Compounds and Met hods for Inhibiting the Interaction of BCL Proteins
wi th Binding Partners Rel ated Applications 5This application clains
the benefit of United States Provisional Patent Application serial .
nunber 60/ 750,987, filed Decenber 16, 2005. Background of the

| nventi on The present invention generally relates to

het er ocycl i ¢ conpounds useful for treating cancer. |oApoptosis, or
programmed cell death, is inportant for nornal
enbryol ogi cal / anat om cal devel opnent, host defense and suppression of
oncogenesis. Faulty regul ation of apoptosis has been inplicated in
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central check poi 5
rel ease from 15 nltochondrla Cytochrone c release is regulated in
part, by Bcl-2 famly menbers. The Bcl-2 famly of proteins includes
both anti-apoptotic nol ecul es, sucﬁﬂaéﬂBbWhE”&W@ Bel - XL, and
pro-apoptotic mp| ecul es, such as Bax, Bid and Bad,
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pyrazol i dine, "and unstat ur derivatives 30 thereo I'n ot

i nst ances, disaesenwhishgesdt Fremcoripbuarcedwiprangbe prcetstof seibAivising aidrel geath.

si X A central check point of apoptosis is the regulation of cytochrome ¢ release from

15 mitochondria. Cytochrome ¢ release is regulated, in part, by Bcl-2 family members. The
Bcel-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. Bc¢l-2 contributes to cancer
cell progression by preventing normal cell tumover caused by physiological cell-death
mechanisms. QOver-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 fimection 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



menbered heteocyclic core, such as a piperidine, norpholine,

pi perazi ne, thiopiperazine, and unsaturated derivatives thereof. In
certain instances, the five or six nenbered heterocylic ring nay be
susbstitued with an oxo or thioxo group (e.g., pyrrolidone,
oxazol i di none, im dazolidone, thiazolidone); a nitrogen atom of the
heterocyclic ring is 5 bonded to a substituted arallcyl group; the
substituted aral kyl group is a substituted benzyl group; the -

het erocyclic ring is substituted with a hydroxy nethyl or hydroxy

ethyl gr OUpmcﬁ‘xB&ehEHe%Qﬁmw ddie rduﬂﬁ ak S SiphRdind, WhEEhdideh ﬁaepéémeoﬁﬂopiperazme
met hyl and a hydr ox t roup;, and/or the heterocycli¢c ring |
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relates to mawgmeuhg Citlay CSHTR@Sbh{itued SwigP BRI & BY thleOO%Quﬁr(cgorﬂ/r&flldone,
t he heteroc conpounds ({ t he |nv ntion, or salts thereof

further asp '34 n9Te Y fonen JuFROHERIDR THERR o tEhetroerslinging is

t he abowe cmﬁemﬂds,sum:tabeaafmqetgm@atﬁeysua&ﬁ@taa apdiieyl bl ist h@ibedthied benzyl
alone or in co s.to. treat
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of mammalian cells ni_ni.st er an. ef fectjve amount of a

conmpound of oéﬁberléeg%ﬁ THVERE & st AL PRYEE B on of t he

| nventi on Defi ni u

meant to incor po%@ tif%ecﬁroé?-s[%n{nqlg? ate rek? Sstﬂéjglgwacﬁ’étfcaic?’?lB??étwns Bimprising

r ecogni Wed dngroremate ofcthe heterodyelic memmomidsmfdhqohwenﬁmelml ol tHerelfdsA further
20 Where a r e The .def. nit | ons

20 V0t SOBSARIISHE prEIEMIGRLA 13 LRSS e b dfun, o
unl ess ot hm@eutwﬁlltve@cmatﬂpefdtSftbqrewfnglpammes cogibitmgion iwith athehuagknty to treat

or as part Q.4 '%&ﬁfeaﬂ&oﬂ'ﬂ@ mvcntlon prov1é§s H%ﬁe&#ﬁ&g 'rgeﬂltgcbgorglﬁvélgé ttljﬁ%}ig a

of each expression :
once in anyosditigat Gh@acﬁeszqdntté’ndb%l P@h@@glpﬁdeﬁéxfa@mn off i mgmmalian cells by

def i ni tjson a%ﬁﬁﬁ;%ﬁ%?&?eﬂ@ct%%n%%ﬁ?oﬁédﬁ%%@of the prese e‘{]ﬁ}g ﬂ-]e gener al

"acylam no" refers 1o a noiety that may be represent

formula: 0 R54 150 W&tﬁil&ﬂé@riﬁﬁa@&fﬂﬁﬁhwohe' ow, and R 54
represents a hydrogen, an al kyl, an al kenyl "or -(CH2) m R61, where m

and R61 ar eDgBiritedsi ned 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
occurs more than once in any structure, is intended to be independent of its definition

25 elsewhere in the same structure.

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

formulia:




The terns "al kenyl” and "al kynyl" refer to unsaturated aliphatic
groups anal ogous in length and possible substitution to the al kyls
descri bed above, but that contain at | east one 5double or triple bond
respectively. The ternms "al koxyl" or "al koxy" refers to an

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

propyl oxy, tert-butoxy and the like. The term"alkyl" refers to the
radi cal of saturated aIiphatic grbups including 10 straight-chain

al kyl groups, %Qie 1 a élOUp d(ﬁ/ﬁl 19% K t al ] rggelni, %}1 alkyl, an
groups, al kyl ? fu %y% i gFodh na ey '?%a Jf
substi t ut echllednlyybr (CHL)RsSRG1, rwheeermamd Péﬂhmjasrmdined bdowt rai ght chain or

branched chain al kyl has 30 or fewer carbon atons in its backbone
(e.g., C-C30 fdFhestermad Giitenyl{aind "alRgry@3@Tdrde ubsatureted aliphaticrgroupgatalpgous in

ot her emogb@@éﬁ?% ﬂg_e ‘%@X@gztmhi E% ARyls 'd8sctBES abAVeSHROMLIERM Sn at least one

cycl oal kyl carbon atons In thelir frng structure,
and i n 6t heloublenwdiiple road respestiSelyé or 7 carbons in the rlng

structure. In certain enbodi ments cycloal kyl's, bicycl oal and
pol ycyl cl oal kyl sTheatgrme "dketherr ‘St rafeede @p ehyd geover aﬁ%ﬁrf@eérakyrea having

subsi t uent sy oxygen raliRl ate.rcﬂed fibierd, RebfRsedt i@l adcdx@1 gram?é Hdhudd nRMRxyaSthoxy,
defi ned above, ﬁaV|qE9a sul fur radlcal att ached here In certain

enbodi ment PTORARY: HTRYMOKY and hsilkey i s represented by 20 one of

-S-al kyl, -S-alLkenyl, and -S:. 2) m R61, rein ma

Ro1- ar e’ defi nec BUlsm, "B Rl 4 108 G| ChPBe g S A e s, meluding
met hyl tiloi o stret@ybhehhlla(bkylaglduﬁd;lenrhmkaed-cham alk}?[ herotysy, roylaalkgb (alicycléd)t groups,
recogni zed 1.No- subst.itut ed car d e noji ety :
that oy bairagreaThRl Se Sdiver 8 PRafd AR RS Vot
R50 and 12Fntaxiémass,cedtraighd obmhmn/bre@ehécmhmemthpmasmﬂta fetvet Mbomatdms in its
in the present, inv t| I not clude

unst abl e. %’f‘ﬁ%‘“‘[ "&r i %&d anaﬁa’%hq gbgﬁtf ecr"(")“gc%l ze(li‘am?Td iy ptber
t o bot h unsmistiirterttedo amde\smbsmnictwtsadnaam-tmsqmlmdgmmacy;doaﬂky;ls thh\ai ErmayB -10
be r eprl%se%%r%%nb%omsb% HED %lstrfl&{n@“l!ﬂﬁlsm other embodiments have 5, 6 or 7 carbons in the

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 thereto. In certain embodiments, the “alkylthio’ moiety is represented by

20 one of -8-alkyl, -S-alkenyl, -S-alkynyl, and -S-(CH;)m-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

R51
)k /
N

R50

25 wherein B350 and R51 are as defined below. Certain embodiments of the amide in

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



wherein R50, R51 and R 52 each independently represent a hydrogen, an
al kyl, an 5 al kenyl, -(CH2)",-R61, or R50 and R 51, taken together
with the Natomto which they are attached conplete a heterocycle.
having from4 to 8 atons in the ring structure; R 61 represents an
aryl, a cycloal kyl, a cycloal kenyl, a heterocycle or a polycycle; and
inis zero or an integer in the range of 1 to 8. In other

enbodi nents, R 50 and R51 (and optionally R52) each independently
represent a hydrogen an al kyl, an aIkenyI or -(CE12)-R61. Thus, 10

the term "al kyl afjengrmd “ﬁhﬂn@’@%n@“a:ﬂ{ﬁ'o”%T ﬂ:ﬂ%{d t@%ﬁ?msubsntuted

having a substitute unsubstituted a ereto I.e

at | east or?@d@ﬂbm@reémnﬁs,le £s2 meidly gt mgy be: pepresentcd byftke gespdl formulas:
"arallcyl", as used herein, refers to an al kyl group substituted with

an aryl group (e.g., an aronatic or het gggaromat i group) The term
"aryl" as used herein includes 5-, 6-_4nd 7-nmenbelred srngle ring
aromati c 15 groups that may incIUﬂﬁ‘F&onrzerd‘T‘ﬂ? ourR¥et er oat ons,

for exanple, benzene, anthracene, naphthal ene pyhene pyrrol e,

furan, thiophene, im dazole, oxazole, Fﬁ?azole tR32azol e, pyrazol e,
pyridine, pyrazine, pyridazine and pyrimdine, and the |ike. Those

aryl groups havivﬁgerﬁétpefr%éiﬁnﬁldl 5% ﬂﬁé’hrmﬁﬁj’eé‘iqﬂﬁo’trmr@%? hakggepean alkyl, an

referred t quasyl, afn,)Neidlr 8¢ Xebend 11, tAREh SELRAP R RS N atyﬁﬁtoa-faf?ieﬁtﬂ'\éjr are
ring may be su Stituted af one or nore ring positions with 20 such

subst i t uentataghedgearaplpisedy hetrsorycler baving dvpt €, ton &1 Bgen, indhe dig suefyre; ROl

aral kyl, alkg@ydnts & &yny! oycraﬁady%l dwioameﬂ)qr msartlemc?als@rxlpolﬁweomd m is zero
nitro, 6u|fhydry|, i mno, am do, phosp honatebgﬁ hinate, carb
8

car boxyl , <iap integemigy the zpnae) ofi 19 e PORY P afPfgnd R dﬁléi {hdonatly
al dehyde, qsszqreacmma@;reaamtyyﬂepream mryu@g@r anelis %rmgd @r OIEY,I-R81. Thus,

-CF3, -CM or the | " also inclu pol ycyclic ring
syst errsmha\ﬂ’?lgewl ‘E‘;’/‘é‘hs @n ’r"? BQur; # %%J 9\763* SRV raegubsmumd or
carbons ar emeasitited ﬂkj/l\lﬂtaalﬁhdothétlefbgl é.] Rg&as $OMRIVIMIRA is b areh group.
rings") wherein at |east one of the rings is aromatic, e.g., the

ot her cyclic ri nie tamy "wrelkyy's ko atddHessin,ayickoml doealyyiproqy aitediukedryitis an aryl

aryls and/or_he er ogy, "carboxyl" is includes such
noi eti es agn'itab © a?“ea%‘lﬁ”ééfidn?“%ﬁ%"m? aﬁc u)g formul as: X50X50R56

wher ei n X50 is arh%qel% R 8ERL mqrrc;r;agrgsegsr.%da? Akl A 830 Nomati

of R55 and R56 represent epen ogen, an al
al kenyl15 - (eBpE"thatRedwinchnde rfemnawup |fo,la1 heyera@gmpxt fabkxarsplkt benvmer enthracene,

and R61 ar e gfbhped shoye. gﬁ% anggg%ﬁ] r{%‘@ﬁé Cahigalle, Bkéﬁ? & ntiuazéﬁ tm%zole,

used herein are uséd 1nter refer to an ser
di val ent greotasele; pyRdiapkyYrazine.omez mam%ymmidlm,r@yrié filse- arhra@%xwi groups

cycl oal kyl phabgi g%e%iaﬁbﬁ@ldfﬂe rifg ¥ract@E 3hdeYiso BELEEREY & ¥ varyl heterocycles” or
het er oar yl , het er oar al k
"heteroaromatlcs " 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 common 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:



c'tz. groups. For exanple,-e. is a bivalent alkyl or alkyl diradical;
Is also a bivalent alkyl or alkyl diradical; 1is a bivalent aryl or
aryl diradical; / ois a bivalent arallcyl or aral kyl diradical;
andi s a bival ent (al kypheteroaral kyl or (al kyl) heteroaral kyl

di radi cal . ;

Typi cal exanpl es include al kyl enes of general structure

(CH2)" where X is 1-6, and correspondi ng al kenyl ene and al kynyl ene
| i nkers having 2-6 carbon atons and one or nore double or triple
bonds; cycl oal kyl ene groups having 3-8 ring nenbers; and aral kyl

groups wherei n one open 15 valen is on the aryl rigg and one is on
t he al kyl portlon such as isone and |ts term
"hal oal kyl ", as used herein, ref s to grgggfxgere anywher e
from1l to all hydgrogens have en ced mn al

"perhal oal kyl" is where all of the gens have been rep?aced W th
a hal i de.

