WD 2007/ 075387PCT/ US2006/ 047861 Conpounds and Met hods for Inhibiting
the Interaction of BCL Proteins with Binding Partners Rel ated
Applicatio L plication clainms the benefit of Uni

Pr ovi si onalrw%gqt-gzﬁr)lfss%pl i cation serial nunber 60/ 750, 987&?&?2@1@%4@?&
Decenber 16, 2005. Background of the Invention The present
invention generally relates to heterocyclic conmpounds useful for
treating cancer. toApoptosis, or programred cell death, is inportant
for normal enbryol ogi cal /anat onmi cal devel opnent, host defense and
suppressi on of oncogenesis. Faulty requlation of apoptosis _has been

i npl i cated in canceCopipbrnndsand Meltesd Iibabis thee Yhiezhctionul t

from an i nbal ance between Mrp%m ithSBinding PhApepdd cell

death. A central i m?rs—ﬁwefegvﬂat-rwr"of——'
cytochrone c release from15 mtochondria. Cytochrorne c release is
regulated, in part, by Bcl-2 famly nenbers. The Bcl-2 famly of
proteins includes both anti-apopt ok¢lefededpalicatios such as Bcl-2 and

Bcl- XL, and pro-apoptotic molecul es, such_as Bax, Bak, Bid and Bad., .
Bcl-2 cdntri but &8is; IpPHGRIaE, claim)s) the Perstkt oF Uaiied Paleschanisiang! hegpmefpplication
cel | turnoy§fal GaMB&GAYSOIWE KMdgécedbeS R, bogeat h mechani sms. -
Over - expressi on of Bcl-2 has been observed in 70% of breast cancer

and 20 many other forns of canc®ackgronnd of\fhe ¥essisial | nol ecul es have
been shown to inhibit the function of Bcl-2. Neverthel ess, the need

exi sts for addi Thenaksenmeinlemiogapénerailyl sdatbeso thesdrodyichid ¢omfButds ugefdl for
block its %ntl-a gptotic function in cancer and pronote cell death in

tunmors. 25 ﬁatm f/mo “the Invention One aspect of the invention

rel ateg,to heter, jiC C 5]'%3’”% p ically; ta
salts 2? t hese ég%%%hfrs\’ds.%%ge tai nqi ngtéigm%?{’t hg4 he]tng’r%gt%&f:l itﬂ():Ie norm_al
conpound ceomprctesica¥apitomiggé rdeyelapment yst idoensme #bé r agprestiet o¥ yencogenesis.
core, such i op | el NRuolib A AR bhnfleP Gnd IiAnAR% Obth MRy

or pyrazol F%@%T&?E\%ﬁhnﬁ%b?g;dagﬁ%égdge%h\r}g? ihvzteis 518 tﬁhygr eof .I I n ot hter e

i nst ances, disaesehwhishgesidt fremeaipbalarccduipirdiprcpistof 6gibAivisiit andrel geath.

Si x A central check point of apoptosis is the regulation of cytochrome ¢ release from

15 mitochondria. Cytochrome c¢ release is regulated, in part, by Bel-2 family members. The
Bel-2 family of proteins includes both anti-apoptotic molecules, such as Bel-2 and Bel-XL,
and pro-apoptotic molecules, such as Bax, Bak, Bid and Bad. Bcl-2 contributes to cancer
ceil 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.

25 Summary of the Invention

One aspect of the invention relates to heterocyclic compounds and pharmaceutically
acceptable salts of these compounds. In certain instances, the heterocyclic compound
comprises a nitrogen 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



WO 2007/ 075387PCT/ US2006/ 047861 nmenber ed het eocyclic core, such as a
pi peri di ne, norpholine, piperazine, thiopiperazine, and unsaturated
derivati vesybh@reohsy | n certain instances, the five or sp¥usRIOEFRY
heterocylic ring may be susbstitued with an oxo or thioxo group
(e.g., pyrrolidone, oxazolidinone, imdazolidone, thiazolidone); a
nitrogen atom of the heterocyclic ring is 5 bonded to a substituted
aral kyl group; the substituted aral kyl group is a substituted benzyl
group; the heterocyclic ring is substituted with a hydroxy nethyl or

hydr oxy et hybmBéred tictebbgciitedons, 0y lak & FipA@line nSdtpRdlidel bReradink Nthdopiperazine,

YT s o bR Rt g onl hrtpclte B1S Ghgak membered
invention riedtatedict anghaayreee visbsiftied QRO ah tdxONSr CHIGRG | FbNY (e.5) Bi@lidone,

or nore of the heterocyclic.co unds.of the.invention r salts .. . |

Chereor . - PEoRERSIES e RREMiPRaion 1 Guinhes,pro of B tBfprasdotc ring is

met hod of usindgd te selixoingted avmfiol petaip; the subainred etulityd grdup BReCRPitabilee benzyl
lts thereof one or in c.ombinati wi.t h . other agents tq treat

cancer . Spedrimaat PeRiaxeft g T BRLRE MLE Gt ATRN Mo aroun

corr})_r :c si ng the d'a:eimrg'cﬁc aingdist éulrbrtitutgar\ahm grh)m@k yoynethyd apata??ymg@qzathyl group;

proliferati mg%gg | Js admi ni stering an effective

anount of a%(%oﬁpt%un _ o#y(?%é’l%%rmegg’ﬁ%{wgéﬁv“étﬁ ?noahml Og.llpf ed Description

o L1 Lrent | ONAL NSRS e ny g B SEED bl ELIBHRRY comprisin

def i ni t1%nsoneesogmezeidthedictasershlic epmpounds iof thshrvientadn, amdalts thereof. A further

Dt ovi dod. Lol oy eneat sh MARRERS athBad e e LEAMDE dofpounds, or

t hr oughout RiRBacepdeally] asagntaie salis|tessenfonlnes o1 inombiriation with atfre aigdriteto treat

i nstances, &hiherspRickiigum! vQioASrPAlls 2lhelagd i Shetl L Unprisi i

As used herein,, tﬁ% dgfigitionvofoeggh efbressﬁénf_e.%., a@ﬂ%??n%ﬁmﬁﬁnga

etc., when SopdiGeRUPRITRYPEZA0NRY SRR eratiplagitel s praliferatien ¢ mimenlied oells by

be i ndegendafiinioerihg &n dtdive bhidinfore) REWMAEAE O fhe LRGN FenSibh UCT UT €.

The term "acylam no”™ refers to a noiety that may be represented by

the general formula: 150 RS54 piNZPAERSRGBIfed IieaePR/ 047861

wherein R50 is as defined bel ow, and R54 represents a hydrogen, an

al kyl, an adtemdnsor -[err], where mand R61 are as defined bel ow.

The definitions of terms used herein are meant to incorporate the present state-of-

the-art definitions recognized for each term in the chemical and pharmaceutical fields.

20 Where appropriate, exemplification is provided. The definitions apply to the terms as they
are used throughout this specification, unless otherwise limited in specific instances, either

individually or as part of a larger group,

As used herein, the definition of each expression, e.g., alkyl, m, n, etc., when it
ocours more than once in any structure, is intended to be independent of its definition

25 elsewhere in the same structure,

The terrn “acylamino” refers to a moiety that may be represented by the general

formula:

N ” R54

R50



The terns "al kenyl” and '"al kynyl" refer to unsaturated aliphatic

groups anal ogous in |length and possible substitution to the alkyls
descri bed that contain at | east one 5 doubl e

bond respe?&g@l’"ggy% The ternms "al koxyl "™ or "al koxy Pefm%%"r]@(;d?SGI an

al kyl group, as defined above, having an oxygen radlcal attached
thereto. Representative al koxyl groups include nmethoxy, ethoxy,

propyl oxy, tert-butoxy and the like. The term"alkyl"- refers to the
radi cal of sat urat ed ali phati c gr’oups i ncl udi ng 10 st rai ght-chain

al kyl groups, nche p | i

groups, al kyl e’tre”fldlf‘ed e a%l%gg dyﬁeléglbé%%ﬁ%ﬁ IQ f:eﬁ'c (ali’%aﬁﬁm’ % alkyl, an
substi t ut edallmnt'yd)r {CHe)psR61, mmmmdmmﬁnsd belowt rai ght chain or
branched chain al kyl has 30 or fewer carbon atons in its backbone

(e.g., Cl-C30 fCkhesemag '@Htenml’iand,"al@sm(t?@fﬁd@ umaamuﬁé@lizehﬁaicrgyoupamualpspus in
ot her embodj i bl I efhogsli

cycl oal kyl g thﬁ? %QSS%G%ngggr E?‘r{]@ %‘Eﬁ %]?119@?0%8% gl:’érberl ng Eslt?r&g%:a%lljﬁtelem one
and in &t heloubletnodiipte hord respestiBelys or 7 carbons in the ring
structure. In certain enbodi nents cycloal kyls, bicycloal kyls, and
pol ycyl cl oal kyl sThedfrmpe"dlkeayhedr 'sksxyt faferedo ap PFFYb BOUBy afn%fff@e%ak‘gﬂres having
subsi t uent s oxygen raiR@l §ﬁcﬁéd fkkeyd. RRpRsemt /R IaBdx9! Adugd Hlude ididbxyddthoxy,
defi ned above, ﬁaw r}g a sulfur radical attached thereto. In certain

embodi ment PIORMARKY: 5 9!“9?5}’6“ ®6i'%Fy is represented by 20 one of
-S-al kyl, -S-al

and R61 are defi ! QBEI %A}?Y‘Refﬁ%é%é% ?lr%&gl?é %tﬁlllat)eng?ab‘ﬂ'ﬁﬁhlﬁﬁﬁlﬂ?dg}wl“ding

met hyl tiloi o snﬁtghy-bhzﬁinlaﬂkylagdupshebrhndhedwcham alky’l’f‘@fou;m; mydlaaikgib (alicgcla) t groups,

recogni zed as uted C n e ty
that may beﬁ?"’épsrlfct=f=%{‘-,\P ac yﬁga{kﬁ'e geﬁ’gr %fcpg éfoal@f b&& Qlékﬁqugups In certain
25wher ei n RbtbodimierR h ﬂra@mgharlnfar echche] chain Gkyllas i O0entfodtnenbe dbms in its

" the amdelnthe ese ntlon i Ll.n

be unst abl eaCle}e @5%%)7 0%76514%36?%% ?Dégru{rr%g&am nbé Q]dWOther
"am no" ar esrrﬁmthmertmgﬁloz édva'nmleWisc, incetiainlemindinhstts tydledkdndave from 3-10
substi t,ut e%aﬁ%%?ﬁ?ﬁ%oﬁelr ridg Wh&int, L TR RBohRRLESEIESd6 BY 7:8%ons in the

general “fornulas
ring structure. In certain embodiments cycloalkyls, bicycloalkyls, and polycylcloalkyls can

be further subsittured with one or more alkyl subsituents.

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

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

20  one of -S-alkyl, -S-alkenyl, -S-alkynyl, and -S-(CH3)-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 carbonyl and includes a

moiety that may be represented by the general formula:

O

)I\ /RS 1
N

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.



| + -NN R53 R52 wherein R50, R51 and R52 each independently represent

a hydrogen, an alkyl, an 5 alkenyl, -(Cl12),a-R61, or R50 and R51,

t aken toget»{ag&oﬁ%ﬁggsﬁ he N atomto which they are attachggdrgeRebs:a
het erocycl e having from4 to 8 atons in the ring structure; i
represents an aryl, a cycloal kyl, a cycloal kenyl, a heterocycle or a
pol ycycl e; and n1is zero or an integer in the range of 1 to 8. In

ot her enbodi nents, R50 and R51 (and optionally R 52) each

i ndependently represent a hydrogen, an al kyl, an alkenyl, or
-(CH2),,,-R61. s b “ ylLam neeol ] ;

group, as deflnéQH§%3é£ &ﬁgﬁlﬁggzmgggsfltutgﬁo %ﬁﬁg@?ﬁﬁ?@%ﬁnpub¥uumd

attached t Hadsubstitpted amings, ¢.8a8 moigiethst mppbe macsrmd by thergearial formulas:

group. The term "aral kyl", as used herein, refers to an al kyl

group substituted with an aryl group (ergg, an a tic or

het eroaromatic group). The term"aryl'”as used hefrein includes 5-, 6-

and 7-nmenbered single-ring aromatic N5 groupgs T 832 i ncl ude from

zero to four heteroatons, for exanpl e\ benzene, anthracene,
napht hal ene, pyrene, pyrrole, furan, tﬁébphene iRfizdazol e, oxazol e,

thiazole, triazole, pyrazole, yr|d|ne yrazi ne, pyridazine and
pyrini di ne, and Wheaeini B30, Rifloand %ﬁ%PaCermnWVﬁgPIﬁﬁﬁﬂéﬁdwmnﬂw glld, an

ring st rsuctm&ymgc%%sm@e of ®58Tdn@R 410 t-kSn icHeitler REMOHO QY loBSio Which they are
"het er oaronati cs e argmatic ring _ nmay be substituted at one or

nore ring péerhsdormmptena heteragyels Eﬂﬁ%ﬁ otRe it ¥ 8satefss dpi the dingpypasture; R61
for exanpl Q‘e%ﬂ&é’énﬂgﬁ{\aryﬁ%' ARloabdyk W oycRaREKM! a h&bﬂ@@ﬁé’lb or Q'pKW&Y&Ie and m is zero

cycl oal kyl dr ox | koxyl , am no, nitro, { g

ami do, phos"ﬁ ﬁé‘rfa"teéef Hhtbg 5?Rﬂ?a‘tfe1 18y iB‘bHS]PPf 3@99%6'5?9 R PIaS}‘F RSét(ﬁ@r optionally
al kyl t hi o, Issﬂ)fewﬂnde;sdﬁhmryaﬁp&@em &m@%gen,ahdﬂ@y%,almwbr -(CHg)m-RGI 'I‘hus
het er oc clyh aro tlc or G&%{{oaroma,tlc m)letéé

li ke. ¢ i ylanging?, inqluqdes AnamHRg groyRy 35cdefingg) aE?/‘é‘l’ @ﬂ‘é‘“ﬁ&xﬁ?hﬁ’*“ﬁe‘l or
two or nor am@wshnﬁec?ﬁkpn A1@Shddthidios De.| MQeadt o8N R INAEB i8 bk alkOIGFo1ip.

to two adjoining rings (the rings are "fused rings") wherein at |east
one of the ringsThestenn Saatkiyt’, ag uggd, hetehm refeheto anyadkylggronmgbstitaiedyeith an aryl

cycloalkyl)ﬁrS &lo%hﬁg%%ﬂkofﬁ§&8%J E%up ryls and/ or

het er ocycl ermTcar ncludes such noieties as

may be represent nQ 5. Q4 7- _

2007/ 075387PCT1US20 p%%e%mgé@%’%@égﬁg@ R V= S T G T
or repriésergreupsrihaiygenchrdesfram ztgrte fourchetaredions, s Bxample ABHzene, anthracene,
represents daPﬁ‘ﬁQ@ngB ﬂJeMe ?&&EO%@B ﬁﬁ%ﬁjeﬁ%( ! lmi%?zcﬁé kgﬁ%lole, thmﬁole triazole,

-(CH2), , , - armacelti cal Iy acce
are defi nedyEgeire PYBCPFT& PEWB'WF% and Pﬁﬁim‘%ﬂ@laﬁ“é ,ﬂlc 1‘5@ ddese aryE groups

herei n ar e psgg HePdr64i68H8 3N URABLY s@Bure may also be referred to as "aryl heterocycles" or

"heteroaromatics." The aromatic ring may be substituted at one or more ring positions with

20  such substituents as described above, for example, halogen, azide, alkyl, aralkyl, alkenyl,
alkynyl, cycloalkyl, hydroxyl, alkoxyl, amino, nitro, sulfhydryl, imino, amido,
phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether, alkylthio, 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 commeon to two adjoining rings (the rings are "fused
rings") wherein at least one of the rings is aromatic, e.g., the other 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;



refer to any of a series of divalent groups from al kyl, al kenyl,

al kynyl , al kyl am no, al koxyl, cycloal kyl, heterocycl oal kyl, aryl,
aral kyl, heiesmenshyd , heteroaryl, and heteroaral kyl or pgBes205647861
exanple, le.is a bivalent alkyl or alkyl diradical;is also a bival ent
al kyl or alkyl diradical; Cs a bivalent aryl or aryl diradical;
t'Il<t))l/ / 10is a bivalent aral kyl or aral kyl diradical; andis a

bi val ent (al kyl) heteroaral kyl or (allcypheteroaral kyl diradicalL

Typi cal exanpl es include al kyl enes of general structure (CH2),, where
Xis 1-6, and correspondi ng al kegyl ene and al kynyl ene | i nkers havi ng
2-6 carbon atons and one or nore|double or triple bonds;
cycl oal kyl ene groups having 3-8 ng nendey s._and aral kyl groups
wherein one open 15 val ence L8 on thg-aryl h?hqsg d on %é on the

al kyl portion such as isoners. The term "hal oal kyl ", as used

herein, refers tQhe8inatstyik'a HBIhOYPrephRERs ANYVYIRH Or b 6@PrladDeadh bf RS5 and R56
hydgr ogens have been replaced with a halide. A "perhaloalﬁyl"
¢ (GippBSlor a

where al | JFPresRatny HdsoarEnthay &8 ueperip| e ctlkyh t A a 2SRy

t erm " het erfiatfidenfisal ySREpi €5}, WhaiIn afd REDBledefinéy avement ot her
t han carbon or hydrogen. Exanples of heteroatons include boron,

ni trogen, oxygerTheptensaphiadizalsot ‘fhivalantt as abeinheidin akb eusbd imrechangeably and

(img- st eI BB el Gt BF ool 45 alinh A AR REIER T gieor

struct ur es dyobhlkgt betercepcl@klo Larylh edralikcplatlepsocydbile heteyeh@s andnhatbaralkyl

be polycycles. Heterocyclyl groups include, for WO
2007/ 075387PCT/US2006/ 047861 %, j\/».k
e
groups. For example, % is a bivalent alkyl or alkyl diradical,; %, isalso a

bivalent alkyl or alkyl diradical; § C § is a bivalent aryl or aryl diradical;

10 : is a bivalent aralkyl or aralkyl diradical; -and % is a

bivalent (alkyl)heteroaralkyl or (alkyDheteroaralkyl diradical.: Typical examples include
alkylenes of general structure (CHy): where X is 1-6, and corresponding alkenylene and -
alkynylene linkers having 2-6 carbon atoms and one or more double or triple bonds;
cycloaikylene groups having 3-8 ring members; and aralkyl groups wherein one open

!
M

-y

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

isomers.

The term “haloalkyl”, as used herein, refers to an alkyl group where anywhere from
1 to all hydgrogens have been replaced with a halide. A “perhaloalkyl” 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
carbon or hydrogen. Examples of heteroatoms include 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. Heterocyclyl groups include, for



exanpl e, thiophene, thianthrene, furan, pyran, isobenzofuran,

chronmene, xanthene, phenoxathiin, pyrrole, imdazole, pyrazole,

I sot hi azol gyoha9xAae € pPyridine, pyrazine, pyrimdine, ppyikaddddsi

i ndol i zi ne, 1soindole, indole, indazole, purine, quinolizine,

i soqui nol i ne, quinoline, phthal azi ne, naphthyridi ne, quinoxali ne,

qui nazoline, cinnoline, 5 pteridine, carbazole, carboline,
phenant hri di ne, acridine, pyrimdine, phenanthroline, phenazine,

phenar sazi ne, phenothi azi ne, furazan, phenoxazine, pyrrolidine,

oxol ane, th| : ol e di r h

act ones,  PARpERy wbEReR, “au Skl Cin, RS BEURBABED (Gl ganthen,
sul t ones, @hehmdathnm I@E’ITOquemhémtDcmc'ﬂz@e,rlSﬂ@Jmkﬁ Heoxpaelst ipyTiding. ayrazine,
one or st; le d e,

For 10" exEaRathy okl SUEEHIZ AL ARIE CHEL DR RS quifdliine
cycl oal kyl jsoqyihobng qmamrm phmaﬁazme saaplnthymm qQuirgxsne.afimegoline, cinnoline,

phosphonat p troli
Ry oga, i PR SOy ARAREL SN pfi0h, shpmitin
aromati c omhénszisco aphsmatspgngrp phenpthiaging furgien, grheppyaziriek epyrrolidine, oxolane,
As used heng ﬁne,t rtﬁiaﬁﬁ&m Bplﬂéﬁ&lﬂe 'Iﬁﬁ:?& é\l%oréﬂ@?inteerlﬁétoﬂ@' OB@Ams such as

deS|gnates - term"sulth " neans -SH;

the term ﬁwid;mes aﬂ%amoh@%neaﬂlf@lﬁé spkiprips: %@%HW T‘f&%‘aﬁ’ri%w?@l’szmg may

The term %Q;ubétﬁﬁt@ﬁ St bﬁe @r Qﬁérg%&luoﬁb‘(m RuéirQbstituents as dEB@iHed reﬂi‘éve as for
1" ycyclic group” refer to t or nore_rin

"pol ycycly
cycl oaIIRyI §xa189’@i g‘é’l%‘é‘hyiﬂgyl el alrmyh sty eveloadndy hydmgy] am‘go’ nitro,
het erocycl xlighydriy, vikisd) moorpﬁaap&na& GAb t@r@rmmmoaarb@x}tlmuyl ether,

adj oi ni ng: ri the rin fuse s tha

Tokned | or alighbise SovhcRne AR 65t o B Bl T HelRespgpatic
the rings efoitle- Qa3 YT cdahatke.be substituted with such substituents

as descri bed above, as for exanple, hal ogen, alkyl, aral kyl, alkenyl,

al k)é nyl , hCyC Ihoalﬁlcsyds;ad hyaim xid t,enﬁl'ﬁlitm‘i') nn'misr«NOE ghe‘ ey 1" lydl?)gdm‘ridﬂmgnates -F, -Cl,
ani do, phosghon 0S car car hox sil r
al kyl t h‘?o, 'B"Z Br %ﬁeotﬁ Q\.ﬁg}ygﬁg mﬁf“&fe%@% e g eg é(1‘35{*"|1et ef ocy&lglygnd the term

aromatic onhﬁm@WGﬂmﬁmas®2-nnlety, - CF3, -CN, or the lilce.

