Compounds and Met hods for Inhibiting the Interaction of BCL Proteins
wi th Binding Partners Rel ated Applications 5This application clains
the benefit of United States Provisional Patent Application serial
nunber 60/ 750,987, filed Decenber 16, 2005. Background of the
| nventi on The present invention generally relates to
het er ocycl i ¢ conpounds useful for treating cancer. 10Apoptosis, or
programmed cell death, is inportant for nornal
enbryol ogi cal / anat om cal devel opnent, host defense and suppression of
oncogenesis. Faulty regul ation of apoptosis has been inplicated in
cancer and in many
i nbal ance bet ween t hEoppoemwes awid dethod for Inbibising thel Inteyeation A
central check point of apopfB8€E PreteirewitbBiraling Parindrgt ochrone c
rel ease from 15 m tochondria. Cytochrome ¢ release 1S regulated, in
part, by Bcl-2 famly menbers. The Bcl-2 fanmily of proteins includes
both anti-apoptotic nol ecul es, suc Bcl - XL, and
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pro- apoptotic nol ecul es, such as Ba and Bad. Bcl-2

contribuges to cepg pﬁ@a‘tlhn Bfaﬁﬁi @1% %bﬁ’é}it Ry T.Bi‘té‘d/ 8htes Mo NAbAR Paef! Application
turnover caused by physi ol oglca -deat h mechani sns.

Over - expr es 8 P eGP 75095 %@%P“‘&Bﬁ’éﬂﬁaa % 70% of breast cancer
and 20 many other forns of canc us,.smal | nol ecul es have

been shown to inhibit the funct ‘lyd'ﬁkgd'f’“’%?’tg hﬁ@Vé“ﬁ hel ess, the need
exi sts for addi “I‘R@%res%ﬁ?#r{veﬂﬁcgla%bl ﬁ?a?e(féfése& %}ocgolfbd o) %ﬁé&e fjfor

bl ock its anti-apoptotic functio ncer pro te ce
tunors. 25SURHEEFARFErt he | nvention One aspect of the |nvent|on

relates to heter cli.c conpounds an q mage tlcall acce

salts of'®t hese cgﬁﬁﬂﬁﬁﬂs Fn VEFPEIF |n§?an 80, ¢ g h 6 % normal
conpound corgpbh®kgial/madsmigandeehipaient, tgst defensee ik segpréseibe mfcgmbgcmems
core, such ﬁ&u}@ %faﬂ!}ﬁ %F' %gaptgs?f?ﬁn dﬁ%h gﬁ'g 1&&?&?&3}:4&%1""5@ in manyB?fher human

i m dazol i di he, razo ine rivative
t hereof . | ndr@meawtmbtr%snl;é@m mbn@n@hﬁmnme rroeaseofesliciigion ydsel death.

ni trogen CORL abihap bt point of apoptosis is the regulation of cytochrome ¢ release from
15 mitochondria. Cytochrome ¢ release is regulated, in part, by Bcl-2 family members. The

Bcl-2 family of proteins includes both anti-apoptotic molecules, such as Bel-2 and Bel-XL,
and pro-apopfiotic molecules, such as Bax, Balk, Bid and Bad. B¢l-2 confributes fo cancer
celi progression by preventing normal cell turnover caused by physiological cell-death
mechanisms. Over-expression of Bel-2 has been observed in 70% of breast cancer and

20 many other forms of cancer,

Various small molecules have been shown to inhibit the function of Bel-2.
Nevertheless, the need exists for additional small organic molecules that bind to Bel-2 and

block its anti-apoptotic function in cancer and promote cell death in tumors.

28 Summary of the invention

One aspect of the invention relates to heterooyclic compounds and pharmaceutically
acceptable salts of these compounds. In certain instances, the heterocyclic compound
comprises a nifrogen containing five membered heterocyclic core, such as a pyrrolidine,
oxazolidine, thiazolidine, imidazolidine, or pyrazolidine, and unstaturated derivatives

30 thereof. In other instances, the heterocyclic compound comprises a nitrogen containing six



menbered heteocyclic core, such as a piperidine, norpholine,

pi perazi ne, thiopiperazine, and unsaturated derivatives thereof. In
certain instances, the five or six nenbered heterocylic ring nay be
susbstitued with an oxo or thioxo group (e.g., pyrrolidone,

oxazol i di none, im dazolidone, thiazolidone); a nitrogen atom of the
heterocyclic ring is $ bonded to a substituted arallcyl group; the
substituted aral kyl group is a substituted benzyl group; the

het erocyclic ring is substituted with a hydroxy nethyl or hydroxy

et hyl group; the heterocyclic ring is substituted with a hydroxy

nethyl and ameydersg heebéydic gom) pychasdd piperfidies, hedpioliey,cpip&adihd) thibSperazine,
substituted d r f t ifvention
relates to pﬁhﬁ Ea%gulftgtlg% rﬂﬁ@%?)m é%gfnzﬁ ngap ?&Sta%c Oqg?le Vgrmmgilrxe ?’bere‘i
t he het er ocybksterecsdisnpag ey J?P supkstifued owith on, oxor OJs @hwm hrepe(ie., #yrrolidone,
further aspestusfaitdie, RRERNIhE ERLIABNYLh AiRiEel dick TP LR HEh e}éﬁ& Mg is
t he above coppounds, or pharmaceuti cal | y ‘acceptabl e sa t

alone or in %ﬁﬁ‘? Rt t‘gvltﬁtdl"ﬁ‘r BikHlegroun; diyt substijuted é’alki’!:mérls a substituted benzyl

Speci fi cal | ygrotifjeht Rsteddicl@ie igOl istifsituted Wik amg&&bkﬁ rrféﬁtyh @thﬂéﬁw B Hebup;

treatlngac n ion cha.racter pr.o feratlon
of mammal i ant%c31 fem mlgmﬁdfns}* g‘ﬁ@?‘fﬁ'&hfnhﬁﬁ? c?‘?&’@fé?ﬂ)ﬁrhy dgppy pihyl group;
conpound of arldé)rpheelmocychvsng1scsnbstiﬁe¢cawitled1 dside gioppd on of the

| nvention Definitions The definitions of terns used herein are
meant to i ncor pordsnather iepgst el inventiererelaestth pharmaceiwitalotiposiions comprising

recogni zed fate Qafbreld@rtht hBeidFolc@Hmiy eaads%cin@mémgeus ot Lagl lindr ! C.!é further
20 Were appro%rllr?%ttggpexe Ilflcatlon is provid inition

apply to the®™P THFERF gy entigR gglaten e fgmethed Pﬁl“émgﬁbﬁla‘r"?‘@a?qnmﬁu“ds or

unl ess ot herpliaseadeitidall dodeptableaalitf herebf) sloANGAR cobinhdn Vit btib:Cigaktt ¥ treat
e definition

or as part o I erein

of each exprJes% oﬁgﬁgﬁcgﬁy%ﬁi Fventign W‘)Aéfs a%e\ﬁf?g'ﬁt’ﬁ fneB‘(‘?Blﬁ“E’pﬁﬂP% bEYmg 2
once in any %ndigen uﬁharaqt@mﬂat bmd@d pahdlegical dppdifoiagin @f Kiasimalian cells by
de‘f' nitign M}%ﬂ@ﬁrﬁcff&n{'@ﬁnmf td nﬁ’;&;ﬁ:ﬂ& & the resent ;ngta'gnt ?he gener al

"acylam no" refers to a noiety that e repre

for nul a: wherei n R50 m:aa&dﬂeick@ﬂdz m}zQMvemz R54 represents
a hydrogen, an al kyl, an al kenyl or -(CllZ)mRGl where m and R61 are
as defined Wdfimtions The terms "al kenyl " and "al kynyl" refer to

unsaturated aliphatic _groups anal ogous in | ength and possible
substitution to tIhe d&firificns gbterns peed hersy ere nipgnt toHacorpuntedhspmtent egastof-

one 5 doubl en@#rt tdeﬁﬁﬂn@n@%h@gﬁ@&pﬁﬁtéal{@'téfm in t(ijle cﬂ@ﬁw&fem?hﬂng&ﬁ%al f%fds

"al koxy" ref\ghs to an_al k&ﬁa ﬁgag defi ned above

adi cal %t t ANKER PHEPAD, Bk ERHAR RIVEdst KR yleRntisuprhoeltheiiems as they
rrelt Eoi(y, et ]tawvsedphmmgﬂomxﬂns é;ﬁbifrhiﬁlplm{es@ﬂg'nefvflﬁe iﬁﬂnﬁ@i inldpeciti& (Mflances, sither
alkyl". re of saturated aliphatic groups,

i ncl udi ng 10 g‘é?’f!g@d}h%%% ain aalg%/alr grBups br anched- chai n al kyl

groups, cycloal | oyl use@Hefen;|the MefHAMPSE odth ¥ e?ﬁrlgf ! | oal K
groups, and cycl oaILI1<yI subst | tu%e& &FE f lll‘J tegzzlengltgsgl i, 8. “Xlen it
embodi ment s,9°FTE FOXF JK ReSi R BY %W&W@néﬁj“’é??é% t@bkyndenarsie@eooﬁ)ns flefinétion
car bon atson®lsewhért $n haskhenencheeg. , C -C30 for straight chain, C3-C30
for branched chain), and in other enbodinents 20 or fewer. Li kevm' se,
in certain enbodiThertis: tacylagunKyiederh v nfoi@yntidt by be represented by the general

formula:




15 carbon atons in their ring structure, and in other enbodinents
have 5, 6 or 7 carbons in the ring structure. In certain enbodi nents
cycloal l cyls, bicycloal kyls, and pol ycyl cl oal kyl s can be further
subsittured with one or nore al kyl subsituents. The term

"al kylthio" refers to an al kyl group, as defined above, having a

sul fur radical attached thereto. In certain enbodinents, the

"al kylthio" noiety is represented by 20 one of -S-alkyl, -S-alkenyl,
-S-al kynyl, and -S-(CH2) m R61, wherein mand R61 are defi ned bel ow
Representative al kylthio groups include nethylthio, ethyl thio, and

the |ike. Thehekéh M500Y ﬁodeﬂn%d Bkfow! @ﬁ@mzﬁgreé’éﬂsaﬂ hydrogen, an alkyl, an

??ppgs:%z:jl ey g‘éﬁﬁwﬁ%ﬁl ‘?’f’lﬁ%galn g{é Aegg%l?g?/%erm n R50 and

present fnvent Bﬁﬁ R R R S R S e
terns "am ndétngiménd amsrlvdﬁ sv@staum torthw:dgyils xlwnhmathoeé et that bottdin at least one
unsubsti tqt q%uggqrwggéﬁw trgrjué?}pes e.g., a noiety that may be

repr esent ed t he dgenera 50 /R I + \ - N-R53
The terms "alkoxyl" or "alkoxy" refers to an alkyl group, as defined above, having

an oxygen radical attached thereto. Representative alkoxyl groups include methoxy, ethoxy,

propyloxy, tert-butoxy and the like.

The term "alkyl™ refers to the radical of saturated aliphatic groups, including
10  straight-chain alkyl groups, branched-chain alkyl groups, cycloalkyl (alicyclic) groups,
alkyl substituted cycloalkyl groups, and cycloalkyl substituted alkyl groups. In certain
embodiments, a straight chain or branched chain alkyl has 30 or fewer carbon atoms in its
backbone (e.g., C1l-C30 for straight chain, C3-C30 for branched chain), and in other
embodiments 20 or fewer. Likewise, in certain embodiments cycloalkyls have from 3-10
15 carbon atoms in their ring structure, and in other embodiments have 5, 6 or 7 carbons in the
ring structure. In certain embodiments cycloalkyls, bicycloalkyls, and polyeyleloalkyls can

be furiher subsittured with one or more alkyl subsituents.

The term “alkylthio” refers to an alkyl group, as defined above, having a sulfur

radical attached thereto. In certain embodiments, the “alkylthio” moiety is represented by

20 one of -S-alkyl, -S-alkenyl, -S-alkynyl, and -S-(CHz),,-R61, wherein m and R61 are defined
below. Representative alkylthio groups include methylthio, ethyl thio, and the like.

The term “amido” is art recognized as an amino-substituted carbony! and includes a

moiety that may be represented by the general formula;

R50

25 wherein R50 and R51 are as defined below. Certain embodiments of the amide in

the present invention will not include imides which may be unstable.



R51R52 wherein R50, R51 and R52 each independently represent a

hydr ogen, an al kyl, an 5 al kenyl, -(C-12),,,-R61, or R50 and R 51,
taken together with the N atomto which they are attached conplete a
het erocycl e having from4 to 8 atons in the ring structure; R6I
represents an aryl, a cycloal kyl, a cycloal kenyl, a heterocycle or a
pol ycycle; and inis zero or an integer in the range of 1 to S. In

ot her enbodi nents, R50 and R51 (and optionally R52) each

i ndependently represent a hydrogen, an al kyl, an al kenyl, or
-(CH2)",-R61. Thus, 10 the term "al kyl am ne" includes an am ne group,
as defined above , THeate hnilsg™atniAerhaidi “tabhivestt aﬁfarﬂf&d@ﬁiddtﬁﬁﬂ&dfeﬁtd(bﬂth unsubstituted
aroup. ey sk o m AT ok may e Ples Rl Bl el
group substituted with an aryl group (e.g., an aggaatlc or

het er oaronmatic group). The term™aryl” R80used hdrein includes 5-, 6-
and 7-nmenbered single-ring aromat group + %31 ncl ude from
zero to four heteroatons, for exanpl e\ benzene, dnthracene,

napht hal ene, pyrene, pyrrole, furan, tigsephene, ighdazole, oxazole,

t hi azol e, triazole, pyrazole, pyridine, pyrazine, pyridazine and

pyri mdine, and t\hfbrélh RS0, REDSRA REY |eaﬂ1r1ﬁ&@%n&bﬂﬁy @ébr&%ﬁted ﬁ’f&r@é& drDatk{¥€ an

SRCIGIERE N TN JE NI M CH S A

nore ring poesnabheﬂn@ompletb aZBetsnmcjmls hbsng tﬁmaﬂtctsmas ad:em:tn ﬁﬂdnﬂg)em&:,turé OR61

g;glng;ﬁ(y lhal grgr ox;a/%l agglr ﬁ%&&%ﬂﬂ: cmhde{nabgﬁ%&{of%c aI lyol}rc%cle and m is zero
ami do, phos pnmatﬂegerpndbq)tﬂva% ef1 G@Bbémyther elabct;bmyrhts, léﬁol and Rt (aud optionally

al kyl thio, spizemyl mdﬁ:i'éh(iéﬁﬂ??&[ﬁ&entlﬁq{yﬁfb%m %dﬁé}y d8 and 1%-&NH2),,,.R51 1 Thus,

heterocyclyl, aromati ¢ or heteroaronati C noietjes,
i ke. The i dherfera ltylagting PHISAGHANATIBE STOPRI F5AeFNH0y &t hawimgipagibpiffuted or

two or nor e gigelstifiutettalkyl Gfischied thebutd; el ¥Weadt o ¥VTR SO ARDRH B isth RGOS,
to two adjoining rings (the rlngs are "fused rings") wherein at | east

one of the rings The temotantlkd;, as.uged hdréi, refeheto ap\aiityl graup sgisstiiggd with an aryl
cycl oal kyl s, &*ﬁ%@g%ﬁgﬁ*&ﬁm X&BPQE%%M?ﬁJFﬂharyls and/ or

heterocyclyls € tern1"car es such noieties as may

be represented byrhtehengfeaﬁvadusfeanleuirﬁﬁczudaﬁm@@ﬁéG-membere@/m%ﬂ@hﬁg Aefatic

is a bond or represents %g en or sul fur d each L 55 and

Re6 r opr B o rfFQUHS 10RS SEAYABARTS THMRFR 19 JRH SO or SiamRley berzpne, anthracene,
-(CH2) ", - %Imphmﬂmrmamutpmld, )fuﬁ:ﬁpﬂﬁb;ﬂbh@ mﬂizole;\m:eﬁalén fietolR6 triazole,

are defined "d| va ed her ei n

are used intk ﬁhﬂg‘ﬂl%f f % Bfer toa%%g éneééi??]gse lgcfb Taﬂ’i grovps

groups f rom!emglhetemmm fhaﬁ@g rF{rnctucg| iag d?ﬁ b@refedelddwls "awllbft‘ftlawc}dﬂ or

het er ocycl oahkyloaroda¥ibs." aftRlakothatic R SR PBY Sliddkin el @O 8F Mbre ri3Gositions with

heteroaralkyl
20 “such substituents as described above, for example, halogen, azide, alkyl, aralkyl, alkeny],

alkynyl, cycloalkyl, hydroxyl, salkoxyl, amino, nitro, sulfhydryl, imino, amido,
phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether, alkyithio, sulfonyl, sulfonamido,
ketone, aldehyde, ester, heterocyclyl, aromatic or heteroaromatic moieties, -CF3, -CN, or
the like. The term “aryl” also includes polycyclic ring systems having two or more cyclic

25 rings in which two or more carbons are common to two adjoining rings (the rings are "fused
rings") wherein at least one of the rings is aromatic, e.g., the ather cyclic rings may be
cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls.

The term “carboxyl” is includes such moieties as may be represented by the general

formulas:



groups. For exanple, tis a bivalent alkyl or alkyl diradical;is also

a z,"o bivalent (alkyl)heteroaral kyl or (alkyl)heteroaral kyl
diradical.; Typical exanples include al kyl enes of general structure
(CH2),, where X is 1-6, and correspondi ng al kenyl ene and al kynyl ene

| i nkers having 2-6 carbon atons and one or nore double or triple

bonds; cycl oal kyl ene groups having 3-8 ring nmenbers; and aral kyl

groups wherein one open is valence is on the aryl ring and one is on
the al kyl portion such as isomers. The term "hal oall cyl", as
used herein, refers to an al kyl group where anywhere from1l to al

hydgr ogens have been replaced with a halide. A "perh@l oal kyl" is

where all of the hydrogens have en replaced wth allhalide. 20The
term "heteroatoni as used herein ans aRsSat of ap¥y. el ement ot her
than carbon or hydrogen. Exanpt€s olxbef er oat onksoTcl udasgor on

ni trogen, oxygen, phosphorus, sulfur and selenium The terns

"het erocycl yr or‘Wm@ﬁebﬁwyttb@uhnmuy&wmgﬁmoﬁmmnQraﬂd&m@ndnﬂmEEQGSmhmESG
structures, e ere ng

structures |H§Ig{e %ro%gélfégh%%@f O%J?h)@-e(%%gga&odngﬁl%%er%y les car?me{efﬁlor ?
be pol ycycl @W@F@Byﬁ%ﬁmﬂé}rﬂ@a‘ﬁé@ﬁwm%* Wdﬂ@@éerbP@ t hi ophene,

phenoxat i 1 n,  pyr g1 & el B “yaleFbine SobeChFr dm0 e isiclngeebly and
pyri di ne, pym&z tnany qﬁwseﬁwbﬁmvalqmy glotlpzfrtie alkiyh dikehyt] :IlEynyl] wyMﬁh@ alkoxyl,
i ndol e, i ndagygf gﬁﬁuﬁetggc cﬂ)%]%l n0§ b S—alk},rlS q%yerg' 3) *yp ehetg‘u ﬂoim hetquaralkyl

pht hal azi ne, “nap I'ne; ’qurna I’'ne;

pteridi ne, carbazole carbollne phenanthrldlne acrldlne

pyri m di ne, phenanthroline ,phenéélne phenar sazi ne, phenqt hhe,
furazan, pheResRszFaRSXaEAle:Gti di ne, iscnbiradens alkylaralikyhdiradigakz 5| e, is also a

piperidine pi per azi ne, notpholi ne, gla esE | act ans such as
i %gz§su

azet i di nones,;@fch: PkI0bi P NERdicAY T a LONL vl 10l h}s&f dirkfial;
heterocyclic ring nay, be substituted at one or nore positlons Wt

such substlt ue as /descri bed above, as for 10 exanple*mﬂﬁﬁggﬁwb/
al kyl', ajeal 15 @ Renyhs aatllmeml araﬁajpbpaiam ,dlﬂama%xh is a
nitro, sulfhydryl i m hosphonat ¢, phosphi nate, _carbaony

car boxyl , sityglent é?lﬁ@het%ff’?fﬁllkﬂ’h P‘bP aligiyhetsropralkyk él’tr?ﬂ}%ﬂ al ey aéamré?ﬂ Bplude
a heter ocycIaWyJexﬁsl oargeﬁmhll szmeﬁnéﬂ@m,pﬁhm E&l—ﬁpm&t M}msﬁﬂiﬂmgﬂény&ﬁe and

the |ike. here

orm " hai ogdlomlel? JHEFESMERE 25 dou’ S gPa i orEOfcqqpble or ke boncs
"sul f hydryl "cyniealirgiend Btqupt Hevingr3v8' Tingdmenytrs; ashmslkyDgrouan dvitehuin tope mwpen
“sul fonyl" neans -302-. The term "oxo" refers to a carbonyl oxyggn

(=0) . ;

£
Ly

15  valence is on the aryl ring and one is on the alkyl portion such as and its

isomers.

The term “haloalkyl”, as used herein, refers to an alky} group where anywhere from
1 to all hydgrogens have heen replaced with a halide. A “perhaloalky!” is where all of the
hydrogens have been replaced with a halide,

20 The term "heteroatom” as used herein means an atom of any element other than
cartbon or hydrogen. Examples of heteroatoms inchide boron, nitrogen, oxygen,
phosphorus, sulfur and selenium.