10

15

20

25

wherein X50 is a bond or represents an oxygen or a sulfur, and each of R55 and R56
represents independently a hydrogen, an alkyl, an alkenyl, -(CHj;)},-R6lor a

pharmaceutically acceptable salt, where m and R61 are defined above.

The term "diradical” or “bivalent” as used herein are used interechangeably and
refer to any of a series of divalent groups from alkyl, alkenyl, alkynyl, alkylamino, alkoxyl,
cycloalkyl, heterocycloalkyl, aryl, aralkyl, heterocyclyl, heteroaryl, and heteroaralkyl

T ‘2?" . . } . l-/% .
groups. For example, R is a bivalent alkyl or alkyl diradical; , isalso a

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

C is a bivalent aralkyl or aralkyl diradical; -and % is a

bivalent (alkybhheteroaralkyl or (alkyl)heteroaralkyl diradical.. Typical examples include
alikylenes of general structure (CHj)y where X is 1-6, and corresponding alkenylene and
alkynylene linkers having 2-6 carbon atoms and one or more double or triple bonds;

cycloalkylene groups having 3-8 ring members; and aralkyl groups wherein one open

\\“

amny

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

isomers,

The term *“haloalkyl”, as used herein, refers to an 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,

The term "heteroatom” as used herein means an atom of any element other than
carbon or hydrogen. Examples of heteroatomns 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

four heteroatoms. Heterocycles can also be polycycles. Heterocyclyl groups include, for



20The term "heteroatom as used herein nmeans an atom of any el enent
ot her than carbon or hydrogen. Exanples of heteroatons include boron,
ni trogen, oxygen, phosphorus, sulfur and sel enium . The terns
"het erocycl yl1" or "heterocyclic group” refer to 3- to 10-nenbered
ring structures, nore preferably 3- to 7-nmenbered rings, whose ring
structures include one to 25four heteroatons. Heterocycles can al so
be polycycles. Heterocyclyl groups include, for exanple, thiophene,
t hi ant hrene, (titan, pyran i sobenzof aran, chronmene, xanthene,
phenoxat hiin rr p zol i Sy I
yridine, SOPRBInGRByp e AR Y HRE niren NRBAEEALE, | LAEAD Senthene
i ndol e, i ncj)azm:bethnpurpmle qumd@ctqltm pwaqusoquﬂﬁm:blmesomplnoIPNnélne pyrazine,
phthalazine ht h li, i i n e,

pteridi ne, galzo’l é’ carﬁdl ine, Qmﬁenlgﬁ o(ri?’dlrﬁ?l%o% agl?dl ?l'ﬁe%fng rﬁu%thme’
di ne, phenaSIthunmﬂmmeqmphmBazphdmlazp‘memaplgh)mchee, cpnecpmﬂlnﬁ,aqmnagzolme, cinnoline,
furazan ph 0 i r ol a Qéeh throli
p|per|d|ne %%f%§%a§§R%EXJ 9£h9+|he one§ th%tg su?ﬁ phenantirotine,
azeti di non@kemmwhmmsmin@n@bengmmsam fureaant oPhenoXazing, tmrqlidme, Ppdane,
het erocyc! iifioldnBd dBYolE SBSHHL U tkrBlind N enctindRES BAShd] OPtials! Much as
such substltuents as desc d e, as for 10 exanple, hal ogen,

al kyl, ar alawidmmeken@pyrr@hquﬂls Suéi?@‘ﬁ:cﬁ&ltk%ﬁs anghthe ke Th%\h?tﬁré'cyﬂictfff@ may
sul t hydr yl 1be's‘ﬁ'o§lﬁuteﬁr£'t dBe oPl?ﬁ)&Q%QﬁBﬁs wﬁ’tﬂ%ﬁ&hbﬁ@hﬁxenﬁads%@c}ﬁbed above, as for

car boxyl, si | fonyl, ketone, aldehyde, ester,

a het er@cy@ﬁwpfeaﬁabg%at‘u‘b!yoﬁmm earuﬁf‘é'b’brﬂjfwl’nﬁ{‘%?%}ky éﬁ-‘émxyleﬁmlﬁ?’ hitro,

the like. suydry, 1ﬁﬁn&56ﬁ1&wrﬁldaph6n9@ Eﬂ‘b@huﬂité r@mbwn%mbﬁa, sl ether,
tern1 halogen desi gnates - he term

“sul t hydr yeikyiig suliayl. l‘ﬁ%"%éﬂ%‘w‘i‘ﬁy&?@&ﬁ het?Fe%éyl wamafﬁ’awtqﬁéwfcé?ﬂwmam
“sul fonyl " pgaeis- cf@O?(;N dimetiRem "oxo" refers to. a carbonyl oxygen

(=0). The terns poI ycyclyl" or "polycyclic group” refer to two
or nore rings (eAgused Gyeimahddghs "nioyC hreahddyd; she ©yal"halbgenh ks gnaesHFs-Cl,

o 208 iRt i e g Pited PR i iyt Mg g3 o e o

are j oi ned "bllifay0meew~80pacent atons are terned "bridged" rings.

Each of the rings of the polycycle nay be substituted with such
substituents asT&eswnibad"aﬁbmepaasmbmﬁmmxgnn%én.halogen, al kyl,

aral kyl, al kenyl, al kynyl, cycloalk hydr oxyl , am no, nitro,

sul f hydryl, i m fde T&nﬁﬁdpolﬁhﬁéﬁﬁcﬂiaé@wcm{i&smm refer ¢gartorsy| more rings (e.g.,
carboxyl , éll’)gl Et @%‘io&l@n‘_ﬂg Eﬁ!l&]ky%?l {som¥for hgﬁ}&lj}ayls?krp@méﬁ%o or more
ester, a he eroc 01 an aromatic of heferoaromatic noi et

_CN, 0r20t heatbopaare commonTiedwigiadiaiping HngY, @c-i the rigesows fused ng@d ﬁfe%ﬂhat are

means t enpesaky t;%eag%{ h&ﬁ%&jfaéen\t\’%'t&& Reqbaitdd %ﬂ@g&@nﬁh@sl | BadhedCthbMehgs of the
functional "group fromundesjred chem cal_ transtornations. Exanples of

such pr ot e@PIYClgmeRlp e iSHRTied adthetigh SRoLiBEA fescHRididbovs ?Syfor example,
ethers of 3@Qicgks, 051@%18 ar;ﬁl@ﬁ fag@hy"ql ugash, @&zahmypfh)ﬂfcd@hyadﬁao ﬂﬂlm sulfhydryl,

ket ones, respective field of protect ng grouyp ¢ ﬁ

been revi eWdYP G“&’é'ﬁe PhPSW"“aWt@wS@"@ fa © %ﬁct"laa@ goi} er alkylthio,

Or gani G5 Sy RtiFes)I Sketdit] atbhyddVdsRy, a Nedto¥ilf, ad @hhatic or heteroaﬂihﬁtlé endity, -
"triflyr, né%fﬁsélg rrg *( and "nonaflyr refer to

trifluoro anesutrt ?li}/ ‘p-t ol uenesul f onyl , net hanesul f onyl , and

nonaf | uor obut an quo L, r.o respecti The terns

ooyl ater, o Pgest R R b ARSIy Rerbin Matec P ikl et avhich

ester, p-t@reteres pbﬂ'ennaihermneaf functional group from undesired chemical transformations.

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

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



5 met hanesul fonate ester, and nonafl uorobut anesul fonate ester

functional groups and nol ecul es that contain said groups,

respectively. The term "thioxo" refers to a carbonyl sulfur (=S).

The abbreviations Me, Et, Ph, Tf, NI', Ts, M represent nethyl,

et hyl, phenyl,

trifluoromethanesul fonyl, nonaf | uor obut anesul f onyl , p-t ol uenesul f onyl an

d | o net hanesul fonyl, respectively. A nore conprehensive list of the

abbreviations utilized by organic chem sts of ordinary skill in the

art appears in fi I S f pvol u f thegqJou §

Organi ¢ Chem st?lk}l,% tﬁlélgﬁﬁl %Hﬁgptyeﬁg Iy ;r}%g}gelnt egﬁl n aﬁggz{)q}ﬁe) refer to

entitled Stteiflderothethagesubfonplbbr evi ap-tadwsnesulionyl. | | be wadbenesuborylt hat  and
"substituti h st [ i & »oow »

provi so thal}(e’ﬂaﬂ&[]1mblﬁ H%Wo%rgﬂspg | nreg%%gwﬂgnceh\jﬁmet ﬁmn&efmt{l%lgte tosylate”,

val ence of ‘mirsyleieBs mct nerpflate nicafifluprrmetiss syl fonaist esteanﬁt?lﬁawﬁ@ate ester,

substityti etﬁ%%lf&aﬁéﬁ ditep! ke nERIRBIHanEsulonat¥h b&s dAESIOAS! groups and

spont aneousl y under go transfornmation such as by rearrangenent,

cycl i zat i ormoleules thetqoptnin &i¢ groups.respRctEhbounds may exist in

particul ar geonetric or stereoisoneric forns. The 20 present

i nvention cont erfflededs "thioxos rRiprs o ApHHARM sutfir Y ng cis- and

(1 somere, -t nIRctBRYaURer ety Por S affa "9t LSS, R Ag: cihvl phony,

t her eof , asrifiadroiethanedulionyt, he Sﬁmauoﬁobﬁtb@eshrmmm i on_ p-taticintdudfoay] and
asymretrl c cag{bon present in subs uch

T gPoughe R e ey S S RE contbrihep TR Nad (Hr aBh S Uhnizod by
i nt ended t wrgmid cttehustecbf ionditdryskilhingh¢ am appedfslinghe hirsh $wge of each volume of the

"Bel - medi at gd_di, s a(?,ﬁ "di j

Bel prot e| ma[f’gpj omﬁa (')'1’“91'8§ %qmt ng @ggpc%lﬁg ﬁ%ﬁéﬁ%%ﬁ%%g%ﬁ?‘m
Bel protelwﬂymma Such roles may be directly related to the

pat hol ogi cal condition or may be indirectl y related to the condition.