The phrase "protecting group” as used herein neans tenporary
substituent s whiThk tprotaexet refersde anebah¥lpxygeadtNe functional group
fromundesired chem cal transfornmations. Exanples of such protecting
groups incl ude ddeceanonf'pelaetsdyy | drc'Pabicrdic gioy!| refendy sweforgpore rings (e.g.,
al cohol s, %pgoglfc?fsaéﬁlcﬁaﬂ@ngﬁt %&oﬂﬁm?isd%%%wﬁﬂéeﬁ&&2%§ in Whlch two or more

respectlvely The fiel d of protecting group chem str >
revi endd ( GRPERBarcToRimonfgitwo adjining pEy eeotthy EEY BE p@s%n@sga#ﬂ%gs that are
Synt hesi s, jdnéd @doughhbiedd aMlWa?@xﬁskare]t&%e)i “bn bd" rings. Each of the rings of the
2007/07538%PCT/U82006/047 61 The terns "trjf ¥

"t Osyl n@chyc 15 Teevh b alfltpsg,liu»teq é\fl@rsufzg substituents as described above, as for example,

trif :c :Jor orrglhit@e@salﬁlo AydIky; BeHgn @ﬂ@hﬂ? {a:yblomeylb afyasoctlyf, Gatyiho,afitro, sulfhydryl,
nona uor opuf anesu on ou ec Ive
T bayl it iin oo bhosgenalee PR RES, Yoy FAREHES HSiNbs ke pegio,

ester, 29-t @hlieneskitdre) aldehedd, ester, & meﬂaam,ﬂu i @rvailiRicest lettero@Bthatic moiety, -
nonafluoro Q@ﬁ”'fﬁ g%e ester functional groups and nol ecul es that
contain said-gr p ¥ ectlvely The term "t hi oxo" refers to a

Kgr P gg?’/iaszwt f lrJan t’Iﬁ]-z?l%)hras?h Wotec-p:]lg r@?&"'e‘“&& Rgr%znl\@lmn%ttempgrary LubsNubntI%hlch
tri fl uor omptdiesies pbicotnlly, reeptifd Goctinal anapufrbmmyidepirddotheamiesl Urdnsfephations.
d

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).



| o met hanesul fonyl, respectively. A nore conprehensive list of the
abbreviations utilized by organic chem sts of ordinary skill in the

art appear §,,4 irst issue of each volune of the Jo

Organi c Chmg‘%ﬂw){%s%fhi s list is typically presented in gé’?@%ﬁ()ggmﬂsm
entitled Standard List of Abbreviations. It will be understood that
"substitution"” or "substituted with" includes the inmplicit 15

provi so that such substitution is in accordance with permtted

val ence of the substituted atom and the substituent, and that the
substitution resylts . in a siahl& cogpouwnd, «e. d.» W ch d t £ ;
spont aneous| y uﬁlg‘& g&ewsansfﬁéﬁﬁgti onqgsgzdh ase%g} ’r\é\ka]“%lrsanggﬁrgarﬂ}? reter 10
cycl i zat i onyrifledriomethatesmifongl c. Cerp-gilwencabfooyinds naymethangsulfenyl, and

particul ar geopet i ¢, or eqQj ric. I . The,.2 e S ST »
i nvention cr%ﬁ?tgl?r%?%ugaenseméﬁn% u%é@g’?rp%g r?afs?{}éif'ncl E@lﬂ ng“’r@{s’s- %gn%fe , Ttosylate”,
t rans- i sonémssylReidands“nenmdiate” otvetridluodimethanedionats | esfe) pitelgengsylfonate ester,
(1) -isoner ] L Xt upe e ]

thereof o adntATpIRAEE althy o C BohdtiofBlenANLAD s YhtliBhal growws and
asymet ri ¢ reelpbues thateeptaimsaid groyps sespectivalya substituent such as an

al kyl group. Al such isonmers, as well as m xtures thereof, are

i ntended to be iTrelteraetthiorot rafersiipg agrbomh sutinre)-phr ases

"Bcl- nedi ated di sorder” .and "di sorder nediated by cells expressi npg%M
proteins" refer 1§ #bravpingsciie Evilhi Sl ToMdF FrRIREnt msiiylc Athyh gjenyl,

protein pl apfusrohRi@nestifehyl; Ol esndmflubebethfiRGlfbyyl) el ate@hicnesulifenyl and
pat hol ogi cal condi ti

ion or nay .be .indirectly rel at,ed the conditi.an.
e f eatbur dethatoh g b RIREO e el Ao ISR VS Lok i ¢ ﬁ*’lﬁ@%ﬂ%‘é’ﬂz&d by
amel i or at echrfganid EHvinkts iof@rdibayaRill vithy ar® hppehisniatth® firso issu®of each volume of the

associ ation_w t 1 proteins. . used herein, the.ter "

"Bel prot eiF#" ’5’?8} %%‘?%%Ge "’f”és"é‘ﬁgg‘ﬁgﬁgbs tgﬁlgglﬁ;‘: pf%?%tecg?n £ ﬁ"g’ﬁ%c%?t%daﬂ ndard
subfam |y dfistaftAbbegeiypioni ¢ proterns Bcl-2, Bel-w, M1-1, 1361- XL,

A, Bfll, Ed-B, BOO DI VA and their honol ogues. WO .

2007/ 075387PCNVEI088] b4 186¢rs®pdithasissbstifuticet er Ssnbetituted Guit imalgdes the implicit
In certainj o l.] : S :
nvent i n 4ranef BEF Suct Bl IE 46 ob forFRERRHAL Bl SPAG e subsituted
het er ocycl e$oreand Be sybetaewdatd bat thh eubstitution sesuls in 2 sighlssgmpeund, e.g., which
t i ophosgenfes (13t QRulalobiy dnacttd LAREIEH | Sieh A%y PerlahlidnerElclizdtion,
amno 5 alcohol's, 1,2 amno thiols, or 1,2 diamnes.” In certain

i nst ances, dimdngtiopeetpenber ed het erocycl es of the present invention

can be prepared by the reaction of an 1,2 am no al cohol, 1,2 am no
thiol, or 1,2 dirrpRecARIIngs MaAYFEHy ferasticyla gspmetricordsreeisgmeric forms. The
I nst ancgs, Aatréﬁnm@@;{tﬂﬁysdxﬁ&nafate% hel REReMpoldideHch@heCaR BRI trans-isomers, R-
synt hesi zed from CéC| i zatjons of ganmp am ngl)am ds to aff

ord .
2- pyrri dond@d S-FPaRHpmgTsy diasierenmsss (di-Hemersy E)iomsst dbe FRAeTQ By thgreoh
the o present stAMCHELIQRsCRBrddE 5¢ MIHES Wwiksh Wkd Bgopr DB invention. Additional
cycloaddition reagcti on between an azaal yI%@ni.on or azome'hjgiype ﬁé'%ﬁ h
and an al kEFEOMPHE SIRGRIRMA I8N T RIS, § YPEINRY 4Pk 8hE" B8MR-af Mt 54°
functional igiaetRSs swlitahhighirey thefeof)ataihtetddsd todieiiZatidedrin tidh Invrentivg.

synthesis of a pyrrolidine core. In certain instances, a Lew s aci d,
e.qg., AgOAc, is Tddédases ‘Hodmediattd disorden’ adr tdisardérnsediaed dhy tdile expressing

reaction mﬁ(él Lf:rr&cfln& gé*g{l %C#%gg%%cgiﬁ% digélsf?g&ﬁfi@éngi ikkﬁhiéﬁtas%'é;jr{agﬁ%in plays a

reactions are‘carrie _ reaction nedium D o
carried outrolgn Such obles msyheotitectly melated tathe pathwlegicnd sonditien or may be indirectly

het er ocycl Si [ ) L
ni trones aﬁ‘g’agéppi’/ P‘%c%?%%%bl%&q?%%g?? Ir.rne?‘ﬁ?ytﬁhé% ¢ oﬁ%{)ig%%qitt{?&e@%etg%tltﬁy nlaay be
cycl oadductanetigretedioninbibitingibe aglivitn of. fmeidn afhbiasseieation witleBel pioteins.
5- et hyl - nesyl at ei soxazol i di ne. Upon exposure to Sm, the N-O bond of

St

the isd®azol i di ftsysgd hetripde teras t Bel” 200 SRelME0Ein0 Mrainimded ip epempass one or
more of the Bcl-2 subfamily of anti-apoptotic proteins Bcl-2, Bel-w, Mcl-1, Bel-XL, Al,

Bfll, Bel-B, BOO/DIVA, and their homologues.
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30 generate a 6 nenbered ring. Likew se, six nenebered rings can be
made by internol ecular or intranol ecul ar condensation reactions, or
[4+2] cycl eactions. In addition, a nunber d
heterocyclggggﬁihggﬁéer0|aIIy avai | abl e and can be nDd|¥é#ﬁdﬁE%£3%gld
t he conpounds of the p. resent invention. WO

2007/ 075387PCT/ 1JS2006/ 047861 Fol | owi ng synt hesis of the

het erocyclic core, the heterocyclic conpounds may be derivati zed
using a variety of functionalization reactions known in the art.

Repr esent at‘SI ve exapples incl (gj,g Hall adium coupling reactions to
al kenyl hal ra'es—m'—’g&y'g—%ﬁf—mgs—‘zwrdatl ons, reductions, reactions
w th nucl eophi | g5, ﬁﬁﬁghétgr%%s,v\fhE hlefék&?/&ﬁ@@&hﬂ)&ﬁds Q?rtﬂecﬁz‘ékérﬁ invention are five

reacti ons, 5installation rotecti ng roups, renoval pr otecti ng
groups, andnaniesred heserocycles. Tin&ve sreas éﬁteeoc&mwﬁpspreparﬁﬁﬁom the reaction

i nvention Q'f[&%ﬁog SHACLHRS }ggéeﬁc,a@ﬁonmcﬁftﬂdgssu%gﬂ@ﬁ!@ﬁgc B&d the like, and 1,2 amino

anti - apopt oti ¢ function 1n cancer I's and tunor tissue that _express
t he Bel Spr @loshals, |12 egrnajthiolpinsdl. %E‘H{ﬂélmeéo@péﬁﬁ"ﬁ!% iggtanges they BHe jrepmbered

sel ecti vel yeicB{iybleh otfktﬁe AP RRERIdCcAChE Y)képﬁrc@f%)omeywﬂ@t%rfr@maﬁrl Plamino
the Bcl-2 subfamly of antj-a Epz ptotic proteins he heterocycllc

conmpounds  éicohpk ltzrﬂf@ﬁ? el en 2 iseargiae o ithgnialdsiydeonkeianentn cSEprdRitaRyes, the

from a di sggreodyeledbethelReddRl mvérﬂloﬁ%&fx Bk Byrithsi-30 €R%n cyiciGatitRh OF Q&Mmh iatino
conpounds of thé invention are used to treat %aﬁg tient sufferin

cancer. Bi ¢Figgite #ffonk ginyridpnghafiy gprigin instances, Ve BEMSRFed et gioc [eP 6’Iptha

bi ndi ngoan%@eﬁd HveAtiID SAY De CHMtHIEIZ4E @6ink G g}mqrdbedeen JrBaoﬁaﬁlbet\izgen an
and speci fici of co ounds, .of HJA resen |nv ntion
i lidg 4

Bol- 2 and PRI AnisRIon SfqmEkinG B F oM *HE“‘ A@ g%ﬁ“‘ﬁé’f’“‘z“‘“d
and Bcl-xL almeﬁélmgy Cavitdde flgdtiynal rge@pussu‘mgbla fkﬁr tiefmicaf dérhavimation following

nmet hods. uch as a sensitive and uan itative in Vvitro.

bi ndli ngy as SUYRERS gt PN edeiEe hUFR SRR ZooURR o de ARG Byaded
Wang, J. - Ii.ha reZ&acﬂg InZcertdin; inélades the Feaptid) mirtmS.is sxkh;e;ctéd to K@abchy, geferal, the
M ; Al nenr

bt e ngpeptiiESsdiecRa eared gt BHE RS “asaBe BB e S on
cells. Canceld R&ﬁporQGﬁOC,erﬁ(h lmeﬂ%&heteﬁeyﬂesba&ebe assrathyszed'l' Frem the [3+2]
ability of h cli.c oyn Lesgnts t i

cel | - 25 vi 5%??(5{%0/% r?fclg&?:légr')g ce w aEC%E& iﬁ o?w%ﬁpc?il/cce&g Oltegnrtgg lg!n}]tmg
was dermnstoyeibedﬂuctéhean Rhape bé sremtexi em]:ios‘eadylt ohlbhée h@t:;acldcg'd-rn@thyi-mesylate-

conpounds 3£0xt D& klplg%l gcy G ooé}nI eN-'CE'E{)ﬁ cgf)cfl? IS%Q%IIQIHB i reduced and the

dose- depende ue cytoxicity assay w
| C50 vabuesmific fswmuarabmly cwtze@ tq f@mn alpowliding, 3 ¢SeabaE inihe eaxpmpigh dglow

Panel cell g e%raqs#g{f@%q@ 4915 gkl Qoo‘soagaﬁhman% 6628860 therein

Efszh%ﬁ

invention in conbination wth ca C|n I nhi bi'tors show a
syner gi st i dnegoperaige pm@lfémcw its emhrqtyh 'g“yplﬁallm @eﬁﬂﬁbbmdﬁwﬁlvé@pd@ws placein a
excl usi on gelde Skt \éﬁéh%@tﬁaﬂu th 1C50 val ues of from about 100 u, M

to about 1 uM (See Exanples). WD 2007/075387PCT/ US2006/ 047861

In certain embodiments, the heterocyclic compounds of the present invention are six

25  membered heterocycles. These compounds can be made using a number of methods in the
art. For example, the heterocycles can be synthesized using annulation strategies 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

30 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 commercially available and can be modififed to

yield the compounds of the present invention.
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Bcl-2 inhibitors have been shown to be active agai nst a nunber of
cancer cell lines as single agent, including, but not limted to,

breast can 3/ 0119894, published PCT applicati

02/ 097053 ﬁ@W%%m all of which are hereby mco?g@rUa 0%04t7)§/61
reference), |ynphonas (Nature (2005) 435, 677-681), small cell |ung
cancer (Nature 5 (2005) 435, 677-681), head and neck cancer

(publ i shed PCT application WO 02/ 097053; hereby incorporated by
reference), and | eukem as (published PCT application WD 02/ 13833;

her eby i ncor por r ef grenc el

shown to be act ?k%@?ogﬁég ?f“huﬁﬁlg hefsyos 3}2%%?@0{&?% Peﬁcg'{:ﬁc BGRB8 thay e
conbi nat i oBerivatiRediding a@mhetgraafcﬁlmtmgehﬂaaoam@cnm leorwamin the ety epppsentative
but not limte st ca [

appl i cati oﬁquﬁgz‘/“&’é‘%%% 'SP &RV i 58%%%%’%\ %/’ﬁl)éﬁ eesraglrgligjlle1 hﬁﬁ%%ogﬁgatgns’
cancer (W tdductimal eesetionspwithimsialedplHiEs, wpptiqnsamﬂonlemiﬁﬂﬁﬁlgmswhc reactions,

docet axdl . TR reharPbier g BRES Fad i BBltsBE s SPRaRt et

i ncor porated by.te Shork Wet d
ncor poraf e gl 0 B8y 8 410 G0 6 o
af orenent i bhaeld mmmpmccmmmm sser pels, anghHamor iiisee G‘Paé exPTeSS the Bel

i nhi bi t Or S ]OJte C%n%eﬂﬁlgtegﬁmlﬂbxﬁpl &M‘lp%xﬁ@sr SPih¥hidRnabh 8le@VelyCARAY the anti-
agents, n& dlng, but imted to etop03|de, doxor ubi ci n,

ci spl ati n apetdtic actility @rmﬂy aF aneraber (bt Bel-Z spbisilysef amizapoptofie proteins.

Met h0d§00f ThE ﬁéi@%yﬁftﬂco?ﬁﬁﬁﬁaﬁ?ﬂ? the invention can H\&e@ ke Ee4itta ﬁaﬂ&:&&hff@ﬁng from a
further provi hods for treating and reducin the 20 sgverl

cancer as viskaseaslaisdfie BoBeln geagindpEepcgs-45 B’é?@cﬁfﬂl GBWBPW% {5/ nkfuSh are
Cancers or ,R&qRlRa 4 FatfnbaAERMeIh Ealcat ed di sorders that can be
treated by adm nistration of compounds and conpositions of the

present i n\B%lng@.BLAdtﬂgiMdazzsztaut are not limted to those |listed bel ow
(for a review of such disorders, see Fishman et al., 1985, Medi cine,

2d Ed., |I. B. Lﬂmplfbnmbingﬁa vznﬁmzhadglapﬁlcaylulatwhmal be et ﬁgtefmme the
acute Ieukema 25 acu hoc K

eukeri'a,  ApnESERETEy STERREHAC o HEGHIG HREHA, BERERYBHES and imnoi
eryt hr ol eul{}elrlzéuncﬂa:ndmaccllleukem a, chr oni ¢ nmyel ocytic (granulocytic)

| eukem a, and chronic | yrrphocytl c |l eukem a); Polycythem a vera;

Lynphoma ( iBe&l Birding Mesdgki n' s di sease and non- Hodgkl n' s di sease);
Mul ti pl e nyel oma; WAl denstroni s macrogl obul.i nem a chai_n

di sease; amdl-BaniBalukdnadipe sat BELRGTO ngaﬂaﬁm HHXB SRSy One such
l'i posar co m?assa9 he Qd§&§1@iﬁr§ @hR qu&%it@t@&eiﬂ ivizr BinG RIFTassa3NBikofiiforescence polarization

anglosarcona | ynphangi gsar comg, n el.losarc
synovi ¢fe, (ABsHsREP§G ‘Eﬁﬁgls ? % Ee%sﬁg%'sg ag PiPz; croce, €. M;;
r habdony 0s at15QHB, ECO} RBriols IRDQHBang, maepammawwmm@wﬂégmemmm

pancreatic cancer breasf .cancer, ovar i ance t

squanous c@PProagh (o apgRigsisiaducfion it fumor o fatlpsng:ﬁ'écer g‘aenoggrﬁg E%%%

gl and carci gz%E iebaceous gl and carcinoma, papillary carcinona,

papill ary S s, cystadenocarcinoma, nedullary carcinons,
broonchogeni ¢ cargj.n LERBlerdeStlic %@ﬁlﬁbﬁlﬁgaof RERFEYIR inRinkiS CLIGQBlublt ceil-

carci noma, 5 chor i ocar Qi nong, S'm nonma, enbryonal carcinoma, WI|ns
tunor, 2ser wiabilitydarverser catle mitheBelahpwstein Pé@ftfi?‘@msapn W AFiemongfERied. When RL-

carci nona, c%{f? Efoked W) Qlecﬁétﬁﬂol:.’?ﬁﬁ com;}%qg&f of BleChrasyR an@ﬁhéxjﬂ ahé @hhibitors
onw,

carci noma, gl | astroc toma, nedul | obl astoma, crani ophar ngi grra
ependy nona,shew ﬁe@séﬁﬂpeﬂﬁ‘éﬂh%bm%s‘?éﬁm% el Y tETINORREEY it 1Cso Values of

ol i godendr qg %g&loliﬁﬁmbﬁgb% rtr HM Bsx 2R HE P DIvReh PaRe1 &dIE are exposed to the

retinobl astorra mbodi ment,” the conpounds of the
present i nvsterecyaliacempowesist of theenreseah frveption jic perabingtiory wth fgmptothecin, the

lim tedypt 0, hi¥HRRAARS a(RheffRUlNMe- b dnbiGH can kAP RO préfiifiuiisiBdidereg€usion

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



One or nore conpounds of the present invention can also be used to
treat or prevent cancer or neoplastic disease in conbination with one
or nore ang*oﬁﬂﬂ.%&; 20 chenot herapeutic agents i ncl udi @UUQM&%H%&]
limted to otrexate, taxol, mercaptopurine, thloguanlne

hydr oxyur ea, cytarabi ne, cyclophosphanlde i fosfam de, nitrosoureas,
cisplatin, carboplatin, mtonycin, dacarbazine, procarbizine,

et oposi des, predni sol one, dexanet hasone, cytarbine, canpathecins,

bl eomyci n, doxorubi cin, idarubicin, daunorubicin, dactinomycin,

plicanycin, mt ntron se, |nlast|n r
vi norel bin e, p a%F"a 1tdra§8\ée?‘t;ggglsﬂo lgbg 5&1\!6 CE)L 81‘[1 i E} Tlg'[lgérr(')% c%x?ée&' Q&l lines
canpt ot heci;msinél?,- géﬂlﬁ;ncmﬁdmg;dhmpbbhpmmménedshcmcplr 6.1133 P2Pe3 0119894, published

e T ey S GRS B WG ASHER ol BUGEEL O hootP o

or nore chepothkamnage mjmlm}mnasqtf\w:'ea(at!@ﬁ'») cBAc 677-68 B0 swall well Udn g ganchu (Nature

Nt rogoh medDg) B85 Eni S ngdh SERE o lenf oy RSB Bar007053;

t r of osf ami degbhincsraotatei by Esferenca)s tand eleukerdiase(ppbiddhad ) PCT application WO
Ni trosoure 04, and Lonustine (CCN
Bons wb&%s g O&@&g@&bp?an R an (CONY)) ;

Al kyl sul ph I'NC usu

200 7/ 075387 PCT/ Hor9 0B i0443 @;vér 5(%91%‘1’11)%@3 be IEd\%Za%Q%b a MABerdY cancer cell lines

Dacar bazi ne; Pl atinum contal ni ng npoun sgél ncludi ng G splatin
car bopl ati i Ctarnblmewapwa‘h other RitigARCoR EEID P rqqiﬁ&%m%d%rw.@% lifted to,
Vi nbl agg i Ngye, %ﬁ%}' n@?\ht]\[ BeekBi, NBubiRAL e el ﬁ)_h%ﬁmDWQt @Z/@b?ﬂﬁ%mby

Topoi sonerase I n itors (includf n et o&{m de, Teni posi de, To ecan,
9- ani nocamcotHeEsphbY EAPSeS); prﬁéﬁeéé%ﬁ?r Ha dB“é‘l"ieé’rPé"PB?})ed ROk BRjigston WO

C Anti- mb@)@@b@fxﬁ%erdw frrchbPlopdt &b b&'ﬁﬁré&bﬁ%eﬁ@tﬂﬂtﬁﬁkﬁﬁcw (Wxth docetaxel,
Tri metrexat e, rQf_‘p(ijeno ic acid, Tiazofu Ri.bavi ri n

hydr oxyur eﬁ“bléFé‘P‘é %ﬁ??ﬂ&ﬂtwwpr@%fp?@sénﬁf’r%% ipgoRRaTEig rhj’ mfereme’) and non
5- Fl uor our @ﬁbﬂlqceif'l Edriblen ewithOpdciitaél, dianse (B80S t436X 6%7- sseppem:naaatibmeo the
cyt ar abi ne %qr &ﬁt osi ne arabinoside, and fl ugara in &{’Bt £ Bol2
anal ogd® (i @ %?YH@’ Piapian henpterrReigEa sty ‘]—Eﬁ“f%d tors ot Be

t her api els Rﬂéﬁﬁ@tc}i‘éplép s?ﬂérggo.ﬂitﬁt&hérl Baﬁidaﬂddﬁgag'EﬁﬁDthleding,thDx;bf dindited to
megestro osgrclin, Leu 0 e acet at e,

bi cal ut am GEPOSHECPRYES laspa(cf%é%af#{fagﬁ 0% b Wdonn g5, gz-es.

