
sclerosis, ulcerative colitis, nyasthenia gravis, ITP, TTP, G ave's

di sease, Hashinoto's thyroiditis, Oohnﬁs@eﬁ&w o:i"m@enol ytic
anem a i nsylin dependent diabgetes | 1it glo oneph (S, rheumatic
fever, %(')'st e ?f%??‘f"‘e@,ogﬁféﬂ?gba‘?’ FFPLY &5 derfratitis, Hronchitis, thinitis,

asthma, Sjo S ~syndr u- eni ngi ks adr enol eukodystrophy, CNS
vascul i tis, g%@gdri a@?g@]ot r%}r al Sclerosis,
Al zheimer's di sease ol a tundbl” 40. Thesngt hod of “ckaim 39, wherein the

m tochondrial nyopathy is MELAS syndrome,  MERF syndronme, Leber's disease,
Verni cke' s encephal opathy, Rett syndrome, honocystinuria, hyperprolinen a,
nonket &1 ¢ Aypengd friticatinga disgase o pidiroyder ccompristngaidguinistering o & sthjedsin dase

defici ency, nQuy (QEHF PELrapYH T eAbGRASE A6 ¢ g(;rrilg(;u%ﬁ%)claim 1, thereby

treating the disease or the disorder.
16. The method of claim 15, wherein the disease or the disorder is cancer.

17. The method of claim 16, wherein cancer is alimentary/gastrointestinal tract cancer,
colon cancer, liver cancer, skin cancer, breast cancer, ovarian cancer, prostate cancer,
lymphoma, leukemia (including acute myelogenous leukemia and chronic

- myelogenous leukemia), kidney cancer, lung cancer, muscle cancer, bone cancer,

bladder cancer or brain cancer.

18.  The method of claim 15, wherein the treatment includes inhibition of activity of at
least one BCL-2 family protein.

19. The method of claim 15, comprising administering the compound of claim 1 in

combination with an anti-cancer agent.

20. A method of treating cancer or an autoimmune disease in a subject having at least one

elevated BCL-2 family protein expression level comprising administering to the



21.

22,

23.

24,

25.

26.

27.

28.

29.

30.
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subject a therapeutically effective amount of a compound of claim 1, thereby treating

the cancer or autoimmune disease.

The method of claim 20, further comprising determining whether the subject is

résponsive to a therapy that utilizes the compound, comprising determining the level
of at least one of the BCL-2 family protein in the subject and comparing to a normal
control sample, wherein an elevated level is indicative of a subject responsive to the

therapy.

The method of claim 21, wherein the determination is made based on a sample from

the subject.

A method of determining whether a subject is responsive to a therapy that utilizes a
compound of claim 1, comprising determining the level of at least one of the BCL-2
family protein in the subject and comparing to a normal control sample, wherein an

elevated level is indicative of a subject responsive to the therapy.

The method of claim 23, wherein the determination is made based on a sample from

the subject.
The method of claim 24, wherein the sample is a biological fluid or tumor sample.

The method of claim 23, wherein the BCL-2 family polynucleotide or polypeptide is
BCL-2, BCL-XL, BCL-W, MCL-1, or BCL-AL.

A method of inducing apoptosis in a cell having a level of at least one of the BCL-2
family protein member greater than levels in a control cell, comprising administering
to the cell an effective amount of a compound of claim 1, thereby reducing the level

of BCL-2 family protein(s) and inducing apoptosis in the cell.
The method of claim 27, wherein the cell is a cancer cell.

The method of claim 28, wherein cancer is lung cancer, breast cancer, prostate cancer,

or lymphomas.

The method of claim 27, wherein the cell is a cell of the immune system.
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A method of determining the effectiveness of a therapeutic regimen including
administration of the compound of claim 1 in a subject, comprising comparing the
level of a BCL-2 family protein in a cell of the subject prior to and during treatment
with the compound, wherein a decreased level of BCL-2 family protein is indicative

of effectiveness of the therapy that utilizes.the compound.
The method of claim 31, wherein the subject has cancer.

The method of claim 32, wherein cancer is lung cancer, breast cancer, prostate cancer,

or lymphomas.
The method of claim 31, wherein the subject has an autoimmune disorder.

A method of treating inflammation in a subject comprising administering to the
subject in need of the treatment a pharmaceutically effective amount of a compound

of claim 1 of Formula I:

0 R?

H3C. OH
[}
HO
OH
o]
HO' CHa

R o I

or a pharmaceutically acceptable salt, hydrate, or solvate thereof, to reduce the

inflammation thereby.

The method of claim 15, wherein the disease or disorder is lupus erythmatosus,
psoriasis, psoriatic arthritis, lupus nephritis, rheumatoid arthritis, multiple sclerosis,
ulcerative colitis, myasthenia gravis, ITP, TTP, Grave’s disease, Hashimoto’s
thyroiditis, Crohn’s disease, autoimmune hemolytic anemias, insulin dependent
diabetes mellitus, glomerulonephritis, rheumatic fever, osteoarthritis, gouty arthritis,
dermatitis, bronchitis, rhinitis, asthma, Sjogrens’ syndrome, meningitis,
adrenoleukodystrophy, CNS vasculitis, mitochondrial myopathies, Amyotrophic

Lateral Sclerosis, Alzheimer’s disease, or a tumor.
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The method of claim 36, wherein the mitochondrial myopathy is MELAS syndrome,
MERF syndrome, Leber’s disease, Wernicke’s encephalopathy, Rett syndrome,
homocystinuria, hyperprolinemia, nonketotic hyperglycinemia, hydroxybutyric
aminoaciduria, sulfite oxidase deficiency, or combined systems disease (B12

deficiency).

The method of claim 15 or claim 35, further comprising administering a selective

serotonin reuptake inhibitor (SSRI).

The method of claim 35, wherein the inflammation is inflammation associated with a
condition wherein the condition is lupus erythmatosus, psoriasis, psoriatic arthritis,
lupus nephritis, rheumatoid arthritis, multiple sclerosis, ulcerative colitis, myasthenia
gravis, ITP, TTP, Grave’s disease, Hashimoto’s thyroiditis, Crohn’s disease,
autoimmune hemolytic anemias, insulin dependent diabetes mellitus,
glomerulonephritis, rtheumatic fever, osteoarthritis, gouty arthritis, dermatitis,
bronchitis, rhinitis, asthma, Sjogrens’ syndrome, meningitis, adrenoleukodystrophy,
CNS vasculitis, mitochondrial myopathies, Amyotrophic Lateral Sclerosis,

Alzheimer’s disease, or a tumor.

The method of claim 39, wherein the mitochondrial myopathy is MELAS syndrome,
MEREF syndrome, Leber’s disease, Wernicke’s encephalopathy, Rett syndrome,
homocystinuria, hyperprolinemia, nonketotic hyperglycinemia, hydroxybutyric
aminoaciduria, sulfite oxidase deficiency, or combined systems disease (B12

deficiency).