The feature comibwill betusiderstoodsbatoisubstifion]’ ondsubstitpiesd: witheipcldys B implicit
amel i orggt eﬂ)r&\ﬁs% At it Q\ﬂ?shﬂﬁloﬂclg'u\'{ 'aEé/or@ztn’ce fﬁ*iﬂpfaérﬁﬁtt&{ valBfice of the substituted

aSSOCI atio rot el ns. used her el n, the ternms "Bcr and
"Bel prot euaﬁmnan@thwéﬁmm @%Wéb%éé@“ﬁﬁ@né‘?s%ﬂrea gblerempetnd e.g., which

subfam |y Qfe@Bbl s @H‘Q%&hbl? ﬂ{cﬁ}% RandBShiadion BRkh Ws WV leatvanBSdertl cycfization,
BfI 1, Ed-B, BOO DIVA, and their honol ogues. Synthesis of

Het cr ocvcl |€‘é1“'%¢ﬁ§’§u?fﬁs In certain instances, the heterocyclic
compounds of the present invention. are fiv rrerrbered het er ocycl. e

The five menber dcFiBY SFRIACAR TayfYishan PArHAHMRPOMEGHf QTerpRis ?‘3)91?05’?’3 The
t ri phosgengyredehi ﬁﬁ&&ﬁgﬁ&ﬁ:tcrhﬂla%)dmdﬂlb@ lcbEh@ourfds| flﬁmﬁh@?b@! hldi?traﬁdlsbiﬂers, R-

i ke, and m nQ

cer tai p | nePaEEEarRE DTS TS AP RETere Y IRED e oL gUngres theteor
invention cad &Reprfp@radihbicofnas fHALE ivdthio fthércdpe2 ofithe) dnvehtiah 0l Additional
1,2 amno thiol, or 1%2 c{i an ne vg trh an. alé:l hé‘g‘e oF cl}Pietone { n il such
certain i ndtERTEEC PRPOHIPEF ST eH b ‘%F SHeurh R R Al EgHPpe

synt hesi zedsdmasas pell asabixonss eregf armineniiaicodeiicgduded iafliio iryention.
2-pyrridones. In certain instances, the five nenbered heterocycles of
the to Z9resent iTheepirhen ‘Behmedistgh divenler caduSdisngder pgdigfed by cells expressing

cycl oaddi ti n i
S ol kel Rl SeD YRRROBRAPERN e B i TR b1 il By o
functi onal rgleofysh selies ayeer «brecelmé#w@élto thernathologienl condifion powiay e indirectly

synthesi s Qfja@dRy iHeUdndiilde, C@leSeathit ORinidd M thid 180 6ESmdRichS W Badfitfmay be
e.g., AgOAc, Is added to the reaction. In certain iInstances, the

reaction mamwéatqub:vs@b}té%%@etaﬁﬁwafaﬂtf funptioneefe prassogigtion it Bpj prpteins.

reactions are carried out in gl d reaction nedium but can be
carri ed%ut on P IR F’m‘F tle pdy | Relipreelin @gsintenggd to encompass one or

more of the B¢l-2 subfamily of anti-apoptetic proteins Bel-2, Bel-w, Mcl-1, Bel-XL, Al,
Bfl1, Bel-B, BOO/DIVA, and their homologues.
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20 am ne spontaneously cyclizes to forma pyrrolidine, as described

in the exanples below (see also, U S S N, 11/156364, filed June 17,
2005, Publication No. 20060025460, herein incorporated by reference

inits entirety). Typically, the N-O bond reduction takes place in a
protic solvent, such as nmethanol. In certain enbodi nents, the

het erocycl i c conmpounds of the present invention are six 25 nmenbered

het erocycl es. These conpounds can be made using a nunber of nethods

inthe art. For exanple, the heterocycles can be synthesized using

annul ation &t Lat.egl-as, L5 O 86Y5].6 7 €cursors containing two
ngcleophiIé@—5p564%§“§€ﬁgrarE&&%““T%ree carbons. For exanple, 1,3
di am nes, 1,3 am, Q:Qrtﬁihczﬁgt%c%s ﬁae%eﬂa'r&ﬂy%hc cémﬁ’olﬂidﬁ QEEQi'ibSFre%erﬁ iAVenhin are five

thiols, or 1,3 thiol alcohols can cyclized usin

chloride, phusetheterocydesoghesye ﬁ@fftb@feﬁ‘d“%%ﬁ’f‘é’ﬂ?ﬁ emab%pwe?ﬁs% from the Figgetion

Li kewi se,  Sir%ipRBOR! BflogtogheC MbRRhIGHES, M¥fohPRbABE 864 HAYIIR] and 1,2 amino
i ntranol ecul ar condensatlon reactions, or [4+2] cycl oadditi.on

reacti ofs. AGehalidild Gming thigpel bf dpeieente cBIPIRPERRIEC s fixp gnembered
conmer ci al |}Mte?6’@bie§tﬂfeth§rﬁiie&ﬁf‘ xrba@nﬁ@fi bdd f)@‘ii:rép@re}ﬂl By thd ReicESPOWAUS2 Gfnino

the iresent inventi Jowi ng s Si s of t

het er ocycl i%co8gh d; 2 "(nl‘\‘é‘o feirk PB?:’}cql?‘EmE Wﬁi@eﬁ"ﬁg E\/%Ff'ﬁa?’e‘BStames the

using a VvanieRkdcyefes benfe!jreseat ianaﬁtldlhlfhafé @a@.ymm&eh chdmzaﬂitﬁlsmrgmnma amino
al | adi.um cou rea

D lugds v R E a1 S ol B 8RBl dGpes of e
with nuel egpdiche tavehtd@C chote Wntﬁesﬁéditﬁbhgmtitﬁﬁ cyp&l’aiid:x‘ymhlreactlon between an

reactions all ation of oHpS, anaI aLes
gr oups, an&z?"’ﬁ@li 13eg or azome ﬁ’éjt F et c%cf"hl(g & oo it @Pc Gbldite and
i nventi on hiketlet map neonedin nﬁmencBml pogise suimbkn n‘brbblmninc:Be ﬂenvatlzatlon following

ti- t ot f, tl d t
the Bol _pr vl PEL paPeilin o FE T e TRbe o B R LA o
sel ecti vel ythé rdaitint Ioheermint instpogs othe ceagtion wmittyred soljbgted trehaab mbegenefal, the
the Bely2 sypbantl @k A0bix2P Rt ff 5?891{d0rte$4 1133 tméaqurlhﬁurh\faksu fcf%?éd Gut on a

conpounds 6 e PRVenRtT oRcan pe us a pat|
froma di sealé suppaat. eln cfmaBeﬁnstamex;ehe éupﬁerqcmsibsan@eéle S}hé‘leﬁéﬂbﬁ@!}y&q B+2]

conpounds of c10Q§d11191¥ ,&’Ct it ?%r %1&’ sa?lghé AdohER! The %Hcﬁ{% zﬁ&{h‘:ﬂer h@hef Je&%ng

cancer. BioPogica In vit
bi ndi ng anctydehdldnomr cars dhers beawamd ot mesyld ebleridé rie !lh]d i%mthz/ilwsylate-

and speci flﬁ},&%olg%&?)p%sa gésupé 1o YL, raf;eeﬁmowgﬁg&a éiloq]dmengrédqced and the

Bcl-2 and i ction in'a cel
Bcl-2 a@8d Boinxkspditangongy capliase todoae & mewlidigeness éesyab%twﬂ@fewm below

met hods.  OpgseSHE) (RS EAM., 19/186564)H1bd HieANd ZW%bfi&{tt'oK‘Né D0¥EG(023460, herein
bi ndi ng assay usi'ng_ fl uorescence polarlzaflon 0 _(FP) descri bed by

Wang, J. - lincorpia byzefe;pnce mgqtlretg) Tygjcg_l}ﬁ @N-ngndzredu@ogégccs Qlace ina

M Al nent iprotle sofvent, SRODIR dehBaol, Huang, Z. Cell perneable Bcl-2
blndlng peptldes a chemi cal approach to apoptosis induction in tunor

cell's. Cancer Rdsced4R@mboimehdd) treliibZgcychietdmpamas obhedysentiigention are six
gg: : I_ t yzsof nr;e.en%beerrgcf \h/ect!erlo%yc(::lesn%lésnedgon?gou% S c;P rb%Sr%Q e 1'15?;\1/862 tnlur% eI:[ gf rlngtm)&)sl itn 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 intramojecular 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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25 viability in cancer cells with Bcl-2 protein over-expressi on was
denonstrated. Wien RLcells are exposed to the heterocyclic conpounds

of the present invention, the inhibitors show a dose-dependent
cell-killing in the Al amar blue cytoxicity assay with | C50 val ues of
fromabout 100 uMto about 1 MM (See Exanpl es). Wien Panel cells are
exposed to the heterocyclic conpounds of the present invention in

conbi nation with canptothecin, the 30 inhibitors show a synergistic
dose-dependent cell killing in the propidiumiodi de exclusion cell
survival assay w.th 1% f. Mmav be
(See Exanpl es). %Oﬁ]omgg %ﬁﬁgﬁgﬁﬂ?ﬁ,l}%&? a@%ﬁrﬁ’é@g hé%%%?‘g%piu&ai vea y_b
agai nst a deridatizedhsiognoerictyeif] fuhdtivaslization rengtiensienopmn inj the pidilegreseritive
not limted to, br ; 1 i S%én i Gildes, oxidations,
applicati oﬁ}éa%solffe‘ %3%8%%% CV@?B%% %%glg%%al I E?H%?S?g%g%g her eb

b

: . . : . y .
i ncor por at esuttjonse feactorseyvith npaishpirites, Tereitans evifip elgsiyopilss, IBTipy@iFjeactions,

smal | cell.] . : = Brageand neck
cancer pubsl%@ é%?g%%&g%%% %ﬁ?gﬁé%&gg 9%%]%7%ﬁgr§%)€§di ncor por at ed
by reference), aygd 3!3%%99%@50@9&%5 ahed ilfehtian Blrdc@tdnedr \Ward 8ol 3&8dns and
hereby incorporated by feference). Bcl-2 inhibitors have beert1h Bel
shown to bélosgkBeleansicapontaticafungHinnein sgncen Aglsy ande fymar; fissue jthpt express the Be
combi nat i o 4ih h 1R1BRAINAMBRIBAGRS, REPBLAIOETIE adlicntibid Beledtivelylidhiby, the anti-
but not limted to, 10 breast cancer (W'Cﬂt:h dggetgé%lri (gfublj sheg ’>C'Ilj teins
appl i cat | oAPARPHDRBYTYST: OTHE BB YIRS 1 SRe BolZ (5P iAEE R, STl AP OBIOSE  BLpIg TS
(r:]ancgr 16 W tre q%ﬁ;cgqui eorﬂb&ﬂnf E§BE§ixeBﬁ§Eng&pbarc‘rai' ftsliim t0\Bef 2/ 8@@ 58 fering from a
ereby incorporate r rence)., ‘hea neck .cancer . .
docet axel , djsadeirefed té’@?’? efta’é‘tlf'ﬂ?fw\?@t%’znﬁiﬁ?%é‘? ‘REP 8%r§/&évotfg‘e invention are
i ncor por at geeday tfeef SpfiRaciuffering fomcawed. | - cel | |ung cancer (Wth
paclitaxel, Nature (2005) 435, 677-681). In addition to the 15
af or enent i godogieaidvitivay Healyedenot her apeutics, small nol ecul e
i nhibitors of Bcl-2 proteins display synergy with other anticancer |,
agents, includi e Sollewingt inl vitrot Wnding and spbelpt assayo gt bpiugsdto determine the
cisplatin, paclitaxel,. 354 in® {/ BB hnd inhibit
Met hods}%of a%hvépfaapn;%llxsgﬁ%lﬁ%?gé’?%glh?&w 0@%%&% gggl?%%lg%t‘am?ﬁ\?/enti on
further pr®ci-ddsnativhbwdsefl.or treating and reducing the 20 severity of

cancer as well as ot her Bel -nedi ated di sorders or conditions.
Cancers or BekdBinding dss#¥seases and rel ated di sorders that can be

treated by adm nistratiqn_of co unds. and .conpositiqns of the

present i nisheiea Balaé Riadine ser Egaéte’ﬁ’b‘fm#]f‘ﬂﬁ gga’??)tyt 3@‘%“’? imse‘tlghec’cﬁ1 SpelngiEren
(for a reviguweé asuabitidh 304 dengitatpean bish bindingtassdy. ysigdBooredvtiegiotarization
2d Ed., J. B. Lippincott Co., Philadel phia). Leukegia (dn l .
acute Izéukéﬁ?)a‘,i_esﬁgé%c‘ﬂﬁ g’%ﬁh‘(}ty‘%l?a@gt gdk’eﬁ"g{?‘“’a 'Ugimrfyéeﬁ g'l(]:’;lj?'f ?:9 oce, C. M.;
| eukeni a, miedHH) BSS.i KompohiyRe) Moars] £, Cely ptroweble Bel-2dhindingpeppidies a chemical
eryt hrol eukem a,. chronjc. l.eukem hraonic 6 ( . iC)

| eukeni a, ARBFOAtH 'i?rﬁp(?p{"f}lr?ﬁﬁ%u&g/ ?gﬂ Wugju g‘%&sag:g%%léﬁg%%ﬁ%’n%?%r E&ﬂ)
Lynphona (i(f]illblﬂ:glwg Fgggki n's di sease and non-Hodgki n's di sease);

Ml tiple : nstrom s nacrogl obul i nem a; Heavy chain

di sease; and Solpd IR’ 5¢ %bﬂ%@c?@l‘ié‘%ﬁﬁoﬁdd@rasﬁécﬁﬁﬁmt VRS &6 Mhibit cell-
| i posarcoma, chondrosarcoma, osfeogeni ¢ sarconma, chord