2

1060, vertqporf n & haI ocyani ne, photosensitizer Pc4,

Denet hoxy- HyH6E FWHA) , Interferon a, Interferon v,

Tunor necrosi s t[ﬁg JB’EQ nt qggen%)l?efu‘?ﬂl&l g%&:ﬁé&%ﬁ%@%@wa&ung and rf%ucmg the

1- et hyl- 4- pheny I'niumion, staurosporine, Actinonycin D,
Dact i n@ery ciseveriby eﬁnwmrmsmzsll @Imﬁ@iwe%tedﬂéqwméﬁ gonddapor ubi ci n,
Doxont hi cin (adrianycin), Ildarubicin, Epirubicin, Pirarubicin

Zor ubi ci n, M t ofanesorRs, noelessiantliscasen 4pdi igkatest lisordens (thi, ogn et fgated by

Ri t uxan, Pra@ﬂﬂh&fa'h@ﬂ%f cloﬂgj'chﬂd§and-r&§£ ﬁf@n&i%f tﬁ&ﬁ@'sérﬁ@ﬂ%ﬂlﬁon, include, but are
Bortezomb CGenti t abi ne lotinib |t|n| ., Sorafenib, an

Sutini b). TRelwHedin hesapsisd beloggder 2 Fyigvop! sughiBITEHStREF: éFB?‘aE &halyet 985,

admi ni ster ?lﬂedg&n@QﬁCEdjl NEB. TGpPiRetBOS | PhitadblbBiaP Qiukemd dindlidigadute leliemia,
art. It w e appa [

t hose Skl| .in the.art t

i ni 96 1 HEPUR DBTIRRL I Ira kORI PETE FIECRg i i br TP o BERBrigtc
c?]n be va][ In%ﬁldﬂﬁtﬁ@h Bgkid) gndRot AR, mrs&ma;x&eﬁmgcmbgmt @éilkamﬁhtbl&oinﬂomyclocytlc
ef fects of ,the chenpt eutic,agent, a r adi on. ]
that di seaé%ra“'ﬁ\f’%n? E‘“’%E‘g‘&?r’déﬂ%egw’flﬁ ? Qtﬂ)r‘f Eeé‘k eoqgc%'lﬂfefrg%l veras
cl i ni ci an, Liyhghbmer(@etuding Hodgitios alisagecarg]. nondﬁﬁ@@ﬁfﬁﬁﬁam}s Mnhhp%mycloma;
tinesofa istration d|nv1e of the e . .

o foct o of HECRiRR SRbrRuRErt it s Topbit isilect Mo S0 ¥ifore nugive
agent ao r d@rahtcomp, omtearpaiis.entliposandman chewrodarddne, obsteoggde  sarcoma,
responses of oG dhiERafk ok, WSROk, kb RlEEARRM &1 RBRBRSE; synovioma,

mesothelioma, Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon carcinoma,

10



I n general, conpounds of the present invention and the
chenot her apeuti c agent do not have to be adm nistered in the sane

phar maceut i sition, and may, because of differe j C

and chenlcvﬁgngﬁgg eristics, have to be adm nistered b§58ﬁ$$§%%ﬁ%l
routes. For exanple, conpounds of the present invention may be
adm ni stered intravenously to 5 generate and nmai ntain good bl ood

| evel s, while the chenot herapeutic agent nmay be adm nistered orally.
The determ nation, of the node of adninistration and the advisability

of adm ni stration, where possible, in r necetl

conposi t | Oﬁancr@tig\,gpq!ce\l;m‘{rﬁ$ﬁcﬂ$§f: I?HB%“e?fﬂ%er ?mf csaﬁcﬁﬁ & 5’“1%??1?%% Spcinoma,

The i niti abasadgdind=stinghb Oemcﬁ@:lardm):ﬁad%mgimrdohangnmma,essb@bbmssgiadi carcinoma,
protocols knqgwn in the art

t hen, based up
effects, tR¥PHYY do?é@‘@omﬁ’odggplg?ry A RO REF AT, ah%éfl %%%rcynf% % medullary
adm ni st r atireinoma)bidacktp@nici cattiinmi, rena k:BIII kadinohianhefagyma, bile ductTgascinoma,

particul ar choi ce. of chenpt herapguti nt.. or dene
upon the dFaRyipGEeinogta: § ngg{r{aewﬁﬁﬂ'&n%l colnéar‘lsw gngl k g?%ewﬁgr?en rlﬁerme
the condi tbﬂﬁeﬂfteitidﬁlapaﬁmentluwg’ldattchmmppmakbrclelitleng ceminoma biadderoewtinoma,

15A conpound of. the present l.nventian c ti ioma,
and/ormr)adFQflT Eﬂﬁi n&FeBR e it s?eregr X%(g%fr%@hg?ga&ﬁy Erafifhiryngiom

si mul taneoulsénylymeﬁmenpmaélbma,slhﬂnamgmbtﬁa@ma oacowtmrwurma s &hgodendroglioma,

treatment prot oco uent Lablevn d%g  the nature of the
proliferat Pr{/g 10 asl:réelarf c%ﬁr]f tion o e pat| en and the actual

choi ce pf chenot Hﬁraaa%re&ea QSRR BT HRT oAl SLE r&@ntaﬂﬁbrﬁuo‘jlt;ﬁéeﬂed to
in conjunctlon : within a single treatnent 20 Wé??égw 1h

conpound otreath@nmreseﬁvdmaum mzinhmﬁvd &0, JypBYm Eﬂm{e YpflUguigr lymphoma,
I nventi on, g(ﬂﬂ @ééipiﬁ?ﬁh%%%iaﬁu@ganly@h@ﬁﬁr of adm‘eumpmma@éukemla)

adm ni stere t aneousl essentially sj rrul aneousl|

opt i num or @gqstra‘r@fcaa@ﬁﬁ (Alose P%?ﬁfélﬂydpf‘flﬂ%e %?ﬂ%ﬂﬁh ?asf ?Péw%‘(r @§%eﬁrlabfy estrogen

i nvention, ;anghot ?Ssﬁbé)mhh}@maeﬂhl 6018861, cABEHhatial, adinddn, Mg (PRafeiably small
di fferent for di fferent tunors Thus in 25 certain S|t°%tslons

conpourid ofcelﬂ)héleb?t@%%h‘iafl FERPIHNRAHPIP &%, "mtéeﬁgrf’é’& B PT 15 ‘?‘@%8‘“‘“‘3"
by the ad F% gdint he chenot her apeuti c agent and/or radiation;
and in ot her SI tua i ons the chenot her apeutic agent and/ or radiation

may be adnimpéshented dant&tin Cokdbovidniwitli Qleensiher
conpound of the present invention. This alternate adm nistration nmay

be repeated duri ngneé osinmgk eotapewdreaf thormessebinveMivg dat elseribgatsed o dreat or
the order of 30 adm nistr h ekt LORSor®f anti- :
adni ni st r aPFORMoFHEE R Hgé%{%%‘ﬁt ?{ég%éeﬁ @%ﬁm%&iﬁa ‘wﬁ;at ment prrotac])ﬁcocl;amer
is wel lzowi tchémothlrepéuidvdgediganafding.cg kpt lﬁrededph'ymeﬁloanxﬁ%tt@ﬁd mercaptopurine,
eval uati on (f. 1, %?@ﬁ)ﬁyﬁgb NG kifRhed RRRphonsAnd t iftadiael hitrosoureas,

patient. Xanpr e
cisplatin, carbop!atm, mitomycin, dacarbazine, procarbizine, etoposides, prednisolone,

dexamethasone, cytarbine, campathecins, bleomycin, doxorubicin, idarubicin,
daunorubicin, dactinomycin, plicamycin, 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, Chlorambucil, Estramustine, and melphalan); Nitrosoureas (including
carmustine (BCNU) and Lomustine {CCNU)); Alkylsulphonates (including busulfan and

+
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WO 2007/ 075387PCTRI S2006/ 047861 chenot her apeuti ¢ agent and/ or
radi ati on may be adm nistered first, especially if it is a cytotoxic

agent, andfvg(??]dawb%gmt reat ment continued with the adm ni ﬁéf{@%ﬁoﬁ)ﬁoﬁgﬁla

conmpound o e present invention followed, where determ

advant ageous, by the adm nistration of the chenotherapeutic agent

and/or radiation, and so on until the treatnent protocol is

5conpl et e. Thus, in accordance with experience and know edge,

the practicing physician can nodify each protocol for the

adm ni stratjon of .a.conponent. (therapeutic ent, i.e. .

the pr esen%ﬂr?c’r‘wgﬁ)i gﬁ'f‘zrg)éﬁ%n%‘[°}%eaﬁsgg%cﬁ |35m5’g£%g o °r°§8’.?“a{?$ %%‘T]Bg#%gh cluding

treat ment aispdatii, earbbplatiheanddiaplatiny Plesit Abntdids (ieduding adndriséine, Vinblastine,

t reat ment .oceeds..,.10 g)) oun f. th hon Ngt; % .

present i n%’ﬁ FES ORSEiTe, ngi%’%&o&ﬁg fr)g%eﬁge}éo?ht%d ;}r ﬁor rruﬁ]teg£ :ﬁﬂl@wc"rs

Y nr-x" R3(intlulibgreteposidesd¢nipesidl Topstavanh@mediocamptotipesr, wawpietitisetetan, and

accept abl e sal her X y%e el . 1S, ¢ @',0) oy =S) ;: , i

“N(Ri a) ?, gpsx}ftt n dn?t%t‘qyg , E:l, '}21?{1 x%?taﬂc% g ﬁ%}?{)ﬁz%?sa gnclgémﬁ< rr?ethotrexate,

VI N( R i 0) z Trin@REQate, mycophenolic acid, Tiazofurin, Ribavirin, EICAR,' hydroxyurea,
deferoxamine); Pyrimidine analogs (including 5-Fluorouracil, Floxuridine, Doxifluridine,
Ratitrexed, capecitabine,  cytarabine (ara C), Cytosine arabinoside, and fludarabine);
Purine analogs (including mercaptopurine and Thioguanine); Hormonal therapies; Receptor

10  antagonists (including Tamoxifen, Raloxifene, megestrol, goscrclin, Leuprolide acetate,
flutamide, and bicalutamide); Retinoids/Deltoids (including BB 1089, CB1093, KH 1060,
vertoporfin (BPD-MA), Phthalocyanine, photosensitizer Pc4, Demethoxy-hypocrellin A,
(2BA-2-DMHA), Interferon o, Interferon y, Tumor necrosis factor); and others (including
Lovastatin, 1l-methyl-4-phenylpyridinium  ion, staorosporine, Actinomycin D,
15  Dactinomycin, bleomycin A2, Bleomycin B2, Peplomycin, daunorubicin, Doxorubicin

(adriamycin), Idarubicin, Epirubicin, Pirarubicin, Zorubicin, Mitoxantrone, verapamil,
thapsigargin, Avastin, FErbitux, Rituxan, Prednisilone, Imatinib, Thalidomide,

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

The chemotherapeutic agent and/or radiation therapy can be administered

20  according 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
chemotherapeutic 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 agents.

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 accepiable excipients.

12



20A is -S(0)-, -S(0)2-,ilvvv , or each of Al and A2 is independently
H, al kyl, al kenyl, alkynyl, aryl, cycloal kyl, aral kyl, heterocyclyl,

het er oaryl &(g,%o%ﬂ@?{ga' kyl, -C(0)14(Ri0)2, -C0)1210, h%@ﬁ& psi0a7set

- S(0) 2KRI ) 1210, -S(0)20R10, -S(0)2Ri o; or

la: - (C(Rio))-Ftis 25 |a wherein independently for each occurrence
of la;, WD 2007/075387PCT/ US2006/ 047861 n is 1, 2, 3, 4, 5, or 6; R18
Is aryl, cycloal kyl, cycl oal kenyl, heterocyclyl, heteroaryl, -O0R10,
-81210 - N(Ri 0) 2, -N(R10) CO2R10, -N(tiO0)C(0)N(R30)2, -0O2R-10,

- C(0) N(R 0) 21, 0F 4% BoRBLUEY Bl #e&gt FRBAE Wil cﬁ%saegp&tlg aggnt do

atons of mhlch ree at ons ependent
or N, or Alnoamj/eAﬁ ueaaldennmg@tmehe smmlw@nweuﬂgl cornpA&ttlamlanAznmbewuse of

t oget her Wldﬁ éﬁergﬂggh&ﬁFQ%fi c&ﬁm‘l{g‘,f:ghatrﬁ?%saése hd{d l%%%rﬂl%{&é‘i B difrefint routes.

menber ed heteroc one or ring atons are
i ndependentfloy egsamplepgompourids of Bh¢ pregentdnventicrpay, be pdmi)istersd intrayenpysdy to

the for g“' %elllé}ate and’%"uﬂhﬁ Qoécf b'N)o(ar le%k,o while the chemotherapeutic 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 knowledge of the skilled clinician. The initial administration can be made according to

established protocols known in the art, and then, based upon the observed effects, the

10 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 treatment protocol.

15 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

20  protocol) with 2 compound of the present invention.

If a compound of the present invention, and the chemotherapeutic agent and/or
radiation are not administered simultaneously 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

25  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 & compound of the present invention. This alternate administration may
be repeated during a single treatment protocol, The determination of the order of

30  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



pis 0, 1, 2, 3, 4, or 5; 15each of R7 and 123 is independently for
each occurrence H, al kyl, al kenyl, alkynyl, aral kyl, aryl,

cycl oal kyl , g%ﬁlﬁ%g%cl yl, cycloal kenyl, or heteroaryl ; ?é?ﬁ%’“%géﬁﬁﬁgr

t aken toge orma 3- 8 nmenbered ring; or R7 and R8

forma 4 - 8 nenbered ring; RO is H heterocyclyl,

heteroaryl, -01t10, -SRi o, -NazZl10)2, -N(Ri o)CQAl o, -

20N(R10) C(0) N(R10) 2, -O0(2R10, -00C2R10, -0C(0)NKR10)2, -C(0)N(Rio) 2,

\fllvﬂ.lld_e, n|tr|Ie nitro or acylthio RI has the formula Ic: Ic

erein qis 4, 0 V\D 2007/ 075 87P / 06/ 047

is 0 1, 2 °h§“°thef38?“t§ a%“? aP‘é/"é aishsEy TRY cbeo? &%.?&Jf gr PR %‘f It is a

6-14 ring %&Qi&f \;\% @geﬁa L L LY Erﬁatﬁ:renbctcmylﬂdmdauhletl-eradmambtraﬁdrﬂnf&-cbmpound of

ring atoms,. o [ one, hree rin ns,_are i

6 0 0 N Sk piero nveanph et spPetfip e AR e Bty B RERERMkdkion of
the chemotherapeutic agent and/or radiation, and so on until the treatment protocol is

5 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, chemotherapeutic agent or radiation) of the treatment

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

10 Compounds of the Invention

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

15 or an unsaturated form thereof or a pharmaceutically acceptable salt thereof;
wherein
Y is -C(Ryq)z, <(C=0)-, -(C=8)-, or -C(=NR0)-;
X is -N(R,g)-, or a bond;
misQ,1,2,3,4,5,0r6;

i}

1]
P NR) ETOR
20 Ais—S(O), -8(O) ek 02 E ORI (AN A

gach of A; and A; is independently H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, aralkyl,
heterocyclyl, heteroaryl, heteroaralkyl, -C(O)N(R,0)2, -C(O)R10, -CO2R 10, -S{O)2N(R10)2, -
S{O)R10, -S(0)20R 0, -S(O)2R4; or has the formula 1a:

— (C(Rl 0)%—}?15

wherein independently for each occurrence of 1a;

25
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Wierein s is 0, 1, 2, 3, or 4; each of X2 and X3 is independently for
each occurrence H, aIkyI, al kenyl, 10 al kynyl, aryl, cycl oal kyl,

het er ocycl aral kyl , heteroaryl, heteroaralkyl, hydrox | . acyl oxy,
nitrile, ?(’Y?E)m"ﬂ??%/de, R ,, -C(O)N(Rio) (R 1), C(O)RP%‘L T/0S3004751 1
-S(0)2N(Rt0) (R, 0, SRIl, -S(0O)Rii, -S(0)20R11, -3 (0O)2R i 1, -
Cr-NRAN(Ri O)(RI O, or -C(=NrRi0)(1110; or has the formula Ia;

Ar2 is a nonocyclic or bicyclic aryl with 6-14 ring atons; or a
nonocyclic or 15bicyclic heteroaryl with 5-14 ring atons, of which
one, two or three rin% atons are independently S, O or N, XI is a
bond, -C(Ri 0)2- pis& 2, HANRIES: or -0-; R2 is H a branched or

unbr anched al kleﬁrIS a&:ﬁgnwcloamm,l eadlkykenyllehete@eyyly | hete@baryl, -ORiq, -SRyq, -

Ele'f g?log(ral/lkyl - acf)g T ftﬁf?gé%)og ﬁ@@%(%ﬁHgC%ekﬁf %%yg(éiN(Rm)z; or is a
N( Ri 0) C(0) * R102 Q@Bﬁcﬁmng &Q@Rn@ 8- }‘O&'Wtﬁi:@,hf wHIH0) Rir-®dp2three ring atoms

halide, nitrite, njtro, g(h each of It4, RS and Ri)
|ndepenéently fﬁwaggﬁﬁmgggbf’e Ps H, al kyl , al kenyl, al kynyl,

aral kyl , ardflA; a@ﬁ@iz&akdﬁytbgetﬁgtcﬂoﬁalﬁmmws hﬂ'@wﬂnda’lzkylte,n tbg&tberomy}cihylcarbon to
or heteroa o tor a.l a es. 0 0.
t aken toget ?h %‘MF% agac eé n%tdsf'i‘%bemq’ ﬁ‘%‘ WEYI R"%f(% Sneb e ring

t oget her f atdh$ard indeBenteabigiSed oriNtg; R6 is Hor alkyl; R, is

i ndependent|y for each occurrence H, zal kyl, al kenyl, alkynyl,

aral kyl, aryl, cycl oal kyl, cl glkenyl,bicycloalkyl,

het erocycl yl, heteroaryl, or -| Mp3)J, -1114; 30 whereint is O,
1, 2, 3, 43R0 S, (QMH2AAFLE 387 1US2006dR4i{SEmula 1b:

wLAS

é‘é

)

10
1b
wherein
D is N or CRg;
pis0,1,2,3,4,0r5;
15 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;

Ry is H, heterocyclyl, heteroaryl, -ORyo, -SR1g, -N(Rig)2, -N(R10)CO2R10, -
20 N(R10)C(O)N(R0)2, -COzR10, -OCO2R10, ~OC(ON(R.10)2, -C(O)N(Ri0)2,

halide, nitrile, nitro, or acylthio;

R, has the formula 1c:

é—(f7r_T“Aﬁ—ﬂ—A@-m%,
RieRio/ g

1c

25

wherein
qis0,1,2,3,4,0r5;

15



each of R12 and R13 is independently for each occurrence H, alkyl,
aryl, aral kyl, cycloal kyl, heterocyclyl, heterocyclylalkyl,

het eroaryl Wb o%g;sggpar al kyI and R14 is independently mf@&%wsal
occurence H, ? I'cyl, aryl, heteroaryl het er ocycl yl al kyl

am no, amd, or carboxyl. 5Another aspect of the |nvent|on relates to
a conmpound having the fornmula 10: 10 or an unsaturated formthereof
or a pharmaceutically acceptable salt thereof; wherein to m
represents independently for each occurrence o, 1, 2, 3, 4, 5, or 6;
00 VIILN(Rieh \--17-tRs@ A4S, 4-0269) -, . -C(Al) (A2)-; each of Al
and A2 is |ndependentl H’ al k 1., al kenyl al kyngl aryI cycl oal kyl,
aral kyl, heterocycl ylAf H%F%&FX#‘“’F}E{C@?IW CIG) AT OF 2 monocyclic or

-C(0) 1240, - 0ORRIO, ﬁéﬁi@%&&@hﬂ Mtﬁ(ﬁ)ti Tn% 7ator§£ Br20i¢A Bne Ofwo or three ring

-S(0) 2R10; or has the fornula 10a; 15 R15 I'n 10a wherein

i ndependent |y for eac"’ﬁmBﬁE’i?r‘?%?P@%deé‘flyﬁ@Q °"ﬁq’|°§AI isyeprgsenipd by fogpulgld:
and 20R15 is aryl, cycloal kyl, cycl oal ke et erocycl yl,

het eroaryl, -011. 10, -SRN), - N(Ri o) COZRlO

-M ZI OC(0) N(R10h, -002rt10, or -C(0) tl is a polycyclic ring
cont ai nisng 8-14 carbon atons, of which on(é stvvo or three ring atons
are independently S, 0 or N, or Al andy taken together form =0 or

=S; or Al and A2 taken together with the carbon to 25 which they are
attached forma 5 to Wheiéter ocycl yl, of which one or two ring atons
are independently S. {QgsoriM,3,ord;

each of X? and X’ is independently for each occurrence H, alkyl, alkenyl,
10 alkynyl, aryl, cycloalkyl, heterocyclyl, aralkyl, heteroaryl, heteroaralkyl,

hydroxyl, acyloxy, nitrile, nitro, halide, OR1y, -C(O)N(R10)R 1), -C(O)R11, -

COR11, -S(0)2NRi0)R1), SRy, -S(ORyy, -S(O)ORy, -S(O:R;, -

C(=NRg)N(RI0)(R 1), or -C(=NR;0)(R11); or has the formula 1a;

Ar? is a 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

atorns are independently S, O or N;

X' is a bond, -C(Rig)z-, -S-, -NR0)-, or -O-;
R; is H, a branched or unbranched atky! or alkenyl, cycloalkyl, heterocyclyl, or
bicyecloalkyl; or has the formula Ia:

20 Rais H, heterocyclyl, heteroaryl, -ORg, ~SR10, -N(Rjo)z, -N(R;0)CO:R;0, -
N(R10)C(O)N(R0)2, -CO2R 19, “OCO2R 10, ~OC(OIN(R 10)2, -C(OIN(R10)2, halide, nitrile,
nitro, or acyithio;
each of R4, Rsand Ry 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 R;s taken together form a 3 — 8 membered ring;

Rs is H or alkyl;
Riy is independently for each occurrence H, alkyl, alkenyl, alkynyl, aralkyl, aryl,
cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, heteroaryl, or [CRIR13)-Ria;

30  wherein
tis0,1,2,3,4,0r5;
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WD 2007/075387 Bis 0, S, -(C=0)-, -(C=S)- or, wherein

PCT/ 1JS2006/ 047861 ; or has the fornula 1 Ob: 5906 Rad 41 O 5D
Is N or 1, 2, 3, 4, or 5; each of R7 an E@

[ ndependent‘?gzﬁa)ﬁ)%é%ch occurrence H, al kyl, al kenyl, #{;%006/047861
aral kyl, aryl, cycloal kyl, heterocyclyl, cycloal kenyl, or heteroaryl;
or R7 and R taken together forma 3 - 8 nenbered_rlng; or R7 and R8
taken 10together forma 4 - 8 nenbered ring; R9 is H heterocyclyl,
het eroaryl, - N(R10) 2, -N(R10) CO2R10, - N(Ri 0) C(0) N(R10) 2, -0Q2R10,
-00Q2B40, -6k BF ﬂ(g%g)lag is 1%&)3%5&19%& eélgﬁl%t%c%?renpé ltlré.licﬁ aryh a?kyl cycloalkyl,

acylthio; R has the formula“10c
heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl; and

Ri4 is independently for each occurence H, alkyl, aryl, heteroaryl, heterocyclylalkyl,

alkoxy, amino, amido, or carboxyl,

5 Another aspect of the invention relates to a compound having the formula 10:
Q 21
“A
i
B
Rs R
RiRg
m
10

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

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

- N -
A is-S(0)-, -S(O)a-, ] ’ ‘R"’h,i ' Lo CAnAY

each of A; and A; is independently H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, aralkyl,
heterocyclyl, heteroaryl, heteroaralkyl, -C(O)N(R o)z, ~C(O)R;9, ~COzR 19, -S(O)2NR0)z, -
S{O)Rje, ~S(0);0R, 0, or -5(0)2R,¢; or has the formula 10a:

—(C(Rlo)%—ﬂfs

10a
wherein independently for each ocourrence of 10a;
nisl1,2,3,4,5, or6;and
20 Rys is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, heteroaryl, -ORg, -SRyq, -
N(R10)2, -NR10)COzR1p, -N(R16)C(O)NR10)2, -COzR 19, 0r ~C(O)N(R;0)z; or

is a polycyclic ring containing 8-14 carbon atoms, of which one, two or three

15

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 hetcrocycl'yl, of which one or two ring atoms are

independently S, O or N

17



.SSArl-W-2 Ro Ro q 10c Arl X1-Ar2-(X2)r 10d 20wherein q is 0, 1,
2, 3, 4, or 5 r is 0, 1, 2, 3, 4, or 5, Wis a bond; or alkyl
diradical, al kenyl diradical, or alkynyl diradical; Zis H -SRI,

-S(0) 2R11, WRHIFEEH2R1L - S(O)Ri 0, -N(Ri o) (Rii), - 25C02REG1/US2006/047861
-C(0) MR10) (R11), -C(S)N(R10)(R1t), -CH2C(0)heterocyclyl, - NRLOC(O0)R,
-NRI 000212.1 -0C(0)NalOXRI 1), -NC(0)CH(R10)(R1 I), - WD

2007/ 075387PCT/ US2006/ 047861 C(=NRAN(R10XR11), -C(=NR 10)Ri i,

hydr oxyal kyl , monocyclic aryl, bicyclic aryl, heteroaryl, or

het er ocycl yl ; Arl is a nonocyclic or bicyclic aryl with 6-14
ring atons”; or a monocyclic or hicygl’ic heteroaryl with 5-14 ring
atonms, of which one, two or three NR«pat ons are i ndependently S. O

or N or A isi g, et-Rpenieashy: f ormul a 106 ha¥ the fofmaths 0b:

\TV
Rg D\s
)
P
10b
wherein
5 D is N or CRyg;

pis0,1,2,3,4, 0r5;

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 Ry taken

10 together form a 4 — 8 membered ring;
Ry is H, heteroeyclyl, heteroaryl, -ORjq, ~SRjp, -NR10)2, -N(Ri0)CORyq, -
N(Rp)C(O)N(R0)z, -COzR10, -OCO;R;g5, -OC(O)N(Ry0)z, -CIOIN(R10)a,
halide, nitrile, nitro, or acylthio;
R, has the formula 10c or 10d:

15
st mﬁ\r’—w———z
RioRyp/ q
10c
g—(—ﬂ——)—;\r‘—x‘mz\ﬂ—(xz),
Riwo R/ g
10d
20 wherein

qis0,1,2,3,4,0r5;

ris0,1,2,3,4,0r5;

W is a bond; or alkyl diradical, alkenyt diradical, or alkynyl diradical;

Z is H, -8R0, -5(0)zR 11, -NR10S(O)2R13, -S(O)R10, -N(R10)(R11), -C(O)R,, -
25 CO2R 1, -C(ONR10)R 1), -CS)NR10)(R11), -CH;C(O)heterocyelyl, -