The terms "heterocyclyl” or "heterocyclic group” refer to 3- to 10-membered ring
structures, more preferably 3- to 7-membered rings, whose ring structures include one to
25  four heteroatoms. Heterocycles can also be polycycles. Heterocyolyl groups include, for



The ternms "polycyclyl" or "polycyclic group” refer to two or nore
rings (e.g., cycloal kyls, cycloal kenyls, cycloal kynyls, aryls and/or
het erocyclyls) in which two or nore 20 carbons are common to two
adjoining rings, e.g., the rings are "fused rings". Rings that are

j oi ned through non-adjacent atons are termed "bridged" rings. Each of
the rings of the polycycle may be substituted with such substituents
as descri bed above, as for exanple, halogen, alkyl, aralkyl, alkenyl,
al l cynyl, cycloallcyl, hydroxyl, am no, nitro, sulthydryl, imno,

am do, phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether,

al kyl thi o, 2ZRamplel QRivpherdept Midathreb,dEhyiale pyR8] diobefizdffrbs ohyaleyt,, xanhene,

aromati c or heteroaronmti noL et - CEF - r the like. ... The
A LA R e e R e e
whi ch pr ot eqiyrimidiog, e pyriddzine, ripdclidinee iSoinddle,omraloley r mdpeole, opwined egiincdidine,

chem cal tranpsf.or i . f : t i r incl: .
cotors of carmugpe Aot BuESy el E| o) DG pifine
and ket alss eritinge roadhegolsn dakholion e ghenpatbyiding| ewidine, Tpinfidink.d phenanthroline,
protecting e NS HeRdrb %A SplREQRIatiAY, | Wehn( GHeEH@zind, Wrirol¥iies . oxolane,
P.G M Prot c_tgﬂlrg\%:a G%oﬂﬁps I ;1 ,S%ani C éynt hesi s, %dd ﬁ% ; %e . New
York, 1991) thiolane, oxagple,; pipggidine, i ipeyfaine, » mggg)pl‘n}e,u gmes,, i%#ans such as
"nonaf | y1" ragétlindn@s and pyrrolidinones, suitams, sultones, and the like. The heterocyclic ring may

trifl uoromethan | f onyl , p-tol uenesul f ony! t hanesul f onyl ..and

nonaf | or obE SRR Y Prid, P, ROEe Posiions, Bp R supRtiply g dekpnitd aboye, as for
"tosyl at®", ekaeply) htletsn, aalkyl, aciial,| dketyl, t adkymyl, f dyglorbab t hydrresl| fmjnat witro,
ester, p-toly | p&%t Carfab e Eah?sghcfﬁ%eb%ﬁ@%a@%ﬂaog% eclrarboﬁf\g silyl, ether,

nonaf | uor obut anfestul f onafe este ncti onal groups_ and nol ecul és that .
contai n sai dligithigpsulfanyh fetopp,dfighydey Wéte{:@r}}?%’f?%lﬂcﬁn FeM@ioson; Rytegoaromatic
carbonyl sulgdiety(-€8B, -CN, or tHkeabbr evi ati ons Me,. Et, Ph, Tf, Nf, Ts,
Ms represent nethyl, ethyl, phenyl,

t ri f | uor onet hanegishehydreinptha tdrmonizioll heeaesHMO20 thel terp: thalogent'alesilhaesyFaiCl,
d 10 net hanesul fqnyl . res tval v, I, i | .

abbr evi at’i oﬁ%yﬁf % ?ﬁget%fnbysggﬁ (ia fgyeéﬂ%nsligtﬂge t%% I'n ?y%g?lsr@h? %&%ﬁg?em
art appear s "suifonil mdanstSQ@ksue of each vol une of the Journal of
Organic Chemistry, this list is typically presented in a table
entitled St andaré’hEFeﬂ" gro AfrEigiageibamy oxYgenFP)- be under st ood t hat

"substitution" ot.,"substj.t ted1 i th, incl.udes the i n%I M:i t 15 .

provi so that sucﬁ‘hgi S tpl??lli’cgﬁ ?W Sali oh"(%%lrcd%ﬂlé% % h perntt pggp rings (.8
val ence of thelogibiis,tdytietikenyds, cyvlaslynylsearylsissd/ot baerbeycdyle i hichitive or more
substi t ujol 0n, R GRULL Sodhoft té%‘g‘?%gﬂ Ogmg&@:,g.,?h& gsvgpé %eﬁ%ﬁs"p%ngs that are

spont aneously undergo trans stch as _byn rearrangenent,

cycl i zati onjoleed Firenghi rom-adiacent atept aefoRAp SUARRSE" Tips-c Bagh of fe rings of the
parti C_U| ar Q@Wlf iy e §ib€ﬂ| ltﬁ&ﬁ%ﬂ?ﬁdcﬁ s&@ﬁﬁﬁnts;aégte?&ibﬁ@l QBSR! as for example,
i nvention cqQnte tes all suyc ogpounds,, i ng .ci S: an

a1 Sonmeteloerh s stk dfevt AL cuserha BSPEN pdipaRtro. sumyary
(1) -i soner s,imitee anside,mphosphwmiaie, e ghdspiénagf parborgl,otindoxyl) xilylr esher, alkylthio,
t her eof , . .as } it h e o] o) i Is L .. _
asynmet e & g@%ﬁf q%fo\gfﬁt er‘%%‘j dg’ec%%’eg geﬁt t’lfof;)sncﬁg’ %%@Habg g h %1 ég%é{? H%E glétnrlm'sw’
al kyl group CER {CN.zitheildeners, as wel |l as mixtures thereof, are
intended to be included in this invention, , 25The phrases

"Bel - medi at ed di 487 8B%ese ZprateciRGFORR 2siser herely mgAng dqnprorary spstitepty which

protect a potentially reactive functional group from undesired chemical transformations.

Examples of such protecting groups include esters of carboxylic acids, silyl ethers of

30 alcohols, and acetals and ketals of aldehydes and ketones, respectively. The field of
protecting group chemistry has been reviewed (Greene, T.W.; Wuts, P.G.M. Protective
Groups in Organic Synthesis, 2™ ed.; Wiley: New York, 1991).



Bel proteins” refer to pathol ogical and di sease conditions in which a
Bel protein plays a role. Such roles may be directly related to the
pat hol ogi cal condition or may be indirectly related to the condition.
The feature common to this class of conditions is that they may be
aneliorated by inhibiting the activity o function of, or association
with Bel proteins. 30As used herein, the terns "Bel" and "13cl
protein” are intended to enconpass one or nore of the Bcl-2 subfamly
of anti-apoptotic proteins Bcl-2, Bel-w, M1-1, Bol-XL, A, Bill,

Bel -B, BOO DI VA, and their honol ogues. Synthesis of Heterocvclic

Conpounds | eHger k@td3 irraimnrqes“toﬁm heiesGychhd chmpeiyids afer to
t he present i,aventi‘g]n arﬁ. i,ve rrenb r.ed %‘ﬁf r.oocycl es, The fltl Ve d
menber ed het BABEOEEDanESIHORL br epaPs %1 ad He r eactBHgHIIOnY, an

t ri phosgene, nonhitepitetgendfonyhi goypss hteopdcdesly.sul Taay kb oftriflatedn d“todybate”
like, and 1, ‘%‘w@g‘gl@; " eda #‘SO%QB&:@” tc;]‘ dﬁﬂ&rﬂ@la&l@uﬁcﬁatc %%tcxl ﬁéto(ﬂlcﬁégumtc L::Her

certain instanc i've nenbered heterocycles present

i nventi orf camethanepiifopaicedsipy akk nosafiorebrtapgsubfanate cestari fitgodgnebhgspups and
1,2 am no t hhQkeulQlthet con@indHdBos! dsftivelydehyde or ketone. In

certal n instances, the heterocycl'es of the present invention can be
synt hesi zed frommyedmz'ambm-&ems gara@ostiairgesyls to afford
2-pyrridones. In certain instances, the five nenbered heterocycl es of
the to present i Mherdbboviatmns Bée,sEinPhe¥T, 260 Trs iMg reprgs8at2inethyl, ethyl, phenyl,
cycloaddi 1 Afaf&RhbEaTkARNEEN aRoAAABILbYEARG T 82 BRLILARAY! | 4 and

and an al kene azonet e substrate a d al kKene may cohtain

I ne
functi ondl grehEssdinyh E?Séeqtb’ﬁg’c He FoEatortEshepsYs bsdof S sbbravistipprgtilized by

synt hesi s Oforgaxﬁ%ﬁe@lhgtgi bN6rafiRfEskilt th mesutt aj:ﬁhai-sl’lﬁ'ﬁtl@d'ﬁ:@ﬁms@ d::ewns\rommedof the
e.g., AgQAc, ?dgs tQ tg{;e [ eac ‘E? gl{ %ﬁ;al n &t ancglé
reaction m x{"ﬁ’ﬁ’@ PEOLsie hgsfs: Wisast IS1 W”@ ePrziFen I‘i‘B 4% Lf‘&&
reacti ons arldstcdibbediatiohs.in a |iquid reaction nmedium but can be
carried out on a solid support. In certain instances,.the L
het er ocycl es can lowilkhaundastoedithat tubstitdiop3 ep {substitnted dgtht iinsdpdgs the implicit

ni trones;sand,ygdibey Haps@hcgﬁlaaktﬁmnmein%saam& wHHCRRRlte@ValdAge b el dubfiffuted
cycl oadducts can then be reacted with nesyl chlorjde

e Syt B RuiEITh q0S T s FHRHBER S s S EORPE T s fioh

t he i soxazoldodi MGt kFontadtadd nadeted NanstOmaKbn eus af tbaneamislgyments tidestion,
to forma pyﬁrol i, di ne, as described in the exanpl es bel ow (see al so,
U S.S. N, 1TTHe48% %% ed Iune 17, 2005, Publication No.

20060025460, her @cﬁggﬁﬂ{ﬁgﬁ&trﬁgf Bt u‘?gﬁﬁ egebﬂeﬁik%r @@wcﬁssmm forms. The

Typically, the NO ducti on take ace in protic solvent,
such as et HpaeesNt inyention rqorterpdatesosil %htcgmp?wsmﬁle%sféhaed dEIaTES, R-

of the presemnll J-eetidrh&s, aaﬁefébmerzS(dmhefseg)mhﬁfspaﬁcﬂa@@mc ThiR&®es thereof,

conpounds can be nade od nt art. .For
xanpl o, t heMCTRFoEIES Hefobe® PR aEIBL AR SR Uniel LR Additona

strat egi es fasmmnaﬁy@hrunnptmmam be preomt B nsubgtithend smbcdseaplitl goup. All such

speC|es sep ggg§ : ,3

am no al cohg cﬁﬁ&% g%éf 1@%&%&%& tf hlééﬁﬁ?ﬁé\%r}glbgmcn;ugg?ﬂi S'Néﬁmr%

thiol algohols camebfri¥s F‘Baaﬁe&&bmmsmlﬂfn%ml “d;éa!rd& In%;atém,s g8 CaxpRssing
t hi ophosgene_to 30 generate a mbered ri n(% ew se

memeber ed r iHREUR RO @ EPL PR T & Aot o P Bk Bptein plays
condensat i orrolee &utk ﬂﬂé}; may bé dﬁadtlmmeﬁ&dﬂietplaﬂﬁldgﬁﬁbédnﬂhﬁm ok fnay be indirectly

addi tion, u [ S het er ocygl.e rer ci al

avai | abl e ang1 P‘gg %ISC %‘? if & o i é’fndmtnﬁé%b% ag(’fuog nnr: Oqsﬁ%%ar%%yeﬁ?ybe
i nvention. ameliorated brdthhibibingdhesactiviiest Sngtiontdfeoretoeintiory with Botpowinst he
heterocyclic conmpounds may be derivatized using a variety of

fimetion¥ izati orsrsedhesfstr Ao “Pal”rad Bl protria] pedetmrdedity eneonmags|ong or

i ncl ude pal |agk WineEoall BebERRg bF anbadcptoft hestind Bbi-glegeior, MENM, Bol-XT, Al,
B{ll, Bcl-B, BOO/DIVA, and their homologues.

D—ﬁ

%Sﬁnd_aml
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Bi ol ogi cal Activity Analysis The following in vitro binding
and cel lul ar assays can be used to determne the 15 activity and
specificity of conpounds of the present invention to bind-to Bcl-2

and inhibit 13c1-2 function in a cell. Bel-2 Binding Assay Bcl-2 and
Bcl- xL bi nding can be determ ned using a variety of known nethods.

One such assay is a sensitive and quantitative in vitro binding assay
using fluorescence pol arization 20 (FP) described by Wang, J. -L.;
Zhang, Z -J.; Choksi, S.; Sjam S.; Lu, Z.; Coce, C. M; Anenri, E
S.; ICongold, R; Huang, Z. Cell perneable Bcl-2 binding peptides: a
chem cal apmwesels borapertdziCorpatdizt i on in tunmor cells. Cancer Res.
2000, 60, 1498-1502). Cell based assays The ability of heterocyclic
conpounds of the lprc@sdnﬁndtmmtth@hetcrgcbicﬁh cmpound$ bf theSredenbinentipniare five
cancer cell s, i fets Oﬁfegtﬂ}]éqﬁ%\@némﬂﬁrq%ﬁdé}@!e% HGHDIA RIrf e rezction

When RLcel |l s are expose to t eroc I ¢ _Conpounds of the present
i nvention, tdfériphosgesies Giophesrsns. éhlaﬁé@ﬂ@&?eﬂ’@@ﬁl'm@%@ i) the Hke. |ﬂﬁd { fe@mino

Aamar bldie goheii Gid Xmﬁﬁﬁﬁﬂolw bh 1|2C59m‘!ribls UBS céifaid TEREY Uhe ¥0R Bbhbed
about 1 pM (See Exa g% Waen Panel \bl S arede‘ﬁp@%ed t0

het er ocycl i dle@ewslﬁm P{eﬁ‘é“tdF“é%‘H‘E CPIh & BISPaT FEPFSR| 03&% »f pmino
canpt ot heci na,lcdhbe 1,2Qmifd tHiblI aris2 eiammeammyanem@hgda @ keloae-Id egredidinstnces, the

cell killin .1 0odl.de e

ceth ebb. e B AR TRl IS e B S M 9380 e
Bc1-2 i nhi biacigsgo laéfor bemdsh@vwﬂnt@rtme ingtanicsse trwg@vm@mherndmﬁemcmes of the
cancer cgl ' ig irRentiin! n%%@@?&hesde&!%!ﬁg'ﬁ%;—z*j’%clegidukdxméa&%nt Between an

breast canc US 2003/ 01198947 publi she i cations
02/ 097053 arfdeaipl @pion 38 3azomgtyine, ylidg,arch am plkengs fzpwe%wﬁoy ideciybpypte and

refere n?a}i dlkséﬁg heapR Ssohfial gﬁ@g%%ﬂg%){uﬁ 511ta§137f06 86h)emll<c&lmdehvﬁﬁfahod @IBwing
cancer ture an nec anc
(publ i shed PEFREHHPS %@ﬁ%ﬁ*%%ﬁzﬂﬁg %mw‘r TR BF oer%té%oﬁff is added to

reference), thnteabtink dnicagaif pastinces) dd rRClommptiieat subjectA@ tO Dead 3 &8 gsneral, the
her eby I ﬂcorsggj'tregttrggotim{s Iél%fc% % 1mna IPUId 1@%0& nllf{aPJﬂF }}Il?l;:!&n Q@X&Qf}g&: on a

shown to 'be active agal nst a nu cancer
combi nat i on salid Wumoﬁ@ rin amrtﬁzeam%témceag@ﬁthstemwl%mb? éwth¢swe1i Jepmh ghe [3+2]

but not i mJy@l@atﬁd?monlgf REiedst &anﬂgﬂm (A¥otibis dPRS tsaxnBthy Qlégﬁdlsﬁﬁ‘@le fedulting
application WO 02/ 097053;, her eby Bcor}gor ated by ref er nce state

cancer (Wt iryelgaddugls efan BﬁBI Beg F@Gte ERssYlc shlp FoH Y -mesylate-

her eby i nCOhﬂﬁhﬁdlﬂ%eprbﬁfaﬂj’o@lmQ& Smh),&adNecmHmnmﬂthe:amah({]Wisheduced and the
docet ax publ i she calipn V\D 0241997053 cspn%regb

i ncor poria?t ed"BY° PR gapg?\%se’ﬁ Q)%Ihzc non 8 el ung canc’%rthe( Wppes below
paclitaxel, (Mztakoe [2005) 1143555366,71?166&196 17} ﬁO@dQuﬁ!hc@ﬁoYz ot PaD6AB25460, herein

af orenent i Oﬁﬁ&éﬁ& BaldBn &g @EH&%@?%&&% th%fﬁiH bolR k&flidh takes place in a
i nhi bitors of gr ot el ns di SE ay 'synergy wth other anticancer
d

agent s, i nclficiglvepltushos melhimmpkd to et op05| de, doxor ubi cin,

CLEL At T, PR el A O B St ZR0R) 0 BE OB o
further r ovmagisreachdierdsyctesr Thase abinpgmdnchnrteduadengingremibes ef methbys infthe
cancer as V\a&lrtl F7 e%rn]?l'é, ﬁx%l ﬁéf&g&ﬁ:ﬁe%dcag'b%osryq&'égizew uﬁ@%&l%ﬁ'strmegies from
- acyclic precursors containing two nucleophilic species separated by three carbons, For

example, 1,3 diamines, 1,3 amino alcohols, 1,3 diols , 1,3 dithions, 1,3 amino thiols, or 1,3

thiol alcohols can be cyclized using sulfonyl chloride, phosgene, or thiophosgene to

3¢  generate a 6 membered ring. Likewise, six memebered rings can be made by intermolecular

or intramolecular condensation reactions, or [4+2] cycloaddition reactions. In addition, a

number of six membered heterocycles are cgmmercially available and can be modififed to

yield the compounds of the present invention.
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Cancers or neoplastic diseases and rel ated disorders that can be
treated by adm nistration of conpounds and conpositions of the

present invention, include, but are not limted to those |isted bel ow
(for a review of such disorders, see Fishman et al., 1985, Medi cine,
2d Ed., J. B. Lippincott Co., Philadel phia): Leukem a (including

acute | eukem a, 25 acute |ynphocytic |eukem a, acute myel ocytic

| eukem a, nyel obl astic, pronyel ocytic, nyel ononocytic, nonocytic,

eryt hrol eukem a, chronic | eukem a, chronic nyelocytic (granul ocytic)

| eukem a, and chronic | ynphocytic |eukem a); Polycythem a vera;
Lynphoma (i ncl udi mmlai@@ignﬂaesmdjfmrmdlmme hibelhéteracolidicompeeds may be

Mul tiple nyel pma; WAl denst ¢ cro buI| em |

di sease: anfo88REY YSipET §alﬁ%ﬁ 8ﬁs ﬁ’gf’athodm% eragtéoe{l P %8?7‘%% ﬁzp{n%1 X%Eta 1&3 pesentative
l'i posar COmisxﬂMhdﬁMmmmpm@mwosmo@mmlhdﬁbﬁ dosred halides, oxidations,
angi osar cong han 0 hg t c 1 \
synow o, (8;{5%{51 1|'38 rm?ng ﬁ'l %’]e %\Mﬂgg ?e'a eQ?xg #“;glsggégggﬁﬁé‘s, Béfﬁ:yc ic reactions
r habdonyes aursmﬂm;omme@alg@mmemﬂmi aEproteciing Sawsetnd the Weest c anc er
ovarian cancer, Erostate cancer, squanous cel | ng|nona b 33 d
carci nom, adeno&he B‘FWFGP{%P“%%@QE’“’E’F &h H“"dﬁ\‘et??‘?fbh’ﬂ 1 BPRVEHHS 8?? s an
carci nome, PBggk |'.E§c§"a&it1%§6 bii® Hhctif@p iy calemactamot nissueabst express the Bel
cyst adenocar ci no car ci nonm, , br.anc - C) . .
Fenal col | UG SHPOEEnS: FH RN AP g n sleBhfely Rt he and
chori ocar ci apopeticsativity oé onbndreyomaberadrtbs Bok subfithily 'of apfirapoptotic proteins.
cer vi cal Pl a%g Beter%ggcﬁfcr&gm%@'@fﬁ é)g tHeQR{enfith B deIBY 1o t{'édfw{)ﬁﬁﬁpdumﬁﬁg from a

smal | car carci noma, epithelia rc

gli orra ast ﬂ@wﬁ ovleted tecBiell [EppRrtain w@c%ﬂ%ﬁ%ﬁﬁ%@%ﬂd %é]PFdB’/‘ n are
pi neal oma, hesaRs e RASLRERfediOMsh tancBeUr oma, ol i godendr ogl i o,
meni ngi oma, nel anonma, neurobl astoma, and retinoblastoma). 10In a
preferred epgeeEMctivinhendppounds of the present invention are used
to treat cancers including, but not limted to, |ynphaomas Spreferabl¥
follicular ly rrpha*ha folliving & viteer Biading catl|celiylprrstis, cardift $56d ¢ dptermine the
! ynphonal 05.0 G L&ﬁa{}o@ﬂ&h&ohﬁé@@@ﬂmseﬂf Reéinh o 6306 Bel-DRi® inhibit
preferab ne |nsen5| ive), breast cancer (preferably estrogen
recept or po§$%?@€¥“mﬁEU¥%%Hastona, colorectal, endonetrial, ovarian,

| ung (preferapgé @ 55 15 cell), hepatocellular carcinoma, nultiple
nyel oma, he testicular cancer (preferably germcell).

Bcl-2 and Bel-xL binding can be determined using a variety of known methods. One such

assay is a sensitive and quantitative in vitro binding assay using fluorescence polarization
20  (FP) described by Wang, J. -L.; Zhang, Z -J.; Chc_)ksi, S.; Sjam. S.; Ly, Z.; Croce, C. M.;

Alnemri, E. S.; Komgold, R.; Huang, Z. Cell permeable Bel-2 binding peptides: a chemical

approach to apoptosis induction in tumor cells. Cancer Res. 2000, 60, 1498-1502).

Cell based assays

The ability of heterocyclic compounds of the presemt inventionr to inhibit cell-

25  viability in cancer cells with Bcl-2 protein over-expression was demonstrated. When RL-
cells are exposed to the heterocyclic compounds of the present invention, the inhibitors
show a dose-dependent celi-killing in the Alamar blue cytoxicity assay with ICs values of

from about 100 M to about 1 uM (Ses Examples). When Pancl cells are exposed to the
heterocyclic compounds of the present invention in combination with camptothecin, the

30 inhibitors show a synergistic dose-dependent cell killing in the propidium iodide exclusion

cell survival assay with 1Cso values of from about 100 pM to about 1 uM (See Examples).