0] onmg,
angi o5 #5CoMEDiIy TpITAPRSF GSUS HGWeEIr PRSHAR GT SeHETHER "8 AeBigpgeted. When RL-
Synovi oma, -gRs te@ljosdB o BW Ader®cidiiiompdofh@ YD HR! 18F8AL invention, the inhibitors

rhabdonyosar coma, col on carcinomg, . pancreati¢ cancer,, breast nce
ovari an carfBey 2 6??&?‘@68%%‘!11%Hé€ﬁ)8m Ibf“ec"é’?%ﬁlﬁgfn?f,sa%‘gggﬁé@e‘f des of

carci nona, RECHICGANODNNRe 2SR LBt @RE BxampicR "Whes PRACICEINS a8 ifdsed to the
carcinoma, papillary carcinoma, papillary adepocarcjngmas,

cyst adenocartreryshc crmaandtr 9 harRiFsBhinveRYh iheyRbinatiom, pith fgmptothecin, the
renal cgl | ig@bRARHSW NSRBI dobt-tiep it ceRKkAiiA® hthe propidium iodide exclusion

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




15 cell), hepatocellular carcinoma, nmultiple nyeloma, head and neck

or testicular cancer (preferably germcell). Treatnent of Cancer in
Conbi nati on wi th Chenot herapy or Radi ot herapy One or nore
conpounds of the present invention can also be used to treat or

prevent cancer or neoplastic disease in conbination with one or nore
anti-cancer, 20 chenotherapeutic agents including, but not [imted

to, nmethotrexate, taxol, nercaptopurine, thioguanine, hydroxyurea,
cytarabine, cycl ophospham de, ifosfanide, nitrosoureas, cisplatin,
carbopl atin, m oy q%lﬂblt&@%%p%nr%mwmtg 5@%@&\73' iﬁ%ms?& ﬂmﬁétdtﬁsoancer cell lines
prednlsolone dexa asone tar hecins, ble

doxor ubi ci Bs smghcraggnt;umplu«diaarmtm élrmtedd&cltfi?%ﬁ@ﬂﬁeﬁ CU%M‘O%/ 1:5?%?4 published
m t oxant r ORgyy ﬂj@wﬁﬁﬁtﬁgﬂs Re&Lo2/d7tRb 3Rk 'W@ 022@833’ ! aﬂPBf ﬁ/hicﬂ%re hereby incorporated

vi nor el bi ne, docet axel , ophyl | ot oxi n,

canpt ot hec bm refgmncmmphom%(fﬁgwsqgﬂm @@, 67ﬁ6§1bl‘sgyagrqegdlung cancer {Nature
enbodi ngnt (2R 485, W@SQOH&%% x?éccktéaﬁce?r(ﬁﬁﬁﬁﬁed PEE b RBation wsﬁdz/b@vosa

treat of preveht cancer neog ast1c di sease in conbination Wt
or nore chapsbheingpwarated dty sefseancelntandc iykerpiag g@bshedc Phd @ph%ﬁ?“ Wo

not 11 1 t eqohgsihiashny i diekawy :a@Radhation, e 9., 7-radiation;

Ni trogen nustards (including cyclophosphani de, Ifosf am de,

trof osfam de, ChcopankibRbds hals béaiSivinne be atilveaapiatk atnber of cancer cell lines
Ni t rosoureas (including carnmustine (BCNU) and lonust.i

Al kyl sul ph&hseebingtion With A %a%ttﬂaf‘%‘% EE‘J) a3l 45 ﬁ‘i“?“aﬁﬁ” “*ﬁ‘ﬂ‘g)ﬁ@ limited to,
such agpDagaabazhner Rvahi aodegent gilisaed cxcxcrpowpdaat(dnnavodmm@mosa hereby
Ci spl atin, ,carbopl and .oxapl atin .
vincri sti né‘,‘“ﬂ?%%lagg? Feferen )nTEFQ a??ecan%ﬂ @F@%Fﬁgxe?ﬁ%?% W alajrluﬁghon wo
Docet axol ) DZDWOﬂ'@ﬂﬁrwrﬁ{oaﬁ@rdtB&llw ie@irSnc(c),rﬁmdaﬂdaIﬂgnﬁﬂcomeﬂeWuh docetaxel,

cri snat ol ) PURRBI P IGHNPD ol Q0PI 06 PR TP APsa 1Y Pl sagendnon
met hot r exatmall-Eell mehg exaice (Whghcpmﬂlmel m{zztmi(doosmmmﬁﬁsn I‘mbﬁmmnrto the
El CAR, _hydr ax ef er r|m Lne I jnc ' _
5-Fl uo?gurﬁgqr%/ rglo&%grf?ﬂl ma ‘)hF QrictiRe ws %%rglg%l ,dlé;a%g%?tp %bIOf Bel-2
cyt ar abi ne p(caesas G)1sp1®ytsgaengg wthboth@s mdﬁ;anmdagelnttaddn@lbﬂimg) ‘bupPuot Himited to
anal ogs (ingludin apt o i.ne amn [ L.:neks :

% sid giorrg et liatm P ll?axghﬁ.ﬁ%%ﬁggkﬁgmﬁé}?% @6%135 677-681).

t her api es; ep O TG ANt agoni s 'mé oxI f ene,
nmegestrol, J Acetate, flutam de, and
bi cal ut am M&l@%ﬁ ncl uding LB 1089, CB1093, KH

1060, vertoporf i']."ﬁa(ﬁ%@'n%veﬂ&hhﬁ{r@ﬁy FbN8es PRBIAS GBS ithdaBify aRE dveducing the
Denet hoxy- hypocrellin A (2BA-2-DWVHA), Interferon a, Interferon vy,

Tunor A8cr 63Ye8itY aLtaFYT, asd‘r‘ﬁil ‘l‘b“'t‘ﬁlé‘?r@cé‘i“fﬁflfaﬁ?ﬁ 4%501'@_?5% gE¢onditipns.

1- net hyl- 4- pheny] i di nium.ion, .staurosporine, Actino

Dact i nomyci n, Cé‘gg??,l?? Reoplpgtico firepsss pd BlRieh fiRqrelers géﬂ{u??’ﬁb'? %?‘??md by
Doxor ubi ci adﬁaaﬁgttmncaﬂaqmﬂdiaﬂybm bmnpfsmdnu kif chen prd?brl‘tafwﬂa'ltmn,nmclude but are
Zor ubi cin

oxa Ver m ast i n rbit
Ri t uxan, PF‘@H{% osehhlat[efiﬁgg) hfﬁlé gg &E r‘}%ﬂr Foriesd "Fidhnintd %1, 1985,
Bort ezom b Mdéddine, tzaltﬂch,el Erﬂlmmmtb(:o.e@hﬂatdelphm) mm&m;lu&ng acute leukemia,

ggtr: 2: ?%ér &ue%“% i %%g]%l:)ct rap Poq&é%%ro@%%‘g%’ C}a&ﬁ@ﬂ&&@“ﬁ y@ﬁ%}mc
aa En nil tt\r/\nalmyelrfenampat;enmdxmcﬂtimseryﬁkolthm,n chme;carltuhehma,t thponic myelocytic
a S t(%%ma p”é‘nz rl\éh'ik%&‘?% gﬁ@p%%hfc %g&ﬁﬁoc?ﬁg Py gEBEHa ?&iQQRﬁ‘&lﬁpwera

can be vari i i sease b eate
ef fects of Lwh@homrfmmaag) élpdgkinisgtisrase el mn-Hadglan B dFﬁeﬁfﬁ'ér Miyltipd; myeloma;

that di Seas\ﬁ?]ldé‘ls m'd ?na%%\g%ﬂ@iﬁ&%l%‘“ ﬂ%v&h&amgﬂegggeanﬁf sbie tlﬁﬁbllsl &fbluding

clinician erapeuti ¢ protoco , dosage anpbunts an
times 6P adibmmmu RyxasaIGorse, vé!PP@@PW vucéopcbpswfénaabs@ﬁt%amc sarcoma,

effects of fH8cAdMdbicheidmh, INEHRREHsAEoRE A)hBhddgifindothBidaRBRRA &3boma,

mesothelioma, Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon carcinoma,
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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 maceuti cal conposition, and may, because of different physical

and chem cal characteristics, have to be adm nistered by different
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 adm nistration and the advisability

of adm nistrati r ' C Il carcinoma,
composi ¢ Oﬂancrea?lc crt?ce? tfrﬁ£?§%h:911 Svaidh & ser aettaaﬁtf,@ﬁ é;dg‘taig%?%, cell carcino
The initi abasaljmlmast:memamﬁenmdmomd@eahgimaffgn@*ﬁa»ﬁb%wssﬁé@ carcinoma,
protocol s k in t e n Vifeha, medulla
O fect s, Ry oekfiothy  paiflad CiienpaRBRpHRR" ConamEall i
adni ni st racaromomanbxtwechmmcuceemwna,ﬁenaé kel cegingpian henatema, bile ductrgprcinoma,
particular ERol68:D fn} CIQ %Hﬁr @1@3 h&l AAEWm O WIIAd! @i eeitdl céeqenderine
upon the diragnosis o a téen hysi ci ans and t hei'r ud nt of
the condit cmenftestwelapaumemlumdattcﬁenepﬁ%%rﬁpﬁt Bng Pe&tm flogagpinoma,

15A corrpougéﬂ%fhalt hga,g{?g%&nt g{,gfﬁg,nt lagffbcyﬁﬂﬁ chesmiibehapgu! | 6rag@phiryngioma,
and/ or radiation na admni stered concurrentl (e.

si mul taneogsftrl}i}’memnt‘ma@lp?ﬂamW@&W@tﬁﬁ@m o?cwtt%ﬁ?t" e QHgodendroglioma,
treatment H{eﬁh%ﬁﬁl)a) iRt BRlbBkitymadereastiobtsiRed). t he nature of the
proliferative disease, the condition of the patient, and the actual

choi ce;9f chenpt hprapeedted éiﬂﬁﬂimé:ﬁtﬂﬂfél’colm;ﬂuﬁdsl aththe prisentathvestiost @e eded to
in conjunction (i. Wit hi

a single nt 2 c
conpound ofrei‘th@“ﬁ?rés‘eﬂtld‘?‘ﬁvg?\tt t“?}nﬂ t?d 2\"’? &r@t{e "’Ite’i)p(rtaoelslce"}llmf1 Brfbhoms,
i nvention, dgmdeidige @mtﬁwmaeuhiaﬂtlagdmmﬂhmr or alttbaikilpmpbheaytindeukemia),

adm ni st ered si mul t aneousl r assenti aIJ I

opt i mum or JEgstratg caneRt; (oL ig???rﬁlﬁygrpr?ﬂ’em 151u nii ?%L%fﬁ&c& @aﬁﬁb%tmgm ‘
i nvention, rewagkok beslﬁh@;raemeblastemtai colagetat, ean@themat Zotpradn, dmg fmgfetably small

different fo n, s

conmpound of’d‘bhg’e pig ‘gﬁlﬁm‘l %@ﬂ?rflﬁn“]r?zfl% m r1| %gr%n #ll rst {ug%/egancer

by the adnieftatdy gam edll)t he chenot herapeut i c agent and/or radl ation;

and in other situations the chenot her apeut iC agent and/ or radi ati on

may be adnilinesnemtax oWt Gienzoling 2 8

conpound of the present I nvention. This al ter nat e adm ni stration

be repeated duri rigne os P eompenrdpepl thsrsesRbInvention gt &sfiisatsed o (ﬁ/eat or

the order ?) feval 3MeRi it 5@515]%0 @ﬁ@as@hﬁa povAbRELG WieDainkt bPRgoref anti-cancer,
adm ni stration of each therapeutic a%
20  chemotherapeutic agents including, bu not limited to, methotrexate, taxol, mercaptopurine,

thioguanine, hydroxyurea, cytarabine, cyclophosphamide, ifosfamide, nitrosoureas,
cisplatin, carboplatin, mitomycin, dacarbazine, procarbizine, etoposides, prednisolone,
dexamethasone, cylarbine, 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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during a treatnent protocol, is well within the know edge of the
skill ed physician after evaluation of the disease being treated and

the condition of the patient. For exanple, the chenotherapeutic

agent and/or radiation nay be adm nistered first, especially if it is

a cytotoxic agent, and then the treatnent continued with the

adm ni stration of a conmpound of the present invention followed, where
det erm ned advant ageous, by the adm nistration of the

chenot herapeuti ¢ agent and/or radiation, and so on until the

t r eat ment S C

exper i ence%ﬁ%gﬁﬂgwﬁag &ggpiﬁhearsa%ﬁaﬁ%ﬂg ﬁlagxlﬂtél?ia%%gaglﬁﬂ %O%Bﬁhds ﬁ:ﬁc]udmng
pr ot ocol f(ﬂ‘isnlihtm &drhﬂnlasl!lr and Qhamtlré, Ebnb&ﬁ@mld% (m@p@pgmrp@sé@%r}{mblastme,
e, COWQ\H?&’ES tbﬁlopélﬁﬁgntapab]ﬁwt a0 Dsﬁﬁmlﬁeﬁmuﬂﬁblmseotnhlbnors
radi ati on) e treatment’ according to the I ndividual patient

needs, as tincludingztonasidepT onipeside, TopoteenspSutizocemptateecim ampiogpnotepn, and
aspect Qf t pon a LR nt

f or mul agl tcg%“a?ggr a t‘ﬁ)é g?urtgte i%&%ﬁ?lﬁgsr eof or agﬂ grﬁﬂgﬁgt fﬁ?%ﬂxaw
accept abl e Tsuhatrexater e siycoppamelit n apid,s Tigoany.2- Ribayismg) EICAKG-dyydrogpurea,
X is -N(Ri Qbs mﬁﬁnﬁ‘e)b@’?ﬂmléﬁhé $inflo Q-(lngludﬁ)ig HAF1uBrouPAcild ZFlcQ(u}'{ﬁmlaCMomﬂundme
(Rl(erIR|020A|s- 0) 5 , _or each Al

i ndependentﬂa&lffFFCdaFW“abAP%enﬂ’tafiﬁqlﬂeygw Chrwtome?cqrﬂaqul% %’F‘aﬂ‘r&%"“bme)’
het er ocycl yhrind ﬁﬁaﬁéé@(’iﬂ@lndd&@hﬁf&@&?hﬁﬁy hnd TIQG%) 2NrBY; G dmonl @2:@313s; Receptor
- 002R10, -S(0)2N(Hi - S(Q) 20 5&0%1210 or _has