NR19C(O)R11, -NR1gCO2R 11, -OC(OMN(R0)(Ru1), -NC(O)CHR 10)(R11), -
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1.0e Werein s is 0, 1, 2, 3, or 4; Toeach of X2 and X3 is
i ndependently for each occurrence H, alkyl, alkenyl, alkynyl, aryl,

cycl oal kyl |yl , aral kyl, heteroaryl, heteroarﬁfE %)z)
hydr oxyl , e‘f‘c’:@ iy%gér?lctrl le, nitro, halide, ORl t, -C(0) @ O?q@ﬂ%ﬁl

-C(0O)R11, - CRRII, -S(0)2MRIOXRI SR11, -S(0)R11, -S(0)20R,,,

-S(0) 2R1t, - C(:NRIO\ICRioXRii), or -C&NRIARI'l); or has the fornula
10a; 15 Aerepresent independently for each occurrence are nonocyclic
or bicyclic aryl with 6-14 ring atoms; or a nonocyclic or bicyclic

heteroaryl with 5-14 ﬁgﬁ R0Chydr aqx{yltllﬂbmyblhmyl
atons are |ndependen { g‘ fRI\‘I% )((‘.‘%’LYQINS?Q ltl}o 0 m-ayC( R10) 2-, - N(R10- or

-0-; 20 RR is H a bblamimlo‘imﬁfﬁﬁifb’bﬁéﬁ%m&ﬂﬁw or al kenyl,

cycl oal kyl, heterocygll an%ngbﬂﬁlﬁﬁic&ko arpfwm@s-ﬂmmgfamﬂuloaalﬂﬁmcmic or
is H heterocyclyl, heteroaryl’ - N(RI

-02R10, -00CRR10, -Beydionpaerey’ WJt@( ), N(%SE)‘) Qms,h%qo %vgl&g)q{\gm% ot three ring
hitro, or acylthio; 2Zg,gafdin@épehddhtlyr® PHANRIrA' &mme@ﬁémﬁohﬁuﬁadﬂe

each occurrence H, alkyl, alkenyl, alkyny , aral kyl, aryl,
cycl oal kyl, cycl oal kenyl, blcycloalkyg '%cyclyl or heteroaryl;
or has the fornmula 10a ; or any two i0S es of R G taken t oget her
forma 3 -8 nmenbered ring; or 124 and Rsgpgken together forma 3 - 8
menbered ring; R4 is Hor alkyl; 30 ICl is independently for each
occurrence H, alkyl, alkenyl, alkynyl, 3Palky], aryl, cycloalkyl,
cycl oal kertyl, bi cycl M, heterocyclyl, heteroaryl, or

-[C(R12) (R 3)11 Ri a; erein WO 2007/075387PCT/U82006/047861 t is O,
1, 2, 3, 4 or 5 eask®fl,RBoaAd R 3 is i ndependently for each

occurrence H alkyl, .akvls xatad kelis ufdéﬁér%hﬁ})’ for &8k %&ﬁy@bylﬂ alkyl, alkenyl,
het er ocycl yl al kyl , heteroaryl, or heteroaral

i ndependent |y for eaélkysde @Fbﬂeﬁﬁ‘éoql}‘ﬁapktﬁocy%&lyIarﬁggl éﬁ%‘%"\lﬂ " h&eroaraliyl,
heterocyclyl al kyl , 5pahk@¥Y acyddhy) GitriRhiet0, halide CORDOMYIOINR 10)(R11), -C(OR11, -

COsRy;, -S(ORN®RID®R1), SRy, -S(ORy, -8(0)0Ri, -S(0)Ryy, -
C(=NRig)NR10)(R1), or -C(=NRi0)(R11); or has the formula 10a;

15 Ar? represent independently for each occurrence are monocyelic or bicyclic
aryl with 6-14 ring atoms; or a 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(R )2~ -S-, “NR¢)- or -O-;
20 R, is H, a branched or unbranched atky! or alkenyl, cycloalkyl, heterocyclyl,
orbicycloalkyl; or has the formula 10a:
R; is H, heterocyclyl, heteroaryl, -ORp, ~SRi10,-N(Ri0)2, “N(R46)CO2R 0, -
N(R10)C(OIN(R 0)2, -COzR 10, -OCO2R 10, ~-OC{OIN(R10)2, -C(O)N(R0)2, halide, nitrile,
nitro, or acylthio;

25  each of Ra, Rsand Ry is independently for each occurrence H, alkyl, alkenyl, alkynyl,
aralkyl, aryl, cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, or heteroaryl; or has the
formula 10a ; or any two instances of Ry taken together form a3 — 8 membered ring; or Ry
and Rstaken together form a 3 — 8 membered ring;

R; is H or alkyl;

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

eycloatkyl, eycloalkenyl,bicycloalkyl, heterocyclyl, heteroaryl, or -[C(R 2R13)]-Rias

wherein
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Mot her aspect of the invention relates to a conmpound represented by
formul a 14: or an unsaturated formthereof or a

phar maceut i ptabl e salt thereof; 10 wherein Y
-(C=0) - @g%(’%%?e is -N(12.10)-, or a bond; in rep?ggg%obél&%ﬁg

independently for each occurrence O, 1, 2, 3, 4, 5, or 6; 0 Ng:tut
Viiikts, Ais -S(0)-, -S(0)2-, .nan,a , or 15 each of Al and A2 is

I ndependently for each occurrence H, alkyl, allcenyl, alkynyl, aryl,
cycl oal kyl , aral kyl, heterocyclyl, het eroaryl, heteroarallcyl,

-C(0) N(12. égg C§ Rl - C021210, -S(0)2N(H10)2, -S(0)R30,
-5(0) 201145 % 5¢07F1PI¥ or has the formila 14a: --(C(Itio) 14a
20wher e| n fPanhi epRnded Rha/ls firsiep@aeitlyofor each ecunerende H,4dkyl nrylsardlkyl? cycBoalld,

5, or | .. heterocyclyl
het er oar yl, B‘Jﬁlﬂ %C%é(éydymgﬁkwm&@%%mmﬁ( Ru00( 0) KI( R>1IO) 2,
- 0O2R10, oRm 1@(!9%9@1%&@}12 fop rea¢hs ogcurehgec He lailkyl,r drply hetendaayln |hmgrc8ydlyualky1

carbon at ofif,xy0f %l&}ﬁdg catb@,10F three 25ring atons are
ndependent oyl g U . 075387PCT/ US2006/ 047861

Another aspect of the invention relates to a compound represented by formula 14:
R4
Re~x" (" A
Rs B

Rg
R4R
m

14
or an unsaturated form thereof or a pharmaceutically acceptable salt thereof:
10 wherein
Y is -C(Ryp)z-, -(C=0)-, -(C=8)~, or -C(=NR1)-;
X is -N(R;g)-, or a bond;

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

O
13 )|
Y NRele %) OR
A 15 —S(0)-, SOy o 02 X L ORI AN A

15 each of Ay and A; is independently for each occurrence H, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, aratkyl, heterocyclyl, heteroaryl, heteroaralkyl, -C(O)N(Rio):, -C(O)Ru0, -
COzR 10, -8(0)2N(R10)2, -S(O)R 10, ~S(0)20R 0, -S{O);Rp; or has the formula 14a:

—(C(Rm)%—aﬁ

14a
20 wherein independently for each occurrence of 14a;
nis1,2,3,4,5, or 6; and
R;s is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, heteroaryl, -ORq, -SR;q, -
N(Ri0)2, -NR10)CO2R10, “N(R10})C(ONR 10)2, -CO2R 10, OF ~C(O)N(R,0)5; or
is a polyeyclic ring containing 8-14 carbon atoms, of which one, two or three

25 ring atoms are independently S, O or N;

20



or At 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
heterocyclxé of which one or two ring atons are independentlg S. 0
or N B isYOHHBE. _(xa(R)2)-, or - 5 X i ndependent P§I/PER00647a61
occurrence is S. -(NR1O)-, or -0-; R independently for each
occurrence is H alkyl, alkenyl, alkynyl, aryl, cycloal kyl, aralkyl,
het erocycl yl, heteroaryl, or heteroaral kyl; or has fornula 14a; Rl
has the fornula 14b: 10 X1 Ai' (X2)r \ R10 R10i g 14b wherein q is O,

1, 2, 3, 4, or 5. 15r is O, 1,2, 3,4 or 5; |, is a nopocyclic or

b yel Lo Pyt A Az Gken TogRsT SRHEO 9 FSaoT ety ot kD IRRIGG B e SHrbon o
het er oar y| wihidhhthsy bfe hitdtBedfaitba Sofo $vhttetvcpelgl, of wehiclt ohdibe€we iring atoms are
atoms are independenily S,.0 or N, or Arl is represented by fornula
14c: ., A \“ﬁ%@%@etgﬁécévm3$ein sis 0, 1, 2, 3, or 4 '

B is ~(CR)2X)-, -(KCR)2)-, or - (CR)z)2-
5 X independently for each occurrence is S, -(NRg)-, 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

E‘CT_)—_AH— X1=Ar2=(X2),
Rio R/ q

14b
wherein
qis0,1,2,3,4,or5;
15 ris0,1,2,3,4,0r5;
Ar'! is a monocyclic or bicyclic aryl with 6-14 ring atoms; or 2 monocyclic or
bicyclic heteroaryl \‘vith 5-14 ring atoms, of which one, two or three ring
atoms are independently S, O or N; or Ar' is represented by formula 14¢:
—_ %
=7
)
20 l4¢
Wherein
5is0,1,2,3,0r4;
each of X* and X° is independently for each occurrence H, alkyl, alkenyl,
alkynyl, aryl, cycloalkyl, heterocyclyl, aralkyl, heteroaryl, heteroaralkyl,
25 hydroxyl, acyloxy, mitrile, nitro, halide, -OR,;, -C(ONR0)(R11), -C(OXR11,
-CO2R;y, -S(0O)NRio}R11), -8Ry, -S(O)Ry, -S(0):0R;, -S(O)Ri;, -
C(ENR o) NR0)(R11), or -C(=NR 10)(R11); or has the formula 14a;
Ar? represent independently for each occurrence are monocyclic 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 , al kynyl, aryl, cycloal kyl, heterocyclyl, aralkyl,

het er oaryl , heteroaralkyl 25hydroxy| acyloxy, nitrile, nitro

hal i de, _Osyozoe'f/@f/(sgz; N( R1 0)(R| i), C(O) R, -0CPRL 1, PCT/US2006/047861
-S(0) 2N(1240) (R1- S(0) R1 - S(0) 20R11, -S(0)2R11, - C(=NRI ON(Ri oXRI O, or
-C(=NRIVWRI I); or has the formula 14a; Ar2 represent independently for
each occurrence are nonocyclic or bicyclic aryl with 6-14 ring atons;
or a nmonocyclic or bicyclic heteroaryl with 5-14 WO

2007/ 075387PCT/ US2006/ 047861 ring. atons, of whi ch one, or tt}r 3e
ring atoms are i ndepEREaiRISyoisvhiGh gpe; KE¥O QF three rng,appgs ared &‘ﬁeﬂ‘j?’?f}’ » O or
-8-, -01W, or -0-1 N R2is H a branched or unbranched al kyl or

olkemyl ool oalkyl el Loty lhio o8 RIS, SEIGYL ) o The
- N(R40) CO2RY, @ H;a %ﬁﬁk@)&@%&ﬁﬂeﬁh&ﬁ o IR cycl0BIRPRbekerocyclyl, or
-eggﬁloznl\l g %gazfﬁsa%ﬁﬁ) ’F\l%f‘asothéggrf“r‘l‘&?eﬁ%'ndent Imyt 1[ Iolr eeaglht (r)gcuﬂ eﬁggl th >
al kyl, al kegslH, mtdsydelyl, HE@@‘SWKY@RIOWSHW -NgRG baa iR ) COR 0, -
exel o e R e GBS ek LB B 10
nmenber ed rhiwg, omcymloand R5 taken together forma 3 - 8 nenbered
R L T e g L
bi CyCI oal k;zﬂalkyﬂ;arﬁ[ cjyaymﬂ}y}}'l cmh:ta&eoplsq;d:yclqaikyl,[l@(qm))ﬂ mgl)e]emam_MOr has the
wherein t % rrnula i]Zta %i* aéy twd inStan és of R;p taken together form a 3 — 8 membered ring; or Ry
and Rjs taken together form a 3 — 8 membered ring;
Rsis H or alkyl; °
R, independently for each occurrence is H, alkyl, alkenyl, alkynyl, aralkyl, aryl,
15 cycloalkyl, cycloalkenyl, bicycloalkyl, heterocyc]jfl, heteroaryl, or -[C(R;2)(Ri3)]-Rig;
wherein '
tis 0, 1,2, 3,4, 0r 5;
each of Rz and R,3 is independently for each occurrence H, alkyl, aryl, aralkyl, cycloalkyl,
heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl; and
20 Ry4is 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, is represented by the formula 3:

25

wherein

R,g is alkyl, alkenyl, halide, nitro, or amino;

each of Ryp and Ry is independently H, alkyl, aralkyl, heteroaralkyl, alkoxy, or
30 -[C(Ra2)(Ra23)]e-Ras;
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each of Ru and R13 is independently for each occurrence H, alkyl,
aryl, aral kyl, cycloal kyl, heterocyclyl, heterocyclylalkyl,

het er oar yl WE%}P@{??&O&I’ al kyI and 20 R14 is independenttﬁy‘(,{-,l{ygﬁroP(ﬁg@;/;}%g1

occurrence aryl, heteroaryl het er ocycl ylall c

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 bytheforrmla3 25R18 3 wherein Rig is
al kyl, al kenyl, halide, nitro, am no; each of R20 and R21 is

L1 Or 2oy, R ipdnefaedly o B S LR Sl ot ko, or

i ndepende nbhqh SfR 4 ead:Rz;ae d:ndepmmentljafor tachhice@rente Fhmlkyl, azgciraliyl, Rggloalkyl,

and R23 is.independen re aryl, aral kyl,
cycl oal kyl he{ﬁ)e‘} g? g% er cycﬁéatu(éy?'ocef/%ﬂ %P%Piﬁlﬁctgm%a{@ lo%i“?yl or
het er oar al Ry} is mdmbeﬂlbdaﬂyst‘on aradbpmmdlﬁ fﬂkbrl &Ie he’r@muﬂ,rlm’mecbfellyldkklyl ,

I, h | .h cl 5 ) .
N L s e S e
6b:

T T

H
R § Rs "4
p p
6a 6b

wherein
10 pis0,1,0r2;
each of Ry and R; independently for each occurrence is H or alkyl; and
Rg is H, -ORjo, -N(Rjo), -NRi10)COzR10, -N(R10)C(ONR10)2, -OCOzRyg, or -
OC(O)N(R1a)z; B is 8; Ay and Ay taken together form =0 and B has the formula 8:

!
Rg \3
|Rg R
p

15

wherein

pis0,1o0r2;

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

Ry is H, -ORiyp, -N(Rig)2, -NRig)COsRip, -NRigJC(O)NRup)2, -OCOzRyp, or -
20 OC(O)MN(Ri10)z; Ay and A; are each H; R, has the formula 11;

3 R-“B
(1( S N—Rqg

11
wherein
5is0,1,2,3,0r4;

25  each of X? is independently for each occurrence H or halide;
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we R8 R7 ip 6b wherein lop is 0, 1, or 2; each of 12.7 and Rs

I ndependently for each occurrence is Hor alkyl; and RO is H -O0R10,
-N(Ri 0) 2, - 0, -N(I1t10)C(0)N(R10)z, -00Q2R1O0, -

OC(0) N(R19) 2; l%gl Ai and A2 taken together form =0 %W%O%Géosﬂstﬁhe
formula 8 R8 R7 158 wherein pis 0, 1 or 2; each of R7 and Rg

I ndependently for each occurrence is Hor alkyl; and RO is H -01210,
-N(R10) 2, -MRI0) CO2R10, -N(12405C(0)N(RI 02, 20 OC(0)N(R4 02; Al and
A2 are each H Rl has the formula 11: 2rls Rig p\J INRi s

each of R;g and Ry is independently H, alkyl, alkenyl, alkynyl, aralkyl, aryl, cycloalkyl,
cycloalkenyl,bicycloalkyl, heterocyclyl, heteroaryl, or -[C(R2)(R13)]i-Ri4;

wherein

tis0,1,2,3,4,0r5;

5 each of Rz and Ry; is independenily for each occuirence H, alkyl, aryl, aralkyl, cycloalkyl,

heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl; and
R4 is independently for each occurrence H, alkyl, aryl, heteroaryl, heterocyclylalkyl,

alkoxy, amino, amido, or carboxyl; B has the formula 12a or 12b:

H T
Rg E Rg "‘g
Rs R?) Rg R7
p p
10 12a 12b

wherein
pis0, 1,2, 3, 0r4;

each of Ry and Ry is independently for each occurrence H or alkyl; and

Ro is H, -ORjo, -NRio), -N(R19)CO:R1p, -N(R0)C(ONR1p)2, -OCO:R10, or -
15 OC(O)N(R,g)2; wherein A is —-C(A)(Az)~; Ay and A, taken together form =0 and B has the

formula 13;
Rg ""3
p
13
wherein

20 pis0,1,2,3,0r4;
each of Ry and Ry independently for each occurrence is H or alkyl; and

Ry is H, -ORio, -NRigz ~-NRi0)CO:R1s, -N(R1g)C(ON(R)p)2, -OCOR 0, Or -

OC(O)N(Rq)z; and R; is bicycloalkyl.
The compound may have the structure 2:
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11 wherein s is 0, 1, 2, 3, or 4; 25 each of X3 is independently for
each occurrence H or halide; -00Q21R4 O WO

2007/ 07538
al kyl , al ke

%ﬁg%k%gﬁ%§6/047861 each of R18 and R19 is in%&?ﬁﬂ&ﬁ&&h%ﬁb’

nyl, aral kyl, aryl, cycloal kyl,

cycl oal kenyl , bi cycl oal kyl , heterocyclyl, heteroaryl, or
-[C(Rt2)(Ri3A—R14; whereint is 0, 1, 2, 3, 4, or 5; 5each of R12 and
R13 is independently for each occurrence H, al kyl, aryl, aralkyl,

cycl oal kyl ,

het erocycl yl, heterocyclylal kyl, heteroaryl, or

het er oaral kyl ; and R14 is independently f&g each occurrence H, alkyl,

aryl, heteroaryl, heterocyclylal kyl, alko

Je anlno am do, or

carboxyl; B has the fornula 12a or 12b: pg%@erein pis O, 1,
2, 3, or 4; each of R7 and R9 is indepgn 't¥rreach occurrence H
or alkyl; and -to0l12, -00O2R103
2
wherein
Y is -C(Rip)z-, ~(C=0)-, or -(C=8)-;
5 Xis-NRyo)-;
mis0, 1,2, 0r3;
ris0,1,2,3,4, or 5;
5is0, 1,2, 3, or 4;
3 P P
, ““N(Rig)2 ¥] OR
Ais—S(0)-, -8(O)m, b 102 ELORR A AD-
10 - each of A; and A, is independently H, alkyl, aryl, cycloalkyl, aralkyl, heterocyclyl,
heteroaryl, heteroaraikyl, -C(O)N(R;o)z, ~C(O)R[o, *COzR]o, —S(O}zN(Rm)p_, -S(O)R;o, -
S(0)20R g, or -S(0)2R0; or has the formula 2a:
_-(C(RIO)%’Rqs
n
15 2a
wherein independently for each occurrence of 2a;
nisl,2, 3,4,5,or6;
R,s is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, heteroaryl, -OR g, -SR;q -
N(Ri0)2, -N(R19)COzR10, -N(R10)C(OIN(R0)2, ~COsR 0, or ~C(O)N(R0)2; or
20 is a polycyclic ring containing 8-14 carbon atoms, of which one, two or three

ring atoms are independently 8, O or N;
or A; and A; taken together form =O or =S;
B is -(C=0)-, -(C=8)-, O, or S: or has the formula 2b:
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R9is H -ORO -NRLO)2,-N(1240) CQ2Ri 0, -N(R 10)C(0)NORor r, 15
OC(0) NC2. 02; wherein Ais -C(Al)(A2)-; Al and A2 taken together form
-a-.0 and B has the fornula 13: ROCC R3 R7 13 wherein 20@ is O 1, 2,
3, or 4 eXt%2WFOEFTand RO i ndependent|y for each occur PEHERPeD4IsE
alkyl; and R 9 is H -01210, -N(B40)2, -N(R10) CO2R10,

-N(R10) C(0) Nat 1002, -0002B40, or OC(0)N(Z20)2; and R2 is

bi cycloall cyl. The conmpound nmay have the structure 2: WO

2007/ 075387PCT/ US2006/ 047861 2 wherein

vins

|
2N

Ry é
%)
P

2h

wherein
Dis Nor CRyg}

5 pis 0, 1,2, or 3;
each of R; and Ry is independently for each occurrence H, alkyl, alkenyl,
alkynyl, aralkyl, aryl, cycloalkyl, heterocyclyl, cycloalkenyl, or heteroaryl;
or Ry and Ry 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, -ORyg, -SRig, -N(R10)2, -N(R10)CO:R0, -
NR10)C(ONR10)2, -COzR1p, -OCOzR10, -OC(OIN(R10)2, -CIOIN(R) o)z,
halide, nitrile, nitro, or acylthio;

Ar? is a monoeyclic or bicyclic 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 OorN;

X% is independently for each occurrence H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocyclyl, aralkyl, heteroaryl, heteroaralkyl, hydroxyl, acyloxy, nitrile, nitro, halide,
ORy1, -C{ONR10)R11), -C(O)R11, -CORy, -S(O):NRio)Rut), SRy, -S(ORy,, -
8(0)20R1, -S(O)2R1y, ~C(=NR10)NR 10)(R11), o1 -C(=NR0)(Ry1); or has the formula 2a;

20  each of R4, Rs and Ryg is independently for each occurrence H, alkyl, alkenyl, alkynyl,
aralkyl, aryl, cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, or heteroaryl; or has the
formula 2a ; or any two instances of R taken together form a 3 — 8§ membered ring; or R4
and Rstaken together form a 3 — 8 membered ring;

X3 is 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 alkyl;

R is H or alkyl;
Ri1 is independently for each occurrence H, alkyl, alkenyl, alkynyl, aralkyl, aryl,
cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, heteroaryl, or ~[C(R2)(R13)]-Ria;

30 wherein

t is independently for each occurrence 0, 1, 2, 3, 4, or 5;
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Yis -C(1210)2-, -(0=0)-, or 5Xis -N(Rio)-; mis 0, 1, 2, or 3; r is
0O, 1, 2, 3, 4, or 5, sis 0, 1, 2, 3, or 4, 51.Ro NNRO)25 R A
is -S(0)-, -820)72- '=ty, vw, or 1 Oeach of Al and A2 is

i ndependent§ 27088y | “aryl, cycloal kyl, aralkyl, het ePGEYS0)/047861
het eroaryl, heteroaral kyl, -C(0)N(R10)2, -C(0)12.10, -0O1210,

-S(0) 2Nat 10) 2, -S(0)R10, - S(0)201t10, or -S(0)21210; or has the
formula 2a: 152a wherein independently for each occurrence of 2a; n
is 1, 2, 3, 4, 5 or 6; R15 is aryl, cycloal kyl, cycl oal kenyl,

het | [ . .= - SR - N(R10).2, .- N(R1 R10,
"N(1210) & %ﬁ:@? AEBILAAY e G B ke b Bcads Syl BNy gl
ri ng cont ai #tergeiglyldheterceysiylalkphrbstembryhir bhteoraesikylymdor t hree ring

2503‘? i“s_e | RYePeRE&AILY 1y Yor BacR ocMimddbe ﬁi, al%?f,j ax'%‘r%, i}eaeﬁgar}ylt, 8&%%0@%1)&8{&[?
" alkoxy, amino, amido, or carboxyl.