Treatment of Cancer in Conbination with Chenot herapy or Radi ot herapy
One or nore conpounds of the present invention can also be used to
treat or prevent cancer or neoplastic disease in conbination wth one
or nore anti-cancer, 20 chenotherapeutic agents including, but not
limted to, nethotrexate, taxol, nercaptopurine, thioguanine,

hydr oxyar ea, cytarabine, cycl ophospham de, ifosfam de, nitrosoureas,
cisplatin, carboplatin, mtomycin, dacarbazine, procarbizine,

et oposi des, predni sol one, dexanethasone, cytarbine, canpathecins,

bl eonyci n, doxorubicin, idarubicin, daunorubicin, dactinomyci.n,
plicanycin, mtoxapt Ezﬂﬂﬁtorﬁﬁ@@lhaai SRS, to Bk a&h&&fginﬂﬁ: a mimbey bH@iht&tce tines

vi norel bine, pacl! taxeliné'.}u g‘%ﬁ?"ﬁ% éﬁﬂ&%tg& rQa]anaqag Qéo‘%ﬁ:h?gsgof, published

canpt ot heci s sipgle S oprefefre

enbodi nment , mp@ncmnnemmmmsmmwg Q' 88ehtalli afiwehithi @n hessby dwedrpotated
treat or prevent ca C 1

or nore cher?’ﬁtrﬁttglfeém@n?mcp gfn%ggﬁ%{ra%a can(:g?‘7 g@éh@* E@f luglg c%éeglsﬁgtﬁm
not |im ted {(2@5) H@%eﬁs’a’#ﬁ(&m Hyed end n@ﬂ} cﬁa@hr £publishedPGE appligatioendWal PRRI7053;
Ni trogen w%&@%ﬁ%néérﬁ@'&f&ﬁ' Bg &Ye@érfé?)hoeﬁﬁh?egkéiﬁas |(F9[§fsﬁ£ﬂ %57 application WO
trof osfam d | oranmpuci | ,” Estramisti ne, and phal an);

Ni t r osour ea92(1B8:; benehgn@amt?éqd.wéeiem)) and Lonustine (CCNU));

Al kyl sul phonat | f d, T | f

e B TR S8 e SRR 553 e
Ci splatin, dactaphatdinwithrdheapitatérndgentPlaad radMtion) oichiling; hcﬂ ngdi limgjted to,
vincri St' ne, bfﬁ\éif ,?_L&%;' th \ﬂo@cT°§ %}ﬂgﬁéh&? biiog odl gghcaﬁgﬁ:l W@éﬁ!ﬁ@fyj hereby

Ebcetaxo OpoOl soner ase ors (incl 0S|

Teni posi de xm@pmaé@chw referenpich @mﬁtﬁfﬁ @pm&Wmth deegtgreb p}l‘ﬂiﬁheci REBAPPligaipnsVO
crisnatol); oBHoPERas inRreby lﬁmrboraﬁaaﬂpiefére&e) Aﬁhd ah@'rﬁbl@%a&deﬁqml d\ﬁetaxel
met hotrexate, Jri netrexate, 3 é % Ti azof u }) t? rn,

El CAR, hydr G¥bHshed, PCTerralisalin Wé? %? S dFRY H?F&H%S’@%e‘{ % PSR , and o
5- Fl uor our aginkll-cEil (Ixmgrmlbﬂecwmpadlitwel QVanere (BROSH t455,x@1?—6&1a|dacadﬁaion ne the
cytarabl Qion Y LOShAE car a nd _fl ydarabine) ; BPuri .
anal ogs ? i n%%’ﬁ%ﬁ‘ r{él R rcap bérbaltﬁg? ne egln F‘g?uarﬁmﬁg)% &o{rﬂﬁo%ﬂgfbﬂl&s 3 Bel-2
t her api es; Iﬁe:rte:pa alisplay syrtengyomiidt othet puticadeen peFabyp diclusing, Rak ot flemiged to
nmegestrol, [ r 435. 677-631).
bi cal ut am de B%g% |d§;gi" dsyi%e&tglsc%lgt aﬁﬁ%ﬁ&?&r\%%%&lg\%&r@ggoﬂ)%,’ I77016-|81)
1060, vertomﬁdﬁofm&wndﬂ&IMhpcyanl ne, photosensitizer Pc4,

Denet hoxy- hypocrellin A (2BA-2-DVHA), Interferon a, Interferon vy,
Tunor necrosi s f Tbe qrysentamdrentidre figthel pedvidkis ngethodsa faratreating and reducing the

1- met hy1,,4- BQ%@}’J &ycaié%irr] %@h Efamex%&.%eggmgiga erﬁ&.tciomgm n D, 15

Dact i noryci n eonyci n epl onyci n, daunor ubi ci n,

Doxor ubi ci n (adr icg#aeed B}, ndof Bt delbes Fﬁurtéméa QRisofdefsa B3k Cdafl, be treated by
Zorubicin, M toxantron? verapam |, tha g %L Avasdn, ., Er bi
e mn Qf e

Rt uxan,  Pr @CRIRTRHRR Of PAEPPH eGP TSI ByeRion: Buchuds: but are
Bortezom b, n@emmtécafu hese ltddodalow for Eeévidvw ni fich Stoatess ke, Fistghn et al., 1985,
Sutini b). h u i_ail .

adm ni st er egf efgc aCcor i’ ﬁgﬁ t féip§ Wg(?tg&éu? H‘Ma@f}%{ gq;e?fcé'& I(#Qﬁﬁﬁ%m&g&uﬁ&w’
art. It 2| |ac1be1}@p¢apﬁmlem1@mmmtes mxeloeﬂhq reukismia r myeleblastich epromyelocytic,

adm ni strat 'n@fé a)e ponﬁgbﬂlcc hﬂmc%ﬁé agﬁrﬁﬁbﬁu@:ﬂﬁﬁ't c}ﬂﬂﬁéofsuﬁéﬁhatch%mt heJeRRYtic

can be varie e on the dlsease eln treated and known

effects of f#eHerbict h pisgraias j 20 a@B%?PlCad&PB‘?GCV%PdH&F‘F%H% hBPlé{thawa vera;
that di seas@ymphé@a (inbluaingOHstRRE: dikdake ﬁlhﬁldﬁmg&dged@efas&)hmmt@w ingeloma;

[i mos o adi RSP R o aRP OISR, BHroY e 6hen A SRR DEa (rouding

ef f ect s 30f tiibeosadoma) shﬁrxeﬁrttohar a;inpusamonagemh&zd(-mMDma, antieagenip| astcoma,

Geponses. of MReER sclbetrRinl ki Bhlrm B bl Pkl RORER R smovioma

mcsothehoma, Ewmgs tumor, lelomyosarcoma, rhabdomyosarcoma, colon carcinoma,

10



10 dosage, nodes of administration and times of adm nistration can be
nodi fied by the skilled clinician. The particul ar choice of
chenot herapeutic agent or radiation will depend upon the diagnosis of
t he attendi ng physicians and their judgnent of the condition of the
patient and the appropriate treatnent protocol. 15A conpound of the
present invention, and chenot herapeutic agent and/or radi ati on may be
adm ni stered concurrently (e.g., sinultaneously, essentially

simul taneously or within the sanme treatnment protocol) or

sequential |y, depending upon the nature of the proliferative disease,

the condi ti Qo Qfit BncBAbERB candeRbviaifh ke, roﬁtﬁl@ iogifcef)fsquamous cell carcinoma,
chenot herapeut | c_agent and/ or radi ati on E:ﬁ(i %1 dm ni setcbered

conj unct i on bpsal eell Cajingma, adenopsranEmp, WEE 8?‘30“\,\,;3@%‘1 garcinoma,
conpound of phfiBarpr asesihonhd)V eabilan, hrﬂenacarﬁnqnmsnd cgétadehecapmmt medullary
i nventi on, andthece thera eutic n

adni ni st er e §SPREIR BRES c1ggm%,nt19a§| |E:11 @!,S}?{anJ tan %ﬁleaﬁﬁt Qé%moma
opt i num er dehqno@ircmdmansmmcana,@m@onamrmm%ﬁumWeGW@élmcefa Uteﬂm
| nventi on, 8l|£ q608 s n’Dr SELgat o?rgilegﬁlaﬁ%gﬁ Ung’ &FiAShA bladBY cd8inoma,

di fferent for eren certain situations, the
conpound of epithsligh eerseinommy egomsn eeijocliomae nimerelioliasteme, - Sramjophrygema:

by the adm gj, éﬁ?ﬂ&ingn Phealdi®, Chanmizhdlapal] | foagien neddmlhpr oligadindtdgtiona,
and in other sj atlon}%gt he chﬁ\?{gt her a utlcma ent. and/ or radi ation
may be admi HIEBIEIORE: MelAEPmAAPIRRERTOR FHEHIREN L ati on of a

COMPOUNGyof e Pie ey SOblARnd Hecalibf #%Qh@ﬂf@séﬁ't Sl Ol T t

be repeated durlngasm rea term nati on of
t he order ofre@Ocanchrs inciuchng, ibyh notahdufﬁch éoa rymplamast (Predpahly tplpderofymphoms,

adm ni strat 'dﬂﬂlsmarg@ﬁmehh%am h@anﬁg%ﬁl bﬁlg & dnF @ RRiphoditie lakehia),
is well wthin the know edge of the skil] &Hésbman af t

eval uati on ®FOStriE Uaﬁ@é%@eﬂgFfﬁﬁb‘ch}é)é‘[‘"B’ﬁc ’&ﬁed"s E?ﬁ%iﬁﬂ?%ﬁ%%?ﬁ*fahg estrogen
pati ent. FOkec@¥RiPbstive)@urcblastoma, colorectal, endometrial, ovarian, lung (preferably small

15  cell), hepatocellular carcinoma, multiple myeloma, head and neck or testicular cancer

(preferably gemm cell).

Treatment of Cancer in Combination with Chemotherapy or Radiothera

One or more compounds of the present invention can also be used to treat or

prevent cancer or neoplastic disease in combination with one or more anti-cancer,

20  chemotherapeutic agents including, but not limited to, methotrexate, taxol, mercaptopurine,

thioguanine, hydroxyurea, cytarabine, cyclophosphamide, ifosfamide, nitrosoureas,

cisplatin, carboplatin, mitomycin, dacarbazine, procarbizine, etoposides, prednisolone,

dexamethasone, cytarbine, campathecins, bleomycin, doxorubicin, idarubicin,

daunorubicin, dactinomycin, plicamyein, mitoxantrone, asparaginase, vinblastine,

25  vincristine, vinorelbine, paclitaxel, docetaxel, 5-FU, epipodophyllotoxin, camptothecin, 17-

AAG, or cyclophosphamide. In a preferred embodiment, one or more compound of the

present invention is used to treat or prevent cancer or neoplastic disease in combination

with one or more chemotherapeutic or other anti-cancer agents including, but not limited to
those shown below:

30  Radiation, e.g., y-radiation; Nitrogen mustards (including cyclophosphamide, Ifosfamide,

trofosfamide, Chlorambuecil, Estramustine, and melphalan); Nitrosoureas (including

carmustine (BCNU) and Lomustine (CCNU)); Alkylsulphonates (including busulfan and

11



chenot herapeuti c agent and/or radiation nmay be adm ni stered first,
especially if it is a cytotoxic agent, and then the treatnent
continued with the adm nistration of a conpound of the present

i nvention foll owed, where determ ned advant ageous, by the

adm ni strati on of the chenot herapeutic agent and/or radiation, and so
on until the treatnment protocol is 5 conplete. Thus, in
accordance with experience and know edge, the practicing physician

can nodi fy each protocol for the adm nistration of a conmponent
(therapeutic agent, i.e., conmpound of the present invention,

chenot her apema&smfeagg Mhiafthed, 3déDkd m@aarmzmtehmatmmtcaﬁnain@cmﬁhﬂ@ ticluding

the individ atient's.needs S,.t o] eeds

Conpounds of ’fFH T 50 gﬂ?lfﬁélh &y C? 138{%@3% (é'ﬁr g WOk P%nvmb]asme
rel ates to &iadespeuriinoebies epdclithxbly dndr Butadiaxbl); DINAS T@poxawmerase Inthibitors
unsaturated f r I

Phereof - whdraiy g Se, YenfhoBid8 A 6 AujpoREGISRIAL, Srtl fupteosn, e
Xis -N R|50) -cpsrmtolh beytdmypin |6 OAnti-membollies; 4 Am-folptess: (rgbuding \methairagate,

(Rich Z . #ddnetrex iR Om%tgoﬁehéllc St - 1T1a§>(fﬂﬁt? 1R1"b§ﬁi% OEI@fQ[Qh Rlarédburea,
and Ay is in pendent al’kenyl, a chloalkyl

aral kyl , hetdeFpaing); ¥w&1@er@awiogs K’é‘F’é’ﬁ’B&r%FlPBS?PIa"“d%)“ﬂ dipRRgyifluridine,
-C(0) 1210 TR, ap%:ﬁbﬁﬁl\lal@t&abmc $4iQ) @)/ A0ytositd QyaBH3dide, arfd @)1 @4dbine);
0; or has t ?m];g : m['ogs (mcludm% erca;)tu))punne andzﬁnoguanme), Hormonal therapies; Receptor
10  antagonmists (including Tamoxifen, Raloxifene, megestrol, goscrclin, Leuprolide acetate,
flutamide, and bicalutamide); Retinoids/Deltoids (including EB 1089, CB1093, KH 1060,
vertoporfin (BPD-MA), Phthalocyanine, photosensitizer Pc4, Demethoxy-hypocrellin A,
(2BA-2-DMHA), Interferon @, Interferon vy, Tumor necrosis factor); and others (including
Lovastatin, l-methyl-4-phenylpyridinium ion, staurosporine, Actinomycin D,
15  Dactinomyecin, bleomycin A2, Bleomycin B2, Peplomycin, daunorubicin, Doxorubicin
{adriamycin), Idarubicin, Epirubicin, Pirarubicin, Zorubicin, Mitoxantrone, verapamil,
thapsigargin, Avastin, Erbitux, Rituxan, Prednisilone, Imatinib, Thalidomide,

Lenalidomide, Bortezomib, Gemcitabine, Erlotinib, Gefitinib, Sorafenib, and Sutinib),

The chemotherapeutic agent and/or radiation therapy can be administered

20  accoxding to therapeutic protocols well known in the art. It will be apparent to those skilled
in the art that the administration of the chemotherapeutic agent and/or radiation therapy can

be varied depending on the disease being treated and the known effects of the
chemotherapentic agent and/or radiation therapy on that disease. Also, in accordance with

the knowledge of the skilled clinician, the therapeutic protocols {e.g., dosage amounts and

25  times of administration) can be varied in view of the observed effects of the administered
therapeutic agents (i.e,, ‘antineoplastic agent or radiation) on the patient, and in view of the

observed responses of the disease to the administered therapeutic agenis.

The heterocyclic compounds of the invention can be administered to a patient in

the form of a pharmaceutical composition. The pharmaceutical composition comprises one

30 or more of the heterocyclic compounds of the invention and one or more pharmaceutically
acceptable excipients. In certain instances, the pharmaceutical composition comprises one

or more heterocyclic compounds of the invention, one or more chemotherapeutic agents,

and one or more pharamaceutically acceptable excipients.

12



wherei n i ndependently for each occurrence of la; nis 1, 2, 3, 4, 5,
or 6; 1219 is aryl, cycloal kyl, cycloal kenyl, heterocyclyl,

het er oaryl ,
-0OQ2RI0, O

N(1t10)2, -N(Rto)C2Ri 0, -N(R10)C(0)N(R10) 2,
-C(0O)N(Ri0)2; or is a polycyclic ring containing 8-14

carbon atons, of which on; two or three ring atons 5are independently
S, 0Oor N, or At and Ay taken together form=0 or =S; or Al and A2
taken together with the carbon to which they are attached forma 5 to
8 nmenbered heterocyclyl, of which one or two ring atons are

i ndependently S, O or N, 710 Bis 0, S, -(0=0)-, -(C=S)- or,; or has
the formul a 113: I @enerdipcostygrednoihe predion iGeRndgn gndi the Chemigthe@gpe8tic dgent do

or 5, 15€acqj ?La\lg P%@%dl%rﬁﬁaﬁ%&'up&%%%“gﬁﬂ Juﬂ l%ﬁﬁBﬂs@&&P 'éﬁc? ﬂécause of

al kyl , alkeny

eterocy

cycl oal | cenydifferont nlmxead ond yhemxeatl emramnm hp'eﬁde rbetaég@vﬁened 1bb5rd eaer@, reutes.
8 nember ed rgqop Qxaaﬂﬁle,Rc?or@ﬂ&n@ of ﬁ{&eﬁ}cgeﬁgﬁbglﬁibnfn%%@a&l-mn&tm%ously io

ring; RO |s

10

13

20

25

30

H,  heterocyclyl, heteroaryl hg;loz N(t 10) CO2
generate and maintain good blood levels ile the chemoﬂlerapeutm agent may be

administered orally, The determination of the mode of administration and the advisability
of administration, where possible, in the same pharmaceutical composition, is well within
the kmowledge of the skilled clinician. The initial administration can be made according to
established protocols known in the arf, and then, based upon the observed effects, the
dosage, modes of administration and times of administration can be modified by the skilled
clinician,

The particular choice of chemotherapeutic agent or radiation will depend upon the
diagnosis of the attending physicians and their judgment of the condition of the patient and

the appropriate treatrnent protocol.

A compound of the present invention, and chemotherapeutic agent and/or radiation
may be administered concurrently (e.g., simultaneously, essentially simultaneously or
within the same treatment protocol) or sequentially, depending upon the nature of the
proliferative disease, the condition of the patient, and the actual choice of chemotherapeutic
agent and/or radiation to be administered in conjunction (i.e., within a single treatment

protocol) with a compound of the present invention.

If a compound of the present invention, and the chemotherapeutic agent and/or
radiation are not administered simuiltaneously or essentially simultaneously, then the
optimum order of administration of the compound of the present invention, and the
chemotherapeutic agent and/or radiation, may be different for different tumors. Thus, in
certain situations the compound of the present invention may be administered first followed
by the administration of the chemotherapeutic agent and/or radiation; and in other situations
the chemotherapeutic agent and/or radiation may be administered first followed by the
administration of a compound of the present invention. This altemate administration may
be repeated during a single treatment protocol. The determination of the order of
administration, and the number of repetitions of administration of each therapeutic agent
during a treatment protocol, is well within the knowledge of the skilled physician after

evaluation of the disease being treated and the condition of the patient. For example, the

13



20N(Ri 0) C(0) N(Ri 0) 2, -CCaRi 0, -002R10, -0C(0)N(R10)2, -C(0)N(R10)2,
halide, nitrile, nitro, or acylthio; RL has the fornula |c: | c
wherein qis 0, 1, 2, 3, 4, or 5, r is O, 1, 2, 3, 4, or 5, Arl is a
nonocyclic or bicyclic aryl with 6-14 ring atons; or a nonocyclic or
bicyclic heteroaryl with 5-14 ring atons, of which one, two or three
ring atons are independently S, O or N, or Arl is represented by

formula id:

10

15

20

25

id Wherein s is 0, 1, 2, 3, or 4;

chemotherapeutic agent and/or radiation may be administered first, especially if it is a
cytotoxic agent, and then the treatment continued with the administration of a compound of
the present invention followed, where determined advantageous, by the administration of
the chemotherapeutic agent and/or radiation, and so on until the treatment protocol is

complete.

Thus, in accordance with experience and knowledge, the practicing physician can
modify each protocol for the administration of a component (therapeutic agent, i.e.,
compound of the present invention, chemotherapentic agent or radiation) of the treatment

according to the individual patient's needs, as the treatment proceeds.

Compounds of the Invention

One aspect of the present invention relates to 2 compound represented by formula 1:

or an unsaturated form thereof or a pharmaceutically acceptable salt thereof;
wherein
Y is -C(Ryo)2~, ~(C=0)-, -(C=8)-, or -C(=NR0)-;
X is -N(R,g)-, or a bond;
mis0,1,2,3,4,5,0r6;
O

1 i)
AiS—S(O)-, S(0)pr, kw02 | R0 C(A(A):

each of A and A; is independently H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, aralkyi,
heterocyclyl, heteroaryl, heteroaralkyl, -C(O)NR10)2, ~C(O)R10, -CO2R10, -S(O)2N(R19)2, -
S(O)R1p; -S(0)20R 0, -S(0)2Ry0; or has the formula 1a:

g_(C(Rlo)a—Rﬁ
1a

wherein independently for each occurrence of 1a;

14



each of X2 and X3 is independently for each occurrence H, alkyl,

al kenyl , 10al kynyl, aryl, cycloal kyl, heterocyclyl, aralkyl,

het eroaryl, heteroarallcyl, hydroxyl, acyloxy, nitrite, nitro,
halide, ORii, -C(0O)N(1210)(RII), -C(0)R11,

-S(0)2Nal l oan), SRI 1, -S(O)R 1, -8(0)20R 1, -S(0)2R11, -
C(=NRION(Ri aRt 1), or -C(=NRCcal O; or has the fornula la; A? is a
nonocyclic or bicyclic aryl with 6-14 ring atons; or a nonocyclic or
15bi cyclic heteroaryl with 5-14 ring atons, of which one, two or
three ring atons are independently S, 0 or N X1 is a bond,

-C(R1o) 2-, -S—,OBHSQ?;;RQ:;'@HH a branched or unbranched al kyI or

| k I I I het | k
By Yo 1e i RV e R ChB o R85 M, s -
- SR10, - N(R10) 2, N@%Blz@)—W@MR:d\I(-N&@)C@NM)ﬂ -0Q;R 10, CERRAOPN (R o)z5 o Is 2
mOZR.I O -0 0) % 1Etn§§gc%§§§gx% 8214 pa%cln %r{x{;”o}'%icﬁ ’on@'t&/ggr 24e rin atoms

acylthio; each o I hdepen each occurren
is H alkyl, all @mytﬂepeaddn;lnﬁl O aap¥al kyI aryl, cycl oal kyl ,
cycl oal kenyté%uﬁxsﬁh Qfgllcéiaéh togd B ERImE xll =5; %Ah%@A?@dkMﬁ fogethe R tﬁe%m%én fo

formula la ; or any i nst ances of 1210 taken together. forma 3 -

nmenber ed ri n’ghwlbﬂwyawaﬁﬁch&d fomen> ﬁ%éé’f‘%‘%%@ﬂly} of itk 8n%eer fwa ring

ring; 1245 isorhk £6 indkitbentiyls, O&-N;ndependently for each occurrence H,
al kyl, al kenyl, allcynyl, arallcyl, %r , cycl oal kyl ,

cycloalkenyl blcycloalkyl het er )gyC , heteroaryl, or
-[C(ll.lZKRis)J-Rui; 30 wher ei n # “Ryp

Bis 0, §, -(C=0)-, -(C=8)-or, ™= ; or has the formula 1b:
I

L)
P

10
ib
wherein
D is N or CRyg;
pis0,1,2,3,4,0r5;

15 each of Ry and Rg is independently for each ocourrence H, alkyl, alkenyl,
alkynyl, aralkyl, aryl, cycloalkyl, heterocyclyl, cycloalkenyl, or heteroaryl;
or R7 and Rg taken together form a 3 — 8 membered ring; or Ry and Rg taken
together form a 4 — 8 membered ring;