S
f or mul 6go| a: antagomsts (inclu d(m Tamox1fen goscrelin, Leupros He acetate,
flutamide, and bicalutamide); Retinoids/Deltoids (including EB 1089, CB1093, KH 1060,

vertoporfin (BPD-MA), Phthalocyanine, photosensitizer Pc4, Demethoxy-hypocrellin A,

Ralox1 ene, meg

(2BA-2-DMHA), Interferon a, Interferon v, Tumor necrosis factor); and others (including
Lovastatin, 1-methyl-4-phenylpyridinium  ion, staurosporine, Actinomycin D,
15 Dactinomycin, bleomycin A2, Bleomycin B2, Peplomycin, daunorubicin, Doxorubicin
(adriamycin), Idarubicin, Epirubicin, Pirarubicin, Zorubicin, Mitoxantrone, verapamil,
thapsigargin, Awvastin, Erbitux, 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 adminisiration) 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 heterocyelic compounds of the invention and one or more pharmaceutically
acceptable excipients. In certain instances, the pharmaceutical composition comprises one

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

and one or more pharamaceutically acceptable excipients.

12



25 | a wherein independently for each occurrence of la; nis 1, 2,
3, 4, 5 or 6; R15is aryl, cycloal kyl, cycloal kenyl, heterocyclyl,
heteroaryl, -OR10, -SRI, N(R 0)2, -N(RI 0)CO2R10, -N(R10)C(0)N(R10) 2,
-02R10, or -C(O)N(Ri0)2; or is a polycyclic ring containing 8-14
carbon atons, of which one, two or three ring atons 5are

I ndependently 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
attached forma 5 to 8 nenbered heterocyclyl, of which one or two

ring atoms are 'Lﬂ%@@&@@@ﬁﬁﬂmﬁs o2 1 %fyéenalrpue%i&z &hd ﬁle_(bhelgoth'efagamc agent do
-(0=S)- or,; or s the fornmula |b: KR7 10 I b wherein Dis N or
Crtio; not have to be administered in the same pharmaceutical composition, and may, because of

different physical and chemical characteristics, have to be administered by different routes.

For example, compounds of the present invention may be administered intravenously to

5 generate and maintain good blood levels, 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 treatrment 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 a compound of the present invention.

If a compound of the present invention, and the chemotherapeutic agent and/or
radiation are not administered simmitaneously 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 a compound of the present invention. This altemmate 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 Rs is independently for
each occurrence H, al kyl, alkenyl, alkynyl, aral kyl, aryl,

cycl oal kyl, heterocyclyl, cycloallcenyl, or heteroaryl; or R7 and RS
taken together forma 3 - 8 nenbered ring; or R7 and R8 taken
together forma 4 - 8 nenbered ring; RO is H, heterocyclyl,
heteroaryl, -ORD),-N(R, 10)2, -N(R10) CO2R10, - 20N( R10) C(0) N( R03) 2,
-0O2R10, -0021t10, -0C(0)Nat10h, -C(O)N(RLO)7, halide, nitrile,
nitro, or acylthio; Rl has the forrmula le: 25tc Rio Rio) g Arl X1

Ar2- (X2), @E%%raga& a%e%t ar t?lat?’on %ayq:[e %ﬁmlgi’sﬁ{& Q”rr]st esp%mal:fy 114 it ]S a

or 5; Ar I Ic ar atons;
monocycl i ¢ oytotdiic ygﬂnt aniéhar ﬂ)artryatnwnt @rﬁnnﬂﬂ with @@dmmlstr@ﬁom@ﬁ acﬂ@ﬂm@énd of

two or thr ridg, r gee |
r epr esent egﬁ%{jre]sor bis) erfrl?wfél fgg &%f gﬁ{é %ﬂté%nelﬁ%@as,&fanmgeﬂs @‘g thd §dm1n1saratlon of
the chemotherapeutic agent and/or radiation, and so on until the treatment protoco] 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(Ri0)2~ -(C=0)-, -(C=8)-, or -C(=NR.0)-;
X is -N(R,0)-, or a bond;
mis0,1,2,3,4,5 0r6;

O
|

20 Ais—S(0)-, -S(O)z-, ] ' (R“’)"',i . R19. or -C(ADN Az

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

_(C(Rlo)%—Rﬁ

wherein independently for each occurrence of 1a;

25
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each of X2 and X3 is independently for each occurrence H, alkyl,

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

het eroaryl, heteroaral kyl, hydroxyl, acyloxy, nitrile, nitro, halide,
OR', -C(0)N(R10) (R10,- CQ212.11, -S(0)2N(Rio)(Ri), SR ,,-S(0)20R11,
-S(0)2R11, C(=N1210)N(Ri oXRI O, or -C(=NR10)(R10; or has the formula
la; 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 ring atons are independently S, 0O or Ny Xl is a
bond, -0(R10)2-, -8-, + o, OF -0-; R2is H a branched or
unbranched al kyIn 15?’ %1%(&2510?6&ycl oal kyl, heterocyclyl, or

bi cycl oal kyl ; oRihds atyk ¢ysionliyd, lcxcloziBeryd heterqeydiegh dretrrgaylyi| -ORio, -SRig, -

N8 e G Ry RS ROy o o
hal i de, nitril e pohicyels ring cerdsiningi&]4 eabdn apms,(afavhieongs weRepthree ring atoms

i ndependently f oen:s H, al kyl, alkenyl, alkynyl,
ar al kyl @ aryl, %E/%ﬁgg n?/%&%%?oaﬂ’(enyl , bi cycl oal kyl , heterocyclyl,

or het er oaroylA asg Aaetgkqm’ggbexf@m%oq =55;0or v and At tleen; tpgsthsfowish Bie cpgbgn to
taken t OgeT‘QﬂEh h%grgr@ aBached "BARS €6 BirAdnbld RiteRBGIAD of JUEEh 5:Q06t RRT ring
menbeér ed H or al kyl RI

forma 3 - s rlnq; R6 is yl; i's 1 ndependently for
each occur ragreearp|indeprydentig Sk grN; al kynyl, aral kyl, aryl,
cycl oal kyl, cycl oal kenyl, bi cycl oal kyk,, heterocyclyl, heteroaryl, or
-[ C(R12) (R13) 1t - R14; 30 wherein t;s”is/ﬁ 1, 2, 3, 4, or 5;

10

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

W

B

R
9(;73<R-‘> |
p

10
1b
wherein
D is N or CRig;
pis0,1,2,3,4,0r5;
15 each of Ry and Ry 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, -ORyg, -SRyg, -N(R10)2, ~N{R10)CO2R19, -
20 N(R10)C(OIN(R10)2, -CO2R10, ~OCOzR 10, -OC(OIN(R10)2, -C(OMN(Ri0)2
halide, nitrile, nitro, or acylthio;
R, has the formula 1c: '

g—(7\——)——Ar1—x1—Ar2—(x2),
RioRio/ q

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,
heteroaryl, or heteroaral kyl; and R4 is independently for each
occurence H, allcyl, aryl, heteroaryl, heterocyclylalkyl, alkoxy,
am no, am do, or carboxyl. 5Another aspect of the invention relates
to a conmpound having the fornula 10: 10 or an unsaturated form
thereof or a pharnaceutically acceptable salt thereof; wherein 10 m
represents independently for each occurrence 0, 1, 2, 3, 4, 5, or 6;

00 it V-N(R10)2 ' . FI QGRiOQ1£2,i3§4,-@$($)) -S(0)2-, win,, or each of Al
aryl cycl oal kyl ,

and Ay is independent al kyl , I

ar al kgl I hlat er gcycl yl uﬁé?é‘?"&ﬁ%%lw gi“é’¥%‘a?"§1 Wi}l‘g% 458 Ay 2, monooyclic or
-C(0) 1240, -O0RRI10, -BieWIR1HEéroh) Kith- 5-B4 Bnb2akOms,- FWhiflohe]l Byo OF three ring
-5(0) 21210; ‘or has t h%o%lg 8[%?@??&88%?[3’% Q cgr% or]Ar gr%prlegen%e o?rilgllaqd

I ndependent |y for each
=X
<

5 )
1d
Wherein
sis0,1,2,3,0r4,;
each of X2 and X° is independently for each occurrence H, alkyl, alkenyl,
10 alkynyl, aryl, cycloalkyl, heterocyclyl, aralkyl, heteroaryl, heteroaralkyl,
hydroxyl, acyloxy, nitrile, nitro, halide, ORu3, -C(O)N(R10)(R11), -C(O)R ), -
CORyy, -S(0):NRi)Ri), SRy, -S(O)Ryy, -S(O):0Ry;, -S(O%Ry, -
CENR1oNR0)R11), or -C(=NR0)(R1)); or has the formula 1a;
Ar? is a monocyelic or bicyclic aryl with 6-14 ring atoms; or 2 monocyclic or

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

atoms are indcpendcntly. S,00rN;

X' is a bond, -C(R10)2-, -S-, R y0)-, 0r -O-;
R is H, a branched or unbranched alkyl or alkenyl, cycloalkyl, heterocyclyl, or
bicycloalkyl; or has the formula 1a:

20  Rsis H, heterocyelyl, heteroaryl, -OR,0, -SRyq, -N(Ri0)2, -N(R10)CO:zR10, -
N(R10)C(O)N(R0)2, -CO2R 10, “OCO2R 10, -OC(OIN(R 0)z, -C(OIN(R 102, halide, nitrile,
nitro, or acylthio;
each of R4, Rsand Ry independently for each occurrence is H, alkyl, alkenyl, alkyny],
aralkyl, aryl, cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, or heteroaryl; or has the

25  formula la ; or any two instances of Ry taken together form a 3 — 8 membered ring; or Ry
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 “[CRaR13)-Ry;

30  wherein
tis0, 1,2, 3,4, o0r5;
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nis 1, 2, 3, 4, 5 or 6; and 20R15 is aryl, cycloal kyl,

cycl oal kenyl, heterocyclyl, heteroaryl, -012.10,- N(R102,

-Mtuﬂ&ﬂ%ﬂ -N(ROC(0) N(R10) 2, -0Q2R10, or -C(O)N(R10)2; or is a

polycyclic ring containing 8-14 carbon atons, of which one, two or

three ring atons are independently S, 0 or N, or Al and A2 taken

together form=0 or =S; or Al and Ay taken together with the carbon

to 25 which they are attached forma 5 to 8 heterocyclyl, of which

one or two ring atons are independently S. 0 or N 40.tlo 0 Bis O,

S. -(C=0) -, eack GER),- anﬂl‘Rla mhddspaﬁdédm@ fiané’thlb@culaQHce Bk, B9y, @azﬁyllﬁlazoaikyl

wherein 5D, 1.2 5: each

i s i ndepend?i?r?§7°¥3’3’r é%(???’c(%lﬁlllﬂ"]f’ BrigreatyL %Ihﬁg?roar%lkkleﬁ‘}q aI kynyl ,

aral kyl , arBi is ingegendéeipt for bathescotyideyH, alley CArpiah&erwtyi, merbéékﬁna%y%l ;
7 "an o}