5 Alternatively, the compound may have the formula 4

wherein

Y is ~-C(Ri0)2~, -(C=0)-, ot -(C=8)-;
10 Xis -N(R]o)-;

mis0, 1,2, 3, or 4;

sisQ, 1,2, 3;

each of A; and Ay is independently H, alkyl, aryl, cyclealkyl, aralkyl, heterocyelyl,

heteroaryl, heteroaralkyl, -C(O)NR10)2, -C(O)Rig, -CO2R10, -S(O)2N(R10)2, -S(O)Ryp, -
15 8(0)20Ry0, or -S{(O)zR; or has the formula 4a:

B__(C(Rl 0)%'[215
4a

wherein independently for each ocourrence of 4a;

20 nis1,2,3,4, 5, or 6; and
Ris is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, heteroaryl, ~OR0, -SR g, -
NRi0)2, -NR10)COzR 0, ~N(R10)C(ON(R10)2, -CO2R 10, or -C(OIN(R;0)y; or
isa polycyclic ring containing 814 carbon atoms, of which one, two or three
}ing atoms are independently S, O or N;

25  or Aj and A; taken together form =0 or =S;

Bis O, 8, {C=0)-, or -(C=8)-; or has the formula 4b:
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Bis -(C=0)-, -(C=S)-, 0, or S; or has the fornula 2b: WO

2007/ 075387PCTf US2006/ 047861 wherein Dis Nor Qiol pis 0, 1, 2, or
3; each of i's independently for each occurren I

al kenyl , “F‘i%‘ﬁyﬂﬁg%r al kyl, aryl, cycloal kyl, het erocyc?@T&szogg/&y&ﬂ
cycl oal kenyl or heteroaryl; or 12.7 and Rs taken together forma 3 -
8 nenbered i ng; or 1(7 and R8 taken together forma 4- 8 nenbered
ring; 10RO is H, heterocyclyl, heteroaryl, -SRI % -N(R10) 2,

- -N(R10) CO2R10, - N(R1lo)C(0)N(R10)2, -0021210, -00Q21210,
-0C(0O)N(Ri0)2, -C(O)N(R1L halide, nitrile, ni t,&,o or acylthio; Ar 2
is a nonocyclic or bicyclic aryl with 6-10 rlﬂng atons; or a
nmonocyclic or bicyclic heteroaryl with 5R E\rig atons, of which one,
two or three ring atons are independently \Bs ?5 Oor Ny X2 is

i ndependently for each occurrence H, al kyl, al%enyl, alkynyl, aryl,
cycl oal kyl, heterocyclyl, aral kyl, heter oar‘w het er oar al kyl ,

hydr oxyl, acyloxy, nitrile, nitro, halide, -C(0O)N(R10)(R1 1),
-C(0)R11, -0@21211, "é{"-'@?'QN( R1 o) ( R 1), SRI 1, -S(0)Rl- S(0)20R11,
-S(0) 2R1 1, - C(=NRONTRisaY of &k g: - =NRio) (R 0; or has the formula

Za; 20 each of R4, Rs and Rols mdependently for each occurrence H,
al kyl, &l kenyl , al ky®yF % brZaPkyl , aryl, cycloal kyl,

cycl oal kenyl | bi cycl oahdeybs Rl?%@rR%Cil!%débend%hth%leéaQﬁr&él:u ch&?saéﬁ)t]e tkenyl,
formul a 2a; or any tmﬁ?{& ances o t aken toget T 8
nmenbered ring; or y'SR?%]éDRIeFFY d@é‘f’ﬁ%’] fhéterﬁoacle'l,-cyslqaﬁmﬂr et heteroaryl;

ring; X3 is lndependeﬂmmamtmﬁhb ﬁﬁﬂfdr&%? ~H m@hk¥kd RGN ?;{af
hal i de; or has for mJI a 52 h ngé I%) i Sml ndeperlﬁgnt I y7 orRg taken
each occurrence H or" HHR 35?4&11&

10 R.g is H, heterocyclyl, heteroaryl, -OR10, -SRi0, “N(R10)2, -N{Rig)COsR;0, -
NRi0)C(O)NR 10)2, -COR10, -OCORyp, -OC(OYNRi0)2, ~C(OINRio)a,
halide, nitrile, nitro, or acylthio;

Rg is H or alkyl;
cach of Ry; and R, is independently for each occurrence H, alkyl, aryl, aralkyl, cycloalkyl,
15 heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl;
R4 is independently for each occurrence H, alkyl, aryl, heteroaryl, heterocyclylalkyl,
alkoxy, amino, amido, or carboxyl;
Ris 15 H, alkyl, alkenyl, or OR,; has the formula 4n;
each of X* independently for each occurrence is H or halide;
20 Rygis alkyl, alkenyl, halide, nitro, or amino;
each 0f Ryp and Ry; is independently H, alkyl, aralkyl, heteroaralkyl, alkoxy, or
[C(R22)(R23)]-Raa;
t is independently for each occurrence 1, 2, 3,4,015;
each of Ry; and Rgs is independently for each occurrence H, alkyl, aryl, aralkyl, cycloalkyl
25  heterocyclyl, heterocyc]yl.alkyl, heteroaryl, or heteroaralkyl; and

R4 is independently for each occurrence H, alkyl, aryl, heteroaryl, heterocyclylalkyi,
alkoxy, amino, amido, or carbexyl,

Specific compounds include those shown below:
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R11 is independently for each occurrence H, al kyl, alkenyl, alkynyl,
aral kyl, aryl, cycl oal kyl, cycl oal kenyl , bi cycl oal kyl ,

het erocyclyl . _heteroaryl, or 1C(R12)(R13)}t-R14; 30 whereint is
independentXY?lzqoyPﬁégch occurrence 0, 1, 2, 3, 4, or 5; P&ffiS2006/047861
2007/ 075387PCT/ US2006/ 047861 each of Ri 2 and R13 is independently for
each occurrence H, alkyl, aryl, aral kyl, cycloal kyl, heterocyclyl,
het erocycl ylall cyl, heteroaryl, or heteroaral kyl; and R14 is

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

het er ocycl yl al kyl , al koxy, am no, a®i do, or carboxyl. 5Alternatively,
t he conpound may have the formul a wherein
-(C0)-, onJlOX is -N ) - i § 1, 2, 3,
each of Al .&EIAQOis H glkyl, ary
aral kyl , het & oty . ke aryl, heterbargf k
-C(0)1210, -0021216+¢- S(0) 2 R10) 2, - S(q) RO, Y~ ‘
-5(0)212.10; or has ¢ohe fornmula 4a: ((C(12.1 t S 4a No, ,
wherei n i ndependently for each oc rence of 4a; 20n is 1, 2, 3, 4,
5, or 6; and R13 is aryl, cycl oal . cycl oal kenyl, heterocy I,
het er oaryl ~J-QR10, a @ 0) 2(" -N( R10) CO2R10, - N( R10) C( 0) N(#10) 2,
-0CRR10, or [« 0) g dys|ic rin | fing & 14

Yo

car bon atons,[ ofy
i ndependently S.

Iz
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25 or Al and A2 taken together form=0 or =S; Bis 0, S, -(C=0)-, or
-(C=S)-; or has the fornula 4b: WD 2007/075387PCT/ US2006/ 047861 D
12).-4 4b wherein D is Nor CRio; 5p is O, 1, 2, 3; each of R7 and R8

i s i ndepend¥ 00T each occurrence H, al kyl, al kenyl , PGI/R§AQH047861
aral kyl, aryl, cycloal kyl, heterocyclyl, cycloalkenyl or heteroaryl;
or R7 and R8 taken together forma 3 - 8 menber ed ring; or R7 and R8
taken together forma 4- 8 nenbered ring; 10RO is H, heterocyclyl,
heteroaryl,-N(R10)2 -MtnOCO2R10, - N(RIO C(0)N(Rlo)z, -00212.10,
-000212. 10, C(O)N(R 102 -C(O)N(RL halide, nitrile, nitro, or

acyl t hi o; s H or | each of R12 and Rl I ndependent | y
for each o ofe en ¢
15heterocyc| yl, the e ocy @

, aryl, aralk al kyl,
R Pear al kyl ; 1214
i s i ndependent | ¥°¥Gy:each ™0
heterocycIyIaIkyI‘ a?koxy,

alkyﬁ'!teuerr ; S
. el aryl', heteroaryl,
-l n ”?LY;,§y;anbpxyl R16 is H,

allcyl, alkenyl, or ORIIl; has the formula 4a; each of X3
independently for each occurren {s H or halide;
,ézt\

s  Methods of the Invention

One aspect of the present invention relates to a method of treating a Bel-mediated

disorder, comprising the step of: administering to 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 relates to a method of treating a Bcl-

10  mediated disorder, comprising the step oft 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 Bcl-mediated disorder is cancer or

15 mneoplastic 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, ecrythroleukemia, chronic

leukemia, chronic myelocytic (granulocytic) leckemia, chronic lymphocytic leukemia,

polycythemia Vera, Hodgkin's disease, non-Hodgkin's disease; multiple myeloma,

20 Waldenstrom’s macroglobulinemia, heavy chain disease, fibrosarcoma, wmyxosarcoma,
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20Ri s is alkyl, alkenyl, halide, nitro, or am no; each of R20 and

1221 is independently H, alkyl, aral kyl, heteroaral kyl, al koxy, or
-[C(R22)(R233}-R24; t is independently for each occurrence 1, 2, 3,

4, or 5, WOWZBW3HT R22 and R73 is independently for BEEHS2006/047861
occurrence H, alkyl, aryl, arallcyl, cycloal kyl, 25heterocyclyl,
het er ocycl yl al kyl , heteroaryl, or heteroaral kyl; and R74 is

I ndependently for each occurrence H, alkyl, aryl, heteroaryl,

het er ocycl yl al kyl , al koxy, am no, am do, or carboxyl. Specific
conpounds |.ncl ude those shown bel ow: WO 2007/ 075387Pg .

T/ US2006/ 04FBEETOTE: \eg SPEOMRe | INAORTNIG Sarcoma, - phordamg,, - ANgiosyrRama,
present i nggitthedibsdredrad,eslyntphangivédiamin)f§ NymphirigigndoBelicsamdimal edynovioma,

di sorder, co i.sin he st of .adm nistering to a patient in need
Cher cof  a FIEVEFIARA CHI Ry Se PRt | DRI o Fab RERSBRa by oPBPdroma.
1, 10, or péhcréatic@asdl,bredvecaabr, dsaitlesantdeprosthewancdrnsqambhecell carcinoma,
aspect, _th esent .invention relates t thod of treatin ' -

10 med St o] S eSS R e e TrR BT o et Ry R chfizoma
pati ent i npadhatytdaesieoha,gpapiibrgpdabiarainbyag fsfadenocasizmmy nheduflagy carcinoma,
chenot her apeut Jj ent i.n_comhi nat icgﬁn with a thggp%p

ef fective Aol Cfcgeg & aE%Iﬁ%rB?JnJ “ot corrpgﬁrﬁamf)nfa’ f of rmq?gé’ll,q’%lfi)?/dugtr ?Laﬁ?inoma’
or a salt theieatirmmalestinchedembyvesl darvigeny, & iime b, mentical ohncer, uterine
i sease.  Thgsn 8oL o6 AhE oHoRBERC kb CEIGR, oRbicbihe BB Hybinoms
group &®nsemthichigl ofarsivame, | elikma azsteccpiomal y medolghlagomay keritigphagena,
%glog;{} Lf%@%ﬁ%@é ﬂ%@paﬁ%&?gﬂbmﬁ!ﬁ%&mm %ﬁ%&@ﬁgﬁﬁ&eﬁamgfomﬂ,
meningioma, melanoma, neuroblastoma, retinoblastoma, and endometrial cancer.
The cancer can also be follicular lymphoma, diffuse large B-cell lymphoma, mantle
cell Ilymphoma, chronic lymphocytic leukemia prostrate cancer, breast cancer,

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

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

20 The compound can be administered parenterally, intramuscularly, intravenously,
subcutaneously, orally, pulmonary, intrathecally, topically or intranasally. 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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| eukem a, chronic nyelocytic (granul ocytic) |eukem a, chronic

| ynphocytic | eukem a, polycythem a Vera, Hodgkin's disease,

non- Hodgki n' s di sease; multiple nyel oma, 20 WAl denstroni s

macr ogl obulWR&H78753Heavy chai n di sease, fibrosarcoma, nPKEESR0BH4ES61

WO 2007/ 075387PCT/ US2006/ 047861 | i posarcona, chondrosarcona,

ost eogeni ¢ sarcoma, chordoma, angi osarconma, endotheliosarcons,

| ynphangi osar cona, | ynphangi oendot hel i osar coma, synovi or na,

nesot hel i oma, Ewing's tunor, |eionyosarcoma, rhabdonyosarcoma, col on

carci noma, pancreatic cancer, breast cancer ovari%n ancer. pr state
Hl&ﬁﬁl’]ec oh as, fo

cancer, sq & Byempowtanecrh A YAk U AYE S 04 PR ¥ example,
adenocar ci pegtle sHWRRE of kadpandia, ir BastEinedsiekaseuaugliand3 ¥ wpivknaphication, for

papi |l ary carcinoma, papillary adenocarcinonmas, stadenocar i .
medul | ary ARG T PEHOGHn L B RSTICAoF BNAF SLaT> MEPil UM skin: (4
hepat oma, BQitdaGagidlly erainGhmreotly, ohexrdmsiar ii npaeary sasimardpare{d) poslaigually;

carci noma, \WIns' t r, .cervic cance terine c er,, .testicular
tunor, 1 unbﬁ%ﬁ%lﬁodgg% a lge&}) "ﬁfﬂlﬁ’ {?&P‘éﬁﬁoﬁﬁﬁf’ of)fl;bgmaﬂ?ﬁ%bf' nona,

to epithelial caoentiatiags ¢f theprseshvantyt ordudertbalel suodiila $eromal, nasal, topical
crani ophar yngi ona,. ependynn i\neal qma, .henmangi aobl | C
neur ona, O%P%B‘%Bﬁ ch’l(ﬁ'gﬂﬁi ‘q’,u%ﬁ%%%ll)g ir%r'fag’, V?%’I’%nag%r %@%ﬁ%ﬁ a"er‘g‘%g‘f’iﬁ‘t’A' The
r et i nobl asfoenm]atiangd magdonediénglly teapresnied in unit dbkageciarm emdguey bd popived by
follicular_l| 0 ihffuse | - ce| y 0 . .
| ynphoma, C r%?’g ;7 r?gh%n&% e t?%g%e(’%pglgrﬁéag%’t r@}ge%ﬁgg?%'g@cgg%{wm? which
cancer j0 15mapeher obinbisied with @obarier nakeriabnel gueduck e singleadpsage pumgvill vary
cancer, he@%}eﬁﬁfﬁkluﬁl}ﬁ‘&h&ﬁqﬁbaﬂ ealg&',ltﬁ%g%rﬁcﬁ&eﬁxgﬁg £ REAR AR 8K Ahount
t esti cul ar cancerF. ) n certarn enbodi nents, the cancer )
over - expr eséedivg iBgledisnbwibioh mav bercombingd pritd errartigyonateriglele Ip@iceimsingle
for grow hd@s@%e Pt n%"i"liibcneﬂ]ﬁ( tﬁeérll]apﬁrﬁ&ﬁ“lt df @l?b[}bc@lﬁ:{ouﬁd QvhicHB6rbadce'a therapeutic

Bcl-xL. I n other enbodinents, the cancer exhibits a t'%m; 1@@%
chr onps onafffeotasisneety: o1 of 2oe hyndred prpenhdhic amayat wilhanes fomgoout 0.1 per
parent e al Lept tb Bb&A R HhBk! percehDbF 248 éaaem,sy}a@e&@?wh%m @ 5k [c¥nt to
pul monary, intrathecally, topically or intranasally. 1n certain

enmbodi ment 800U F@ Pefepb Bist Preteaghly fiont oub SpRse@R 2Ry 30 PEFCfy t ai n

enbodi nent s, t heoR@Alidifk of ShelnPEHIR suitdfoR oAl lall i P tioR tieay EIh he form of
preferably a human. Pharnmceutical, Conpositions 25l n anot her aﬁlgect ,

the presentaPSHgEnEIBRSHARNS d@lletsh dPFRagestRVery SreRdph afy @ 2 solution or a
conposi t i ORfp¥kNNGANMREGS o nbhfagaézﬁuuihﬁial byasthif SIE-Waten BPWRr-REoiDNGuid
or nore_ of tﬁe_ conpounds, descri bed above, forpul ated toget her .tﬂﬁﬂ
one. or Zhor SIS EL BT S §F SHEPe Bt STREUISST PO (SRR Praghes pnd, g e each
di luents. Amtédamgrd pedetefiniled aouhedOWcotpeundNel 1B GRetehC Rlvention as an active
conpositions aof the present invention may be specially formul ated for
30 adm ni g’ﬁf%ﬁ M in solid or liquid form including those adapted

for the foll ow hgsol{dljiosagalfomdnoniist inatition, fof eraleadanipiseaticlr Eagdubs, tablets,
(aqueous or..,non-agqueous, sol utions, Qr. sus SI:ORS tablets... s .
Unase 1 ar gePBPpE SR s R flep & SR SRELROT e AR B & mined wit
bol usess ponwder sporgrEmuhentipdlytasseftaiec appiers automs twdiune citong oe digaR)iom
par enter al l‘ﬂg%ﬂé S&rfd%r'a?lg’off HE folmiggoéé %@é%%gé&i@l%%ﬁc’h%}@a%?es, lactose,
exanpl e, bf} stbcUt aneous; 1 ntranuscufar; ‘i ntravenous or epidura

i nj ection sisroskorgienoagyp rannijols tamdidresifieic usdidin (Y bindepsensicbnas, ofor example,
sust ai ned- I 5 ) iﬁﬁ’:‘m‘ | Wely .
as a cr earr{; a?iél ﬁt rrélﬁ???énc‘)il#ég’ %%ﬁ?t%%ﬁefeag?’r el eé%g%%gts 2{1161%? S%%%fﬁ g’ggﬁagﬁ’ @
to the ski hum¢agnis,nsuchy ag)i glxdersl; o)  disintagretinm| dgpntsf Gucteaanpias-agers qeleium

pessary, CLEFM phRfbr tapibes SBnNAYAId ¥id, certain silicates, and sodium carbonate; (5)

solution retarding agents, such as paraffin; (6) absorption accelerators, such as quaternary

-

ammonium compounds and surfactants, such as poloxamer and ‘sodium lauryl sulfate; (7)

wetting agents, such as, for example, cetyl alcohol, glycerol monostearate, and non-ionic
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5(6) ocularly; (7) transdermally; (8) nasally; (9) pul nonary; or (10)
i ntrathecally. Formul ati ons of the present invention include
those suitable for oral, nasal, topical (including buccal and

subl i ngual WO PMEBPT yagi nal and/or parenteral adnini st PGFPEA06/0#RE1
formul ati ons may conveniently be presented in unit dosage form and
may be prepared by any nethods well known in the art of pharmacy. The
anount of active ingredient which 10 may be conbined with a carrier
material to produce a single dosage forn1mﬁ|| vary dependi ng upon the

of "t vo FRERBREIE MBI b ORaY A oA PR () Sbrcate, AR P o

produce a shlB@hke sd:@a&&geni@eﬁum i;tlaarg.enmmll pqiydathytmatglﬁntsu podieh tetmeyl sulfate,

conmpound whj ch produces a therapeut i C. 8
Nt 60 perEAHAIG PGS EHEe W T S0 P EROTr ot {1 g Rbloriie d4Bfts: and
t o about ninBtysnaolel pdeasendigeot mch Iase:rospgr'lddment ethyl ekbnlabd. y I thencase of

Shout ©:PClsil. LR Sy Bo BRSITChl OmAAN it

suitabl e faegemsal adm ni stratl on may be in the form of capsul es,

cachets, pills, a’@al?lb? 13 and Fel 96i%a ab¥d Eﬁﬁls oggh%g}llllaﬁ-ﬁacc ca@ﬁo ositions of the
sol ution or a sa&fenst on P an aqueou non- aqueous or as

an oil - i n- pedsent ioventian,euch ps dtlagedSJ tqmsﬁes zﬂlsemilgwmlﬁs By a@lmll)ébiﬂﬁ@qfed or
or syrup, ep%tsedgv%% Mahﬁgs arﬂweﬂ{ tgr%a MH&P&W@&HE faﬁ@gth%p@oaltlhgsewel‘?%&n in

cont ai ni ng*a predet erm n a conpoun resent
i nvent iton ake paraetdutiealifogndatingut. They may ﬂlsgé'mf@lmu&gta@éo AHiRFowide slesr or

i nvention fgﬁuﬁfealregggp etgé Q%Qﬂgéfié&%r%’usf@bhﬁfe%mnﬁw hﬁiro%?&i@@rﬁcmyl

powders, granu touc the active ingredi ent
m xed with celzsoasnex RIS @rqﬂ«mtrqmcf@upliowém o fesiprd aplpasecrirfl eewéhersmféﬁnef

as sodi um ?&% el;?d’soﬁl)'eg gh&bHMiRBGHRRA! hed Rthyde ﬁﬂﬁui@fedtfbﬁmpid release, e.g.,

fol | ow ng: ers or extenders, such as Starches

sucrose, gifiseersdicdratieyaty basierired by) for pramplp.filtpsyn @F?ﬂﬁgrasbacg"ﬁéﬂetammg

as, forsexaipl &r bS3hEREYERAS ?x‘tlsﬁﬁhh%’ bes®s inath@ ki @issterﬂe lsélid Bornpositions which
ponV|nyI pyrrolldone sucrose and

or acaci a; {e % ant such g
gl ycerol : (2R b disselued & Slgleayailh-or Wmenoher é‘é‘a b ec’é’ieaﬁuﬁ"rﬁm%ﬂé 1ately

carbonat e, pRehSER. thets@%rﬁﬁéslt%rﬁrzﬁiy alg ﬂitﬂinﬁllﬁ@érﬂam Q}@ﬁéxﬁ_,hﬁg %ehts&@iﬂ@ﬁay be
and sodi um car bonat e; éﬂ sol t| o re suc

t.ar di n%
paraffin; OEF HBEGT R GAt HERETRAR 5o BT Ui LA e BFS RPN T comaim
corrpounds %Bdm&ubf aRd akiBeintebiodal &i!‘acﬂob]mb@ﬁw, and gsadyddmdanbidry| Examples of