Ry is H, heterocyely), heteroaryl, -OR,0, -SR g, -NRu10)2, ~N{Ri0)COzR0, -

20 NR10)CONR10)2, -CO2R10, ~-OCOzR10, -OCONRu0)2, -CIONR0)2,
halide, nitrile, nitro, or acylthio;

R, has the formula le: -
é—(—;w—jy—Aﬂ—XL—Aﬁ—OFL

25 Rio Ria/ q

1c
wherein
qis0,1,2,3,4, or 5
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t is 0, 17 2, 3, 4, or 5; each of R13 and R13 is independently for
each occurrence H, al kyl, aryl, aral kyl, cycloal kyl, heterocyclyl,
het erocycl ylall cyl, heteroaryl, or heteroaral kyl; and R14 is

i ndependently for each occurence H, alkyl, aryl, heteroaryl,

het erocycl yl al kyl , al koxy, am no, am do, or carboxyl. 5Anot her aspect
of the invention relates to a conpound having the formula 10: 10 or
an unsaturated formthereof or a pharnaceutically acceptable salt

t hereof ; wherein 10 mrepresents independently for each occurrence O,
1, 2, 3, 4, 5, or 6; 00 V-FICN(R10)2 Ais -S(0)-, -S(0)2-, ws,,, or
each of Al and A2 is imi#pkAdbrkPySH, alkyl, aIkenyI al kynyl, aryl,

l l k l l k l 1 l monocychic or
O NRIO) 2 Oy R g eaEgh °4?%*°Wﬁl “’18%"@“%9%%%%%?2%@ yol
-5(0)2012. 10, or - S(0)P¥eHe heferagid vi %maw&omf@&f wigeh oura tp @F diirpe ring

i ndependently for eachi@scate iesadedtyl) @ ordN;ios AL is Zopredentdd b forRkiaGa:
and 20R15 is aryl, cycloal kyl, cycl oal kenyl heterocyclyl

heteroaryl, -01Z10, - _ﬁ<i:>

5 Xa)s
1d
Wherein
5is0,1,2,3, or4;
each of X* and X is independently for each occurrence H, alkyl, alkenyl,
10 alkynyl, aryl, cycloalkyl, heterocyclyl, aralkyl, heteroaryl, heteroaralkyl,
hydroxyl, acyloxy, nifrile, nitro, halide, OR.1, -C(O)NR10)(R.1), ~C(O)R1y, -
CORyy, -S(ORNRi0)R1), SRii, -S(O)Ryy, -S(O)0Ry;, -S(O:Ry;, -
CENRiNR10}R1), or -C(=NR10)[R11); or has the formula 1a;
Affisa monocyclic or bicyclic aryl with 6-14 ring atoms; or a monocyclic or

15 bicyclic heteroaryl with .5-14 ring atoms, of which one, two or three ring

atoms ars independently S, Q or N;

X! is a bond, -C(Rio)2- -S-, ~@NR0)-, or -O-;
Rz is H, a branched or unbranched alky! or alkenyl, cycloalkyl, heterocycelyl, or
bicycloalkyl; or has the formula 1a:

20 Rais H, heterocyclyl, heteroaryl, -ORjq, -SRyq, -NRio)z, -NR10)CO2R0, -
N{R10)C(O)N(R )2, -COzR 10, “OCO2R 0, -OC(OIN(R 10)z, ~C(OIN(R10)s, halide, nitrile,
nitro, or acyithio;
each of R4, Rsand Ryg independently for each occurrence is H, alkyl, alkenyl, alkynyl,
aralkyl, aryl, cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, or heteroaryl; or has the

25  formula 1a ; or any two instances of Ryg taken together form a 3 — 8 membered ring; or Ry
and Rstaken together form a 3 — 8 membered ring;

Rs is H or alkyl;
Ry is independently for each ocourrence H, alkyl, alkenyl, alkynyl, aralkyl, aryl,
eycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, heteroaryl, or -[C(Ry2)(Riz)1+-Ry4

30 wherein
tis 0, 1,2, 3,4, 0r 5;
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N(R102, -Nato)00211.10, -N(R 0)C(0)N(R10)2, -002R1 0, or

-C(0)Nat 10)2; or is a polycyclic ring containing 8-14 carbon atons,
of which one, two or three ring atons are independently S, 0 or N;
or Al and A2 taken together form=0 or =S; or Al and A2 taken
together with the carbon to 25 which they are attached forma 5 to 8
het erocyclyl, of which one or two ring atons are independently S. 0
or N Bis 0, S, -(C0)-, -(CS). or,; or has the fornmula 10b: ROr8
RD77 10b wherein 5Dis Nor Ctio; pis 0, 1, 2, 3, 4, or 5; each of
R7 and Rs is independently for each occurrence H alkyl, alkenyl,

al kynyl , ar at®lpfRgrapil Rigipdidsngnidght]y thetagh ocopolenyde, H.ayiol, aajlkemiyll, cyeloalkyl,
heteroaryl; @erbfcfAth is,falﬂqll . 8renbered ring;
or R7 and Rs taﬁgyngﬁme?%%yﬁer, f’gfﬁﬁéﬂ’c{ﬁ%@no%ﬁ?g’e dri ng; RO is H,
het er ocycl yl RfindsRsaasly forppch aepurenesrloalkyirayloheteroaryh hefpocpiilaiyl,

N( R1o) C( 0) N(#RddXy2amin0RiiddCor caB8EAR10, - 0C(0) N(RLO) 2, - C(0) N(R10) 2,
hal i de, rg'trite,(j}{}iﬁrtro, or af%yl.thi 0, R has the fornmula 10c or 10d:
15 S5Ar|>WZ Ri lber aspect orthie invention relates to a compound having the formula 10;

o R
N,
}
. g
3
RyR; Re
m
10

or an unsaturated form thereof or a pharmaceutically acceptable salt thereof;
wherein

10 mrepresents independently for each ocourrence 0, 1,2, 3, 4, 5, or 6;

11 1
‘ YINRo: ¥ TOR
A is ~8(0)-, -S§(0)2-, b€ 10)2, ke 10, or -C{A)(Az)~;

each of Ay and A, is independently H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, aralkyl,
heteracyclyl, heteroaryl, heteroaralkyl, -C(O)NR o)z, ~C{O)Rip, ~COzR1q, -S(0):NRq)a, -
S(O)R g, -S(0)20R, g, or -8(0)2Rp; or has the formula 10a:

3-——(C(Rm)z)—a,s

10a
wherein independently for each occurrence of 10a;
nis1,2,3,4,5, or6;and
20 R;s is aryl, cycloalkyl, cycloalkenyl, heterocyelyl, heteroaryl, -ORjq, -SRq, -
N(R10)2, -NR10)COzR 10, -NR10)C(OINR 10)z, -COzR10, 0r ~C(O)NR )23 or
is a polycyclic ring containing 8-14 carbon atoms, of which one, two or three
ring atoms are independently S, O or N;
or Ay and A taken together form =0 or =S; or A, and A, taken together with the carbon to
25  which they are attached form a 5 to 8 hcterocycl'yl, of which one or two ring atoms are
independently S, O or N

15
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10c (A) \Ro Ror g AOX1 Ar2 (X2)r 10d 20wherein q is 0,1, 2, 3, 4,
or 5, ris O, 1, 2, 3, 4, or 5, Wis a bond; or alkyl diradical,

al kenyl diradical, or allcynyl diradical; Zis H -S12.10, -S(0)2R11,
-NRI 0S(0) 21143, -S(0)R10,- 25CO2R11, -C(O)N(Rio)(RII),

-C(S)N(R10) al11), -CH2C(0) heterocyclyl, - N1210C(0O)Ri 1, -NRI 0CO21211,
-0C(0)14(RIO)R-11), 41C(0)CH(R10)(R11), -

C(---NRI ON(Ri o) (Ri hydr oxyal kyl, nmonocyclic aryl, bicyclic aryl,

het eroaryl, or heterocyclyl; Arl is a nonocyclic or bicyclic
aryl with 6-14 ring atom; or a nonocyclic or bicyclic heteroaryl
with 5-14 ring atons, of which ong, o or three ring 5atons are

I ndependently S, 0 or N, or Art i esent ed by fornmula 10e:
Bis O, 8, -(C=0)-, (C=8)-or, ™ ; or has the formula 10b:

\r]ﬂl
Rg D\s

=)
p

10b
wherein
5 D is N or CRy;

pis0,1,2,3,4 0or5;
each of Ry and Rs is independently for each occurrence H, alkyl, alkenyl,
alkynyl, aralkyi, aryl, cycloalkyl, heterocyclyl, ¢ycloalkenyl, or heteroaryl;
or Ry and Rg taken together form a 3 — 8 membered ring; or Ry and Rg taken

10 together form a 4 — 8 membered ring;
Ry is H, heterocyclyl, heteroaryl, -ORq, -8R0, “N(R10)2, -N(R10)COzRy0, -
NR19)C(ONR10)2, -COzR10, -OCOzRyp, -OC(OINR 0)2, -~C(OIN(R10)2,
halide, nitrile, nitro, or acylthio;

R, has the formula 10c or 10d:
15

st mAr’-W_Z
RioRi/ q

10c
é—(—T-)—ArL-XL—Arz—(XZ)r
RieRio/ g
10d

20 wherein
qis0,1,2,3,4,0r5;
ris0,1,2,3,4,0r5;
W is a bond; or alkyl diradical, alkenyl diradical, or alkynyl diradical;
Z is H, -SRu, -8(O)zR11, -NR10S(0)2Ru3, -S(O)R10, -NR10)(R11), -C(O)Ru1, -
25 CORyy, ~CIOMNR10)R11), ~CEN(R10)R11), -CH2C(O)heteracyclyl, -
NR1oC(O)R 1, -NR16COzR 11, ~-OC(OIN(R10)(R11), -NC(O)CHR 10)(R1)), -
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Wherein $ is 0, 1, 2, 3, or 4; 10each of X2 and X3 is independently
for each occurrence H, alkyl, alkenyl, alkynyl, aryl, cycloallcyl,
het erocycl yl, aral kyl, heteroaryl, heteroaral kyl, hydroxyl, acyl oxy,
nitrile, nitro, halide, ORIl, -C(0)NalOXRIO -C(0)R, 1, - CO21ti 1,
-8(0)2N(RIO)RI 3H41, -3(0)1111, -S(0)20R13, -S5(0)22.11, -
C(=NRIO)N(R10) (Ri'i), or -CC-NH.0(12i I); or has the fornmula 10a; 15
Ar2 represent independently for each occurrence are nonocyclic or
bicyclic aryl with 6-14 ring atoms; or a nonocyclic or bicyclic
heteroaryl with 5-14 ring atons, of which one, two or three ring
atons are i ndependentﬂ:&Mw)Nﬂbfo)(N;:),)@(ﬁmudeehrﬁmX)@?ﬁ ayarocycligaryl,

-N(tio)- or -0-; evolic gﬁ@gpﬁi}g.qm@focya?r anched al kyl or

al kenyl , cycloalkyl &ero bi cycl oa] k or has.the formyl a
10a; R3 is H, heter ocfgwe |1§/41m°ﬁ@cyek<‘o%rrhwchcr\m“h f FPE Gy grmonacyelic or
N(1110) C(0) N( Ruba. - th 50Q(reMNtdins, wahlﬁlﬁ Ohd)(tR: D Ahree ring
halide, nitrile, nltro It

i ndependéntly for eacﬂ"rBEEﬁ'r“i‘ ﬁly %ﬁ?f‘ﬁ& 05%%}‘?)7?”6 ﬁﬁ%#&&rﬁla 1o
aral kyl, aryl, cycloal kyl, cycloalkeny IoaIIcyI het er ocycl yl ,

or heteroaryl or has the fornula 10§ oi)any t wo inStances of RIG

t aken together forma 3 -8 nenbered rlngis r 12.4 and Rs taken
together forma 3 - 8 nenbered ring; R6 I's®™H or alkyl; 30 itlis

i ndependently for each occurrence H, al kge, al kenyl, al kynyl,

aral kyl, aryl, cyclo Qéwi cycl oal kenyl , b|cycloallcyl het er ocycl yl
heteroaryl, or -[C(Rl a-R 4, mhereln t is 0, 1, 2 3, 4, or 5
each of R12 and RI 3 isﬁﬂh&ébénwéhtly for each occurrence H, alkyl,
aryl, arglkyl, cycl oaldgylor )@%ﬁfﬁ%q{ﬁé&indaﬁﬁﬂ&%&{ Mé@hléﬁde,H alkeyl, alkenyl,

B e T O S, i S bl o
am no, amdo, or carb xylﬁdwxbhﬁrmtﬁwemb i FOR 1, OEONNBe) B D R 1 -
a conpound represent eﬁyﬁt ”’ 19 2 (R%(R”), SRy, -S(OWRy1, -S(0RORu, -S(O}Ri, -
C(ENR10)NR10)(R11), or -C(=NR10)([R1y); or has the formula 10a;
15 Ar® represent independently for each occurrence are monocyclic or bicyelic

aryl with 6-14 ring atoms; or a2 monocyclic or bicyclic heteroaryl with 5-14
ring atoms, of which one, two or three ring atoms are independently S, O or
N;

X! is a bond, -C{Ri0)z-, -S- -NR10)- or ~O-;

20 R, is H, a branched or unbranched alkyl or alkenyl, cycloalkyl, heterocyclyl,
otbicycloalkyl; or has the formula 10a:

R is H, heterocyclyl, heteroaryl, -ORyq, -SRig, -N(R1a)z, ~N(R;0)CO2R40, -
N(R10)C(OMN(R0)2, -CO2R 10, “OCO2R 10, “OC(OIN(R10)2, “COINR0)2, halide, nitrile,
nitro, or acylthio;

25 each of Rs, Rsand Ry is independently for each occurrence H, alkyl, alkenyl, atkynyl,
aralkyl, aryl, cycloalkyl, cyeloalkenyl,bicycloalkyl, heterocyclyl, or heteroaryl; or has the
formula 10a ; or any two instances of R)p taken together form a 3 — 8 membered ring; or Ry
and R;s taken together form a 3 — & membered ring;

Rs is H or alkyl;

30 Ry is independently for each occurrence K, alkyl, alkenyl, alkynyl, aralkyl, aryl,

cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, heteroaryl, or -[C(Riz)(R D]-Rie

wherein
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14 or an unsaturated formthereof or a pharmaceutically

acceptable salt thereof; 10 wherein Y is -C(R 102-, -(C=0)-, -(C=S)-
-C(=N12.10)-; X is -N(1210)-, or a bond; in represents

i ndependently for each occurrence 0, 1, 2, 3, 4, 5 or 6; 00 Ilii itl

N(N10)2 '. | Ro wn, or Ais --3(0)-, -3(0)r, ,nnv 15 each of Al and

A2 is independently for each occurrence H, alkyl, alkenyl, alkynyl,

aryl, cycloal kyl, aral kyl, heterocyclyl, heteroaryl, heteroaralkyl,

-C(0)N(R10) 2, -C(0)R10, - CO21210, -8(0)2N(R10)2, -S(0)12102

-S(0) 20R10, -S(0)2R10; O has the forrmula 14a: 14a 20wherein

i ndependent tiy 0f n2, :e,aaphrsgccurrence of 14a; nis 1, 2, 3, 4, 5, or 6;

o0 15 L B brm e Bl N B Mo oY Rl il
or - C(0) N(t iedrdsyclyt, hitsromyqiyiblicyly bdtércarylj orthetemmataliiylliand 8 14 car bon
gf’ OW'S’ of Wﬁ{#CiQ iﬂ&%enée% e Ea'&ﬁ eo%c&%ﬁéenﬂ h{?rpsm}%r %ete & c?or};tytlalylaﬁ&l
’ 5 alkoxy, amino, amido, or carboxyl.
Another aspect of the invention relates to a compound represented by formula 14:

R4
N
Rz*x’Y \f\
Ra B

R

ReRg/

m
14

or an unsaturated form thereof or a pharmaceutically acceptable salt thereof;
10 whezein

Y is -C(Ri0)z-, -(C=0)-, (C=8)-, or -C(=NR)-;

X is -N(Rg)-, or a bond;

m represents independently for each occurrence 0, 1, 2, 3, 4, 5, or 6;

) H]
. Y NRi)k ¥ OR
Ais~S(O)-, -8(0)r, w02 ELORO L ctAnAZ-

15  each of Ay and A, is independently for each occurrence H, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, aralkyl, heterocyclyl, heteroaryl, heteroaralkyl, -C(OYNRio)z, ~C{O)Re, -
CO2R 10, -S(O)2N{R10)2, -S(O)R10, -8(0)20R 10, -S(O)zR10; or has the formula 14a;

_"“(C(Rto);)—'Rts
n

14a
20 wherein independently for each occurrence of 14a;
nis1,2,3,4,5, or 6; and
Ris is aryl, cycloalkyl, eycloalkenyl, heterocyelyl, heteroaryl, -OR, o -SSR, -
N(R.0)2s -NR10)COR 10, “N(R10)C(OIN(R 10)2, “CO2R 10, 0 ~C{OYN(R 10)2; or
is a polyeyclic ring containing 8-14 carbon atoms, of which one, twa or three
25 ring atoms are independently S, O or N;
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or Al and A2 taken together form=0 or =S; or Al and A2 taken

together with the carbon to which they are attached forma 5 to 8

het erocyclyl, of which one or two ring atons are independently S, O

or NN Bis -(C(R2X)-, -(XC(R)2)-, or - 5 X independently for each
occurrence is 8, -(NR1O)-, or -0-; R independently for each

occurrence is H alkyl, alkenyl, alkynyl, aryl, cycloal kyl, arallcyl,
het erocyclyl, heteroaryl, or heteroaral kyl; or has fornmula 14a; R

has the fornula 14b: 10 A\ Arl X1 Ar2 (X2)r \ Ro Ro/ g 14b
wherein qis 0, 1, 2, 3, 4, or 5; 15r is 0, 1, 2, 3, 4, or 5, Arl is
a nmonocycl i @r @l akd QY Gdkess tapiethler Rirfn-(Borl=E; bt Ag ali AffkerDtogatheromdcie kirbon to

Chree 1ing aoiere kel Bunc o S BERpL or Wi v ¥ S fags o
by fornmul a imtlependedildy $3p6N2014e Wherein s is 0, 2,3, or 4;
B is —(CR)2X)~, ~(XCR)z)-, orf - (CR)2)2-;
5 X independently for each occurrence is S, -(INRg)-, or ~O-;
R independently for each occurrence is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, aralkyl,
heterocyclyl, heteroaryl, or heteroaralkyl; or has formula 14a;
R, has the formula 14b:

10

g—(—7\-—)——Ar1—x1—Ar2—(x2),
RwRyw/ q

14b
wherein
qis0,1,2,3,4,or5;
15 ris0,1,2,3,4,or 5;
Ar' is a monocyclic or bicyclic aryl with 6-14 ring atoms; or a monocyclic or
bicyclic heteroaryl 1'.vith 5-14 ring atoms, of which one, two or three ring
atoms are independently 8, O or N; or Ar' is zrepresented by formula 14e;
== %
7
()s
20 14e
‘Wherein
$is0,1,2,3,0r4;
each of X? and X? is independently for each occurrence H, alkyl, alkenyl,
alkynyl, aryl, cycloalkyl, heterocyclyl, aralkyl, heteroaryl, heteroaralkyl,
25 hydroxyl, acyloxy, nitrile, nitro, halide, -OR,y, -C{ONR0}(R11), -C(O)R;1,
-COzR1y, ~S(O)2NR1)(R)1), -SRyp, -8(O)Ry1, -S(O)ORy, -S(O)Ryy, -
C(=ENRo)NR10)(R11), or -C(=NR0)(R11); or has the formula 14a;
AT’ represent independently for each occurrence are monocyelic or bicyclic

aryl with 6-14 ring atoms; or a monocyclic or bicyclic heteroaryl with 5-14
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each of X2 and X3 is independently for each occurrence H, alkyl,

al kenyl, allcynyl, aryl, cycloal kyl, heterocyclyl, aralkyl,

het eroaryl, heteroaral kyl, 25hydroxyl, acyloxy, nitrile, nitro,
halide, -OR ', -C(0)N(R10)(1211), -C(0)1211, -CO2R1 1
-S(0)2N(Ri o) (Rlau, -S(0)R1l -S(0)20R11, -S(0)2P-11, - C(=NRI o) N(Ruat
I X or -C(=NRio)(RI'l); or has the formula 14a; Ar2 represent

i ndependently for each occurrence are nonocyclic or bicyclic aryl
with 6-14 ring atonms; or a nonocyclic or bicyclic heteroaryl with
5-14 ring atonms, of which one, two or three ring atons are

i ndependently S, 0 orri\j at¥is] o whidhaie, two EE(HRI)IY) atoms dve indepdnhibbt (), O or
or -0-; 1it2 is H:Fa branched or unbi anched al kyl or al kenyl,
cycl oal kyl, heterocyctyl, or 5 bicycloalkyl; or has the formla 1l4a:
R3 is H, het er ocycl yl X Ese&!mnda@thlo)z)ﬂi&ZﬁNRM( R1-@) 2, - N( R30) CO2R1o,
- N(ROC(C) N gggﬁ )

- 0(0) N(RLO) gia {I%I‘ aQ&%B%PuTerQ 1%@01‘ alggﬂ %}lg)g]kﬁ lg%t%ﬁc}g 1, F\c’)éll- Rg
and R10 s |bm@péhﬂleﬁth%$¢%§bn'e@léﬂ4%ccurrence H al kyl, alkenyl,

al kyl, 10 amhéﬂlhcuaécwyl %&L&e&ka,o,cygiqa{ﬁs lenmhowokmal eyl
e

e RIS e R TER G AN e A

and Rg t akemitio)geidythiof orm a 3 -8 menbered ring; R s is Hor alkyl;

R | Lndependaiiciy, koraach RRSMLERCR: Lianoo il ANy, ShiHY

aral | cyl ary ttoal’
het er ocyél y al_‘@lkym@ndr qulkyl,@wclﬂ@hf&nyh@}!(ﬂ aﬁssd,lmmcyMb peheterprryl or has the

3, 4, or 5 88tk Lfa; Bla nEéla%mes%fuzn NP YorkPd 3 RGHenQURddl HBNGR,
H, al kyl, aryl arafk I Ikchloa K eterocyclyl het er ocycl yl a kyl
het eroaryl , 208 Rh@%“é?"ﬁ&?‘é? TR 2 3y mémbered ring;

Rgis Horalkyl;
R independently for each occurrence is H, alkyl, alkenyl, alkynyl, aralkyl, aryl,

15 cycloalkyl, cycloalkenyl, bicycloalkyl, l:leterocyclyl heteroaryl, or ~[C(R2)(Ry3)]¢+-Ri4;
wherein
tis0,1,2,3,4,0r5;
each of Rz and R;3 is independently for each occurrence H, alkyl, aryl, aralkyl, cycloalkyl,
heterocyclyl, heterocyclylatkyl, heteroaryl, or heteroaralkyl; and

20 Ry, is independently for each occurrence H, alkyl, aryl, heteroaryl, heterocyclylalkyl,
alkoxy, amino, amido, or carboxyl.

The compounds described above may have one or more of the following features

(where applicable):
AP(X3), is represented by the formula 3:
(8] Rao
N\
E Ray
25 R‘lB
3

wherein

Rig is alkyl, alkenyl, halide, nitro, or amino;

each of Ryo and Ry, is independently H, alkyl, aralkyl, heteroaralkyl, alkoxy, or
30 ~[C(Raz)(R23)]i-Raa;
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20 R14 is independently for each occurrence H, alkyl, aryl,

het eroaryl, heterocyclylal kyl, al koxy, am no, am do, or carboxyl.