?;ksz and |%ﬁkoxy, gnqnfoog[mé]egréagboxy? 3 - 8 nenbered ring; or

5 Another aspect of the invention relates to a compound having the formula 10:
o R
N
A
!
R B
3 R
RaRg °
m
10

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

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

%ﬁ “NRR -
A is —8(0)-, -S(0)z-, AN 10)2,"i ] OR10 > or -C{A (A2~

each of A; and A; is independently H, alkyl, alkenyl, alkynyl, ary}, cycloalkyl, aralkyl,
heterocyclyl, heteroaryl, heteroaralkyl, -C(O)N(R o)z, -C{O)R 14, -CO;Ryq, -S(0)NR0)z, -
S(O)Ry¢, -S(0),0R g, or -S(0);R,¢; or has the formula 10a:

"““(C(Rw)z>—R15

10a
wherein independently for each occurrence of 10a;
nis1,2,3,4,5, or6; and
20 Rys is aryl, cycloalkyl, cycloalkenyl, heterocycelyl, heteroaryl, -ORyq, -8R, -
N(R10)2, “N(R10)COzR10, -N(R10)C(OIN(R o)z, -CO2R 19, 0r ~-C(O)N(R;0)z; or

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

is

ring atoms are independently S, O or N;
or Ay and Az 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 heterocycl'yl, of which one or two ring atoms are

independently S, O or N

17



10t ogether forma 4 - 8 nmenbered ring; RO is H, heterocyclyl,
heteroaryl,-8R10, -N(Ri 0)z, - N(R10) CO2R10, - 15 N(R _

0) &(0) N(R - 02B10, -000G2B10, halide, nitrite, nitro, or acylthio; Rl
has the fornula 10c or 10d: .5S Rio Rio g Arl-wz 10c Rio Rio ( A)
Arl X1 Ar2 (X2)r 10d -0C(0O)N(R Gs, -C(O)N(R10)2, 20wherein q is O,
1, 2, 3, 4, or 5;

R1p
&
. “ "Ruo
Bis O, 8, -(C=0)-, -(C=8)-or, ™= ; or has the formula 10b;

T
D\

R
9(;5?7) |
P

10b
wherein
5 D is N or CRyq;
pis0,1,2,3,4, 0or5;
cach of Ry and Rs 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 R; and Rgtaken
10 together form a 4 — 8 membered ring;
Ry is H, heterocyclyl, heteroaryl, -OR o, -SRj, ~N(R10)2, -N(Rjg)CO2Rg, -
NRig)C(ONR10)2, -COzR1, -OCOR;5, -OC(OIN(R10)2, -COIN(R 10z,
halide, nitrile, nitro, or acylthio;
R, has the formula 10c or 10d:

15
'Ss Arl=w-——z
10c
%‘(‘ﬂ—Af’“x‘—Ar"'-(xz),
Ri0R1o/ g
10d
20 wherein

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

ris0,1,2,3,4,0r 5;

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

Z is H, -SRy0, -S(O)2R11, -NR10S(O)zR 1, -S(O)R 0, -N(R10)(R11), ~C(O)R,, -
25 COzRyy, ~C(ONR10)(R11), ~-C(SINR10)R11), ~CHyC{O)heterocyclyl, -

NR1p9C(O)R11, -NR1oCO2R 1, -OC(ON(R10)R11), -NC(O)CHR16)(R1)), -

18



ris 0, 1, 2, 3, 4, or 5, Wis a bond; or alkyl diradical, alkenyl
diradical, or allcynyl diradical; Zis H-S(0)21211, -NRI 0S(0) 2R 1,
-S(0)R10, -N(Rio)(Rii),1, - 25CQ2R1li, -C(0)MRIOXR11l), -C(S)Nai Gl
1), -CH2C(0) heterocyclyl, - N12.10C(0)11.11, -NH GCQ212. 11,
-0C(O)N(R1O) (RI'T), -NC(O)CH(B.12)(RI'l), - C(=NRI0)N(R10)(R1li),
-C(=NR10) R11, hydroxyal kyl, nmonocyclic aryl, bicyclic aryl,

het eroaryl, or heterocyclyl; Arl is a nonocyclic or bicyclic
aryl with 6-14 ring atom; or a nonocyclic or bicyclic heteroaryl
with 5-14 ring atonsg mRMN(RhO)gu@ (gwmg)mhhmoxyaﬂgymmbmom gyl

I ndependently S. 0 or Ag E%E'fnesent@ by formula 10e: \ klY
00)3 10e Wierein s |§‘°®°h°1m1 et%f"a‘a SPEHEEE 0f X2 and X3 is

i ndependent |y for eaﬁh‘ lgﬁ%tfrfoejﬂ&lﬁ dribicglieyary! with Griyl ringadtimsiydr a ragngicyclic or

cycl oal kyl, heterocy K r,oar e
hydroxyl, acyl oxy, P@“f%c t?ff’ft&!)lwﬁl qée g\éﬁbm? &ggﬂﬁﬂ@w ] t?:ee rng
-C(0)R14, - CO212. 11aton§(e@é AhKFRNORISL ] oBR1dr, Ax' ﬂ@pm&nted&ﬁ))@@hﬂi)e
-S(0)2R1li, - C(=NRIO)N(RI'AR11), or -C(=NRio){Ri 1); or has the
fornmula 10a; 15 Ar2 represent. indepe d__@l“ or each occurrence are
nmonocyclic or bicyclic aryl with 6-1& ri atons; or a nonocyclic or
bi cyclic heteroaryl with 5-14 ring atons{ Qf Wmch one, two or three
ring atons are independently S. 0 or N X1 is a bond,
-C(RO2-,-N(Ri0)- or -0-; 20 R2 is H, a H&nched or unbranched al kyl
or al kenyl, cycl oal ky§nherdigt er ocycl yl, orbicycl oal kyl; or has the
formul a 10a: . .

5is0,1,2,3,0r 4

10 each of X? and X° is independently for each cccurrence H, alkyl, alkenyl,

alkynyl, aryl, cycloalkyl, heterocyclyl, aralkyl, heteroaryl, heteroaralkyl,
hydroxyl, acyloxy, nitrile, nitro, halide, ORy, ~C(OIN(R 10)(R11), ~-C(ORy, -
CORy1, -S(ORNRi)R1D, SRy, -S(ORy;, -S(020R1, -3(0)Rn, -
C(E=NR0)NR 10)(R11), or ~C(=NR.0)(R1;); or has the formula 10a;

15 Ar® represent independently for each occurrence are monocyclic or bicyclic
aryl with 6-14 ring atoms; or 2 monocyclic or bicyclic heteroaryl with 5-14
ring atoms, of which one, two or three ring atoms are independently S, O or
N;

X! is a bond, -C(Ri0)2~ -S-, “N(Rj0)- or -O-;
20 R, is H, a branched or unbranched alkyl or alkenyl, cycloalkyl, heterocyclyl,
orbicycloalkyl; or has the formula 10a:
R; is H, heterocyclyl, heteroaryl, -ORo, ~-SRio, -N(R10)2, -N(R0)COR 0, -
N(R10)T{OIN(R)0)2, -CO2R 10, ~OCOR 10, -OC(OIN(R10)2, -C(O)N(R o)2, halide, nitrile,
nitro, or acylthio;

25  each of R4, Rsand Ry is independently for each occurrence H, alkyl, alkenyl, alkynyl,
aralkyl, aryl, cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyelyl, or heteroaryl; or has the
formula 10a ; or any two instances of Ryp taken together form a3 — 8 membered ring; or Ry
and R;staken together form a 3 — 8 membered ring;

Rg is H or alkyl;

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

cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, heteroaryl, or -[CR12DR13)]-Rigs

wherein
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R3 is H, heterocyclyl, heteroaryl, -012.10,-N(Rto)2, -N(R10)CQ2Ri O, -
N(Ri 0) C(0)N(Ri 0) z, -CQ2Rto, -002R10, -0C(O)N(Ri 0)2, -C(0)N(Ri 0)2,
halide, nitrite, nitro, or acylthio; 25 each of Ra, R5 and R o is

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

aral kyl, aryl, cycloal kyl, cycl oal kenyl, bi cycl oal kyl, heterocyclyl,
or heteroaryl; or has the fornula 10a ; or any two instances of R D
taken together forma 3 - 8 nenbered ring; or R4 and its taken
together forma 3 - 8 nenbered ring; 12.6 is Hor alkyl; 30 Rl is

i ndependent .y {QrBe@%F occurrence H, alkyl, alkenyl, alkynyl,

aral kyl, aryl;, °¢ycl da IZ’yI , cycl oal kenyl , bi cycloal | cyl, heterocyclyl,
het er oar yl sachpf R2@GpRR1.OsRideByridentlyt foricachheruaience M, alleyl,CyryllaraRyl, Syclablkyhr

5, each ofyRl2. d Eﬂg@ ggap}?I f . gccurrence H, alkyl,
aryl, aral kyl, %ﬂgl oa ?(ﬁ'lyi : t’gfé%cyc Iy?‘,heﬁé%aga?%y%ﬁ%y| al kyl ,
het er oar yl Rieos indapspdmamily| fey |cactumecurrence Bl 4lNyd oyl distmnetaplt hytefcopclglaliil,

occur r enceykhxyahkibb, adia¥! or cB@bgyioaryl , heterocyclylallcyl, 5 al koxy,
ami no, amido, or carboxyl. Another aspect of the invention relates to
a conpound r eprihar agpeplofithy intieriion zelates to a cogipond raprsseantad pydermfudy h:

thereof or a pharmaceutically acceptable sg]t thereof; 10 wherein Y

is -C(R10)2-, -(C=0)-, -(C=9)-, or X is, -N1210)-, or a bond; m
represents independently for each oBeyrrepcet0, 1, 2, 3, 4, 5, or 6;
)1 ',--7Thl (R10)2 VI:ILORt O Rs RB
ReRg)
m
14

or an unsaturated form thereof or a pharmaceutically acceptable salt thereof;
10 wherein
Y is -C(R10)z-, ~(C=0)-, -(C=8)-, or -C(=NR0)-;
X is ~-N(R)¢)-, or a bond;
m represents independently for each occurrence 0, 1, 2, 3, 4, 5, or 6;
K 5.
A is ~S(0)-, -S(O)z-, k LN Y| 0R “C(A1Y(A)-;
15  each of Ay and A, is independently for each occurrence H, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, aralkyl, heterocyclyl, heteroaryl, heteroaralkyl, ~C(OYNRio), -C(O)R4q, -
CO2R 0, -5(0)2N(R10)2, -S(O)R 10, -8(0)20R g, -8(0);R1p; or has the formula 14a:

3—-(0(11;0)9—&5

14a
20 wherein independently for each occurrence of 14a;
nis1,2,3,4,5, or 6; and
Rus is aryl, cycloalkyl, cycloalkenyl, heterocyolyl, heteroaryl, -OR g, SRy, -
N(Ri0)2: -NR10)COzR 0, “NR19)C(O)NR 10)2, -CO2R 10, 01 ~C(OIN(R )23 or
is a polycyclic ring containing 8-14 carbon atoms, of which one, two or three

25 ring atoms are independently S, O or N;

20



Ais -S(0)-, -S(0)2-, inw,, or 15 each of Al and A2 is independently
for each occurrence H, alkyl, alkenyl, alkynyl, aryl, cycloal kyl,

aral kyl, heterocyclyl, heteroaryl, heteroaral kyl, -C(0)NRtO)2,
-C(0)R10, - CO2R10, -S(0)2N(R10)2, -S(0)1110, -S(0)20Ri 0, -S(0)2R10;

or has the fornmula 14a: R s 14a 20wherein i ndependently for each
occurrence of 14a; nis 1, 2, 3, 4, 5 or 6; and R15 is aryl,
cycl oal kyl, cycl oal kenyl, heterocyclyl, heteroaryl, -01110, -

N(R10) 2, -N(R10) CO2R10, -N(R 0) C(0) N(RL0)2, -0Q2R10, or -C(0)N(Rto)2;

or is a poly %%hﬂ A, "thifld 1504 £BiR 08 14, %?A?‘Qﬂd @& %E%n t@éetl‘(g? 'vﬁth tﬁé‘ @arbon 10

two or three ring atons are I nde endent N: ~or

t aken t ogetshigh they rar&@ttmheégerr@ra ) %mwn@ysiakéﬁ w'aglépneror\m letgh?éoms are

carbon to “Qiﬁgukggysabqﬂqqtached forma 5 to 8 heterocyclyl, of
whi ch one or two ring atons are independently S, O or N, Bis