Srlyig %p nﬁ%@m&é’t&ég S sgﬁ%%mul% gé uﬁ%rmaugengobqheﬁce gl}i)sta%clsecsoang waxes, The
2007/ 07538abGA ﬂléﬁﬂmﬂﬁéﬂﬂﬂ% be swnfiactentdpsulaleld)fomt 6 apyenpate,swith oas or more
kaol i n andr?g e@gnlt IE%/d %93 l.ubricants, such as talc, calcium

stearate, gﬁ’ PUREFERFAFSP'EYFi d pol yet hyl ene gl ycol s, sodi um

| auryl sul fate, quuid dmﬂ@r ftres foodral dstimiatraion, o%ﬂwammpmﬁwl of dlred invention
agent s such AR pRirte ) (DSoPRE by, e fORERE (i) RpEasions
capsul es, tspmivpetrsd alirdrspilh Iaéqlmmeo @havmaegnedr@aﬂ, thediquibdasapmrma paylcontain
conpri se b‘i'&&?ﬁh&&té%ﬂh%n{y used_in A, aha'QJl §s f@ng&}m@rwﬁ&k lof 8RS A Rrents,

forms of the pharnmaceutica ositiohs o present I nvention,

such as dr agblbélznmgsmt%@ﬂdpﬁmp ifzanel glichna?r eﬂéhyl nalgolindt iispmeeayy aieohol, ethyl
scored or REARANEIIT (LRGN AlhopRhi A beakfe, ProiLRs glgcaoats' Hifdlene
and other coatings well known in 10 the pharnaceutical-formulatin

art. They rixeohlosls (eattinuiay eationsesd: groundpup cem a@'nslo@wmasfebmdrwwﬁoﬂs)
rel easgqof gﬁ,fb@r@%&mdwmﬁ%sﬂ&z bAGER|1Bnd!SiyBSls afi P Far§ eRMPstors of sorbitan, and
hydr oxypr opy’ nethg lul'ose in varying proportions to provide the
desired reldxgEesipeE?f e, ot her pol ymer matrices, |iposomes andior

m crospheres. TheXmiR¥uda EOhPALiRIRG QS idvaRtich SRSy pderferal administration

comprise one or more compounds of the invention in combination with one or more
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30 glycerol, tetrahydrofiwl alcohol, polyethylene glycols and fatty
acid esters of sorbitan, and m xtures thereof. Phar maceuti ca
conpositiOﬁ@) Whgls invention suitable for parenteral admnistration
conprise o qo ¥ conpounds of the invention in combP P8P/ 47 %6H
one or nmore WD 2007/075387PCT/ US2006/ 047861
pharmaceutical |l y-acceptabl e sterile isotonic agueous or nonaqueous
sol utions, dispersions, suspensions or enulsions, or sterile powders
which may be reconstituted into sterile injectable solutions or

di spersions, just p, aln ol

ant i oxi danP@,"’"ﬁfﬁ"E‘@?lg’“a“é’ﬁEtf‘E |S<5e\§,\‘{q%fs§t %T’clﬁegss %‘?"i‘ﬁgﬁf*{e"?\‘éé ﬁﬁlhs fspersions,
fornul ati ogusheiceRi 6r eintilsidrisge ob sbdm@q:owrdemshwmchtmyieteb resongtiteind i sterile
suspendi ng. or ng.a S S

cont ai n ad]“ﬂﬁcéah’? @Hg ¥ %15%%3%8 st A 3 '?ti ng gg]lg%% %Q& iggﬁlﬁ Qlcaim]s
agent s andaticxiiane bgffagehicterioPratsy soltics rwhidh tehderabe |fmnu§$tlon lsotomc with the
m cr oor gan n_th ubj e ed by t he

i ncl usi'(g) hi’ngz?rﬁ'tﬁ’dgte ﬁ%dsrﬁc% e£r ?raﬁ%ggggﬂl%%{ g?%}%egﬁ}g%g%t s, for

exanpl e, par abemhesehbcﬂnp:dsuiowaohay piencintaordsijuvanisi sich 1@ RIRSeIVRdveR) Ngtting
It may al so b desi C e ent g

sodi um chl Sgeinasé emui(’iai?’f?g g ljgpl lrl#p l%??%‘%p%seﬁttg on§s ?’#ﬁygdg)?t ?%n%t%n of
prol onged atisrophnioms apot Hiee pubjest coipeunsh araybleensires] by Bﬁerﬂi’#ﬂ?%é‘f various
brought abgut, By .the 4 A6 pagé P\f tﬁggﬁﬁplw"ﬂaﬁmeﬁi@hﬁﬁoﬁh&ﬁﬂ HeR® sSHfidlacid,

as al um num rmnos%’earate a n sone cases In order to
pr ol ongo t hendsfifecliie. ot raaxirlag beidesirableitosine i dsofais RERA1S, [§Echy 8 sugars, sodium

absorptio ncl‘ﬂgnﬁpearﬁl Hx% lfllfeomté lﬁ?& Wb RAPERHSHhsO! I BidiBGRISGYloREed abﬁﬁﬁtldﬂnmf the
This may be acconpl i he use of a liquid susgen3|on of

crystalli nmjmtaIﬁwhmguwl é?%mawé?ﬁ hﬁ’“ﬁ@o?b%%r & BPeion Pf agepff, which
rate of abggp mg%b%tﬂin sh@l@asdéluﬂlﬂdﬁ?fhoﬁ@ﬁ@dﬂﬂﬁ akPfdlatird, s rate of

di ssol ution in turn, depend on cry ta size
crystalline forM S‘m”l?éﬂsﬁat‘iﬂv@'ﬂ?? togfP gdg it s 38rable to slow the

par ent g5 al Lys2egnN b8 ttﬁ‘é gl r&u;nf@bmtm&oagwnm&mhgﬂiazommdn SSThi¢i Mgy be
or suspending the dr in an_oil vehicle. F ?,bl e deB for alnha 1
Tade. by 1 ORISR Befedss af sl ruensap of freselipr St ERRISLTREEH A faving
bi odegr adapb& Reafey @aﬁ;&myc W}ﬁ&aﬁ%ﬂﬁtﬁeﬂldﬁ-(ﬂahygf@gcmbh dieperidependiitsgrate of
on the ratio of dru %E“’g nmer, and, the nature of the par

at'd

pol yner enfissfBgon ¢ My Ry PR SReRy © B’égaéoﬂ??o e(:i:rysgﬁlﬁnc form.
Exanpl es ofAI@t—mﬁre@; @ﬂ@g@ﬂaﬁe&rbﬂorpef g{pmﬁteranmadﬂm%renairyg forinhie esdoenpdiphed
and poI ydrides e a e f. tions are also prepared
by ent rz &‘*W@‘“@%‘ﬁﬁu?p%n‘%‘flﬁgi ?n%P‘é‘arri}cJ)(’ej?rul si ons which are

conpat i bI e Wi t h Hjedyble ﬁsmé’oMagmdb@wrfeMmg ntibeetapiwa magrces of the subject

transder ”‘;'ﬁ?lggmn’& S48 %@d%leiqo@@-ﬂ&?%gga o p%ﬁgiaﬁtlﬂéﬂ'ﬂagélw&ﬂenC]béﬁ%‘ﬁdmg on

powder s, iAeeds sol Ut ons
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 fransdermal 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 propellants
which may be required. The ointments, pastes, creams atd gels may contain, in addition to

an active compound of this invention, excipients, such as animal and vegetable fats, oils,
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pat ches and inhal ants. The active conpound may be m xed under sterile
conditions wwth a 30 pharnmaceutically-acceptable carrier, and with

any preservwasjoupessspuf fers, or propellants which may bep(f'ﬁ@éhd'ﬁgg'[gﬁirhe
oi ntments, pastes, creans and gels may contain, in addition to an
active conmpound of this invention, excipients, such as ani mal and
vegetable fats, oils, WO 2007/ 075387PCT/ US2006/ 047861 waxes,
paraffins, starch, tragacanth, cellul ose derivatives, polyethylene
glycols, silicones, bentonites, snide acid, talc and zinc oxide, or

m xtures t@ﬂﬁogarafﬁns, staxlaﬂma‘@ga%axaﬂ,dmmroayscﬁwwegrﬁcﬂxyaﬂaylerre glykctily, isfivones,
to a conmpound o exci |ents su as. |l actose, talc,

th
silicic ac‘i""élt‘métleﬁﬁihlr?iﬁé n%d%)’ﬂ‘ ginc ‘é‘ld 3 QI HHE TS tg?rggf and 5 pol yani de

powder, or m xtpdvaterdfand I‘ypms%ahSéoaxmsm ﬁmﬁt@gns tc&:anccad;ﬁhmdocrfatmwmvenhon
contai n custonmary prope

h -as.,chl or.o rocar
Vol a1 e USIRBSEY SO HAGeHDAES B0dn HE BT RE R SR bRt and
Tr ansdey e, olﬁﬁrﬁﬁb%&vﬁﬁvem’f eix augebe o aﬁvarsﬁ‘mgmceé pﬂmaysdcmg a@tbtmm@lyl eqhtain

delivery of a conpound, of the pres hyen b S
dosage f or fHS"ORRGFY H&M tyySUY dF sé@?r\?h}%%m ?asrpoer?sy ng ?%Xtﬂe Hﬁéﬁbsn uted
in the pr Oﬁﬁlfodwsﬂnumucﬁbsbﬁmmm;ﬂnﬁmncers can al so be used to

i ncrease the fI und. ac s

flux may be con 'EBB? eérah&?%%ngﬁ iy 8(\5/.:'% |agggi§aéak(%@rcon?goﬁ§dgh ety of 2
nmenbr ane oOfortapéra thg drient dnveotiordta theabqsiyl y faeh dusage oons may be made by
Forrrulatlons f. the \pharmaceut | h i

roct al tbr aseggg 48RRI Y SF cafPanRE AR gl Inthurh " AUGLRCh eAricls can
SUppPOsi t or ylso blaiusél weinpctsespthefiuxedf thy coinreuny asnessche ﬁbrle %ﬁﬂ@lﬂfcﬁsm}bﬂ“x
Lhe  avent bR0 o b RiiRg Xy TREE: SVIAN € AANLAdIdRl MoREEIPLE Mspadg the
carriers c % or “exanpl &, co butter yethylene gl ycol

a supposi tmypmﬁtmnpalymmramegeland V\/m chis soI idat room
tenperature, bu onjrt{uqéﬂoqlsat; gdyhan;\fﬂm&é ofifibns LPERE TP eRiiotVfdd rectal or
melt in the rectumor vaginal cavity a rellease the active 20
compound. vagmal z(q:rhmhuamnm nfayr b Peesénbers as dy auppPHtaTBNYEIch paHe b sprepared by
sol utions é%ﬁe iﬁ?oreq,foﬁlp%hﬁ& &Pﬂﬂ& %ﬁ%ﬁ%ﬁﬁor&ebﬁﬂo\‘! kaBlel iiirritating

scope of t nven he compounds of g/r esent
i nvention axoanantmcm sareue@d ca@ppﬁag,rrﬁafeawla:&%scoqoa h%né’o A S
they may bg, pgb&%};%& % s%hcﬁﬁteaaxﬂ‘@ﬁl@ﬁ@sewlﬂd%ko&ﬁ%@Eéréthfbnb&a%;nd at body.

contai ni ng, Yo (mor e pr ef er abl K %_‘g ﬁ
active i ngteameéﬁmelaﬁdcﬂiﬁtﬂf?fat vEhmglt i the "ﬁﬁ:&?‘rﬁc‘@&ﬂa &‘?‘1“9’ dgptsggpractive
carri €hy Rg%g.&g(ﬂlngss of the route of adm nistration sel ected, the

0

conpounds resent invention, which may be used.in a s Hﬂble
hydrated form & thglmie ﬁ'@rr@xp}atrlqﬁcgm oigtments, powders, solutions and the like, are also

contemplated as being within the scope of this invention.

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

to humans and animals, they may be given per se or as a pharmaceutical 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 uséd 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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conpositions of the present invention, are fornulated into
pharmaceutical | y-accept abl e 30 dosage fornms by conventi onal rret hods
known to those of skill in the art. Exenplification

i nventi on HGWBE ﬁﬁ' generally described, it will be rn)r%m?f%s&a‘?6 697861
understood by reference to the follow ng exanpl es, which are included
nmerely for purposes of illustration WD 2007/ 075387PCT/ US2006/ 047861
of certain aspects and enbodi nents of the present invention, and are
not intended to limt the invention. Exanple 1 51 Part A

nos adqed eHran S tnsl ghfatmiiy o G Sepet Sttt S B %ﬁ%‘)ﬂ“@d £ 1gmit

nrnol , 1. 5he@ventidie 10 reaction mxture was stirred at it for 24 h
and t hen qguenched with water. The mixture was diluted with Et0Ac and
washed with water (twice) then brine.Eddmplegdl uti on was dried over
My504, filtered and concentrat ed to afford 795 ng (100% of crude
product 3. Part B Owe ;

Part A

H OMe
N Mel
oncf?:rl aH, Me OHE. i .

2 3
To a solution of phenol 2 (750 mg, 3 mmo}, 1 eq) in DMF (5 mL) at 0 °C was added
NaH (130 mg, 3.6 mmol, 1.2 eq) followed by Mel (280 uL, 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 EtOAc and washed with water (twice) then brine. The solution was dried over

MgSQ,, filtered and concentrated to afford 795 mg (100%) of crude product 3.

Part B
OMe HOHN  OMe
OHG f ! NHLOH, NaCNBH; L f 1
3 4

15
Aldehyde 3 (795 mg, 3.03 mmol, 1 eq) and hydroxylamine hydrochloride (253 mg,
3.64 mmol, 1.2 eq) were dissolved in THF/MeOH (3:2, 10 mL), Water (2 mL) was added
and the pH was adjusted to 9 with 6.0 N KOH. The reaction mixture was stirred at rt
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 stiring 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  dried over MgS8Qy. The crude product was purified by flash chromatography (50% EtOAc
in hexanes then 100% EtOAc) to afford 706 mg (83%) of hydroxylamine 4.
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HOHN Ove NH2OH, NaCNBH3 34 15 Al dehyde 3 (795 ng, 3.03
mmol, 1 eq) and hydroxyl am ne hydrochloride (253 ng, 3.64 mol, 1.2
eq) were di l.,n TI-D7MeOH (3:2, 10 nmL). Water (2 d
and the th\?a%bﬁ(&g%s‘gt ed to 9 with 6.0 N KOH The reacti%ﬂr?%y@?%(??fe&ggvas
stirred at it overnight. After 16 h, sodi um cyanoborohydride (381 ng,
6.07 mol, 2 eq) was added 20 followed by a crystal of nethyl orange.
The pH was adjusted to 2 and the resulting ruby red col or was

mai nt ai ned for the duration of the reaction by the frequent addition
of 1 N HClg After stirring for 2 h another portion of sodium
cyanoborol—rv'at‘lﬁl" tde (381 ng) was added. After stirring for a ol al of 16
h, the pH of the redEYi o™i xture ®as brought to Oiﬁ% 3s added.
The m xture was washed mﬁ'@?ﬁmrem), bri e%en 25
dried over MgSX. The crdde produet was purified by flash

chr omat ogr aphy (50% Et 0A@ i n hexanes, then 100% Et 0Ac) t afford 706

ng (83% of hydsaxulRfl dtehydiroxyWhidd G 7705 28 2BETImkiRE 0D €4 DéndCmEthiPRETyoLylate
(445 mg, 5.05 mmol, 2 eq) in benzene (15 mL) was heated at reflux with a Dean Stark trap
s  overnight. Excess solvent was removed under reduced pressure and the resulting nitrone 5

was takt;:n on crude in the next step.

Part D

OMe 0188 TioPr,
MQO\H/\\‘% { U (0P
N
o) J;a Me*
5 &

Nitrone 5 (882 mg, 2.53 mmol, 1 eq), allylic alcohol 6 (U.S.S.N,, serial No.:

10 11/156364, filed June 17, 2005) (820 mg, 3.79 mmol, 1.5 eq) and Ti(iOPr)s (1.12 mL, 3.79

mmol, 1.5 eq) were dissolved in toluene (5 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. After stirring for 2 h, EtQOAc was added and the mixture

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

15  concentrated. The crude residue was purified by flash chromatography (G:1
hexanes/EtOAc) to afford 575 mg (43%) of lactone 7.

Part E
HF/pytidine .
o ¥ L)

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 rt 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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A solution of hydroxylamne 4 (705 ng, 2.53 mmol, 1 eq) and net hyl

gl yoxyl ate (445 ng, 5.05 nmol, 2 eq) in benzene (15 nL) was heated at
reflux wt tark trap 5 overnight. Excess sol ve

under redu@e‘f&zoﬁ@%’sﬁre and the resulting nitrone 5 was %ﬂ@%ﬁ%{ﬁ@?{vjde
in the next step. Part D Owe Ntrone 5 (882 ng, 2.53 nunol, 1 eq),
allylic alcohol 6 (U S.S.N, serial No.: 10 11/156364, filed June 17,
2005) (820 nmg, 3.79 mmol, 1.5 eq) and Ti(iOPr)4 (1.12 nm., 3.79 mol,
1.5 eq) were dissolved in toluene (5 nL) and heated in the m crowave
at 120 C for 10 inM The reacti on=H xture was dllut th Et OAc (15
mL) and 3-(di met hyl am no) - anedi ol s added. After
stirring for 2 h, Et0OAc wa dndmtchmpam xt \A/ashed W th

wat er (threetlnes) then br{g dried osear M flltered over
Celite and is concentrated. The cPude resi due was P gRiéied by flash
chromat ography (5:1 hexanes/Bt0Ac) to afford 575°ng {(43% of |actone
7. Part E 78TcT @ 02CSHutionF I@foné 8((B2E 2)0.2 fhmbdA2 et DCM €f) mLpwitdded

(6 nL) was_add dj L HF/ |d|n ( . The ...
m xture waledy f"’l“i“g‘é ezg?téf{']tm f‘(gi an%lh%g dn% Kfﬁg}%&éﬁ& addition of
Sol vent wagethefdviFony Ri&tide €008 eall,pt. @ﬁﬁwlezamﬁ)t e eeaption prixideovaswbwed

Be’ o i t T B YO OO0 0 5o TR LS00 g e e Sk ot of

alcohol, The mixture was then poured into DCM (100 mL) and a saturated sodium

bicarbonate solution (25 mL). The layers were separated and the aqueous layer was
extracted with DCM (3 x 30 mL). The combined organic extracts were dried (MgSO4),
filtered and concentrated in vacuo. The crude material was purified by gradient flash

10 chromatography (100 g SiOz, 30— 70% EtOAc/Hex) to afford 9 (1.04 g, 2.1 mmol, 94%).
Part G

; La L KQ
Sml (0.1M In THE) TN 1
—_—— o] O\

§ H bm

=50
90\

To neat mesylate 9 (450 mg, 0.91 mmol) ai rt was added samarium iodide (27 mL of

a 0.1 M THF solution, 2.7 mmol). Afier stirring at rt 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 mL). The combined

organic extracts were washed with brine (50 mL), dried (MgSOy), filtered and concentrated

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

Part H _
3 '/Q AlMe, CH,CL ”Q
AlMes, CHCl L e
°&) “NH,
§ R by H
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0O H MsCl, DIPEA DCM OH e etts( To a OC solution of |ac-tone
8 (0.94 g, 2.2 mol, 1 eq) in DCM (22 nmL) was added triethyl am ne
(0.68 nL, , 2.2 eq) followed by the dropw se i1 f
nmet hanesul éﬁ%?w/@%gori de (0.38 nL, 4.9 nunol, 2.2 eq). %#&%@f‘%&
m xture was allowed 5 to warmto it over 12 h, after which TLC and
LG/ M5 confirnmed conpl ete consunption of alcohol. The m xture was then

poured into DCM (100 nL) and a saturated sodi um bi carbonate sol ution
(25 rnL). The layers were separated and the aqueous | ayer was

extracted with ; . i . i tract I
ried (MSO4), Fod ek t’g’gddﬁé)é)ﬁi:%E?’?éa;‘{ti%fe?%%&fg%ﬁg.Eﬂ'fl% Bt Toutielt B PG
was puri fi dIpyaspddad ddMes (WEhmlioofend Mhealetinnapingx ) 0.4gniSio) 2 ARD stirdhfor
Et OAc/ He iaf ; , : | 0y .:  Rak.t

C X) 1benidf £ QbKkti8n (33364380{19 %1?{) gi['é':'@.d-f? n%%ég daéﬁfhéia(garﬁ_. was %cigflc)ag é-md the

neat nesyl ate 9 (450, ng, 1) rt was
(27 L of Zusuie WesT§irreiat ot i Afer simmefepL§ h, the resction wes qwepched with heatufated

h, the jeaghicdns MAShEILESINRAILtLR (& hD) &d@%ﬁ%ﬂ%ﬁ SHELE Y 2 588,501 %%{glﬁé‘clear

(10 ) th’?PF; resylted in an i mredi ate cofor ange of thé reacti
m xture frQIPAHF RIKiNRarngaspdl (Thvadugess fyacviosepaiajadiand ewgractecheith DCM (2 x

filtered tbseugh Ehepinthedidi€ cRsktd Werely ' dyd

vat er (1005?{;5!9 and E0Ac (100 ). Theagrau"é%ﬁi‘f‘f*‘j?h‘éﬂ?ﬁl&gﬁ3"%??%%%%@48304%
with Et 0Ac g Fncentyated & ueguted T8¢ gardecmaterinhves puaified exsgredient flash
Wi th bri neclrbfhamgraphgii(5@d StOf 3089, MEOHY DR BREFPIGERE (M3 dsh vellow
vacua. ,fhe ’ rude material was purified by gradient flash

chroma%ogrg hy (75 g 3i02, 30 - 80% Et OAc/ Hex) to afford 10 (190 ny,
2.1 mmol, B2A&dyield). Part H WD 2007/ 075387PCT/US2006/ 047861

To a it solution of (+)-isopinocanpheylamngne 11 (0.25 n, 1.5 muol)

in DCM (2 nmL) was added Al M3 (0.71 nL o o% M sol ution in hexane,

1.4 mol ). Aft&rs tigrin r 10 mn, & ution &f |acton
my, 0.47 ol .k DO wag©ddded o t upey tirred
at rt. After stikriung[fdpral6 h, e r eaudrkpRCHAES m it COH
saturated 5 aquedifs{Roghel | exGatt ~eat TT 0L NL) _;-4_90?0 y

stirred at 23 Cfor 2 f until a g¢jear biphasic m xturé appearsd. The
aqueous | ayer was separated and extracted with DCM (2 x 25 nmL). The

corbi ned or gani o &xdegersed (Ar selutias o€ dymblidind 12 (E90(thg, 0.84 Jumél) ied THF/H,0
I(O SO Lgixg%g £ 20 A0 ARG RLEAS ik Ao A5 F20 HEC0 88 G0l aiadifin atiite (12
15 g 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 (MgS0y), filtered and concentrated

—~—

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

Part J

formaldehyde .
NaBHLCN Hv

25
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chromat ography (50 g Si 02, 2-5% MeOH DCM to afford 201 ng (77% of
12 as a yellow 10 oil. Part | To a degassed (Ar) solution
of pyrroligj 90 ng, 0.34 nunol) in a THF/ H20 m

m.) was adgggﬁgéggﬁéc acid 13 (120 ng, 0.68 mnol), )%égﬂﬁﬁﬁﬁgéé?at
(12 15 ng, 0.05 nmol), potassium carbonate (190 ng, 1 4 mml ) and
finally phosphine Iigand (Anderson, KW; et. al., Angew. Chem e 2005,
44, 2922) (54 ng, 0.1 mmol). The reaction was heated to 65 C. After 4
h at 65 C, the reaction m xture was allowed to cool to 23 C over the

course of an hopy sgfu H ?H‘ cwd%wﬁ@%f(hbé ?L{ge@ 54%W1n31\499ﬂ (er)nL) was

sand and cellt ate en extracted using

froma pH aﬂdwhtf@maéctﬂlu@ﬁ oH velz@f m37% aguephe selytien k3] avml) \ﬁsa Wed by sodium
separ at ed @be&@l)&‘n %Qingk)porﬂct}p RRQPMHH% Rr321H 4 23 °C,
extracts r| ne (15" nL tered and
concentr attb@i reavttmca@bltwmh@a% coerentasd dineagrs lﬁ@dcmﬁe tlﬁ‘t‘e%%] b¥esqpuified by
reacti t r 0 0
605 0Fos e el ckihaBiibhy ¢ b §lo, P boe MORID g Lo T S
15 (190 npven2 sepshasilp a5 8 WEGIold m) was added formal dehyde (41 uL

of a 37% ggyegus solution, 1.37 mml) followed by sodium

cyanobor ohydride (43 ng, 0.68 mmol) in a S|ngle portion. After

stirring fory12 h at 23 t he re tion sol tFon mas c entrated in
vacua. The bﬁ : Be f ed by f h
chr omat ogr aphyr (‘'R oauo 1 % 0
2 steps) of 16 a® i a soh Q roﬁquKED
17 (11 ng, 0.02 nurno|3H i n"1'~HF/ DI VE (4 1 m_) We's fB acr ed HBTU (10
ng, 0.04 mmol) f ol | olled by the addition of phenethyl 'ami ne (5 uL, 0.04
mol ). After stTd 4 kslgtied o pyrtolidite 17 {1,1 th) &. mmatul)om THRDNME (ddst mL). was

oLt v D RERRAFOl L0 5T N R e oD o R RLSRe s u, 004

bi car bonatmmatetAfdrtskitdge gr2adiCeft 14s thel resnibn mtx yireves Bilagd (41B0fetldnol (0.5
M (ESI( +)r21LJ:er%d p6u?'17ﬁe% dxr(ewm}l a p?ep r%‘%%se pl%se HPLC, using aqueous 40 mM ammonium
bicarbonate/acetonitrile gradient as eluent to yield 5 mg (40%) of 1. MS (ESI(+)) m/Zz

697.3. (M+H)™.