The conpounds descri bed above may have one or nore of the follow ng
features (where applicable): Ar2(X2), is represented by the fornula
3: 25Rig 3 wherein RIB is alkyl, alkenyl, halide, nitro, or am no;
each of 1t20 and 1221 is independently H, alkyl, aralkyl,

het eroaral kyl , al koxy, or 30 -[C(R22) (R23)]-R24; t is independently
for each occurrence 0, 1, 2, 3, 4, or 5; each of R22 and R23 is

i ndependently for each occurrence H, alkyl, aryl, aralkyl,

cycl oal I cyl tidntgreadsnal ¥or, cablebunense byl,al KW, or fiet eroaryl , or

het er oar al kyl ; R24_i s i ndependent|y . for each rrence H. alkyl.
nryt, et er Sa i i6n 8ol WRSREFRDY Breloy Ghus @R BRI ESE Souly ol
car boxyl ; Y hegrooy@yD hetemnpclaikgl, héttoaryBohserpirelkibandil a 6a or
Raq is independently for each ocowrrence H, alkyl, aryl, heteroaryl, heterocyclylalkyl,
5  alkoxy, amino, amido, or carboxyl; Y is -(C=0)- and X is -NH-; B has the formula 6a or

6b:
H T
Ry Rg \§
P P
6a 6b
wherein

10 pisQ, 1,002
each of Ry and R; independently for each occurrence is H or alkyl; and
Ro is H, -ORjo, -NRig)z, -N{R1)CORj0, -NRip)C(ONRg)2, -OCORyg, or -
OC(OIN(R10)2; B is 83 A, and A; taken together form =0 and B has the formula 8:

Ry S\ﬁ
p
15 8
wherein
pis0, 1 or2;
each of Ry and Ry independently for each occurrence is H or alkyl; and

Ry is H, -ORj, -NRio)z, -N{Ri0)COR1, -NRigJCON(Rio)2, -OCOR;yp, or -
20 OC(ON(Ry0)z; A and A, are each H; R has the formula 11;

3 R‘l_B
/{T\]‘ N-Rqg

11
wherein
5is0, 1,2, 3, or 4,

25  each of X° is independently for each oceurrence H or halide;
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6a6b wherein 10p is O, 1, or 2; each of R7 and Rs independently for
each occurrence is Hor alkyl; and 129 is H, -012.10,

-N(Ri 0)2,-N(t10) CO2R10, -N(Rto)C(0)N(Rlo0)2, -0021z40, O
OC(O)N(Rto)2; Bis S; Al and A2 taken together form =0 and B has the
formula 8: Receki RE1l /p 158 wherein p is 0, 1 or 2; each of 122 and
Rs i ndependently for each occurrence is Hor alkyl; and RO is

H, -N(Ri 0) 2, -14(R10) CO2R-10, -Nato5C(0)N(R10)2, -002R1 0, O 20
OC(O)N(Ri 0)2; A and A2 are each H, Rl has the fornula 11; VI3L Rtfi

P,
each of Rg and Rye is independently H, alkyl, alkenyl, alkynyl, aralkyl, aryl, cycloatkyl,

cycloalkenyl,bicycloalkyl, heterocyelyl, hetercaryl, or -[C(Ri2)R13)]-Ria;
wherein
tis0,1,2,3,4,0r35;

5  each of Rz and R;3 is independently for each occurrence H, alkyl, aryl, aralkyl, cycloalkyl,
heterocycelyl, heterocyelylalkyl, heteroaryl, or hetercaralkyl; and
R4 is independently for each occurrence H, alkyl, aryl, heteroaryl, heterocyclylalkyl,
atkoxy, amino, amido, or carboxyl; B has the formula 12a or 12b:

HT T
Ry 3 Ry N
Ry R7> Ra Ry
p p
10 12a 12b

wherein

pis0,1,2,3,0r4;

each of Ry and Rg is independenily for each occurrence H or alkyl; and

Ry is H, «ORjo, -NRjo), -NRio)CO:Rip, -NRi0)C{O)NRip)2, -OCO:Ryq, or -
15 OC(O)N(Ryo)z; wherein A is —C(A))(Az)+; Ay and A taken together formn =0 and B has the

formula 13:
T
Rg \3
(R;S Ry
p
13
wherein

20 pis0,1,2,3,0rd
each of Ry and Rg independently for each occurrence is H or alkyl; and
Ry is H, -ORio, -N(Righ, -NRio)CORyo, -NR1)COMNRp)z2, -OCO;Ryg, or -
OC(O)NRi0)2; and R; is bicycloalkyl.
The compound may have the structure 2:



\ 11 wherein s is 0, 1, 2, 3, or 4; 25 each of X3 is independently
for each occurrence H or halide; each of 12.18 and R19 is

I ndependently H, al kyl, al kenyl, alkynyl, aral kyl, aryl, cycloal kyl,
cycl oal kenyl , bi cycl oal kyl, heterocyclyl, heteroaryl, or

-[C(1212) (R13)1-R14; whereint is 0, 1, 2, 3, 4, or 5; 5each of 1t12
and B. 13 is independently for each occurrence H, alkyl, aryl,

aral kyl, cycloal kyl, heterocyclyl, heterocyclylallcyl, heteroaryl, or
het eroaral kyl ; and R14 is independently for each occurrence H, alkyl,
aryl, heteroaryl, heterocyclylal kyl, al koxy, am no, am do, or
carboxyl; B has the fornula 12a or 12b: O@%ale

Rp— A
R

N
st.x"Y \’A
R B
3 R
RiRg
m
2

wherein

Y is ~C(Ri0)z-, -(C=0)-, or -(C=S)-;
5 Xis-NRio)~

mis0,1,2,0r3;

ris0,1,2,3,4, or 5;

8is0, 1,2, 3, or4;

0
{1 1
. Pr ~A~or
A is=8(0)-, -S(O)z-, e 102 sz ", or -C(AD(A)-;

10 - each of A; and A; is independently H, alkyl, aryl, cycloalkyl, aralkyl, heterocyclyl,
heteroaryl, heteroaralkyl, -C(OONR10)2s -C(O)R1g, -CO2R 0, -S(0)2N(R10)2, -S(OMR,0, -
S(0)20R g, or -S(0O):R¢; or has the formula 2a:

?-——(C(Rm)a—aﬁ
2a

wherein independently for each ocenrrence of 2a;
nisi,2,3,4,5,or6;
R.s is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, heteroaryl, -ORy,, -SRyg, -
N(R10)2, “N(R19)COzR10, -N(R16)C(O)N(R10)z, -CO2R 0, OF -C{O)N(R0)z; or
20 is a polyeyelic ring containing 8-14 carbon atoms, of which one, two or three

1ing atoms are independently S, O or N;

or A; and Az taken together form =Q or=S;

B is -(C=0)-, -(C=8)-, O, or S; or has the formula 2b:

15



wherein pis 0, 1, 2, 3, or 4; each of 127 and Rs is independently
for each occurrence Hor alkyl; and RO is H -ORo,

-N(1t10) 2, -N(12. 10) CO2R10, -N(1240)C(0)N(R10)2, -00Q2R10, or - 15
OC(0) N(B402; wherein Ais -C(AO(A2)-; Al and A2 taken together form
=0 and B has the fornula 13: ROcCryi Rs R7 13 wherein 20p is _0, 1, 2,
3, or 4; each of R7 and R8 independently for each occurrence is H or
alkyl; and RO is H -ORR), -N(R 0)2, -N(RLO)CO2R10,

-N(R10) C(0) Nal 1002, OC(0)1\1(R10)2; and K2 is bicycloal kyl. The
conpound may have the structure 2: -002B40, O or). 2

e

Rg D\g
)
-p

2b

wherein
DisNor CRyp;

5 pPis0,1,2,0r3;
each of Ry and Rg is independently for each occurrence H, alkyl, alkenyl,
alkynyl, aralkyl, aryl, cycloalkyl, heterocyclyl, cycloalkenyl, or heteroaryl;
or Ry and Rg taken together form a 3 — 8 membered ring; or Ry and Rg taken
together form a 4 — 8 membered ring;

10 Ry is H, heterocyclyl, heteroaryl, ~ORyp, -SRig, -N(R o)z, NRj0)COR g, -
NR10)C(O)NR10)z, -CO:Ryg, -OCOR19, -OC(OINR10)2, -COMN(R10)2,
halide, nitrile, nitro, or acylthio;

Ar? is a monocyclic or bicyelic aryl with 6-10 ring atoms; or a monocyclic or bicyclic
heteroaryl with 5-14 ring atoms, of which one, two or three ring atoms are independently S,

15 QorN;

X? is independently for each occurrence H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocyclyl, aralkyl, heteroaryl, heteroaralkyl, hydroxyl, acyloxy, nitrile, nitro, halide,
ORii, -CONRi)Ri1), -C(ORu, -CORi, -S(ORNRi)®R:n), SRy, -SORy), -
S(0)X20R1, ~S(O)%R11, -C(=NR10)NR10)(R11), Of -C(=NR;0)(R11); or has the formula 2a;

20  each of Ry, Rs and Ry is independenily for each occurrence H, alkyl, alkenyt, alkynyl,
aralkyl, aryl, cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, or heteroaryl; or has the
formula 2a ; or any two instances of Ryq taken together form a 3 — 8 membered ring; or Ry
and Rs taken together form a 3 — 8 membered ring;

X3is independently for each occurrence H, alkyl, alkenyl, -OR,)1, or halide; or has formula

25 2a
each of R and R’ is independently for each occurrence H or atkyl;

Rs is H or alkyl;
Ry is independently for each occurrence H, alkyl, alkenyl, alkynyl, aralkyl, ary],
cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyelyl, heteroaryl, or -[CR12)R13)]-R1a;

30 wherein

tis independently for each occurrence 0, 1,2, 3, 4, or 5;
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wher ei n Yis -Ca R402-, -(0=0)-, or 5X is -N(1240)-
ms0,1,2,0r3; r is 0, 1, 2, 3, 4, or 5; also, 1, 2, 3, or 4; oo llit
,Rotl a'. t, 1 - 7--np" lo Ais -50)-, -S(0)2-, wvy 1 Nk, ., or
10each of Al and A2 is independently H, alkyl, aryl, cycloal kyl,
aral kyl, heterocyclyl, heteroaryl, heteroaral kyl, -C(0)N(R10) 2,
-C(0) 1210, -0021110, -S(0)21 al Oh, -S(0)R10, - S(0)2017,10, or
-S(0) 2R10; or has the formula 2a: [|52a wherein independently for
each occurrence of 2a; nis 1, 2, 3, 4, 5 or 6; Rl5 is aryl,

N( R10) 2,

cycl oal kyl , gl ? | ken het er ocyclty het er oaryl ,
- N(R10) COZlZi% ° %{ )yfh'{’é ?I@G'}tb’ or GF@BWGHQWHra&}&)NIZaraIBQJ. cwioalkyl,
20i s a pol yCIy:ﬂémCycly]I@tﬁ&%@dﬂtﬁ,@e&r&aﬂyﬁ%rh@@fbﬁlmd0f whi ch one,

two or threegri at o dependen S, 0
Riq 1£'Q1depen ent@r or eagh rpcurrence alkyl aryl, heteroaryl, heterocyclylalkyl,
alkoxy, amino, amido, or carboxyl.

5 Alternatively, the compound may have the farmula 4

wherein

Y is -C{Ryg)2-, ~(C=0)-, or -(C=8)-;
10 Xis -N(R] o)-;

mis0, 1,2, 3, or4;

sis0,1,2,3;

each of A, and Az is independently H, alkyl, aryl, cycloalkyl, aralkyl, heterocyclyl,

heteroaryl, heteroaralkyl, -C(O)N(Riq)z, -C(O)Rq, ~CO2R1p, ~S(O):NR10)2, -S(O)Ryg, -
15 S(0)0R0, or -S(0)2R,0; or has the formula 4a:

—(C(Rw)%—ﬂﬁ

wherein independently for each accurrence of da;

20 nis1,2,3,4,5, or6; and
Ris is aryl, eycloalkyl, cycloalkenyl, heterocyclyl, heteroaryl, ~OR0, -SR1qg, -
NR10)2, “NR10)COzR1p, ~N(R10)C(O)N(R 10z, -CO2R 0, or ~C(O)N(R0); or
is apolycychc ring containing 8-14 carbon atoms, of which one, two or three
nng atoms are independently S, Q or N;

25 or A and A; taken together form =0 or =8;

Bis O, 8, -(C=0)-, or -{C=8)-; or has the formula 4b:
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or A1 and A2 taken together form=0 or =S; Bis -(C=0)-, -(0=8)-, O,

or S; or has the formula 2b: wherein Dis Nor CRio; pis 0, 1, 2,

or 3; each of R7 and Rg is independently for each occurrence H,

al kyl, al kenyl, allcynyl, aralkyl, aryl, cycloal kyl, heterocyclyl,
cycl oal kenyl, or heteroaryl; or R7 and Rs taken together forma 3 - 8
menbered ring; or R7 and Rg taken together forma 4- 8 nenbered ring;
10RO is H, heterocyclyl, heteroaryl, -ORo,-N(R10)2, -NRL0)CQ2R10, -
N(Ri 0) C(0) N(R10) 2, -O0O2R1 0, -00Q21(10, -0C(0O)Nal 02, -C(O)N(R1 0) 2,
halide, nitrile, nitro, or acylthio; A2 is a nonocyclic or

bicyclic aryl with 6-10 ring atoms; or a noneeyclic or bicyclic
heteroaryl wth 5-14 ring atons, of V\hicp{9 ~.{Wo or three ring

atons are independently S, 15 0 or N, X2 ifd R éependently for each
occurrence H, alkyl, alkenyl, alkynyl, arw? cl oal kyl ,

het erocycl yl, aral kyl, heteroaryl, heteroaral Kyl, hydroxyl, acyl oxy,
nitrile, nitro, halide, ORn, -C(O)N(R10)(.Rbl), -C(0)R1l1, -0O2R11
-3(0) 2N(R10) UZI 8R11, whekefh) R11, - S(0)2017(41, -S(0)2R11,
-o(FNRION(Rto) (Rt 0, _or -Q=NRIARI t); or has the fornula 2a; 20 each
of R4, R5 and RD) is Priodp¥fdimtiy for each occurrence H, alkyl,

al kenyl , sal kynyl , arapky®,1,2rl, cycl oal kyl,

cycl oal kenyl , bi cycl oa I etergcyclyl, or heteroaryl; or has the
formula 2a; or any twolz“ﬂj%ll{'ndsftIgfnf‘(‘:ngslg"o%g '%c‘?cgﬂt@h?ctroe@%‘i REFurEpienilaalkyl, algenyl,
menbered ring; or R4 akpnyRSarelitkleari.ogelohyl, hekrtefoldl, cydodIRMHE be Heteroaryl;
ring; X3 is indegegd 8 cuyrence H alkyl, al kenyl
-ORI'l, or halide; or has %ﬁgﬁnsly}?lgéﬁf%%%pfog%cﬁo rl“—?né%eaedaﬁmggrm and K taken
i ndependently for eacl?8BBEfPFaAde dmembespdyng R6 is H or al kyl; RI1

is independently for RABNHORGHERNE GoroaKYOR, (A | Kyl i
aral l cyl, aryl, & I)%gbwgggpgg%n tl},‘f’c?éhﬁdgﬁ%‘? WwDCOsz,
het erocycl yl | heteroaréf‘? YEPORT P8) TRy -REIRRedn 1CONR0),
i ndependent |y for eachlidegitileni®, Graclthi®, 3, 4, or 5, each of R12
and R13 is wrpslapepgent |y for each occurrence H alkyl, aryl, aralkyl,

cycl oal kyl , het erocyci |, heterocyclylal kyl, heteroaryl, or
het er oar al | Ezgpp ;of Bigpnd K3 is independenfly for each occurrence H, alkyl, aryl, aralkyl, cycloalkyl,

15 heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl;
R4 is independently for each occwrrence H, alkyl, aryl, heteroaryl, heterocyclylaikyl,
alkoxy, amino, amido, or carboxyl;
Rs is H, alkyl, alkenyl, or OR,; has the formula 4a;
each of X° independently for each occwrrence is H or halide;
20 Ryg is alkyl, alkenyl, halide, nitro, or amino;
¢ach of Ryg and Ry; is independently H, alkyl, aralkyl, heteroaralkyl, alkoxy, or
-[C(R22)(Ra3)]rRaa;
t is independently for each occurrence 1,2,3,4,0r5;
each of Rz and Rgas is independently for each oceurrence K, alkyl, aryl, aralkyl, cycloalkyl
25  heterocyclyl, heterocyclyl.alkyl, heteroaryl, or heteroaralkyl; and

R34 is independently for each occurrence H, alkyl, ary], heteroaryl, heterocyelylalkyl,
alkoxy, amino, amido, or carboxyl.

£

Specific compounds include those shown below:
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R 4 is independently for each occurrence H, alkyl, aryl, heteroaryl,
het er ocycl yl al kyl , al koxy, am no, am do, or carboxyl. 5Alternatively,
the conmpound may have the fornula 4 0 , R20 (X3)s14, wherei n Y
is -C(R10)2-, -(C=0)-, or 10 Xis -N(Rl 0)-; mis o, 1, 2, 3, or 4; s
is 0 1, 2, 3 each of Al and Ay is independently H, alkyl, aryl,
cycloal kyl, arllcyl, heterocyclyl, heteroaryl, heteroaralkyl,
-C(0)N(12.10)2, -C(0)Rw, -0021210, -S(0)2N(Iti0)2, -S(0)RLO, - 15
S(0) 20R o, or -S(0)2R10; or has the formula 4a: 4a

wher ei n i ndependently for each occurrence of 4a; 20n is 1, 2, 3, 4,

5, or 6; and 11.15 is aryl, cyclo cycl oal kenyl heterocyclyl

het er oaryl , (R10)2 -RACOZEQlO (Rlo)C(O)N(Rto)Z -002
C(O)N(Rlo)z ig a ﬂ:ﬂu cl c:ntalnlng 14 cay
of which one, hreejimln@ a o 3 |@de S ONor N
D ’EEhetertggr form =0
2

25 or Al and

NO;,
NH;
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Bis O, S -(C0)-, or -(C=S)-; or has the fornula 4b: D." Ro-deseR

\ \)P 4b wherein Dis Not CR10; 5pis 0, 1, 2, 3; each of R7 and Rs

I s i ndependently for each occurrence H, alkyl, al kenyl, allcynyl,

aral kyl, aryl, cycloal kyl, heterocyclyl, cycloal kenyl, or heteroaryl;
or R7 and R8 taken together forma 3 - 8 nenbered ring; or R7 and 128
taken together forma 4- 8 nmenbered ring; 10RO is H, heterocyclyl,

het eroaryl, -N(R10) 2, -MR10) CO2R10, - N(R0)C(0)NcR1L Ca, -O0Q2R10,
-0002R10, -0C(0O)Nal 02, -C(0O)N(R10)2, halide, nitrile, nitro, or
acylthio; R6 is Hor alkyl; each of R12 and R13 is independently
for each occyrmeence H, kyl, aryl, aral kyl, cycloalkyl,

15het er ocycl g hed gr ylal kyl, heteroapyl, or heteroaralkyl; R g
i s i ndependert “H E-Neac urrence H, al I hhgeroaryl,

het er ocycl yl al Ryko_@kkoxy,\adi porJani dp, forf oxbl ;7 R16 is H,

al kyl, alkenyl, or :6rR&L; has| Re fyf iyl ch of X3 independently
for each occurrence is H or halide; N ;

5  Methods of the Invention

One aspect of the present invention relates t0 a method of treating a Bel-mediated
disorder, comprising the step of: administering o a patient in need thereof a therapeutically
effective amount of a compound of formula 1, 10, or 14, or a salt thereof as described
above. In another aspect, the present invention relales to a method of treating a Bol-

10  mediated disorder, comprising the step off administering to a patient in need thereof a
therapeutically effective amount of a chemotherapeutic agent in combination with a
therapeutically effective amount of a compound of compound of formula 1, 10, or 14, or a
salt thereof as described above.

In certain embodiments of either aspect, the Bel-mediated disorder is cancer or

15 nuneoplastic disease. The cancer or neoplastic disease can be selected from the group
consisting of acute leukemia, acute lymphocytic leukemia, acute myelocytic leukemia,
myeloblastic, promyelocytic, myelomonocytic, monocytic, erythroleukemia, chronic
leukemia, chronic myelocytic (granulocytic) leukemia, chronic lymphocytic leukemia,
polycythemia Vera, Hodgkin's disease, non-Hodgkin's disease; multiple myelomas,

20 Waldenstrom's macroglobulinemia, heavy chain disease, fibrosarcoma, myxosarcoma,
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20 1213 is al kyl, alkenyl, halide, nitro, or am no; each of Rao and
R21 is independently H, alkyl, aralkyl, heteroarallcyl, alkoxy, or
-[C(R22) (R23)]rR24; t is independently for each occurrence 1, 2, 3,
4, or 5; each of R22 and R23 is independently for each
occurrence H, alkyl, aryl, arallcyl, cycloal kyl, 25 heterocyclyl,
het er ocycl yl al kyl, heteroaryl, or heteroaral kyl; and R24 is

| ndependently for each occurrence H, alicyl, sty], heteroaryl,

het er ocycl yl al kyl , al koxy, am no, am de, or carboxyl. Specific
conpounds include those shown bel ow 5 Met hods of the Invention

One aspect %Eo§a?&nﬁr eS&Bhd:b&h\‘&ﬁﬁd, ONodi&gaiies §a@co@narmt$lﬁ€’dd?&a t r Skdsiorda,
Bc1l- medi at ed dIS r der , %FS‘ gqjthe ste L tering to a
patient in GRdgR ‘H%aF‘é’GFFa’a 8 HEEE v %)(’gchg GeRiEoEy Synovioma,
conmpound of nfegstheHommal , Ev&iﬁigsaﬁmaaﬁ, 1etﬁn>@seﬁ~ainta trhafdaﬁfyomnderscrroidmedmcmoma
above. | n another. a.r?srtbrc / resent inventi rel at ea%to a

? t

of treatingPRIEHL Bob i S S B Sy s P S oma,
admi ni st éri hesal oelhcapamuremtadmmcuemdma,rmewm catpdmcapee sehiacath gland carcinoma,

effective ag‘fi}?{ﬂ&g %.rcﬂao %Qﬁlﬁ aaEI hﬁlﬂ@ﬁggtstaggno%%%t g&?ul}%# Qar@in?ma

t her apeut i C ti V 0 a Co dun corrpoun or rru
1, 10, or hronshogan@alcﬁrqmweofenals %s@ﬁcs@maabmtoman bidy t gyl carcinoma,

enmbodi nent s c@gn&h&ﬁ@fnaﬁﬁﬂﬁﬁéma,tehﬁrﬁﬁhr Jﬁ&ﬂﬂa&q&@d\rﬂhsﬂ QUG cdricEIARRR), Wrine
15 neopl astic di sease. ncer Qr neo @St | E di segse Catg ‘P

sel ect ed fr&?ﬁ“?’hées&r’%fpu@lﬁ’is uggu‘ﬁﬁ’“lﬁ’lmaaé'g‘f‘ cpl RN FAICingppg,  Rladder carcinoma,
| ynphocybi c epiciekisim esrciacmab,e gt;oahaoc;aktrcmyloﬁukemeauuomtm{al, astanmpharyngoma,
promyel ocyt 'ﬁﬁ%lﬁl?%gﬁg n%%?e%%"i’tjla, » heRAN as afé {(‘3' %E‘lﬁ‘g oh%géenﬁro%homa

| eukem a, myelfocyti ¢’ (gran em-a,
| ynphocyt i c megingismiaamelanoma, neuroblastoma rennoblastoma and endometna] cancer.