- (C(R) 2X) - BlS(-ﬁ@ﬁ*R))ﬁ)' AXEfRe)-pRr mdent |y for each occurrence is

S, - (NRst O} ind@fenalhtiy fBr EM%%&Q@:{%E hys R gRCE: @30 urrence is H,
al kyl , alkenyl al kynyl ,

, cl oal kyl , aral kyl . heteroc C#
het er oary! | '@Flel?f‘éti%‘?tbéfoél'f’ﬂ% OCCBW#*P%S Fo 2l 2lkenyh afiynylaary, élrl%laéalkyl
14b: 10 ( Ah}.te}fdgbr&yﬁh@(er&rﬁ[ br Relerbirdtkly X2} has formula 14a,

R; has the formula 14b;

10

g—(—;r—)——Aﬂ-wmArz—-(xz)r
RioRio/ g

14b
wherein
qis0,1,2,3,4,0rS5;
15 ris 0, 1,2, 3, 4, or 5;
Ar! is a monocyclic or bicyclic aryl with 6-14 ring atoms; or a monocyclic or
bicyclic heteroaryl ‘:vith 5-14 ring atoms, of which one, two or three ring
atoms are independently S, O or Nj; or Ar' is represented by formula 14¢:
—_ %
7
()
20 14¢
Wherein
§is0,1,2,3,0r4;
each of X* and X is independently for each occurrence H, alkyl, alkenyl,
alkynyl, aryl, cycloalkyl, heterocyclyl, aralkyl, heteroaryl, heteroaralkyl,
25 hydroxyl, acyloxy, nitrile, nitro, halide, -OR;;, -C(ONRio}(R.1), -C(O)Ryy,
-COzRyy, -S(ORNRig)R11), SRy, -8(0O)Ry, -S(0)0Ry;, -S{ORRy, -
CENRo)N(R 1 0)(Ri11), or -C(=NR0)(R11); or has the formula 14a;
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
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14b wherein qis 0, 1, 2, 3, 4, or 5; 15r is 0, 1, 2, 3, 4, or 5; Arl
I's a nmonocyclic or bicyclic aryl with 644 ring atons; or a nonocyclic
or bicyclic heteroaryl with 5-14 ring atons, of which one, two or
three ring atons are independently 8 0 or N, or Art is represented
by formula 14c: \ 0(3)5 2014e Wherein s is 0, 1, 2, 3, or 4,

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

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

het eroaryl, heteroaral kyl, 25hydroxyl, acyloxy, nitrile, nitro,

halide, -MI, -C(0)NGE bt Which GRS br t1irEEBHE at independently S, O
-S(O)2N(Rth)(R:-S(O)&?b-ag%%%omf, &Y CJ(;g:aNﬁlmS)ml\iﬁnt%%e?R?ni Sor
-C(=NRi 0) (R11); or h&k the fornula 14a; Ar2represent independently

for each occurrence 8f¢; FRAREVEIRE) J,_gli,m,{i)qoatml; wth 6-14 ring
atons; or a nnnocgcllc or bicyclic eteroar% with 5-14 rin9 at ons,

of which oRejs Huibrgpchadres anbiapghegtadiys opsleembryploatishbeiprasyclyL.oF N X
is a boRd, yiclGodikylk@2has the BHrmuld M&:0)-, or -0-; R2 is H a
branched or unbranched al kyl or_ alkenyl, cycl oal kyl, heterocyclyl, or
5 bi cycl oaRk{d I hsferenslyinketerel Qiaod s5Rio, N1k, -N(ERi)COR1c, -
NR10)C(ON{R10)z, -COzR 0, “OCOzR 10, -OC(O)N(Ry0)z, ~C(OIN(R10)2, halide, nitrile,
nitro, or acylthio;
each of R4, Rsand R, is independently for each occurrence H, alkyl, alkenyl, alkynyl,

10 aralkyl, aryl, cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, or heteroaryl; or has the
formula 14a; or any two instances of Ry taken together formn a 3 — 8 membered ring; or R4
and R; taken together form a 3 — 8 membered ring;

Rg is H or alkyl;
R1) independently for each occurrence is H, alkyl, alkenyl, alkynyl, aralkyl, aryl,

15 cycloalkyl, cycloalkenyl, bicycloalkyl, heterocyclyl, heteroaryl, or ~[C(R2)(R3)]-Ria;
wherein '
tis0,1,2,3,4, 0r 5;
each of R;; and R, is independently for each occurrence H, alkyl, aryl, aralkyl, cycloalkyl,
heterocyelyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl; and

20 Rysis 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):
AY(X?), is represented by the formula 3:

25

wherein

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

each of Ry and Ry is independently H, alkyi, aralkyl, heteroaralkyl, alkoxy, or
30 -[C(Ra2)(Ran)lrRass
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R3 is H heterocyclyl, heteroaryl,-SR10,-N(R10)2, -N(R o) CO2R10, -
N(R10) C(0) N(R1o0) 2, -0O2R10, -00028.10, -0C(0)N(R 02, -C(0)N(R10)2,
halide, nitrile, nitro, or acylthio; each of Rt, R5 and R10 is

i ndependently for each occurrence H, alkyl, alkenyl, alkynyl,
10ar al kyl, aryl, cycloal kyl, cycl oal kenyl, bi cycl oal i cyl,

het erocyclyl, or heteroaryl; or has the formula 14a; or any two

i nstances of Rio taken together forma 3 - 8 nenbered ring; or R4 and
R5 taken together forma 3 - 8 nenbered ring; R6 is Hor alkyl; Rll

i ndependentl, r at kyl,. sal kenyl, al kynyl,

aral l cyl, 139 fﬁﬁgﬁgcycﬁggfék%cgaﬁ%?kgP{E%y%KygfcycloaIkyI

het er ocycl yBBGh ¢ite rOA Ry 15 n@ﬁep Rt P for Rackk ocruzencgih iyl aryl aratkyl, pycloalkyl,
3, 4, or 5; each occurrence
H, al kyl, gf% als’i hl'?{"'?b cyc oal jﬁéerbﬁggtgg?%%%%ﬁcﬁ Oarﬁgt erocycl yl al kyl ,
het er oaryl Reois zn@pén@ﬁaﬁlalfmachamocqiimlm @Iﬁﬂéﬁ"ém@ﬂ{h%ﬁﬂﬁ’ dalkul,

occurreyce ahtox?l 4¥iho sﬂﬁﬂ&b o%&&?lawg L(CRRHELQLN G Wal: | 18 Yihs thele@ta 6a or
am no, am do, car boxyl . he conpdunds described above may
have one oifb nnre of the follomnng features (where applicable):
Ar2(X2), is represented by the fo&wula 3: 25RI B
Ra g Rg \3
Rs R?) Ry 17
p P
6a 6b
wherein

10 pis0,1,0r2;
each of Ry and Ry independently for each occurrence is H or alkyl; and
Ry is H, -ORjo, -NRip)z -NRi1))COR10, -N(R0)C(ONR10)2, -OCOzRyq, or -
OC(O)N(R10)2; B is S; A; and A, taken together form =0 and B has the formula 8:

]
Rg \3
p

15

wherein

pis0, 1 or2;

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

Ry is H, -ORio, -NRio)z» -NRig)COzR10, -NRioJC(O)N(Rig), -OCOsRj0, or -
20  OC(O)N(R;o)z; A and A are each H; R has the formula 11:

3 R13
(1( )s N-Ryq

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

25  each of X° is independently for each occurrence H or halide;
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3 wherein Rigis alkyl, alkenyl, halide, nitro, or am no; each of R20
and R21 is independently H, alkyl, aral kyl, heteroaral kyl, al koxy, or
30-[Cvank2)ffir-23),:1t-R24; t is independently for each occurrence
0, 1, 2, 3, 4, or 5; each of R22 and R23 is independently for each
occurrence H, alkyl, aryl, aral kyl, cycloal kyl, heterocyclyl,

het er ocycl yl al kyl, heteroaryl, or heteroaral kyl; and R24 is

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

het erocyclyl al kyl, 5 al koxy, am no, amido, or carboxyl; Y is -(C=0)-

and X ' S - Nty o@{% 38d ) ?13 nQJeEFUlll&nﬁ?HOElk@p alkrenylesﬁﬁpn)y]hﬁéﬁcyﬂ a&@,thl:ﬁ:aﬁlyl

1, or 2; each of an H{ e enden eac occurrence 1| s
al kyl ; and crgloplkenylbiqyripglkyl, m@ﬁmyzlyl hﬂémkﬂzﬁf@ﬂ)@(@l@ 16( 0) Nat Ob,
-0C2Ri 0, wherein

tis0,1,2,3,4,0r5;
5 each of Ry2 and R,3 is independently for each occurrence H, alkyl, aryl, aralkyl, cycloalkyl,

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

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

H T
Re H Ry \%
R Rv) Re R7
p P
10 12a

wherein

pis0,1,2,3,0r4;

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

Ry is H, -ORjo, -N(Rio), -N(Ri0)CO2R10, -N(R19)C(O)N(R10)2, -OCOzR10, or -
15 OC(O)N(Rio)z; wherein A is —C(A))(Ag)~; Ay and A; taken together form =0 and B has the

formula 13:

T
Ry "“E
p

wherein
20 pisQ,1,2,3,0r4
each of R;7 and Rg independently for each occurrence is H or alkyl; and
Ry is H, -ORjo, -N(Riok, -N(R;0)CO:R10, -NRi0)C(ON(R0)2. -OCOzR o, or -
OC(O)NR0)2; and R; is bicycloalkyl.
The compound may have the structure 2:
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O - OC(0O)N(Rto)2; Bis S; Al and A2 taken together form=0 and B
has the formula 8 RI9( 7K-rk-1 IRg R7 i P 158 wherein pis 0, 1 or 2;
each of 12.2 and Rg independently for each occurrence is H or alkyl;
and Rg is H, -0R10, -N(R10)2,-N(1210)CO21110, -N(R10jC(0)N(RI 20
OC(0) 1Tal 02; Al and A2 are each H Rl has the formula 11: (*3)s Rig
-0C2R o, O 11

(>l<3)s
. pAr2-<x2>r
R
N,
Raw~x” A
- B
3 R
RsRy
m
i
wherein
Y is -C(Rag)z-, -(C=0)-, or -(C=8)-;
5 Xis-N(Rio)-;
mis0,1,2,o0r3;
ris0,1,2,3,4, or 5;
sis0, 1,2, 3, or 4;
il O
g{ ‘.'i ll'-‘t’
. "1 TN(Ryg)2 %7} OR
Ais=8(0)-, -S(O)p-, b 02 | ORw0 -C(A1)(A2)-;

10 - each of A; and A; is independently H, alkyl, aryl, cycloalkyl, aralkyl, heterocyclyi,
heteroaryl, heteroaralkyl, -C(O)N(Rio)z, -C(O)R1q, -COzR10, -S(0)2N(R10)z2, -S(O)Rj0, -
5(0)20R 0, or -S(0):Rp; or has the formula 2a:

BW(C(RW)%—RH
2a

15
wherein independently for each occurrence of 2a;
nis1,2,3,4,5,0r6;
R,s is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, heteroaryl, -OR,q, -SRg, -
NR10)2, -NR10)COzR 9, -N(R10)C(OIN(R 0)2, -CO2R 0, oF ~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 S, O or N;
or A; and A; taken together form =0 or =5;
B is -(C=0)-, ~(C=8)-, O, or S; or has the formula 2b:

5



wherein s is 0, 1, 2, 3, or 4; 25 each of X3 is independently for
each occurrence H or halide; each of R18 and R19 is independently