15 Example 2
o)
e o 0 N,(‘ r'\s\
."H N, Oo O A
NO;
13
Part 4
P Oyz cozﬁ
™o B(OH),
OHC Br S0sNa  oye
+ PA(OAC):, ivt,cx);i NOz
ON COH o
3 14 60 9C, 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.
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13 Pan A 20Under argon atnosphere, aryl bromde 3 (2.32 mmol),
boronic acid 14 (2 8 mmol ), phosphine ligand (0.1 mmol ), palladium

acetate (O and pot assi um carbonate (9.3 nmol) ed
in degasseyﬁ)wa er and heated with stirring at 60 C for %ﬁszﬁwﬁg%
2007/ 075387PCT/ US2006/ 047861 Anderson and S.L. Buchwal d, Ang. Chem
Int. Ed., 2005, 44, 2). The m xture was poured into DCM (40 m .,) and
water (20 nmL), and the pH of the aqueous |ayer was adjusted to 3 with
2N HCl. The Iayers were m xed and separated, and the aqueous | ayer

was extrac | 36§ 52405 ez RIRLAE s d
washed wi t‘%\n‘geé Orat dgjwaﬁﬁcg]ousa A{ggq}%pg%? gdo?gr sc%l\%m sulfate aségglure
concent r atiath DEM (40 gihd a;lé wiatew (39 ML) Pand; the okk ofshe gguanus layer yas adjusted to 3
chr ot ogr g LR A0 Hiekitla AoSAlieLERES bol Bl
yel | ow sol {251(3@(:? %rg’g\FetQB 10The phenyl aci d 0 % 1)

and (S) - diwith RCNEE0. mLnibie) ongerie IW%%WWQPYFIP}“WW%BF@ Wl@m“}fﬁted Aq4gous
and treat élg%% Sm"WRtale, 2R ER¥er HQJ:d(tQ aghﬁﬂ"f‘)*&low%ﬁ eﬂ’unﬁcaﬁon by

?g (\# tdp ch)tﬁ m ale, c T e

stirring e mxture was poured into aceta ‘h@ﬂg

m) and wesiliga gelshwmatogméwdpg‘iﬁ(m?@A%%ﬂo%a?éhﬂééﬁé'aﬂkﬁﬁ‘%wbwﬁa yellow
saturated @ g QW and then dried over sodiumsul fate, and
concentrate he reS|due was purified by silica gel 15

chronatogrpdglag (0.5% NI -40H 2-8% MeOH DCM) to give a pale yell ow oil

(65% yi el art C
Y
NN oke N AN
OHCCOzH N H
-9 E0C, HOBt NO,

15 NO; THF/HL0 (4:1) 7

10 The bipheny! acid 15 (0.76 mmol) and (S)-diamine 16 (1.1 mmol) were dissolved in
THF/water (10 mL, 4:1) and treated with HOBt (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 water
(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% NH;0¥H/2-8% MeOH/DCM]) to give a pale yellow oil (65% yield).

Part C

H-Cl

0 o
_ BOC  1)HBTU, IPrEN ., H
“NH, + HO N ’H N,
DMF, 239G, 12 h
18 19

2) 4N HC! In dioxans

Boc-L-proline 18 (0.46 mmol) and (+)-isopinccamphylamine (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
mL) and water (20 mL). The organic layer is washed with additional water (20 mL), 5%
NaHCO;, 1N HCl, saturated aqueous NaCl, and then dried over Mg804. 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 concenirated in vacuo and dried to produce a white solid. (80%

25 yield)
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Boc-L-proline 18 (0.46 ntnol) and (+)-isopinocanphylam ne (0.46 nmmol)
with dii sopropyl et hyI amne are dissolved in DW (2 nL) and DCM (1.
InL) and t 4h 20 H BTU (0.46 mol). The mxturelt,éﬁU%%ﬁrorgﬁg
23 C for then poured into ether (40 nL) and

The or gam o Iayer is washed with additional water (20 niL), 5% NaHCG3,
IN HCl, saturated aqueous NaCl, and then dried over MgSH. The oil
produced from concentration is restored in ether (5 nL) and stirred
with HC1 in dioxane (4 N, 5 1nL) for 4 h. The solution is
concentratgg,iph vacuo and dried to produce a white solid. (80%

25yi el d) WO 2007/ 075387PCT/ U52006/ 047861 Part D The am ne 19
(0. 16 nano]) and al dehyde 17 (0.54 ) were dissolved in nethan
(1.2 m.) ang treateggvth acetic aC| 0.05 nL) and sodi o

. g 12 oduct,

cyanoborohy- dle (,0. 16
was purifi eds’ﬂﬁ%‘:ﬂ:j@é?s '
Ive a whi solld(62rrg)

and | yophilized t H ( SIY + iz 696.4
(Mr11) +. Exanpl e Coffpound 18 was synt hesi zed zaccm“ai ng to
the procedure dedtribed in Exdhple 2, u5| ng Boc-D-proline in place of

Boc- L-proline. ) 696. 5 I

Conpound 19 vvas’Hgfy%FWésﬁ)Z) @éscé%rp%l? ng gepﬁ;?[}gu aoe)screlilan Spsplyed m
Exanpl e 2, m2f@antsi(hg tnydl mn&yfe&ad-ﬂaﬂpa@hc raeui: (.95 mEe and s%mrﬂ_cypndbdrmdride
Exanpl % 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(+)) m/z 696.4 (M+H)",

Example 3

Bl

10
Compound 18 was synthesized according to the procedure described in Example 2,
using Boce-D-proline in place of Boc-L-proline. M3 (ESI(+)) m/z 696.4 (M+H)+.
15 Example 4

0 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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WO 2007/ 075387PCT/ US2006/ 047861 5Conpound 20 was synt hesi zed
according to the procedure described in Exanple 1, using

NN- di et hy am ne in place of phenethyl am ne 0 I

yi el d. Pargﬁ:{]1 P/@“’? I(4)) mz 664.16 (WT)+, Mjor ion ?%&Yﬂﬁiﬁﬂ
332.56 (M1-2H 2)+ Exanple 6 1021 Conpound 21 was synt hesi zed
according to the procedure described in Exanple 1, using
(S)-NV-4-trimethyl pentane-1, 2-diam ne in place of phenethylam ne. 70%
overall yield. Parent M5 (ESI(+)) mz 720.25 (MtH)+, maj or ion
fragment m'z 360.52 15 (I\/Hr2H12)H, Example 7 22 WO

2007/ 075387PCTI US2006/ 047861 o Co n@ d 22 was synthesi zed
according to the procedure dg E AL e usi ng

(S)-NW -di et hy1- 3- phenyl pr opanie- ﬁ:ﬁ B ——p\__g’net hyl am ne. 70%
overall yield. Parent I\/S(ESI(+)) oh54. 4 H) +, >Ymaj or ion
fragment mz 377.59 (M 1-2H 2). 5Exarrp|e g~

i
HaN/\’N\
HBTU

DMFTHF 1:5

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 (ESI(H)) m/z 664.16 (M-+H)+, Major ion fragment m/z 332.56 (M+2F/2)+

Example 6

HO ‘Eh T "
10
:sj H
HZN bt H\l'
H HaTU
DMF/THF 1:5
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(+)) m/z 72025 (M+H)+, major ion fragment m/z 360.52
15 (MH2H/2)+.
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Compound 22 was synt hesi zed according to the procedure described in
Exanple 1, 10 using 1-ethyl-(S)-2-Pyrrolidinemethananne in place of
phenet hyl amd\@o-ﬂ&@g@-,overal | yield. Parent M5 (ESI(+)) ”iér/ﬁ%ﬂé’bmsm
(MtH) +, major ion fragment niz 352.65 (Mt2H12), Exanple

2007/ 075387PCT/ US2006/ 047861 Under an argon at rmsphere corrpound
25 (synthesized according to procedure described in Exanple 1,
conpound 12) (100 ng), 4- (dinethylam nocarbonyl)phenyl boronic acid
(71 mg), Cs2CC8 (120 ng), KOAc (20 ng), and Pd(dppf)C 2 (10 ng) were
suspended in DVSO (6 nlL) and heated 60 C uring 3 h. 5 Additional
Pd( dppf) C12 5 ng) wa ded to the ti n“mxture er 2.5 h he
reaction nt e coohed to |t1 an  ut d DCM £25

and then eXt % ion L The,
aqueous | ayer wa an Wlth'* rrLg e
conbi ned or gani cs® e ed wt wat er (25 niL) *and brithé (25 nl),

dried on Na2SO4, arfl concentrated under reduced pré%sure The crude
10mat eri al was @mmpduxxdcﬂlmamgm&ebxzediag:ekdmptqm redrednmt dsgeriysh yin Eyample 1,

yield the desir o uc g

Boc- L- 3- t r5HE Iﬁ'@ﬂy Xychrng p%%rpylgqgégne 1 2_{1? 8@5"’3 of lphelletlbylam5ne 78/0 overa}l
i sopi nocanyibiyl BfmathVISIBSI(WQ m/z 1(58 2r$1fM+H)1", mam)owmmnem m/fz 377.59 (M‘*'2 2).
di i sopropyl et hylam ne (280 ng, 2.16 nmol, 2.0 eq) were diesolved in
DCM (53nL) and treated with HBTU (492..&1_"9@1,,_:411 3 mmol, 1.2 eq). The

m xture was stirred at rt for 12 h and then poured |nto di et hyl et her
(40 i

L OM HBTU
tHan DMF/THF 1:5

Compound 22 was synthesized according to the procedure described in Example 1,
10 using 1-ethyl(S)-2-Pyrrolidinemethanamine in place of phenethylamine. 70% overal! yield,
Parent MS (ESK+)) m/z 704.3 (M+H)+, major ion fragment m/z 352.65 (M-+2H/2).

Example 9

i“w :

: @H" :
~ o u (HOLB : 9 Q
H J,.H = N i Pd(dPPﬂCIz M '.n TN !
S

15 25 24"
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20 nL) and water (20 mL). The organic | ayer was washed sequentially
wi th additional water (20 nL), 5% sodi um bi carbonate, 1 M

hydr ochl Or%ﬁ'ﬁ" fhssgsat urated aqueous sodi um chloride, aqetdeRIHed

over sodiumsulfate. The oil produced from concentrati on was restored
in diethylether (5 tnL) and stirred with hydrochloric acid in dioxane
(4M 5nL) for 4 h. The solution was concentrated in vacuo and dried
to produce 3 as a white solid. 25 80%yield. Part B WO

2007/ 075387PCT/ US2006/ 047861 To a degassed sol ution of iodide

29 (1.0 g, 3.8 r1a;}a%oﬁqamﬁgg%é?ég%9%g{§um@§;2§ eyrithesPzedYacedrdngdi® lprocedure

2.0 eq) in a THF/ water xture was added pal | adi um
acetate (28esagpedd. 09inmol Exgnples ed)y, pELE®SPRIN catbbnat £%%2. 1 B8»15 4

Mo’ 4 e ylﬁmﬁmawoxyﬁ%%ibag@% &ifRPE nlg) 98BEd;1Q90 i), RALL (20 me),

mol , 0. 050 eq)” (Anderson, ., al.. Angew. Chernie 2005, 44, .
2922) . Uncexd Bridpniffdln (1R med prResrsispended i ISty éﬂ%ﬁ%ﬂﬁ?ﬁ%@d Cafurigg 3 b
Cfor Zh uy iﬁoﬂdl%(d}i#f)@% i(5 Grig) Yvas BHGd 185 feabtidH mixtie AReS2.3IH. omedehdion
cool to rt and was then diluted with THF (3 //M;% ag&taagﬁt c acjd éd?) ith
ml). To t hnixtareiwas tenrRoeledrie thaand s vk R M (DoMivi tb%“ Frictedsyt
mol, 8.0 gRkodébiss eMNeyANOIR! @) tee {otikudidyer Was sdphrat@tDhnd Sktfhcted
eq). After stirring for 15 mn, the mxture was diluted with rL)a.nd
(50 ) arttbyReMclict 2vinld erPoREIR BRIos B orr Yoohe LI et ™

or gani ¢ | ap@ies (MEhL)VAFBE GV WNEIS(halabid abRstnaaied auttless oethuved phdsoure dEh¢ Stude

m.) and dried over so m sul fate. ncentration in _vac rovi ded
pal) e yH | omAatsrip! yes %lﬁ'?f% Jsing sdica gghcq Wﬁérom%o&rzﬂl}éfﬁ? yF:zcg idgﬁre% pmcﬂmt.

wi t hout further purification. ' 3031 1 e yellowoil 30 fromthe
previous step (3.8 mvol, 1.0 eq) vvit%xcﬁ”%ﬁi’ijng 7 (810 ny, 4.5 mol,

1.2 eq) and diisopropylethylamne (2.0 n, 11 L@ 3.0 eq) was

di ssolved in DCM (10 nL) and treated w4h HBTU g, 4.5 mol, 1.2
eq) and stirred at rt for 2 W he cl g q| Uk | mgas mxed with 5%
aqueous sodi um bi carbonate (5.,oex ct d 20 twice with DCM (2
X 50 nL). The conbi ned organic! extr, s wege washed with brine (25
m.), dried over sodiumsulfate, afd concentrated in vacuo. The crude
m xture was purified by silica gel chromatography (0.5% anmoni um

hydroxi de / 3-10% nethanol / DCM to aff¥dd a white foamof 31 (610
ng, 35% for three steps). M5 (ESI()) 462.4 taz (M+H)+.

Part A
o H-CI
e oC 1} HBTU, IPrEtN ., R‘{
"'NHz + HO N - ’H
DCM, 23°C, 12 h .
H o

O
B
o 2) 4N HCI In dioxane H
27 28

15
Boo-L-3-trans-hydroxyproline 27 (250 mg, 1.08 mmol, 1.0 eq) and (+)-
jsopinocamphylamine (166 mg, 1.08 mmol, 1.0 eq) with diisopropylethylamine (280 mg,
2.16 mmol, 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 stirred at rt for 12 h and then poured into diethylether (40
20 mL) and water (20 mL). The organic Jayer was washed sequentially with additional water
(20 mL), 5% sodium bicarbonate, 1 M hydrochloric acid, saturated aqueous sodium
chloride, and then dried over sodium sulfate. 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 vacwo and dried to produce 3 as a white solid.
25 80% yield.
Part B
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WD 2007/ 075387PCT/ TIS2006/ 047861 To a DCM sol ution (4 nL) of

ﬁLcogoll %165 ny, ;) ?5 mmol, 1.0 eq) was added triethylamne (0.3
ol | ovved by Dess-Martin periodi naﬁﬁ’lﬁ;ﬁ

0.5 mol , .042097(5 5;%'?'he reaction was stirred for 1.5 h at %ﬁ%ﬂi’tzﬁg}l

di |l uted W|th DCM (30 5 nmL). The organic m xture was washed

sequentially wth 5% aqueous sodi umthiosul fate, 5% sodi um

bi carbonate, water, and brine (25 nL each) and dried over sodium

sul fate. Concentration in vacuo produced a |ight anber oil of 32 used

directly in the next step. M5 (ESI(+)) 460.4 mz (MtH)+. Part C 10

The amine hydrochloride 28 (60.0 ng, 0.@lmml, 3.0 eq) and al ¢

32 (30.0 mg, 0.065 nunol, 1.0 e % wer & gi esol ved |n methar@I 2 )
and treated with t¥P i et hyl ani n‘c’? 0. > Qoda ML 0 eq) @ um

tri acet oxybor mlh g (55.0 0 26 PAONBY, 1% O .éq i, RSt F g

for 12 h, the pro t vvasHpm H WBPL

(MeCN 0. 1% 15 fornize acid in Water) andeccmcent r at ed by 30
| yophilization to give 26 as a white powder (4.0 ng). MsS (ESI(+))
710.7 mz (|V|+H)’1Fo aFdegagke solifion 38 iRBE02HOLOE, 3B mawlskAtdpsnd bdronic acid 5

o1 9, ) B SRR S A5 B IR L 1 A e s e
(ESI (+)) ni@ta't’é.ZZErr(g,\/l&d)Qi-mmol 0.025 eq), potassium carbonate (2 1 g, 15 mmol, 4 eq) and
5 finally a sulfated S-Phos ligand (100 mg, 0.1 mmol, 0.050 eq) (Anderson, K.W.; et. al.,

Angew. Chemie 2008, 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 mL) and acetic acid (3 mL). To this stirring mixture was

added formalin solution {2.4 mL, 30 mmol, 8.0 e¢q) and sodium cyanoborohydride (710.0

10 mg, 11 mmol, 3.0 eq). After stirring 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 aqueous sodium chloride (30 mL) and dried over sodium sulfate.
Conceniration in vacue provided a pale yellow oil of 30 that was used in the subsequent

reaction without further purification.”’

OH Ph
HzN H
-~

HBTU, DIPEA AN

-z
/

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

mg, 4.5 mmol, 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 rt 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 (ESI(+)) 462.4 m/z (M+HH) .
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WO 2007/ 075387PCT/ US2006/ 047861 Exanple 12 34 Conpound 34 was
synt hesi zed according to the procedure described in Exanple 10,

Susi ng BoCwylg n#h hyl-4-thiaproline in place of

Boc-L-S-trghé-ﬂg roxyproline. Ms (ESI(+)) mz 740.5 (mmﬁ%ﬁﬁmﬁ%fgﬁ%?%

13 35 10

Compound 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 final purification, the Fnoc
group was renoved by treatnment with 15% pi perdine in methanol. This

nmet hano

sol uti on_xg

(ESI (-1-)) m #0708 _3

s sulynittred directly to reverse-phase HPEﬁT)NB S
B, + anpésaardinderdoBbre Conp Ny

synt hesi zed accor d ng the pr ocedusaehmscri bed in . e Elo, 20

usi ng | 30c- L-4-ci §- Fnog- ami nopr ol i ne™ Pl ace of
Boc- L- 3-trans- hydroxyproline. Before final purificatiom,

-

N
T he Fnoc

group was renoved by tr&atnent wth 15% piperdine in neth&nol. This
net hanol  sol ut i WaSMSdMHdnt @ImEl) bLEkIN61 3D (16Y &5 O-PBhase ], H €q) Whs added

(ESI(+))

10

15

20

Mz, 7085 (M)

.. Exanpl e 15
0.3 mL, 2.1 n’llngI, 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

mL). The organic mixture was washed sequentially with 5% aqueous sodium thiosulfate,

triethylamine

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

Part C

The amine hydrochloride 28 (60.0 mg, 0.2 mmo], 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 (53.0 mg, 0.26 mmol, 4.0 eq).
After stirring for 12 h, the product was purified using reverse-phase HPLC (MeCN/0.1%
formic acid in water) and concentrated by lyophilization to give 26 as a white powder (4.0
mg). MS (ESI(+)) 710.7 m/z (M+H)",

Example 11
o
@, u’é”\’
H’K[:> o
33

Compound 33 was synthesized according to the procedure described in Example 10,
vsing Boc-L-4-thiaproline in place of Boc-L-3-trans-hydroxyproline. MS (ESK+)} m/z
712.5 (M+H)+,
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WD 2007/ 075387PCT/ US2006/ 047861 37 Conmpound 37 was
synt hesi zed according to the procedure described in Exanple 10, using

Boc- L- pi pegr} 4067/#G5¢¢ i n pl ace of Boc-L-3-trans-hydroxyppeli§&es VR
(ESI(+)) mz 5 708.5 (MtH)+. Exanple 16 38 Conpound 38 was sigeel

synt hesi zed according to the procedure described in Exanple 1, 10
usi ng Boc- S-2- nor phol i necarboxylic acid in place of

Boc- L- 3-trans- hydroxyproline. Ms (ESI(+)) mz 710.5 (MtH)+, Exanple
17 Bcl-2 binding affinity analysis data is presented bel ow for

vari ous conpounds of the invention. @%ﬁh%@ **¥**" jndicates that the
Ki is <0.1 pM "***" jndicates that s 150.1-0.3 MM "a"

I ndi cates that the Ki is 0.3-50 pM and mE |nd|c s that the Ki is
>50 Conpound Bel Ki  **** 1 8 *x
O ﬂ

34
Compound 34 was synthesized according to the procedure described in Example 10,

5  using Boc-L-3-dimethyl-4-thiaproline in place of Boc-L-3-trans-hydroxyproline. MS
(ESI(H)) m/z 740.5 (MAED+.

Example I3

P

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

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

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

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

Example 14

Q?*QNLQ

Compound 36 was synthesized accordmg to the procedure described in Example 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 submitted directly to reverse-phase HPLC. M3
(ESI(+)) m/z 708.5 (M+H)Y+.

Example 15
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23 ** k%

24 26 **** 33 **** WD 2007/ 075387PCT/ US2006/ 047861 34 ****

35 *k k% 36 *k k% ,37 38

5

10

15

WO 2007/075387 PCT/US2006/047861

ol NLQ |

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
708.5 (M+H)+.

Example 16

P

Compound 38 was synthesized according to the procedure described in Example 1,
using Boc-8-2-morpholinecarboxylic acid in place of Boc-L-3-trans-hydroxyproline. MS
(ESI()) m/z 7T10.5 (M-+H)+.

Example 17

Bel-2 binding affinity analysis data is presented below for various compounds of the -
invention. Note that*“***** jndicates that the Ki is < 0.1 uM; “***> indicates that the Ki is
0.1-0.3 pM; *“**” indicates that the Ki is 0.3-50 uM; and “*” indicates that the Ki is =50

M.

Compound Bel Ki
1 Aok
13 *
18 *h
23 ok o
24 *
26 sk
33 ook ok o

49



** | ncorporation by Reference All of the U S patents, U S
pat ent application publications, and PCT patent application
publicatio ) ting the U S. that are cited herein
incorporatgﬁ)gﬁﬁ&@ggerence. Equi val ent s Those sk???gﬁﬁﬁ%ﬁ?%é
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 following 10clains. W claim A conpound
represented by fornula 1. 1for an_unsaturated formrthereof or a

phar maceutical |y acceptabl e balt tiereof;| wher®™ Y iq - C(1240) 2-,
-(C0)-, -(C=S)-, or Xis -N(RO)-,_0Or a gond; mirs-0,1, 2, 3, 4, 5
or 6; 00 35 e

36 e e ek
. 37 *
38 ok ok

Incorporation by Reference

All of the U.8. patents, U.S. patent application publications, and PCT patent

application publications designating the U.S. that are cited herein are hereby incorporated

5  byreference.