The cancer can also be follicular lymphoma, diffuse large B-cell lymphoma, mantle .

cell lymphoma, chronic Iymphocytic leukemia prostrate cancer, breast -cancer,

15 neuroblastoma, colorecial, endometrial, ovarian, lung cancer, hepatoceliular carcinoma,
multiple myeloma, head and neck or testicular cancer.

In certain embodiments, the cancer over-expresses a Bel (protein and/or is dependent
vpon a Bel protein for growth and survival. The Becl protein can be, e.g., Bel-2 or Bel-xL.
In other embodiments, the cancer exhibits a t(14;18) chiromosomal translocation.

20 The compound can be administered parenteraily, intramuscularly, intravenously,
subcutaneously, orally, pulmonary, intrathecally, topically or infranasally, In certain
embodiments, the compound is administered systemically. In certain embodiments, the
patient is a mammal, preferably a primate, more preferably a human.

Pharmaceutical Compositions
25 In another aspect, the present invention provides pharmaceutically acceptable
compositions which comprise a therapeutically-effective amount of one or more of the
" compounds described above, formulated together with one or more pharmaceutically
acceptable carriers (additives) and/or diluents. As described in detail below, the
pharmaceutical compositions of the present invention may be specially formulated for

30  administration in solid or liquid form, including those adapted for the following: (1) oral
administration, for example, drenches (aqueous or non-aqueous solutions or suspensions),
tablets, e.g., those targeted for buccal, sublingual, and systemic absorption, boluses,

powders, granules, pastes for application to the tongue; (2) parenteral administration, for
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pol ycyt hem a Vera, Hodgkin's di sease, non-Hodgkin's disease; nmultiple
nyel oma, 20 Wal denstroml s macrogl obul i nem a, heavy chain disease,

fi brosarcoma, nyxosarconma, |iposarconma, chondrosarconm, 0Steogenic
sarconmm, chordoma, angi osarconm, endotheliosarconms,

| ynphangi osar coma, | ynphangi oendot hel i osarcorna, synovi ona, -
nmesot hel i oma, Ewing's tunor, |eionyosarcoma, rhabdonyosarcoma, colon
carci noma, pancreatic cancer, breast cancer, ovarian cancer; prostate
cancer, squanous cell carcinoma, 5 basal cell carcinong,
adenocar ci nona, sweat gl and carci noma, sebaceous gl and carci nong,

papi I lary cgeehho Pdnle{;] R 2R ORALR VRS or ééxé&l%ﬂﬁj’é@i%x{‘é%”fbr example,

medul | ary carci no onc ogeni ¢ carC|nona renal cell” carcinonm,
hepat on, bFF’@nlftfeiu’“eaPE?%B?F&”“CWF‘B‘@%P&IWM%@W%é?rPé"P‘EﬁJrﬁPR)Gﬁ*é?“ for

carci noma, Wdnipie, ab W @R, Siafrﬂénea:lr aGaMENed-rdlé-RE bareh sxaegsee@rappﬁ@l&bltmskm @
tumor, lung. carcin smal | ce | ung, carci noma, bl add poma

o epi t hel | MRS ERN G gra i or T BOn B G UPO B SErs . Do
cr ani ophar y(ﬂgloeﬂlaxly,qpﬁfaixydmmlly,msmmlwg phlatmagf; abjlasihaatecallgoust i C
neuron; ol igodendy lllztorm’o%’%;kl &h?%enn%ﬁ &M%OSQ%&Ea%Pe #r Bﬁmassaé tgpical

reti nobI ast onm, an ncer can
fol l'icular [lyﬂpﬂmmuc@i faﬁmgeblimglé tbatele Ivegihal raptiormarenteral | admiristeagion.  The
| ynphonm, CPcrrﬁ.ma@mﬁempe&mhﬁnayugsfsgamtanﬁ%ft%@agemEma 1%9%5 tprepared by

cancer, 15 neurobl astonmn, colorectal, endonetrial, ovari an,
cancer. hepatoreihogs well kapwn ipthe, 2rhef ghirpnasy mAde Gmeraheiastizg, H‘gﬁ‘éltq?t Wihich

testi CU|1@|’ FRAPCGRS combined with £ @Rk ﬂmﬁéﬁh@db rﬁi«ﬁﬁuﬁe d §ifgl6 advesde form wx]l vary
over - expres

1 t Bel
for arouth TR R FPOLFS PR o e RERaeipos pngaioR, ThE o
Bol - I n of h@weentrgdipntemlush ntalycbeceomudnedewith bichgiea nt#eh@ tBproduce a single

chr ormson'al dbda ?ﬁ?&rﬁc‘ﬁitlli era € be T a&B{ER%?fL &ﬁ{sbugcu which a{'ﬂ%seadthe apoutic

parenterally, tramusc ar i ntravenou ora
pul monary, FedtaCeaeally, put pheredamdedger peptrt ‘ﬁ&%}PPWHI rAogssreajahout 0. v per

enbodi Megat s gerft A& 26 PREHHI S p&%ﬂt%&‘&&ﬁéﬁ Sdtedt fé?dbi;yﬁoxlnrhbsﬁr 3 Bdr'ent to
enbodi nents,, the patient is %%nﬁgn? re erably 5 5& nor e
preferably APHhARRET BMaMasPRrraRly rosh oYL 14 pesgrat tosbpY SOTHEY aspect
the present i nveE:tmmnpns)wtﬂemvphﬁanrmitﬁué fog atdl ydxairﬁmpﬁcabiney be in the form of
conposition | h r r C ef Y one
or Tore of  ERenes sEAHEC bE el AT, Phudkil Bl S BN E VeifRop 0
one or nor esyshensipedagn weﬂouyomvewmsehqwr o1 asray o@audvatw\peswaatmbd fiquid

di | uent g, A§mﬁ'ﬁ§ﬁr6ﬁ‘§% lefixit 8% &irhp, RE Wstxﬂé%eanﬁm%g%ﬁﬂﬁbé\s%s and the like, each

conposi tions of present invention may be special ly formulated for
30 adni ni sﬁ?"é‘%’i"&ﬁ 31me%?we&rmwerﬁpeaﬁamﬁ?wrﬂﬂthﬂmgeqtﬁ%@éh%mab%ame
for the fol {mgwangt. (1) oral adm nistration, for exarrpl e, drenches

(aqueous or non-.aquequ tions or.su |on

those targeted f%‘r nggc%g?ge gﬁ‘ﬂf gtueafmc%%a rc“"ﬁ%?gf"bt(‘i’a(?ﬁ‘geg tablets,
bol uses, popillerdazegs, anwties, grpaddseotobes apphe lﬂaat) i th a¢tiye ifpredion dureixed Rjth
par ent e55’;1| Bl b bR %ﬁhrﬂﬁceﬁﬁﬁlly—g 1€ ’cﬁﬂbérss %9&#5@@&?% mtrate cir dlcalcmm

i ntramuscul ar, 1 ntravenous or eth ural fion as
P

sterile sol PHasBiAtyand/eE panef s olpwiagsEldi -qrémaégs,fsaﬁw aﬁrrcbw; la(:wye,
topi cal apphicesb, %ﬂmoéa@rm&ﬁﬁtﬁm &nd/&)S sificie! Sadf) (D BIABE! sudH ad for example,

| | ed- J h
Ot na RGeS ot P sl angeg st
foam (5) shiohéorgisldugh 4( Glyceaolyl &)l (Msm(eil)a’uﬁg ageger swhl ys aé&}agar, calcmm
nasal | Yag (géargc%ﬂa{go Pgtr%t% or?zfpu&%%% Ipta{g%t'p cmglce%qg%?lné?t%ﬁ, ancif’] g.llrn c¥f£%a a 5)

t he preSent "1 nvent se”su
(including &l rearﬂingaﬂﬁntmgwm%s paragtin, Ab) absagptioa kecgiectons, qmah entrestathary
adni ni str at waﬂmmmeccfn%ﬁﬂé@;ﬂd%ﬁfams %}f;}ws@ba& x Qﬁd Q(Fcﬁ&lﬁ Sulfates g)

unit dosage form and may r epar ed
wetting agents, such as or example, cetyl a.lcohol glycerol monostearate and. ncm-mmc
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10 may be conbined with a carrier material to produce a single dosage
formw Il vary dependi ng upon the host being treated, the particul ar
node of adm nistration. The anount of active ingredient which may be
conbined with a canier nmaterial to produce a single dosage formw ||
general ly be that anount of the conpound which produces a therapeutic
effect. CGenerally, out of one hundred per cent, this anount wl|l

range from about 0.1 per 15cent to about ninety-nine percent of

active ingredient, preferably fromabout 5 per cent to about 70 per
cent, nost preferably fromabout 10 percent to about 30 percent.

For mul at i onsucfictdrite (Bnatentbeats, swh kakidinfapd bentahiteaday;(Pk tubdtdnty seriyasialc,
in the formgf; ARG a?esm Qs}f\ﬁﬁ%teaﬁié lsStid @lpétﬁhéne g@%&ggﬁﬁmnpwrs%lfate,
granules, or ds a so or a suspénsio veou

non- aqueous Ztcciaggte, Gpdlagl derrade,| stqaric @ﬁ@ andgnixiygesdhereef; 00 celprug agentspand

enul si on, or, 1@%&%&&4 ¥di1€asO apS¢ Wibh &rcra@omsae b efhyl dEN&k. am ﬂmeu-,aée of
washes and the each cont ai ni ng pre det erm ned amunt of

conpound Sof OPPFé‘leﬁ:r @é@maqdrmlém%ﬁhaa@a%?ﬁ iopl CPRBOSHRGF eAYeHEC cortprise bpffering
sol i d dosagegbqe.ns of the invention for oral adm nistration

(capsul es, tablets, lLls ers ranul es uch es

ther T ike)! tho ot igtgp SBRTTR gofias kgiof e TR b igEE S8 or e
p_har naceut i qadskyt-iaemétpd, abtteaschagees capsulst lillsaad gtmtﬂl&mmﬁqp&bmlbrbe scored or
di cal ci um p@?@ﬁ}kﬁfwﬁm c%qqﬁ% and elﬂfsutzlbgs Ju@ric%‘é\ﬁt a.r(dllgthxlfuJ c.lola r%§ we{1l known in
ext enders, as starc act ose, sucrose,

and/ or si9l | dhepheanaceuficn)-formwasing arts Ty By alse be Wf@f s0 3 0 provids slow or
car boxynet hyhg@dilel 98 Re ok d&ﬁ{'@ﬁlgreﬁﬁhﬂhér@m lﬁﬂllgy%'r eyémlny dxﬂﬁ&ﬁflmethyl

sucrose and/ o, acacl a, (3 nect ants, suc

ool ot egra eamaEaf Sy proHERana . RipHe e el Sog il agther potymer
pot gt o} ;)r t?mm&ea, Kicatabs aral/@imictospierd, Ideymmyrbestbhmdab@sar rapidl relemie, Lng.,
car bonat e; i e , r : e
o pi on earidh iy PR AN FARNNE o SHID A8 Ahils i sgaining
sur f act axit s, filtsnen batan@mqya@mmwrdlmg%mtm thafnnyll ofsstpriiagadid cpmposikensiviych

agents, such,asye EQEOI@@&aﬁpétﬁllc Q@Jtéf'l O@E&@Q!her ﬂ!eﬁll@q{iﬁ!:taﬂgrme?ﬁlﬁ@'iﬁkﬁdlately
and non-ionic_ surfactants; (8) absorbents, such as kaolin and

bentoni te clo&fPre pas) Theek soetnopisionsmayalaa ontignally eontain ppaciyBgages and may be
magnesi um s to@ab&hgmsxm thék ﬂw xiéﬁhé’é)tb&a{bﬁvgin)gfadieﬁt(s)&‘dﬁ@} uﬂpxbmurnﬁhuy, in a certain

sul fate, zinc ste I %t arateti earic Xl%ﬁ es ¢
t hereof; (107 b°8|8 3353‘&{{ SHngln g1 PR WY r By f“e ?ygfle’ﬁ?g’e’ége agnpies o
such as 2or omﬂcﬂngleomposetohyWhmhhﬂwlb@&&ﬁd includdylyase wbstinceapsivess. The
tabl ets and %]gglg 0 I

buf fering aggh‘lmJ lﬁgrchﬁﬁt &5}% tab té"ltugl% ol %gtrférgrgﬁfwgm ggeé g%b(?)?me
t he phar nacélﬁiﬁeééPvféﬂ’fﬁé‘%thﬂP‘@ﬂ@nﬁf the present invention, such as

dr ageesd calto?]ul es,tl quikd Hb&ggqgnﬁh llﬁﬂtﬁrasmhn{mm{rxlaﬂmucm?euﬁmffqge @r{vgntton
prepared w cpatings apd.shells, such as enteric _ coa S and ot her
coat 1 ngs wel TR TR SR AR S FRHIR BRI THGPSHHISPHn GO e, FiRgrsions,
may al sasbe simpsratdatlixdts.sin aklittom tp ﬂmar:tile mgmrﬁeﬂr the (mqtlid@iols@ fdsmisme:om‘am
Lo act! ve LA AN AR08 Dl L0y BTRC el QB! GOM I,
cel lul ose in varying proportions rovi de cf‘eswé releas

profile, ot ﬁembmmmentm@m c@gﬂsxﬁerpxosmhess gl oqucthbr@gmmmrleglcoh‘ﬁheythyl

may be for mibabede, Gyl raaahfi, B&Jz?ﬁaeoho@ Eﬂnzylflfe gfdp%ne iR, 1Yo lifene
sterlllzed(bﬁ){ for exanp ration through ctéria-retaining

15 filter yegl %@6%@?&‘9{ Aetensesd; gevndayt. ag@nsw plien gastasapq gesame Jofls),
steril e 390l iglyceNRegdhlidfiyVdtdhb), FRlyedpletd SIFEl1Y QM fafty 84i@ kithi® o\WrBikan, and
or sone ot her?‘rﬁ‘ rllFI ef| nj ect abl e medi um i mredi at el y before use. These
conposi ti ond #BF 4FL% opt i onal Iy contain opaci fyi ng agents and may be
of a conpositi onPh#tatacetﬂmegd dqoglpesitienstdi¢hiantventioni snijabde foe pesierad adnyinisattion

preferentialdyprnldlofe 6F Wtk LoRBbiAdbOhe iNendaS i AbAbERAS] Yith SRk more
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Phar maceuti cal conpositions of this invention suitable for parenteral
adm ni stration conprise one or nore conpounds of the invention in
conbination with one or nore pharnaceutically-acceptable sterile

i sot oni ¢ agueous or nonaqueous sol utions, dispersions, suspensians or
enul sions, or sterile powders which may be reconstituted into sterile
I njectabl e solutions or dispersions just prior to use, which may
contain sugars, alcohols, antioxidants, buffers, bacteriostats,

sol utes which render the formulation isotonic with the 5 bl ood of the
i nt ended reci pient or suspending or thickening agents., These
conposi t i ongharapcatisdlycantpable sefilovisneric spshune EPnegErvnidivess, dispersions,
wetting agen&sp Sl & Eﬁﬁhl@ﬁn@g&ngt&ﬂ@rﬁvﬁeﬁp h NGay? 98 VeSonsk ﬁ?e\ﬂeﬁﬁd Qldrite
of the actiOnror mcroor e Ssu ct conp oun§

ensured by trjectibhe belulions qsfdaspaxsiqaasu%wpbévcv@r Wb#Chaﬁ%Y g3ip |SP@’&? “lconols,

agents, for ,gxamphe, b@ﬁér@%@ﬁen@é@it@rsgiﬁﬁsaﬂ%h reRAQIRY frRlkien abtddic with the
and the Ilke It may al sq be desirabl e to include isotonic agents,

such as Sugklesd 0§3G|’ﬁﬁ¥4ﬂ4l‘?ﬁ‘?‘ﬁ§°r shsRending qritNekening38¢™HE conposi ti ons.
In addition, pr O'I‘ﬂ%eébn@fﬁiﬁbﬁﬁ hﬁ@ Aléo b&&amru@ﬁ,taﬁtbl@cphar;srasbmhwsahwettmg

form rm'y be br Oqum\éHs }?#tﬁub éeél sl Angdna entsgergrevemon ofd%!'se achon of

absorption > a g&l atin. Tn some cases,
in order tonficobgmsinbapef ﬂw(salbjgcﬁt campounyls may baendwsidiyishe inclusione vetieus

15 absor pt ' nué%%tchgﬁglqraﬂgfuﬁlép %e?xh‘l’sb te@!ﬂ'ﬁ}ﬂt‘spa%eﬁ @Ho?&ﬂﬁ%kﬂ Bhenot sorbig acid,
[ nj ection. IS M e acco b e use ui d suspensi on

of crystil | m«éﬂ@rlﬂmmlt FRRYLAISOR dasiralle ﬁamcwge w&m%&%tﬁ: 4sh A5 SHBarsy sodium
The rate of cﬁﬂaﬁaé PdrkiOie Qfketil® mét&nipbﬁﬁoxckepanddﬂlmgrpmbﬁgeaaabeo@ﬁon of the

di ssol uti on,whi n turn, de e u Si z
crystall i ne“?-‘ﬁﬁ‘?chle Ri"‘fr&?aﬁ%\‘lhﬁ’?‘er? \é" 1'[351 BHPO%S%:&"%*{ %’%rtpeo?nc s“m Ot agents which
parent er al | vielag absotgioarsach asiralhgmﬁmnmansstammteaqndgesmd 20 by di ssol ving

or Suspending t he, (fiifiods, 30 oflel o BloidHatine L{f%c@%%%%e%q@ﬂ%s&a%er% 6 the

made by form ng croencapsule ounds 1n

bi odegr adablzksoptiopref shes duig asmpmbyufamqua@rpl@trgagusyebr |!Elé°thDep§hﬁ| mgy be
on the ratigeQfy kg ﬂ;theéavmrhqumsﬁéﬂaoﬂaﬂw&amﬁe E%&Fﬂ&u‘s Gékaial having
pol ymer enployed, the rate of reeseﬁga%ﬁgreu contr, $ ¢
Exanpl es of PB?’h‘é'Pteb PG FadtBe E“t“pﬁf Frperritop §5h PWB % YRP®SHserLe) ©
and pol y( anmed:sluﬁl@ﬁ)wmae,pm tuiti, Eﬁhﬁbﬂ@cﬁmrupahabﬂyﬁlﬂs stdee andl Serysalipar fodn.
by entrappi rag,in, | i C lS|on

conpati bl e \%qi §6‘§§’/ c&la?s u%bS%E’omﬁgg %Irg rﬁtﬁr 7 T hnlSt?IS%%u f&tPn #aBoomplished
t ransderacal badissolivmpoatispendpig the dugpoamei! vdhidlei s i nventi on | ncl ude
powders, sprays, Pg&d@éﬂi@& H%t fo‘?ﬁl%n%%nad%rb%ﬁfeﬁmn{g Aid08RapR] xﬁam§é§|dfttﬂe.0§ﬂ§_yect

pat ches and i nhal ants acti1ve conpound nay be m xed under _ster||
condi ti ons Wwhmpoypds in biodegradable polymers such as polylactide-polyglycolide. Dependmg on

the ratio of drug to polymer, and the nature of the particular polymer employed, the rate of

drug release may be controlled. Examples of other biodegradable polymers include

25  poly(orthoesters) and poly(anhydrides). Depot injectable formulations are also prepared by
entrapping the drug in liposomes or microemulsions which are compatible with body tissue,
Dosage forms for the topical or transdermal administration of a compound of this

invention include powders, sprays, ointments, pastes, creams, lotions, gels, solutions,
patches and inhalants. The active compound may be mixed under sterile conditions with a

30 pharmaceutically-acceptable carrier, and with any preservatives, buffers, or propeliants
which may be required, The ointments, pastes, creams ahd gels may contain, in addition to

an active compound of this invention, excipients, such as animal and vegetable fats, oils,
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30 pharmaceutical l y-acceptable carrier, and with any preservatives,
buffers, or propellants which may be required. The oi ntnents, pastes,
creans and gels may contain, in addition to an active conpound of

this invention, excipients, such as aninmal and vegetable fats, oils,
waxes, paraffins, starch, tragacanth, cellul ose derivatives,

pol yet hyl ene glycols, silicones, bentonites, silicic acid, talc and
zinc oxide, or mxtures thereof. Powders and sprays can

contain, in addition to a conpound of this invention, excipients such
as | actose, talc, snick acid, alum num hydroxide, calciumsilicates
and 5 pol yaw'h;ebs parthias,, stxch, nragheanths cdluldsh eledvaivhs pahetylenSghayss, gheenes,
addi tional | ont ai custp a

chl or of | uor %%g:jlﬁlocnasm a@ %‘glpzru%oqiedeugr%ﬁu E‘?‘]”éﬁﬁ? “hydrocar bons,

such as butane aPnjvtbra)puh@prays can cdirains de pédiliopin er@@mwb of 1lis Aesation,
advant age Of, iy gﬁdﬁgﬁcﬁ@{e%’lthﬁdszﬁﬁ& la¥fal .‘éluﬁflmﬁn Qi?ﬂﬂ&%&@dc@élmtnhﬁhcates and

present invéntion to t Such dosage fornms fmy be made by 10
di ssol vi hg pelyahidparosidag thél“@'@fl%&ﬁ {BESP FUPHECH o pFaXeriffditionally contain