Equivalents

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 equivalents are intended to be encompassed by the following

10 claims.
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A1 (??,-7-N(R,0)27---0R10 Ais _5(0)-,,, or each of Al and A2 is
i ndependently H, alkyl, alkenyl, alkynyl, aryl, cycloal kyl, aral kyl,
het erocycl yl, heteroaryl, heteroaral kyl, -C(0)N(1140)2, -C(0)1210,
-0021210, -S(0)2N(R10)2> - S(0)R10, -S(0)20Ri 0, -S(0)2R10; or has the
formula la: --(C(Rio)2h\ Ris in |l a wherein independently for each
occurrence of la; nis 1, 2, 3, 4, 5 or 6; RI5 is aryl, cycloal kyl,
cycl oal kenyl, heterocyclyl, heteroaryl,-NRL0)2, - N(R10) CO2R40,
-N(R10) C(0) N(1210) 2, -0Q2R10, or -C(0)N(1202; or is a polycyclic ring
cont ai WerdpiB= 14 car bon 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 which they are
attachgd f oArompburddoreBresandietefdrealadr ocycl yl, of which one or two
ring atons are independently S, 0 or N SR1I0 Ro Bis 0, S,
-(C=0)-, -(C=S)- or,; or has the formulai'b: wher ei n
/Y \A

Rz"'-x '

Ra

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

Y is -C(Ri0)2-, -(C=0)-, (C=S)-, or -C(=NR0)-;

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

mis0,1,2,3,4,5 0r6;

8]
I 1]
P NRi. ¥ TOOR
A is—S(0)- -8(0)rry o 12 FLTO o (A A

each of A, and A, is independently H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, aralkyl,
heterocyclyl, heteroaryl, heteroaralkyl, -C(O)N(Rig)2, -C(O)Ri0, -COzR 10, -S(O)2N(Rig)2, -
S(O)R g, -S(0),0R g, -S(0)2R19; or has the formula 1a:

gm(C(Rlo)z}'Rﬁ

la
wherein independently for each occurrence of 1a;
nisi1,2,3,4,5, or 6;
Rs is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, heteroaryl, -ORjq, -SRig, -N(Ri0)2, -
N(R0)COsR 10, N(R1g)C(O)N(R )2, -CO2R 0, 0r -C(O)N(Rj0)2; or is a polycyclic ring
containing 8-14 carbon atoms, of which one, two or three ring atoms are independently S,

OorN;
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Dis Nor CRIo; pis 0, 1, 2, 3, 4, or 5, each of R7 and R8 is

i ndependently for each occurrence H, alkyl, alkenyl, alkynyl,

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

het eroaryl, -OR10,-N(R 0)2, -N(R10) CO2R10, - N(R10)C(0)N(Rlo) 2,
-0O2R10, -002R10, -0C(0)N(R10)2, -C(O)N(R10)2i halide, nitrile,

nitro, or acylthio; Rl has the formula Ic: A\ Arl X1 Ar2-(X2)r Ridq
| ¢ Whelmef\m agd jAp I@kenltoggthel;gfomu =Q@ror5=S; or iAg apd A taken gether wiithThe caygbpn to
I's a V/ % Y

monocy e o freckapie i & Dle¥t el atthgeb 191 3 ich Sl o aipe s
t wo or atelindespendenty 8 Ore Ngr e i ndependently S, 0 or N, or Ar| is
represented by fornula id: 21z. (X3)s id Wierein s is 0, 1, 2, 3, or
4; each of X2 and X3 is indepen éhtly for each occurrence H aIkyI

al kenyl , al kynyl, aryl, cycl R, heterocyclyl, aralkyl,
hetero h I ., hydr oxyl, | ox itrile, nitro, hal i de,
R ,, %é%/b) rRers (3 § )Rlil” ?&a‘i% the é{rﬁ‘?‘%&%mm (RI1), SR,, -S
(ORI, -S(O)ZOR,,, -S(0) 2RI, -C(=NR10) N¢Ri 0) (R11), or -C(=NRI ARL1);
or has the formula | a; R D\
o :
)
p
1b
wherein
D is N or CRyg;

pis0,1,2,3,4, 01 5;

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

Ro is H, heterocyclyl, heteroaryl, -ORyqo, -SRig -N(Rip)z, -N(Rg)CO:Ryg, -
N(R19)C(O)N(R 10)2, -COzR g, -OCO2R 1y, -OC{O)N(R10)2, -C(O)N(R19)2, halide,
nitrile, nitro, or acylthio;

R, has the formula 1¢:

EWAr1—x1—AB—(x2)r
RioR1o/ g

1c
wherein
qis0,1,2,3,4, or 5,
ris0,1,2,3,4,0r5;
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Ar2 is a monocyclic or bicyclic aryl with 6-14 ring atons; or a
nmonocyclic or bicyclic heteroaryl with 5-14 ring atons, of which one,
two or three ring atons are independently S, 0 or N, Xl is a bond,
-C(R10)2-, -5-, -(NR1O)-, or -0-; R2is H a branched or unbranched

al kyl or al kenyl, cycloal kyl, heterocyclyl, or bicycloal kyl; or has
the formula la: R3 is H, heterocyclyl, heteroaryl,

-0OR10, - N(R10) CO2R10, -N(R10)C(0)N(1202,- CXRRi 0, -00Q21210,

-0C(0) N(R10) 2, C(O)N(R102 hal i de, n|tr|Ie nitro, or acylthio; each
of 124, R5 and 14r0isianglepesydénot izlc[vdrc Fat withoe ik mgcaeomss del,a mbhkgdyglic or

g: E;glygal ﬁlylkynyl big r%'hl%rér?ar}alr%! b &r e?igtgfétiﬁ%l ?fc‘%ggl?%ﬁget Preelrglg;at%Ps
any two inst ancez&eofdeﬁ&rbdehta)ksmwggeer if epresental by ﬁrrﬁﬁlﬁhﬁr ed ring;
or RLI and R5 taken together forma 3 - 8 nenbered ring; R6 is H or

al kyl; RI, is independently for e ch Fr ence H, al kyl, al kenyl,

al kynyl , aralkyl, aryl, cycloalky Jpoal kenyl , bicycloalkyl,

het erocycl yl, heteroaryl, or [C(R12) 3)],-R14; wherein t is 0, 1,
2, 3, 4, or 5; each of R12 and R13 is’i dependently for each
occurrence H, alkyl, aryl, aralkyl, cygloal kyl, heterocyclyl,

het erocycl yl al kyl heteroaryl, or heteroaralkyl; and R14 is

i ndependent |y f oWhglh occur ence H, al kyl, aryl, heteroaryl,

het erocycl yl al kyd js gak kox%yer #m no, amido, or carboxyl. 2. The conpound

of claim1, wherein the conpound has the structure 2: (X3)s
wherein each of X* and X is independently for each occurrence H, alkyl, alkenyl, alkynyl,

aryl, cycloalkyl, heterocyclyl, aralkyl, heteroaryl, heteroaralkyl, hydroxyl,
acyloxy, nitrile, nitro, halide, ORy;, ~C(O)N(Rp)(Ry;), -C(O)R;,, -CO:Ryy, -
S(O):N(R10)(R11), SRi1, -S(O)R11, -S(0)0R 1, -S(O)2R 11, -C(=NRi0)NR10)(R11),
or -C(=NRg)}(R,}); or has the formula 1a;
Ar? is a monocyclic or bicyclic aryl with 6-14 ring atoms; or a 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(Rio)2-, -S-, -(NR;g)-, or -O-;
R is H, a branched or unbranched alkyl or alkenyl, cycloalkyl, heterocyclyl, or bicycloalkyl; or
has the formula 1a:
R is H, heterocyclyl, heteroaryl, -OR g, -SR 0, -N(R1g)2, -N(Rig)CO2R 10, -N(R10)C{O)N(R 10)s, -
CO,R 0, -OCO2R 10, -OC(O)N(R 10)2, -C(O)N(R 0)2, halide, nitrile, nitro, or acylthio;
each of R4, Rsand Ryp independently for each occurrence is H, alkyl, alkenyl, alkynyl, aralkyl,
aryl, cycloalkyl, cycloalkenyl, bicycloalkyl, heterocyclyl, or heteroaryl; or has the formula 1a ;
or any two instances of R o taken together form a 3 — 8 membered ring; or R4 and Rstaken
together form a 3 — 8§ membered ring;
Rg is H or alkyl;
Ry is independently for each occurrence H, alkyl, alkenyl, alkynyl, aralkyl, aryl, cycloalkyl,
cycloalkenyl, bicycloalkyl, heterocyclyl, heteroaryl, or -[C(R2)(R13)}-Ri4;

wherein
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Yis -C(R :02-, 4C=0)-, or 40=S)-; Xis -N(Rio)-; mis 0, 1, 2, or 3;
is 0 1, 2, 3, 4, or 5, sis 0, 1, 2, 3, or 4; 00 '"4N(R10)2 c?7?2,'
(DRRo Ais -S(0)-, -S(0)2-, -, or each of Al and A2 is independently
H, al kyl, aryl, cycloal kyl, aral kyl, heterocyclyl, heteroaryl,

het er oaral kyl, -C(0)N(R10)2, -C(0)R10, -O0O2R10, -S(0)2N(R 02,
-S(0)12.10, -S(0)20R10, or - S(0)2R10; or has the formula 2a:

-(C(R 0)21---R 5 2a wherein independently for each occurrence of 2a;
nis 1, 2, 3, 4, 5 or 6; R15 is aryl, cycloal kyl, cycl oal kenyl,

het er otigdl Y3, 3hdtaesoaryl , -01210, -SRI, - N(RL0)2, -N(RL0)C21110,

-N(R10 ) O)N(R. 02; 0 cli G ring
N RLOL O O, R 9 GO MR B2 o e PRI B

ar e i niageoyteylt heterGoydlylalkyNnetoroakil, o hete2rallakemdt oget her form =0 or
=S B IRIS4 is 1(n poe)n-déntiy(fgr_esgc-h’ocgdrel?creI—%alkyl ar)?lsht}tfggarl;lo Iilgtlél:ll"ocyglyl?lalkyl alkoxy,

amino, amido, or carboxyl.

2. The compound of claim 1, wherein the compound has the structure 2:
(X%

/_\ AFZ'(Xz)r

2

wherein
Y is -C(Ry0)2-, ~(C=0)-, or -(C=S)-;
X is “N(R10)-;
misQ, 1,2, or 3;
ris0,1,2,3,4,or5;
sis(, 1,2, 3, or4,

23
A is=S(0)-, -8(O)-, E/J:N(Rw, Z/J;OR“, or -C(A1){(Az)-;

each of A, and A, is independently H, alkyl, aryl, cycloalkyl, aralkyl, heterocyclyl, heteroaryl,
heteroaralkyl, -C(O)N(Rig)z, ~C(O)Ryq, -CO2R 19, -S(O)N(Rg)s, -S(O)R1g, -S(0)0Ryg, or -
S(O)2R; or has the formula 2a:
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2b wherein Dis Nor CRo; pis 0, 1, 2, or 3; each of R7 and Rs is

i ndependently for each occurrence H, alkyl, alkenyl, alkynyl,

aral kyl, aryl, cycloal kyl, heterocyclyl, cycloal kenyl, or heteroaryl;
or R7 and R5 taken together forma 3 - 8 nenbered ring; or R7 and R5
taken together forma 4 - 8 nenbered ring; RO is H heterocyclyl,
heteroaryl, -OR10, -SRi o, -N(R10)2, -N(R10)CO2R10, -
N(1210) C(0) N(R10) 2, -00Q2R10, -0C(O)N(R :0)2, -C(0)MR 0)2, halide,
nitrile, nitro, or acylthio; Ar2 is a nonocyclic or bicyclic aryl

with 6-10 ring atons; or a nnnogxgl' or\bicyclic heteroaryl with
5-14 ring atons, of which one, ¥wo (Ry eBisring atoms are

i ndependently S, 0 or N, X2 is independentily for each occurrence H,

al kyl, al kenyl, al kynyl, aryl, cycloa)kyl, heterocyclyl, aralkyl,
heteroaryl, heteroaral kyl, hydroxyl, at¥loxy, nitrile, nitro, halide,
01211, - C(0) N(Rh&}ibRhdebbnden®h @rRidh occ@SBIY ot 2a;- S(0) 2N(RL0) (RL t),
SRI - S(0) R1- S(0) 20R1- ggo 2R1 1, -C(=NRIO)N(R1O)(RI'I'), or

-C(=NRi 0) (Rii); B hds>the ¥&nul a 2a; each of R4, R5 and RI10 is

i ndependent |y f eac I | ; yl ) )
aral kyl, aryl, 2§€|§5¥¥§F?H%§§ %3?58#3%, bp%é%F§g¥k§F?kﬁé?br%%thf%w
or heteroaryl; oN(Eags, MNB:idHCOMib.aNIB0)SO)NB1oLWEQ:Rsd @ane@EO)IDIR RLOor is a
taken together form a.3 -8 menbered .ring; or Rzt an 5 taken .
toget her f or m a SV CHE R BRETTE - e ar o erBp HTuER b oot fire rine
-occurrence H, aldths alikdpyhdent O8] Olor Nor hal i de; or has fornula 2a;
each of Rand R is independently for each occurrence H or alkyl; R6
is H off A ¥ifh A2 tRen tpgethet el tSyY for each occurrence H, al kyl ,

al kenvh is ki Lca5.abkyl s; il metushopdiky! . cycl oal kenyl,
bi cycl oal Kyl , "heterocyclyl, heteroaryl, or -[C(R12)(R13)Ii-Ri al

AL

wherein t is independently for each occurfence 0, 1, 2, 3, 4, or 5;
each of R12 and R13 is independently g4 agh occurrence H, al kyl,
aryl, aralkyl, cycloal kyl, heterocycly|g meterocyclylalkyl,

het eroaryl, or heteroaral kyl; and R14 S i dependently for each
occurrence H, alkyl, aryl, heteroaryl, heterocyclylal kyl, al koxy,
am no, am do, or carboxyl. 2b

wherein
D is N or CR;
pis0, 1,2, 0r3;
each of Ry and Ry is independently for each occurrence H, alkyl, alkenyl, alkynyl,
aralkyl, aryl, cycloalkyl, heterocyclyl, cycloalkenyl, or heteroaryl; or R; and Rg
taken together form a 3 — 8 membered ring; or R and Rg taken together forma 4 —
8 membered ring;
Ry is H, heterocyclyl, heteroaryl, -ORyo, -SRyg, “N(Rig)2, -N(R15)CO:Ryg, -
N(Ri10)C(O)N(R1g)z, “CO2R g, “OCO2R 19, -OC(O)N(R10)2, -C(O)N(R1p)2, halide,
nitrile, nitro, or acylthio;
Ar*is a monocyclic or bicyclic 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, O or N;
X? is independently for each occurrence H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl,
aralkyl, heteroaryl,  heteroaralkyl, hydroxyl, acyloxy, nitrile, nitro, halide, OR;y, -
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.3. A conpound represented by formula 10: 10 or an unsaturated form

t hereof or a pharnmaceutically acceptable salt thereof; wherein m
represents i ndependently for each occurrence 0, 1, 2, 3, 4, 5, or 6;
91V %, NNRo)2,, or iliviORio Ais -S(0)-, -5(0)2-, {P-1 each of

Al and A2 is independently H, alkyl, alkenyl, alkynyl, aryl,
cycl oal kyl, aral kyl, heterocyclyl, heteroaryl, heteroaral kyl,
-C(0)N(R10) 2, -C(0)1210, -0O2R10, -8(0)2N(R10)2, - $S(0)1240,

-S(0) 201240, or -S(0)2R10; or has the fornmula 10a: (C(R10) R15 In 10a
wher ei R(OMNBRdant1G(Oidn, e&€hRacc®(ORNRiMR1LOSRin FHOIR12,-S§0)AR 115, -

et of oSO Rl SRR PG s R gL 28y e Y-

- N( R1LO4ch @F R, FLOK2A R, 5 RGZRpEdently FiTehNCRI®Ine Hoﬁikbfls atkeyd YRyl izgalkylng

cont al ni 4 car O ato on two or three rin
are i néréf[;gﬁ‘gi%?]{Fﬂ 05@ cegyl, CY%JPa‘NVYn’?a%FO Xla?{é}?tef‘%?gﬁt ﬂrelfasf%f%{m‘é)‘aa?a or
=S; or ar§J twdNstdRed &k}e@ t41QH B Jatler Wr;nhi 3 D@ nfRIRAM rhif; WOR CAh 8k A t8gether

attach forma 5 het erocycl yl, of which one or two ring atons

are in @rfdeﬁtmeyﬂbsredmw N

X is independently for each occurrence H, alkyl, alkenyl, -OR;, or halide; or has formula 2a;
each of R and R’ is independently for each occurrence H or alkyl;

Rg is H or alkyl;

Ry is independently for each occurrence H, alkyl, alkenyl, alkynyl, aralkyl, aryl, cycloalkyl,
cycloalkenyl, bicycloalkyl, heterocyclyl, heteroaryl, or -[C(R;2)(Ri3)]+-Ri4;

wherein

t is independently for each occurrence 0, 1, 2, 3, 4, or 5;

each of Ry; and Ry3 is independently for each occurrence H, alkyl, aryl, aralkyl, cycloalkyl,
heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl; and

R4 is independently for each occurrence H, alkyl, aryl, heteroaryl, heterocyclylalkyl, alkoxy,

amino, amido, or carboxyl.

3. A compound represented by formula 10:
o R
AN
N A
H B
R3 Rﬁ
RsR
m
10

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

m represents independently for each occurrence 0, 1, 2, 3, 4, 5, or 6;
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Riocsss RoBis 0, S -(C0)-, -(C=S)- or,; or has the fornmula 10b:
10b wherein Dis Nor CR10; pis 0, 1, 2, 3, 4, or 5; each of 127
and Rg is independently for each occurrence H, alkyl, alkenyl,

al kynyl, aral kyl, aryl, cycloal kyl, heterocyclyl, cycloal kenyl, or
heteroaryl; or R7 and Rg taken together forma 3 - 8 nenbered ring;
or R7 and Rg taken together forma 4 - 8 nenbered ring; RO is H,

het erocyclyl, heteroaryl, -0OR10, -SRI, -N(R10)2, -N(Ri 0)C®2Ri o, -
N(Rlo)C(O)N(Rlo)Z -CQ2Ri 0, -002Ri 0, -OC(O)N(Rt0)2, -C(O)N(Ri 0) 2,
hal ide, nitrile, nItI‘O,C,) or acylt&?mo R has the formula 10d: A Arl X1

Ar2-(X2)r irtio Rio/ iquﬁ(%m‘fme’{’ﬁk

Ais =S(0)-, -S(0)-, v , or -C(A)Az)-
each of A, and A, is independently H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, aralkyl,
heterocyclyl, heteroaryl, hetercaralkyl, -C(O)N(Rj0)z2, ~C{O)R,9, ~CO3R 0, -S(O)N(Rig)2, -
S(O)R 0, -S(0)20R 19, or ~-S(0)2R0; or has the formula 10a:

_<C(R10)z)-R15

10a
wherein independently for each occurrence of 10a;
nisl,2,3,4,5,or6;and
Rys is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, heteroaryl, -OR;q, -SRyq, -
N(Rig)2, -N(R10)CO2R 0, “N(R10)C(O)N(R10)z, -CO2R g, or -C(O)N(Ryg)z; 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 A; and A; taken together form =0 or =S; or A and A, taken together with the carbon to
which they are attached form a 5 to 8 heterocyclyl, of which one or two ring atoms are

independently S, O or N

Rio
NP
R1o
Bis O, §, (C=0)-, (C=8)-or, Mo ; or has the formula 10b:
T
Rg D\g
%)
p
10b
wherein
D is N or CRyg;

pis0,1,2,3,4,0r5;
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qis 0, 1, 2, 3, 4, or 5, ris O, 1, 2, 3, 4, or 5, Arl is a
nonocyclic or bicyclic aryl with 6-14 ring atons; or a nonocyclic or
bi cyclic heteroaryl with 5-14 ring atons, of which one, two or three
ring atons are independently S, 0 or N, or Arl is represented by
formula 10e: \Wherein s is 0, 1, 2, 3, or 4; each of X2 and X3 is

i ndependently for each occurrence H, alkyl, alkenyl, alkynyl, aryl,
cycl oal kyl, heterocyclyl, aral kyl, heteroaryl, heteroaral kyl,

hydr oxyl, acyloxy, nitrile, nitro, halide, OR ,

-C(0) N(Ri 0) (Ri 1)¢acioobRy and Rs isdpdependerdn fqrRa¢h occomeice H, 8ilg),Rillienyl, alkynyl,
-S(0) 20R1i, -S(0 -Qz ) -C(=z Rliy;.or
has the fornmul a %éggﬂ%%b%yr}@ggnﬁgﬁ%%%éﬁP 1k39/5¥|br8( g%%%%’é%r%e%@em
are nonocyclic onkdntoyethérdomt y B V8 thbmberdd ring;ny RytaadBy taken tgataoows kidc-
or bicyclic hetegoar¥l with 5-14 ring atons, of which one, two or
three ring atons® BFECFGAENEndently S, 0 or N, XL is a bond,

-C(R10) 2-, -S-, RMNGRID) het@boycBl; hBRrobsyl,H.OR,PLAREha|RYY),, UNBIRNSEERK o, -
al kyl or al kenyl, cycl oal kyl’, "het erocycl yl, cloalkyl ; of has

, or bic :
the formila 104 NEBIEOMReL ct0cho! y9COH AN BRI QKR ), haiide,

-N(R1o) 2, -IN( m%ﬁﬂt&f - %K})?ﬁpcf.C(O) N(R 0) 2, - CO2R10, -00C2R10,
-0C(0) N(R10) 2, - ’ 6§ - halide, nitrile, nitro, or acylthio;
each oR; R4 thRerankt 1IRE0 i s i ndependently for each occurrence H, alkyl,

al kenyl, al kynyl, aral kyl, aryl, cycloal kyl, cycl oal kenyl,
bi cycl oal kyl , heterocyclyl, or heteroaryl; or has the formula 10a; or

any two instances of R Etakez tageihes2fgem a 3 - 8 nmenbered ring;

or R4 and R5 taken toge fofma 3 - 8 hrefbered ring; R6 is H or
al kyl; R11 is independent Rier deach occurrence H, al kyl, al kenyl,
al kynyl, aral kyl, aryl, cycloal kyl, g éhoalkenyl, bi cycl oal kyl ,
het erocycl yl, heteroaryl, or -[C(RlZ)? 3)Jt - R14;

wherein

qis0,1,2,3,4,or 5;
ris0,1,2,3,4,or5;
Ar' is a monocyclic or bicyclic aryl with 6-14 ring atoms; or a monocyclic or
bicyclic heteroaryl with 5-14 ring atoms, of which one, two or three ring atoms

are independently S, O or N; or Ar' is represented by formula 10e:
— /”21
i\, 7
X35

10e
Wherein
sis0,1,2,3,ord;
each of X* and X is independently for each occurrence H, alkyl, alkenyl, alkynyl,
aryl, cycloalkyl, heterocyclyl, aralkyl, heteroaryl, heteroaralkyl, hydroxyl,
acyloxy, nitrile, nitro, halide, OR;1, -C(ON(Rp)(R1y), -C(O)R, -COzRyy, -
S(0)NR0)(R11), SRy, -S(O)Ry1, -S(0)0R 1, -S(O)R 11, -C(=ENRig)N(R 10} (R 1),
or -C(=NRg)(R11); or has the formuia 10a;
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.whereint is 0, 1, 2, 3, 4, or 5; each of Rl12 and R13 is

I ndependently for each occurrence H, al kyl, aryl, aralkyl,
cycl oal kyl, heterocyclyl, heterocyclylal kyl, 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. 4. The conmpound of claim3, wherein B has the fornula 12a or
12b: RORONKIi R5 I R7 /P 12al2b wherein p is 0, 1, 2, 3, or 4; each of
R7 and R8 is independently for each occurrence H or alkyl; and RO is
H, -O0R10, -N( Rla&lﬁ reprédEm1ioy«perdRhdy forafh A@NEEREMERIOYXycHOORdy2]i¢ Bryl
or -0C(0)N(Ri 0)

A and A taken VBDEHPEREPR S0 BonSetlEhr il R Rlstee i Lo Rh6 s
of which one, two or three ring atoms are independently S, O or N;
X! is a bond, -C(Ryo)s-, -S-, -N(R )- or -O-;
R, is H, a branched or unbranched alkyl or alkenyl, cycloalkyl, heterocyclyl, or bicycloalkyl; or
has the formula 10a:
Riis H, heterocyclyl, heteroaryl, -OR g, -SR0, -N(Rg)2, -N(R10)CO2R 0, -N(R10)C(OIN(R 0}, -
CO2R g, -OCO2R 19, “-OC(O)N(R 10)2, ~-C(O)N(R10)2, halide, nitrile, nitro, or acylthio;
each of R4, Rsand R is independently for each occurrence H, alkyl, alkenyl, alkynyl, aralkyl,
aryl, cycloalkyl, cycloalkenyl, bicycloalkyl, heterocyclyl, or heteroaryl; or has the formula 10a ;
or any two instances of Ry, taken together form a 3 — 8 membered ring; or R4 and Rs taken
together form a 3 — 8 membered ring;
Rg is H or alkyl;
Ry is independently for each occurrence H, alkyl, alkenyl, alkynyl, aralkyl, aryl, cycloalkyl,
cycloalkenyl, bicycloalkyl, heterocyclyl, heteroaryl, or -[C(Ri2}(Ri13)]-Ri4;
wherein
tis0,1,2,3,4,or5;
each of Rz and R,3 is independently for each occurrence H, alkyl, aryl, aralkyl, cycloalkyl,
heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl; and
R4 is independently for each occurrence H, alkyl, aryl, heteroaryl, heterocyclylalkyl, alkoxy,

amino, amido, or carboxyl.

4. The compound of claim 3, wherein B has the formula 12a or 12b:
H T
Re : Re \ %
Rs R?) Rg 17
P p
12a 12b
wherein

pis0,1,2,3,0r4;
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-wherein pis 0, 1, 2, 3, or 4; each of R7 and R8 independently for
each occurrence is Hor alkyl; and RO is H, -01210, -NR102,

-NR10) CO2R10, -N(R1o)C(0)N(Ri 0)2, -000Q2R10, or -0C(0)NR102. 6. A
pharmaceutical conposition, conprising a conpound of claim1 or 3;
and at | east one pharnaceutically acceptable excipient. 7. Use of a
conpound of clainms 1 or 3 in the manufacture of a nedi canent for the
treatnent of cancer. 8. Conpound of clainms 1 or 3 for the treatnent of

cancer.
each of Ry and Ry is independently for each occurrence H or alkyl; and

Ry is H, -ORy0, -N(Rig)2, -N(R16)CO2R 10, -N(R10)C(OIN(R 10)z, -OCO;R 0, or -OC(OIN(R o).

5. The compound of claim 3, wherein A is -C(A|)(A2)-; A; and A; taken together form =0
and B has the formula 13:

Ly, Ty

Rg } %
&
P
13
wherein
pis0,1,2,3, or 4,
each of R7 and Rg independently for each occurrence is H or alkyl; and
Rg is H, -OR10, -N(R10)2, -N(R10}CO2R 0, “N(R10)C(O)N(R10)2, -OCO2R 1, 0r -OC(O)N(R0)>-

6. A pharmaceutical composition, comprising a compound of claim 1 or 3; and at least one

pharmaceutically acceptable excipient.

7. Use of a compound of claims I or 3 in the manufacture of a medicament for the treatment
of cancer.
8. Compound of claims 1 or 3 for the treatment of cancer.
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