Absor pti on &Qt&%ﬁr&o Alin&| SRck CasU $BIErdMoloRgdreasitonk hend |valetitd vnBibstituted
conmpound acr 0ss the s The rate of such fl ux may be controlled by

ei ther provPuFPRe “F’ét’%h?fo'ﬂ’(t?nﬁlaf’ RYPMEnbr ane or di spersing the
conmpound in a pOMﬁMemmtpratcheﬂtavgﬂie ad @@l sdvksgeaiprafiding eontrolled delivery of a

phar maceut i cal t| on i,
adni ni st r at P8P r’f‘&ﬁqlrp Ecssgrhttlé“éé agn Ry \élgg'& it o]?"rh &%@@hor% lﬂ% BBy
pr epar edo by disictving oo dspmmgﬁh@cmquml ndﬂlemronen elqdnme nﬁb@ﬁm‘wnt FRORFEIS AN

more suitablg, Bg rﬁkédrt’otlﬂ&b#ﬂ t&‘&(ﬁh:?b?ﬂk%o%oﬁﬁf 4ok &3 ShC QAR TRE Bl of Qich flux
exanpl e, cocoa butter | ene_gl ycol pposi

tor
sal i cyl ate, “‘&ﬂcbw%ﬂ?hﬁg bé’o'P‘Fl'Gr RFOVIERINAL ’@FFpé‘?nﬁ"ELjf"@ “‘Bﬁ'g %Fd’u"}jsl’&fs‘ng the
body. temegﬁﬁw@dgpgpolyﬂ@fﬁgm%gm Il nmelt in the rectum or vaginal

cavity and rele . acti.v

formul ati ons, ey °"8’i heg ﬁepBgﬂB\“r%g&?%%I‘i?ﬂPS?%gf”éi‘scﬁp%lﬁe“ﬁWﬁmn for &ectal or
al so conserrpigariaechdaﬁmhteatiog méy b rprésged @o pesuppoditois Wikivie midyors Prepal‘cd by
Wen the Coggougn %ﬁe 8{-1 ol %%19 208 ok fh\éqm'énﬁgn Fifh &%mr%&%esﬁﬁﬂ)léﬁommtatmg

phar maceut i umans anl na Iven pe se or
as a phar maewipicwal orcempiorsi edrenisig, é@h%ﬂmﬂlﬂgcwﬂ@rbl@%nﬁﬂltﬁm}é"@ glyeol, a

99% ( nor e 8 bOtbd
it h( . phair)%lg%géiﬁﬂr ¥nax 3P alsRic3ND, 2Rk which iy Sl raRh ﬁeﬂ{pei'aﬂ.IrGCUEbh?.ﬂ aOtbdy.

eutical |y acceptable carrier. I%[(%é{rdl é‘ 5
route of adifrPeEFaeRdheeiom el meltia theraymRIy2gRe ’?hetase © acitve
inventi gy, whhsdungBy be used in a sw tabl e hydrat ed form and/ or the
phar maceuti cal i tians of the ent ntio [ r a
i nto pharnmaceut i @gﬁgé 2 ug%’f)ﬂs’ fé g‘ﬁ S ers’o%/ore%ugﬁvgﬁ{ %OM Lrgddso
nmet hods knowmttoplisd sebaifig withinl the scopwthnsunvcﬁmmpl i fication

‘When the compounds of the present invention are administered as pharmaceuticals,

to humans and animals, they may be given per se or as a pharrnaceutical composition

25  containing, for example, 0.1 to 99% (more preferably, 10 to 30%) of active ingredient in
combination with a pharmaceutically acceptable carrier,

Regardless of the route of administration selected, the compounds of the present

invention, which may be used in a suitable hydrated form, and/or the pharmaceutical

compositions of the present invention, are formulated into pharmaceutically-acceptable

30 dosage forms by conventional methods known to those of skill in the art.
Exemplification

The invention now being generally described, it will be more readily understood by

reference to the following examples, which are included merely for purposes of illustration
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The invention now being generally described, it will be nore readily
understood by reference to the follow ng exanpl es, which are included

nmerely for purposes of illustration of certain aspects and
enbodi ments of the present invention, and are not intended to |im,t
the invention. Exanple 51 Part A 23 To a sol ution of

phenol 2 (750 ng, 3 nunol, 1 en) in M (5 nL) at 0 C was added NaH
(130 ng, 3.6 nmmol, 1.2 eq) followed by Mel (280 pL, 4.5 nunol, 1.5
eq). The 10 reaction m xture was stirred at rt for 24 h and then
quenched with water. The m xture was diluted with Et0Ac and washed
with wat er ¢fasitein)aspestsangrsrphodinmnts afdhe piessnt jRysntinm aed afpart iniendad to limit
filtered anglegRRgGH rated to afford 795 ng (100% of crude product 3.
Part B 15 '

Example 1

Part4

CH 1 OHC. !

To a solution of phenol 2 (750 mg, 3 mmol, 1 eq) in DMF (5 mL}) at 0 °C was added

NaH (130 mg, 3.6 mmol, 1.2 eq) followed by Mel (280 pL, 4.5 mmol, 1.5 eq). The

10 reaction mixture was stirred at rt for 24 h and then quenched with water. The mixture was

diluted with BtOAc and washed with water (twice) then brine. The solution was dried over
MgSQq, filiered and concentrated to afford 795 mg (100%) of crude product 3.

Part B
OMe HOHN  OMe
DHC\@] NHzGH, NaCNBH, k@/]
3 4

15
Aldehyde 3 (795 mg, 3.03 mmol, 1 eq) and hydroxylamine hydrochloride (253 mg,
3.64 mmpol, 1.2 eq) were dissolved in THF/MeOH (3:2, 10 mL). Water (2 mL) was added
and the pH was adjusted to © with 6.0 N KOH. The reaction mixture was stirred at tt
overnight. After 16 h, sodium cyanoborohydride (381 mg, 6.07 mmol, 2 eq) was added
20 followed by a crystal of methyl orange. The pH was adjusted to 2 and the resulting ruby
red color was maintained for the duration of the reaction by the frequent addition of 1 N
HCL After stirring for 2 h another portion of sodium cyanoborohydride (381 mg) was
added. After stirring for a total of 16 h, the pH of the reaction mixture was brought to 7
and DCM was added. The mixture was washed with water (three times), brine and then
25  dred over MgSO.. The crude product was purified by flash chromatography (50% EtOAc
in hexanes then 100% EtOAc) to afford 706 mg (83%) of hydroxylamine 4.

36



Al dehyde 3 (795 ng, 3.03 mmol, 1 eq) and hydroxyl ani ne hydrochl ori de
(253 ng, 3.64 mol, 1.2 eq) were dissolved in THF/ MeOH (3:2, 10 nl).
Water (2 nmL) was added and the pH was adjusted to 9 with 6.0 N KOCH.
The reaction mxture was stirred at rt overnight. After 16 h, sodium
cyanobor ohydride (381 ng, 6.07 nrnol, 2 eq) was added 20 foll owed by
a crystal of nmethyl orange. The pH was adjusted to 2 and the
resulting ruby red col or was nmai ntai ned for the duration of the
reaction by the frequent addition of 1 N HCl. After stirring for 2 Ili
anot her portion of sodi um cyanoborohydride (381 ng) was added. After
stirring fopgagotal of 16 h, the pH of the reaction mixture was
brought to 7 and DCM dngs ded The m xture was washed w t jgvat er
(three tines), brine at gt hen ed over !@SOMO-'W%N pr oduct
was purified by flash clﬂs .togra yH(50% Et OAc i n Rexa@neb_tlhen 100%
Et 0OAc) to afford 706 ng (83% of hydroxylanrne 4 Parg C 4 A
sol ution of hydroxylamne 4 (705 ng,: Ci and_net hi

gl yoxyl ate (445 thgog@t‘nylgm@qﬁ (7|Q5 %izeﬁ%em(n% Nt apshIsHeAEbgxYpte

reflux w thuasRean ost@nkl, b eaﬁm%e%ae Rl PRL) whXRees a%eéﬂre%twmemadp
under reduced pressure and

e resultin ken ey crud
in the n%xtc"éef’élﬁh ﬁggcfssslﬁolvent Wstrflaﬂ‘ée ngggf ﬁgpreésr.g%m?fiﬁF resi aajntrones
al lylic al cahotakén ditridéSnikhe nexesteml No.: 10 11/156364, filed June 17,

2005) (820 79 mmol, 1.5 eq) and TiQOPr)4 (1.12 m, 3.79 mmol,
1.5 eq) wereZdifssol ved in tol uene (5 mM.) and heated in the_m crowave
at 120 C for 10 mn The reaction mxture was diluted vu'th Ac (15 -
m.) and 3-(di net hyl am no)-1, Z2¥prop ks (S5adeq. L) ed. After
stirring for 2 h, Ef“ﬁf’mg\%éd antghe m xtoee-wasg e?wi t h
water (three trrres) t hen dried over MySO4, frIt ged _over

Celite and |Is concentratesd. The crude Eesi due was purr"fr ed B{FSflash

g-hr ggﬂ O%r aphy (Igltr]bng e‘:)r( ?&3%%} Q'.AS%) mmol { )r 1617105 arlE%h(glA'g /al § .& I\} agf;[ri%p ?\lo
10 11/156364, filed june 17, 2005) (820 mg, 3.79 mmol, 1.5 eq) and Ti(iOPr)s (1.12 mL, 3,79

mimol, 1.5 eq) were dissolved in toluene (§ ml) and heated in the microwave at 120 °C for

10 min The reaction mixture was diluted with EtOAc (15 mL} and 3-(dimethylamino)-1,2-

propanediol (500 pL) was added. Adfter stirring for 2 h, EtOAc was added and the mixture

was washed with water (three times) then brine, dried over MgSQy, filtered over Celite and

15 concentrated. The cmde residue was purified by flash chromatography (5:1

hexanes/BtOAc) to afford 575 mg (43%) of lactone 7,

Part E
HF/pyridine . 9w (/Q\'

wi R \_on

To a solution of 7 (225 mg, 0.042 mmol, 1 eq) in THF (6 mL) was added pyridine
20 (2 mL) and HF/pyridine (2 mL). The mixture was stirred at 1t for 4 h then TMSOMe (8
mL) was added. Solvent was removed under reduced pressure and the crude product was
purified by flash chromatography (EtOAc) to afford 128 mg (72%) of 8 as a white foam.
Part F
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To a solution of 7 (225 ng, 0.042 trunol, 1 eq) in THF (6 m.) was
added pyridine 20 (2 m.) and BF/ pyridine (2 nL). The m xture was
stirred at it for 4 h then TMSOWe (8 nL) was added. Sol vent was
renoved under reduced pressure and the crude product was purified by
flash chromat ography (EtOAc) to afford 128 ng (72% of 8 as a white
foam Part F OHO 89 o0ztO To a OC solution of |lactone 8 (0.94
g, 2.2 nunol, 1 eq) in DCM (22 nL) was added triethylamne (0.68 ni,
4.9 mol, 2.2 eq) followed by the dropw se addition of

met hanesul fonyl chloride (0.38 nL_ 4.9 nunol, The reaction
m xture was allowed 5 to wagm,t ich TLC and

over 12 h
LG M5 confirmed conplete cog E} qug¢&oho xture was then
poured into DCM (100 mi) ant Sa ur canonate sol ution
(25 InL). The layers were séparaeed and ? e aqUe%u qlayer was
extracted with DCM (3 x 30 m B). The conbi ned orgdﬁnc extracts were
dried (MO04), f 'Jrs g 3@@; serhﬁoﬁemaeﬁé Blesh &7, ;Mﬁﬁfaﬁ 1 e%ﬁ; ﬁCl&jgzmg%Fds%ded
was purified gradient flash 10 chrona ‘ogr.a 0-..70%
Et 0Ac/ Hex) Wﬂ‘&’ﬂ%ﬂl @6(811@4 %? pmpladgl e99 WeﬁaPlf f@? dropwise Pydifigntof
rf?‘syl Sti‘ ?A _flx_ﬁgﬁnéﬁlﬂlfoﬂrl %ﬂ;loﬁﬂ@t@ 3@dnL| §.9WaG0IRd4ed).S THBFeattitn xﬁiihﬂﬁw(ﬁeﬂld?ed
of a so| ution ter ring at, it r t he
reacti on® wa¥® ﬁﬁfé‘hf?n'éa"TSH\%} fffer w%’%’)‘ gﬁ#ﬁd&ﬁ% C(S)Pﬁfféedsw&%ﬁm’(sﬁptfﬂﬂ of
whi ch resul aleehdin The ifineck ahe teal pxrured’lamgémm (llﬂe mbBpetd ensarxed sedivm
from dark blue L Oy r gt i

through a {53 rbfmcel |{u§g§éng§]5ﬁ@e?ﬁh \%érb‘ CfQSQh% SJ\7\1/;3&{“gq T was
inL) and Et mc(eﬁowtlnP)CMﬁé %@é@)ug‘hi? ay@bm%§r@mcr%ﬂ@a were frig

(2 x 50 nl) ardbe 48 r@aha@ﬂa@&ga%sudextnhacchﬁcvmenmmaegmeam,bgfaaﬂm( ﬁ&‘h

ol er | A0 v BROERE PO SIr ol FPACTATRERS S aG OF £ Fard
- 80%Et0Acl3 Bexy to afford 10 (190 nmg, 23 w no!, 52%yi eld). Part H
To a rt solution of (+)-isopingganpheylamne 11 (0.25 ni, 1.5 nrnol)

in DCM (2 nL) was added AbNE QJP 1inLof a2 M Sﬁk'g;zg i n hexane,
a

1.4 mmol). After stirring; - ) rm sg,(mlmu;.g,on W ne 10 (190
ng, 0.47 mmol) iii DCM (3} mas addet—arnt—t+he Pe was stirred
at it After stirring for 16 h; QL@e reacti on was queaghed with a

sat ur at ed 9 10

To neat mesylate 9 (450 mg, 0.91 mmol) at 1t was added samarium fodide (27 mL of

a 0.1 M THF sclution, 2.7 mmol). After stirring at vt for 1 h, the reaction was quenched

15  with a 5% ammonium chloride solution (10 mL) which resulted in an immediate color

change of the reaction mixture from dark blue to yellow. The reaction mixture was then

filtered through a pad of celite and the filtrate was diluted with water (100 mL) and EtOAc

(100 mL). The aqueous layer was extracted with EtOAc (2 x 50 mlL). The combined

organic extracts were washed with brine (50 mL), dried (MgSO,), filtered and concenirated

20  in vacuo. The crude material was purified by gradient flash chromatography (75 g Si0,, 30
— 80% EtQAc/Hex) to afford 10 (190 mg, 2.1 mmol, 52% yield).

Part I )
4
AlMey, CHC!, H‘)@ FQ'
C\%[) o “'NH, HH G,
$ e 2 oM
12

K13



5 aqueous Rochelle Salt solution (5 nL) and vigorously stirred at 23
Cfor 2 huntil a clear biphasic m xture appeared. The aqueous | ayer
was separated and extracted with DCM (2 x 25 nlL). The conbi ned
organi c extracts were washed with brine (10 mL), dried (MgSO),
filtered and concentrated in vacua. The crude material was purified
by gradient flash chromat ography (50 g Si 02, 2-5% MeOH DCM to
afford 201 ng (77% of 12 as a yellow 100il. Part | To a degassed
(Ar) solution of pyrrolidine 12 (190 ng, 0.34 nunol) in a THF/ H20

m xture (1:1,4 rnL) was added boronic acid 13 (120 ng, 0.68 nrnol),

pal | adi um acet at @o(dl# sdmtiog of ()r)%pm&l:ﬁphemﬁﬁﬁﬁilu(@ ﬁ%ﬁoi‘ gtrﬁnéli- A0p B 2

1.4 nand) a | i-ne a Ander, sQ
Angew. Chemq'z'" 2 %%ddﬁ%ﬁa @#’ ﬁ‘g“ ES‘% OlRAR 5 e"ﬁ?& *‘éﬁﬁ’ﬂq]b nAfT\ﬁ@‘mﬂg for
heated to 630@ninAf seintich hflatto:ﬁEI(IIIQOIm 0eid ahi6)) I TIOMI(E i) Svad b HBAREd the

to cool to Uy . yodiluted with | VI .and
filtered th%gﬁtgf]@ggsrs 9fa i:lgan?g na. I?%Top? gh ufﬁéea?ﬁl?r’t?%tqé’eﬂ%d%@ﬁ saturated
extract ed u§ﬂ‘|‘?@“D§M’1'(3§G St solution{SampbHantl Wawreusls stinetd €123 ((2Pont f1.unfDa clear

The aqueous bipa¥SE mis e %"%
t he conbi neg . rﬁ?g&ﬁeﬁeféggﬁgmﬁﬁi Hg%e ’é%ﬁ{? wn&%@ @x
(My504) , '?é’?’lgd HEE RFgaiC Sy irpgts var@uﬁﬁshqdwth bune(10aul. 6 déed\@deSOy),

used in thefilelsd emdecmmcermateﬂl Bvadkd. haut dide! RS AWAS hieMdiosy gRdfnt Aash
chromatography (50 g Si0g, 2-5% MeOH/ DCM) to afford 201 mg (77%) of 12 as a yellow

10 oil
Part I
B{OH
%%:' Y ;Z ( 2 SOga -
PH{OAS)s, choa "”
tH g CO;-.H T4 THRRGO THFIHZ0
- 65% 4h

13

Toa degassed {Ar) solution of pyrrolidine 12 (190 mg, 0.34 mmol) in a THF/H,0O

mixture (1:1, 4 mL) was added boronic acid 13 (120 mg, 0.68 mmol), palladium acetate (12

15 mg, 0.05 mmol), potassium carbonate (190 mg, 1.4 mmol) and finally phosphine ligand

(Anderson, K.W.; et. al., Angew. Chemie 2005, 44, 2922) (54 mg, 0.1 mmol). The reaction

was heated to 65 °C. After 4 h at 65 °C, the reaction mixture was allowed to cool to 23 °C

- over the course of an hour, diluted with DCM and filtered through a pad of sand and celite.

The filtrate was then extracted using DCM (50 mL) from a PH 4 water solution (20 mL).

20 The aqueous layer was separated and extracted with DCM (2 x 20 mL), the combined

organic extracts were washed with brine (15 mL), dried {MgS0sy), filtered and concentrated

in vacuo. The crude residue was used in the subsequent reaction without further
purification,

PartJ

25
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39 To a solution of crude pyrrolidine 15 (190 ng, 0.34 mol) in
MeOH (4 nmL) was added fornmal dehyde (41 uL of a 37% aqueous sol ution,
1.37 mmol ) followed by sodi um cyanoborohydride (43 ng, 0.68 nmmol) in

a single portion. After stirring for 12 h at 23 C, the reaction

sol ution was concentrated in vacua. The crude material was purified
by 5 gradient flash chromatography (75 g Si 02, 2-10% MeOH DCM to
afford 130 ng (64% over 2 steps) of 16 as a white solid. Part K
OHHB7U NH . 140MF/ THF 1:5"OH 17 To a solution of pyrrolidine 17 (11

ng, 0.02 nunol) in THF/ DV (4:1, 1 n). was t 0 added HBTU (10 ng,
0.04 mol) foll omed sbitibher addé pireslidafe 13 pe ey DB mMol) in MeOH) (DhL) was
nol ). After L fri r h, the.r ct|

di | uted wit¥ ﬁ% g & %’ é%rﬁ%dg?la%f?uaﬁ“ i 3°I§}ar éct ymlénr?bu{()ﬁow%dsby sodivm
reverse phamnbﬂ%lrcﬁi,ydnée ¢§ ragUREemél) hmsmgtmmﬂn After stirring for 12 h at 23 °C,

v ey ?3; )e!hgd%@;cgggtsrgunm%deo%%@&d%w@g&o ! e olfihal $utified by

gradient flash chromatography (75 g SlOz, 2-10% MeOH/DCM) to afford 130 mg (64%
over 2 steps) of 16 as a white solid.
Part £

H\

To a solution of pyrrolidine 17 (11 mg, 0.02 mmol) in THF/DMF (4:1, 1 mL). was

10  added HBTU (10 mg, 0.04 mmol) followed by the addition of phensthylamine (5 uL, 0.04

mmol). After stirring at 23 °C for 1 h, the reaction mixture was diluted with methanol (0.5

mL) and purified directly on a prep reverse phase HPLC, using aqueous 40 mM ammonium

bicarbonate/acetonitrite gradient as eluent to yield 5 mg (409%) of 1. MS (ESI(+)) m/iz
697.3. (M+H)".

15 Example 2

n*z;‘v* ke

Part 4
o FCYZ COZH
o B(OH).
OHC Br SONa oy
‘@’ + /@ PA(OAL):, Kaco, NOz
O:N COH
3 1 &0 uc. 6hr
20 Under argon atmosphere, aryl bromide 3 (2.32 mmol), boronic acid 14 (2.8 mmol),

phosphine ligand (0.1 mmol), palladium acetate (0.5 mmol), and potassium carbonate (9.3
mmol) were suspended in degassed water and heated with stirring at 60 °C for 8 h (K.W.

40 -



02NCO2H 14 13 20Under argon atnosphere, aryl bromde 3 (2.32 mmol),
boronic acid 14 (2.8 mmol ), phosphine ligand (0.1 mmol ), palladium
acetate (0.5 mmol ), and potassi um carbonate (9.3 mmvol) were suspended
i n degassed water and heated with stirring at 60 C for 8 h (KW
Anderson and S.L. Buchwald, Ang. Chem Int. Ed., 2005, 44, 2). The

m xture was poured into DCM (40 nL) and water (20 nL), and the pH of

t he aqueous | ayer was adjusted to 3 with 2N HCl1. The | ayers were

m xed and separated, and the aqueous |ayer was extracted with DCM (20
nal). The organic |ayers were conbi ned, washed with saturated aqueous
5 NaCl, drigadasaana®iL, LB‘il(ﬁthdaDﬂtg Ghelr. don EER 06T, @d, 2)0 The hilxginte weslpboned

oty acet o0 RORS ALY PEFwEE! GRHS) B B BB Y: P Qb ferdyt flfea o o
10The bi phewith 2acHG. ﬂale(layemwmmmxe@mcﬂ $Byratidanmichthe paugons layanwhy exigeied
di ssol ved i &tj—[ ﬁéﬁﬁ/( %Bg—ﬁin)rmﬂ‘)g c%}érs %gc Ltfrﬁlﬁﬁﬁfj \%ﬁéﬂ #@Ea‘:ﬁ@te% agueous

nmol ) and ter stirring_ 1

m xt ur e SvasNpGk deidd ionernsasiny sulfEe agd copmgtrped “éﬁdlﬂkétyéuc“’(f@ Rﬁlﬂﬁca‘i‘ﬂ‘é by
organi ¢ | aygfica\as M@kl (0.5% RENDEB 105k at@sle/ReR0Y SidEH parn@llow
then dried over_sodi msulfate and concentrated. The residue was
purified bys°é‘idl ?%thgci 15 chronat ography (0.5% NH4013/ 2- 8%

MeOH DCI VI) t 9 give a pale yellowoil (65%yield). Part C

Boc- L- prol |*ﬁ%¢¥8 (0.46 nunol) and (+)-isopinocanphylam ne (0.46 nmmol)
wi th diisopropyl ethylam ne are dissolv in DMF (2 irtlL) DCM (1
m.) and treated with 20 I-B3TU (0.46 r ). The mxtuei tirred

at 23 Cfor 12 h and th poured into fether (40 (20 ni)
The organic |ayer is, i thHadbt | onal W ef 5\% NaHCOB,
I N HO, saturated aqueous.oNa ane—thef—dred ofer NGSO4. The oil

produced from concentratign s restaﬂ?&%a.ﬁ ether (5 ) and stirred
with HC1 in dioxane (4 N, 5 nL) for 4 h. The solution is concentrated
in vacuo and dried to produce a white solid. (80%

10 The biphenyl acid 15 {0.76 mmol) and (S)-diamine 16 (1.1 mmol) were dissolved in
THFE/water (10 mL, 4:1) and treated with OBt (0.9 mmol) -and EDC-HCI (0.9 mmol).
After stirring 12 h at 23 °C, the mixture was poured into ethyl acetate (30 ml} and walter
(15 mL). The organic layer was washed with 5% NaHCO;, saturated aqueous NaCl, and
then dried over sodium sulfate, and concentrated. The residue was purified by silica gel

15 chromatography (0.5% NHOH/2-8% MeOH/DCM) to give a pale yellow oil (65% yield).

Part C

H-Cl

o
' BOG  11LHBTU, IPeEN
'JNHz + HE N,
OMF, 239G, 12 h
18

2} 4N HC [n dioxana

Boc-L-proline 18 (0.456 mmol) and (+)-isopinocamphylamine (0.46 mmol) with
diisopropylethylamine are dissolved in DMF (2 mL) and DCM (1 mL) and treated with

20 HBTU (0.46 mmol). The mixture is stirred at 23 °C for 12 h and then poured into ether (40
mlL) and water (20 mL). The organic layer is washed with additional water (20 mL), 5%
NaHCO;, 1N HCJ, saturated aqueous NaCl, and then dried over MgS04. The oil produced

from concentration is restored in ether (5 mL) and stirred with HCI in dioxane (4 N, 5 mL)

for 4 h. The solution is concentrated in vacuo and dried to produce a white solid. (80%

25 yield)
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25 yield) Part fl The amine 19 (0.16 mml) and al dehyde 17
(0.54 nunol) were dissolved in nethanol (1.2 nL) and treated with
acetic acid (0.05 nL) and sodi um cyanobor ohydride 5 (0.16 mol).
After stirring for 12 h, the product was purified using reverse-phase
| TPLC (MeCN 0. 1% NHAHCO3 in water) and |yophilized to give a white
solid (62 ng). M5 (E3I(-1-)) mz 696.4 (M+H)+, Exanple 3 10 18
Conmpound 18 was synt hesi zed according to the procedure described in
Exanpl e 2, using Boc-D-proline in. place of Boc-L-proline. M
(ESI(+))mz 696.4 (Mt1-1)-1-. 15Exanple 4 OH 19 Conpound 19 was
dynt hesi zedPagédrding to the procedure described in Exanple 2, 20
usi ng hydroxy Boc-L-proline in place of Boc-L-proline.

H-Cl g
H,zr\N) oHe: @ N \ NaBHyON H N

The amine 19 (0.16 mmol) and aldehyde 17 (0.54 mmol) were dissolved in

methanol (1.2 mL) and treated with acetic acid (0.05 mL) and sodium cyanoborohydride

5 (0.16 mmol). After stirring for 12 h, the product was purified using reverse-phase HPLC

(MeCN/0.1% NHHCO; in water) and lyophilized to give a white solid (6.2 mg). MS
(BSI(+)) mrz 696.4 (M+I)",

Example 3

PRt

10
Compound 18 was synthesized according to the procedure described in Example 2,
using Boc-D-proline in place of Boc-L-proline. MS (ESI(+)) m/z 696.4 (MF+H)+.
15 Exam le 4

o gf

Compound 19 was Synthesized according to the procedure described in Example 2,

20  using hydroxy-Boc-L-proline in place of Boc-L-proline.

Example 5
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Exanpl e 5 5Conpound 20 was synt hesi zed according to the procedure
described in Exanple 1, using NN-dinethylamno ethyl am ne in place
of phenet hyl am ne. 70% overall yield. Parent M5 (ESI(+))m a 664. 16
(MtH) +, Major ion fragnent mla 33236 (M+2H 2) + Exanple 6

Compound 21 was synt hesi zed according to the procedure described in
Example 1, using (S)-N N -4-trinmethylpentane4, 2-diam ne in place of
phenet hyl arni ne. 70% overall yield. Parent M5 (ESI(+)) rn/z 720.25
(Mt11)+, nmgjor ion fragnment trz/z 360.52 15 (M+2H12)-1-. Exanple 7
Compound 22 was synt hesi zed according to the procedure described in
Exampl e 1, using (3)-NWdi net yH 3- phenylLpropane-1, 2-in pl ace of
phenethylanlne 70% overal | i (5§|(+)) | na 754. 23
(MtH) +, major ion fragment nfke 5Exagnpl e 8

Compound 22 was synt hesi zed accor prdcean e described in
Exanpl e 1, 10 using l-ethyl-(S)-2-Py r%1|d+ enet hanam ne in place of
phenet hyl am ne. 70% overal | vyield. Pareﬁ#bws (ESI(+))mz 704.3
(MtH) +, major iop fragment mz 352.65 ( H 2), Exanple 9

5 Compound 20 was synthesized according to the procedure described in Example 1,
using N,N-dimethylamino ethyl amine in place of phenethylamine. 70% overall yield.
Parent MS (BSI(+)) m/z 664.16 (M+H)+, Major ion fragment m/z 332.56 (M-H2H/2)}+

Example 6

10

“TDMFITHF 15 “H By
21

Compound 21 was synthesized according to the procedure described in Example 1,
using (S)-N'N'-4-trimethylpentane-1,2-diamine in place of phenethylamine, 70% overall
yield. Parent MS (ESI(+)) mfz 72025 (M+H)+:, major ion fragment m/z 360.52

15 (MH2H/2)F,
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Under an argon atnosphere conpound 25 (synthesized according to
procedure described in Exanple 1, conpound 12) (100 ng), 4-

(di met hyl am nocar bonyl ) phenyl boronic acid (71 ng), Cs2C33 (120 ng),
KQAc (20 ng), and Pd(dppOCl2 (10 ng) were suspended in DMBO (6 nlL)
and heated at 60 C during 3 h. 5 Additional Pd(dppf)Cl2 (5 ng) was
added to the reaction mxture after 2.5 h. The reaction m xture was
then cooled to It and diluted with DCM (25 nL) and then extracted
wi t h aqueous sol ution of NaS2CNMe2 (8 nlL). The aqueous | ayer was
separated and extracted with DCM (3 x 25 nlL). The conbi ned organics

were washed with water (25 ni) and ﬁ (25 m_) dried on Na2804,
and concentr d %nder educed press teri aI
purified ush%%al L ¢ 3 col u tog,r ,y =] ed
product . Exanpl eN10 \P oh HBTU Boc- _ ,. rl@llne
27 (250 ngy, 1.08°nfwl: Q,\eq) anGuéF 1 SOPi ne phyy ar ni ne ﬁ

di

1.08 nunol, 1.0 eq) wth i sopropyl et hyl am ne (28& ng"z' 16 mml

2.0 di | ved
2.0 eq) vere dicsolyed g DOV (R ML) 0Lt eaked b, HETER {92 tore
t hen pour edus'nﬁg QS')GW at #&)uhemahm-pﬁeﬂaglp%am_) Zéncbimt ef phi@Bthylaming, . 70Vh everall

o6 sodt um Y E4) TRRGES CSRERYE et ekl SRentiPlBr sf Qara)

sodi um chl oride, and then dr| ed over Egg;,%;sul fate. The oil produced
fromconcentration was restored jn diethylfether (5 m.) and stirred
wi th hydrochloric acid in di oxajge (4 M ) for 4 h. The sol ution
was concentrated in vacua andy d it uce @ as a white solid. 25
80%vyield. Part B

Compound 22 was synthesized according to the procedure described in Example 1,
10 using 1-ethyl-(S)-2-Pyrrolidinemethanamine in place of phenethylamine, 70% overall yield,
Parent MS (ESI(+)) m/z 7043 (M-+-H)+, major ion fragment m/z 352.65 (M+2H/2).

Example 9

{Ho)z'ﬂ"@)L ti
F'd(dPPDClz H ¥
HO

SN
LB BH

=
-

15 25 24 '
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To a degassed solution of iodide 29 (1.0 g, 3.8 mmol, 1.0 eq) and
boronic acid 5 (1.37 g, 7.6 nrnol, 2.0 eq) in a THF/ water m xture
(1:5, 18 nL) was added pal |l adium acetate (22 ng, 0.09 nunol, 0.025
eq), potassiumcarbonate (2.1 g, 15 nmol, 4 eq) and 5 finally a

sul fated S-Phos ligand (100 ng, 0.19 mmol, 0.050 eq) (Anderson, LW;

et al., Angew. Chem e 2005, 44, 2922). Under an argon atnosphere, the
clear m xture was heated at 65 C for 2 h with vigorous stirring. The
reaction mxture was allowed to cool to rt and was then diluted with
THE (3 nL) and acetic acid (3 nL). To this stirring m xture was added
formalin sol uti oondeZ. #h Bigon Ientephire c&n@:oaqi) Zﬂr(dyrﬂhuﬂlzadnacc:ordmg to procedure

bor ohyd 710.0 1

e U eSSt o e i IR wi (I v SPPotH ) Bng b8 o e &
twice with ﬂﬂ%yhﬁxmc%om})pherﬁh@rmwbcldE(@l m@aﬁn@oa eﬂ@} nghdf@AEAheg),
wiLh satut AlefeaGHars Rtk ke Q&Spéddég { BisB-s ANfluthleEla Y @A b.

sul fate. Conce acuo ovl a pale yellow oil of 30 that

was useds i nAdfigoral Bdtipndhl: (Songk W@rﬁdﬁﬁﬁ toghe repeHanHBix s PR i2ehah Bie reastion

3031 15 i kI8 a/fé ﬂh@ﬂ"c@bﬂad ?thf aqulhm m-:s\mmsast;ﬁn) @R ShefMBRractdd Wit
eq) with diamne

di i sopr opy!| 8UHTsaifi 1%@”(@%%%"& (?n’ﬁ}l') Tée Eﬂq‘é&‘}s e wreseproied and sriesered
(10 nl) andwithgstmdvw 2B duﬁTUr&echmtgncﬂo@ammmmmahenmnwm(aﬁ reld) and

at rt for e wa mxe o] di

bi car bonat eb’f‘%"oa} F@ g‘ﬂfﬁf ﬁaé%?‘é c;vﬁnc%tm D%I%ﬁ%g éﬁfgﬁ ‘1‘§{£”cmde
The conbd nedhasrigbwmaspueified asivgs silier gl mlgm dhmintatpgtaphw ko Yigld tha desired predpct.
over sodium sulfate, and concentrated in vacuo. The crude m xture was
purified by silica gel chromatographyEx@umed® moni um hydr oxi de /
3-10% net hanol / DCM to afford a white foamof 31 (610 ng, 35%for
three steps). M5 (ES1(+)) 462.4 ink (Mtl1)+. 3 '@ To a DCM
solution (4 nL) of al cohol 3 65 ny @ iy ,N—l 0 eq) was added
triethylautine (0.3 ni, 2.1 nkgU . &) TEa1 1wed by Dess-Martin
peri odi nane (212 ng, 0.5 mmol, {1.44 Thé reaction was stirred for
1.5 1t at rt and then diluted vth°DCM(3GB m.). The organic m xture
was washed sequentially with 5% aqueous sodiumthiosul fate, 5% sodi um
bi carbonate, water, and brine (25 nL eacH and dried over sodium

sul fat e. Concentratl on in vacua produced a |ight anber oil of 32 used
directly i nfeRd next step M5 (ESI(+)) 460.4 mt (MrHt. Part C

The am ne hydrochloride 28 (60.0 ng, 0.2 nmol, 3.0 eq) and al dehyde

32 (30.0 ng, 0.065 nwpa 1.0 eg) were dissol ved i @ hamed (1.2
rot) and treated with l. hy C( 205V frgf™N Q. 2 Dé?n)eq) and

sodi um tri acet oxybor ohydri Ele (55 Ny, ook, 226, s#wrol After
stirri nq for 12 h, the product P\R@s puP M HCHRFIoKES ng r@gef‘ phase BPLC
(MeCN 0. 1% 15 form'c acid in water) and concentrated by

i yophi l'i zati on tBoQLmu%@.@ar&%hh@ POVESs 4, 01.08) mmldl (ESIdg) ) and (+)-
710.7 ink | MgllglbnoéampiEJmAme (166 mg, 1.08 mmol, 1.0 eq) with diisopropylethylamine (280 mg,
2.16 mmo), 2.0 eq) were dissolved in DCM (5 mL) and treated with HBTU (492.0 mg, 1.3
mmol, 1.2 eq). The mixture was stitred at rt for 12 h and then poured into diethylether (40
20 L) and water (20 mL). The organic layer was washed sequentially with additional water
(20 mL), 5% sodium bicarbonate, 1 M hydrochloric acid, saturated aqueous sodium
chloride, and then dried over sodium sulfats. The oil produced from concentration was
restored in diethylether (5 mL) and stirred with hydrochloric acid in dioxane (4 M, 5 mL)
for 4 h. The solution was concentrated in vacuo and dried to produce 3 as a white solid.
25 80% yield,
Part B
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33 20Conmpound 33 was synt hesi zed according to the procedure descri bed
i n Exanpl e 10, using Boc-L-4-thiaproline in place of

Boc- L- 3-trans- hydroxyproline. Ms (ESI(+)) mt 712.5 (Mtl-1). Exanple
12 34 Conmpound 34 was synt hesi zed according to the procedure
described in Exanple 10, 5 using Boc-L-3-dinethyl-4-thiaproline in

pl ace of Boc-L-3-trans-hydroxyproline. M5 (BSI(4-)) mz 740.5
(M+11)-1-. Exanple 13 35 10 Conmpound 35 was synt hesi zed
according to the procedure described in Exanple 10, using

Boc- L-4-trans-Fnoc-am noproline in place of

Boc- L-3-trans- hydroxyproline. Before fipgal purification, the Fune
group was renoved by treatnent with 15%spt+feer di ne i n net hanoloe

met hanol sol ution s submi ttegygirect? rever se- phase« M5 15
(EST(t)) mlz 708 Mil-11) +. anpl e 147 ~sosNa tormalin -
- HO - PA(OAC)2, KGOy NaCNBH, HO N
HaN oM heo RoAG, THF
29 14 50°C, 2h 30

To a degassed solution of iodide 29 (1.0 g, 3.8 mmol, 1.0 eq) and boronic acid 5

(1.37 g, 7.6 mmol, 2.0 eq) in a THF/water mixture (1:5, 18 mL) was added palladinm
acetate (22 mg, 0.09 mmol, 0.025 eq), potassium carbonate (2.1 g, 15 mmol, 4 eq) and

s finally a sulfated S-Phos ligand (100 mg, 0.19 mmol, 0.050 eq) (Anderson, K.W.; et. al,,
Angew. Chemie 2005, 44, 2922), Under an argon atmosphere, the clear mixture was heated

at 65 °C for 2 h with vigorous stirring. The reaction mixture was allowed to cool to rt and

was then diluted with THF (3 mlL) and acetic acid (3 mL). To this stirring mixture was
added formalin solution (2.4 mL, 30 munol, 8.0 eq) and sodium cyanoborohydride (710.0

10 mg, 11 mmol, 3.0 eq). After stimming for 15 min, the mixture was diluted with water (50 mL)
and extracted twice with EtOAc (2 X 75 mL). The combined organic layers were washed
with saturated agueous sodium chioride (30 mL) and dried over sodium sulfate.
Concentration in vacuo provided a pale yellow oil of 30 that was used in the subsequent

reaction without further purification.’

(o] OH Fh Ph
L wo I R Lk
e Oy
7 .
/N\
31

HBTU, DIPEA

15
The yellow oil 30 from the previous step (3.8 mmol, 1.0 eq) with diamine 7 (810

mg, 4.5 mmo), 1.2 eq) and diisopropylethylamine (2.0 mL, 11 mmol, 3.0 eq) was dissolved
in DCM (10 mL) and treated with HBTU (1.7 g, 4.5 mmol, 1,2 eq) and stirred at cf for 2 h.
The clear solution was mixed with 5% agueous sodium bicarbonate (50 mL) and extracted
20 twice with DCM (2 x 50 mL), The combined organic extracts were washed with brine {25
mL), dried over sodium sulfate, and concentrated in vacuo. The crude mixture was purified
by silica gel chromatography (0.5% ammonium hydroxide / 3-10% methanol / DCM) to
afford a white foam of 31 (610 mg, 35% for three steps), MS (BESI(+)) 462.4 m/z (M+H)".
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36 Conpound 36 was synt hesized according to the procedure descri bed
i n Exanpl e 10, 20 using Boc-L-4-cis-Fnoc-am noproline in place of
Boc- L- 3-trans- hydroxyproline, Before final purification, the Enoc
group was renoved by treatnment with 15% pi perdine in nmethanol. This
met hanol sol ution was submitted directly to reverse-phase HPLC. MS
(ESI(+)) mz 708.5 (MtH)+, Exanple 15 37 Conmpound 37 was

synt hesi zed according to the procedure described in Exanple 10,
usi ng Boc-L-pipecolic acid in place of Boc-L-3-trans-hydroxyproline.
M5 (ESI()) tez 5 708.5 (M+H) +, Exanple 16 Conpound 38 was
synt hesi zed according to the procedure described in Exanple 1. 10

usi ng Boc- S- 2- nor pf g I|c acid in place_of 0 1
opine! Mm’ﬁ&?l. e
ing af finity & is data i< p enfed bel ow

Boc- L- 3-trans-
.17 Bcl- 2-Bi
for various conpounds @¥.the invention. Note that****'"-Nndi cates
that the Ki is < 0.1 pMg"***" indicates that the Xi is 1580.1-0.3
. n n H H H H - n * n H H
![ h;g' 1{ ?{e X? i Isn%g X Efgﬁ{?fﬁtﬁg‘ﬁ n;ﬂ) oI{Salcgli(ﬁ 330(1%\/I mg?ggs mmoll, ?%l eq twe?\ass added
triethylamine (0.3 mL, 2.1 mmo], 6.0 eq) followed by Dess-Martin periodinane (212 mg,

0.5 mmol, 1.4 eq). The reaction was stirred for 1.5 h at rt and then diluted with DCM (30

5 mL), The organic mixture was washed sequentially with 5% aqueous sodium thiosuifate,
5% sodium bicarbonate, water, and brine (25 mL each) and dried over sodium sulfate.
Concentration iz vacuo produced a light amber oil of 32 used directly in the next step. MS
(ESI(+) 460.4 m/z (M+H)".

5P s R

Ho™
10 26

The amine hydrochloride 28 (60.0 mg, 0.2 mmol, 3.0 eq) and aldehyde 32 (30.0 mg,
0.065 mmol, 1.0 eq) were dissolved in methanol (1.2 mL) and treated with triethylamine
(20.0 mg, 0.2 mL, 3.0 eq) and sodium triacetoxyborohydride (55.0 mg, 0.26 mmol, 4.0 eq).
After stirring for 12 h, the product was purified using reverse-phase HPLC (MeCN/0.1%

Part C

15 formic acid in water) and concentrated by lyophilization to give 26 as a white powder (4.0
mg). MS (ESI(+)) 710.7 m/z (MIH)

Example 11

u*c HE)

20 Compound 33 was synthesized accordmg 1o the procedure described in Example 10,
using Boc-L-4-thiaproline in place of Boc-L-3-trans-hydroxyproline. MS (ESI(1)) m/z
712.5 (M+H)+.
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Example 12
DS L

1PN
34

/N\
Compound 34 was synthesized gccording to the procedure described in Example 10,
5  using Boc-L-3-dimethyl-4-thiaproline in place of Boe-L-3-trans-hydroxyproline, MS
(ESI(#)) m/z 740.5 (M+E)+.

Example 13

g PoR

35
10
Compound 35 was synthesized according to the procedure described ir Example 10,

using Boc-L-4-frans-Frmoc-aminoproline in place of Boc-L-3-trans-hydroxyproline. Before

final purification, the Fmoc group was removed by treatment with 15% piperdine in

methanol. This methanol solution was submitted directly to reverse-phase HPLC. MS
15 (ESI(+)) m/z 708.5 {(M+H)+.

Example 14

MNH

36
Compound 36 was synthesized according to the procedure described in Exarnple 10,

20  using Boc-L-4-cis-Fmoc-aminoproline in place of Boc-L-3-trans-hydroxyproline, Before
final purification, the Fmoc group was removed by treatment with 15% piperdine in
methanol. This methanol solution was submiited directly to reverse-phase HPLC, MS
(ESI(+)) m/z 708.5 (M+H)+,

Example 15
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**kx%k 36 **** 37 38 ** |Incorporation by Reference AU of the U. S.
patents, U. S. patent application publications, and PCT patent
application publications designating the U.S. that are cited herein
are hereby incorporated $by reference. Equival ents Those skilled
in the art will recognize, or be able to ascertain using no nore than
routi ne experinentation, many equivalents to the specific enbodi nents
of the invention descri bed herein. Such equival ents are intended
to be enconpassed by the follow ng 10cl ai ns.

St L

Compound 37 was synthesized according to the procedure described in Example 10,
using Boc-L-pipecolic acid in place of Boc-L-3-trans-hydroxyproline, MS (ESI(+)) m/z
s 708.5 (M+H)+.

Example 16

*(L@

Compound 38 was synthesized according to the procedure described in Example 1,
10  using Boc-S-2-morpholinecarboxylic acid in place of Boc-L-3-trans-hydroxyproline. MS
(BSIEY)) mlz 710.5 (MAE)+

Example 17

Bel-2 binding affinity analysis data is presented below for various compounds of the -
invention. Note that' ***** indicates that the Ki is < 0.1 puM; “***” indicates that the Ki is

15 0.1.0.3 pM; “**” indicates that the Ki is 0.3-50 pM; and “*” indicates that the Ki is >50

puM.
Compound Bel Xi

1 Hose sk

13 *

18 Aok

23 ok k

24 *

26 fookkk

33 soakok sk
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2. A pharmaceutical conposition, conprising a conmpound of claim1; and
at | east one pharmaceutically acceptabl e excipient. 2.

34 Aok
35 AR
36 Woksk ok
., 37 *
38 s

Incorporation by Reference
All of the U.S. patents, U.S. patent application publications, and PCT patent
application publications designating the U.S. that are cited herein are hereby incorporated
5  byreference,
Eguivalents
Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention
described herein. Such equivalenis are intended to be encompassed by the following

10 claims.
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Claims

L. A compound selected from the group consisting of:

51



2. A pharmaceutical composition, comprising a compound of claim 1; and at least one

pharmaceutically acceptable excipient.

~52.