H al kyl,

al kenyl , al kynyl, arallcyl, aryl, cycloal kyl,

cycl oal kenyl , bi cycl oal kyl, heterocyclyl, heteroaryl, or
-[C(1212) (R13)it-Ria; whereint is O, 1, 2, 3, 4, or 5; 5each of
12.32 and Rz is independently for each occurrence H, alkyl, aryl,

ar al kyl ,

cycl oal kyl, heterocyclyl, heterocyclylal kyl, heteroaryl, or

heteroaral kyl; and R14 is independently for each occurrence H, alkyl,
aryl, heteroaryl, heterocyclyl al kyl, al koxy, .am no, am de, or

car boxyl ;
12al12b 10

10

i5

20

25

30

B has the formula 12a or 12b: 71 R§ R Rz R7 P\/P R91-7<Rl

Ry \é
Y

2b
wherein
DisNorCRyp;
pis0,1,2,0r3;
each of Ry and Rg is independently for each occurrence H, alkyl, alkenyl,
alkynyl, aralkyl, aryl, cycloalkyl, heterocyclyl, cycloalkenyl, or heteroaryl;
or Ry and Rg taken together form a 3 — 8 membered ring; or Ry and Rg taken
together form a 4 — 8 membered ring;
Ry is H, heterocyclyl, heteroaryl, -ORyp, ~SRyg, -NR10)z, -N(R10)COzR 0, -
NR10)C(O)NR10)z, -COzR15, -OCOzR10, -OC(OIN(R10)2, -CION(R.10)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,
OorN;
X2 is independently for each occurrence H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocyelyl, aralkyl, heteroaryl, heteroaralkyl, hydroxyl, acyloxy, nitrile, nitro, halide,
ORy1, -CONRi0)R11), -C(O)Ry, -COzRyi, -S(O)RNRi)Ri1), SRy, -S(OR;), -
S(0)320Rn, -S(O)R1, -C(=NR10)NR10)(R11), or -C(=NR10)(R11); or has the formula 2a;
each of R4, Rs5 and Rp is independently for each occurrence H, alkyl, atkenyt, alkynyl,
aralkyl, aryl, cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, or heteroaryl; or has the
formula 2a ; or any two instances of Ry taken together form a 3 — 8 membered ring; or Ry
and Rs taken together form a 3 — 8 membered ring;
X3is independently for each occurrence H, alkyl, alkenyl, -OR,;, or halide; or has formula
2a;
each of R and R’ is independently for each occurrence H or atkyl;
Rg is H or alkyl;
Ry is independently for each oceurrence H, alkyl, alkenyl, alkynyl, aralkyl, aryl,
cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, heteroaryl, or -[CR12)R43)]-R1as
wherein

tis independently for each occurrence 0, 1,2, 3, 4, or 5;
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wherein pis 0, 1, 2, 3, or 4; each of 12.7 and Rz is independently

for each occurrence Hor alkyl; and R9 is H -O0R10,
-N(RO2, - N(12. 10) CO2R10, -N(11.10)C(0)N(R10)2, -0021t30, or - 15

OC(0) N(R40) 2; wherein Ais -C(Al)(A2)-; Al and Az taken together form
=0 and B has the fornula 13: R8 R7 13 wherein 20p is 0, 1, 2, 3, or

4; each of R7 and Rs independently for each occurrence is H or alkyl;
and RO is H -0R30, -N(Ri 0)2,-NR30) CO2R30, -N(R10) C(0)N(R10) 2,
-0021140, O OC(O)N(R30)2; and R2 is bicycloal kyl. The conpound nmay
have the st¢aghtofiRe: #d Riads indepresidently foseacoRaMeRee H; 4160), aryl,Qkalkyl, cycloalkyl,

heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl; and
Ris is independently for each occurrence H, alkyl, aryl, heteroaryl, heterocyclylalkyl,
alkoxy, amino, amido, or carboxyl.

5 Alternatively, the compound may have the for’fnu]a 4

wherein

Y is -C{Ri0)2-, -(C=0)-, ot -(C=8)-;
10 Xis-N(Rio)-;

mis0,1,2,3,0r4;

sis0, 1,2, 3;

each of A, and A; is independently H, alkyl, aryl, cycloalkyl, aralkyl, heterccyclyl,

heteroaryl, heteroaralkyl, -C(O)N(Rig)z, -C(O)R10, ~-COsR 5, «S{0)2NR0)2, -S(O)Ryq, -
15 8(0)20R;q, or -S(0):R,¢; or has the formula 4a:

gm(C(RIO)a— R15
4a

wherein independently for each ocourrence of 4a;

20 nis1,2,3,4, 5, or 6; and
R.s is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, heteroaryl, -OR4g, -SR g, -
N(Ri0)2, -N(R10)COR1g, -N(R10)C(O)N(R10)z, -CO2R g, or ~C(O)N(Ryo)z; or
is apolycyclic ring containing 8-14 carbon atoms, of which one, two or three
rring atoms are independently S, O or N;

25 or Aj and A; taken together form =0 or =5;

Bis O, 8, {C=0)-, or -(C=8)-; or has the formula 4b:
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5Xis -N(2.10)-; mis O, 1, 2, or 3; r is O, 1, 2, 3, 4, or 53 S

0, 1, 2, 3, or 4, 0 7N (R10)2 VIILDRL Ais -S(0)-, -S(0)2-, "~A"' , or

10each of Al and A2 is independently H, alkyl, aryl, cycloal kyl,

aral kyl, heterocyclyl, heteroaryl, heteroaral kyl, -C(0)N(R10) 2,

-C(0)Ri 0, -02R10, -S(0)2N(t10)2, -S(0)R10, - S(0)20R10, or

-5(0) 29.10; or has the formula 2a: --(Cat O0+R 15 152a wherein

I ndependently for each occurrence of 2a; nis 1, 2, 3, 4, 5 or 6;

- R15 is aryl, cycloal kyl, cycloal kenyl, heterocyclyl, heteroaryl,
-01210, aio, - N(R10)2, -N(Rio)C12.10, -N(Rw.c)C(0)N(R 0)2, -0C2R10,

or -C(0O)N(R10)2; or 20is a polycyclic ring cqnt ai ni ng 8-14 carbon

atons, of which one, two or three ring a R?rie I ndependently S. O

or N; or Al and A2 taken together form =0 \Bs pS;
4b
wherein
D is N or CRyp;
5 pis0,1,2,3;

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 -~ § membered ring;

10 Ry is H, heterocyclyl, heteroaryl, ~ORq, -SRyg, -N(Ri0)2, -N(Ri0)COsR g, -
N(R16)C(ON(R 10)2, -CO2R0, -OCO2R;0, -OC(OIN(R10)2, -C(O)NR10)z,
halide, nitrile, nitro, or acylthio;

Rg is H or alkyl;
each of Ryz and Ry 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;
R6 is H, alkyl, alkenyl, or OR,; has the formula 4a;
each of X> independently for each occurrence is H or halide;
20 Rygis alkyl, alkenyl, halide, nitro, or amino;
each of Ryo and Ry, is independently H, alkyl, aralkyl, heteroaralkyl, alkoxy, or
[C(R22)(R23)]-Ras;
t is independently for each occurrence 1, 2,3,4,0r5;
each of Rz and Ry is independently for each occurrence H, alkyl, aryl, aralkyl, cycloalkyl,
25  heterocyclyl, heterocyclyl_alkyi, heteroaryl, or hetercaralkyl; and
Ra4 is independently for each occurrence H, alkyl, aryl, heteroaryl, heterocyelylalkyl,
alkoxy, amino, amido, or carboxyl.

Specific compounds include those shown below:

28



Bis -(C=0)-, -(C=S)-, 0, or S; or has the fornula 2b: wherein Dis
Nor CRo; 5pis 0, 1, 2, or 3; each of R7 and Rg is independently
for each occurrence H, alkyl, alkenyl, allcynyl, aralkyl, aryl,
cycl oal kyl, heterocyclyl, cycloal kenyl, or heteroaryl; or R7 and Rg
taken together forma 3 - 8 nenbered ring; or R7 and R8 taken
together forma 4 - 8 nenbered ring; 10RO is H, heterocyclyl,
heteroaryl, -01210,-N(R10)2, -N(Ro)CQ2It10, - N(Ri ci)C(0)N(R10) 2,
-0O2R10, -00021210, -0C(0)N(R10)2, -C(0)N(R102, halide, nitrile,

nitro, or acylthio; A? is a non lic or bicyclic aryl with 6-10
ring atons; or a nonocyclie or bi ic heteroaryl with 5-14 #4Tng
atons, of whkiegh one, t@&j FTed ring atons are | 15
0 or N, X2 ind pemaefithy forneach~or : 9 ,
al kynyl, aryl] &yc | Bd ,~het erocycl yl

heteroaralkyl, hyd yl, , nitrilile, , e
-C(O)N(R [Ca] -C(0)RPH-02R11, -S(0)2N(RI0)(RI™%), 8RIN0:SPA 1, -,

S(0)201211, -S(0)2R11, -C(=NRON(Ri2»R 0, or -C(=NRici)(R3 1); or has
the formul a 2a 20 eac i 0 IS i

of R4, RS Rio is independently f each
occurrence I kyl , @ (N yn%l , aral kyl , I, cyclo ,
cycl oal keny LCYE o @J e oCyChy or get e ; asrL t he
fornul a 2a ; jor Nany "hwo~ ' @] 8

ances of RiQ_takien f qjma“S -
menber ed rlng, or and Rc;aken toget Her fif o

3" nenber ed
ring; X3 is independ¥®t |y for each occurrenee ™ al kylNo:al kenyl
-ORIl, or halide; or has formula a;, each of Rand R is

i ndependently for each _occurrence or aIkyI R6 is Hor alkﬁlﬁ R11
kyI al kynvi ,
'ﬂal N N

i S i ndependgnt]y éor ﬂﬁi Or I ¢
R12)( " , 63 réint is

aral kyl, ary gt Oa
het erocycl yl ] h#§ r yk., [
opence 0, 1,

i ndependently for h occu
ﬁ‘\—@\’u “
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each of | ku and R13 is independently for each occurrence H, alkyl,
aryl, aral kyl, cycloal kyl, heterocyclyl, heterocyclylalkyl,

het er oaryl ,

or heteroaral kyl; and R14 is independently for each

occurrence H, alkyl, aryl, heteroaryl, heterocyclylal kyl, al koxy,
am no, arnido, or carboxyl. S5Alternatively, the conpound nmay have the

formula 4 4 wherein Yis -C(R10)2-, -(0=0)-, or -(0-"S)-; 10 Xis
-Naio)-; mis 0, 1, 2, 3, or 4, sis 0, 1, 2, 3; each of Al and A2
is independently H alkyl, aryl, cycloalkyl, aralkyl, heterocyclyl,
het er oaryl , hﬁt eroaral kyl, -C(0)N(12.10)2, -C(0)R 10, -0021210,

- S(0) 2N( R10 -S(0) R @

formul a 4aj,.

| ndependent g é @ i

and R15 is aryl Sycl iﬂéﬁ&“ '

N( R10) 2, -N( RlO) COZFQ!LO -Nf Ri"o) EN( Rt"&)Z -002810, or

4a Fhefr eiln

I's S(0)20R10, or -S(O)ZRf or has the
§“4 5, or 6;

ocycIyI het er oar yl ,

- OR10, -

-C(0O)N(R10)2; or is a polycycli c I ng containing 8-14 carbon atons,
of which one, two or three ring pns are i ndependently S or N, 25
or Al and her &orgh 50 or =S;

10

15

20

A2 taken ta@
SN
"'h’ &

S,

Methods of the Invention

One aspect of the present invention relates to a method of treating a Bcl-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 Bel-
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 Bcel-mediated disorder is cancer or
neoplastic disease. The cancer or neoplastic disease can be selected from the group
consisting of acute leukemia, acute lymphocytic leukemia, acute myelocytic leukemia,
myeloblastic, promyelocytic, myelomonocytic, monocytic, erythroleukemia, chronic
leukemia, chronic myelocytic (granulocytic) leukemia, chronic lymphocytic leukemia,
polycythemia Vera, Hodgkin's disease, non-Hodgkin's disease; multiple myeloma,

Waldenstrom's macroglobulinemia, heavy chain disease, fibrosarcoma, myxosarcoma,
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Bis O, S -(C0)-, or -(CS)-; or has the fornula 4b: ROD 4b

wherein Dis Nor CRio; 5pis 0O, 1, 2, 3; each of R7 and R8 is

I ndependently for each occurrence H, al kyl, al kenyl, al kynyl,

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 nmenbered ring; 10RO is H, heterocyclyl,
heteroaryl, -OR10, -SR10, -N(R10)2, -MR10)CQ2R10, -

N(R 10) C(0) N(R. 102, -0021210, -0a:12R10, -0C(0)N(R10)2, -C(0)NR10)2,
hal i de, ey itr hi o |: kyI ea

re 0o 0 bRl [ D BroBEAl Ga el ol bhorapmac2Clgibarooms,
aral kyl , cymdcobdiioyirpor&&het}@mi@yﬂbwcortmt eb’b@@ﬂg@@ldkwhommarmwmma
or heteroa I :
aryl et opsbpionth el ARG 18 i im s AR RGBSR, Folof &itinoma,
car boxyl Ra@:T¢aic Han@r,k@rpast adricen yolvarigy caDFar] propigte qaneerf %qwmoas gell carcinoma,
each of s X3basaf PaAaRbIY, {RhoBAGHORE SWeESNER dadcihbilh, RBAOES p1Z AR Hoihsma,
al kyl', al ke e, nitro, am no; each ?

i ndependenparyllﬂy catmr}qma.a?aaﬂl@yy admp@rﬁ@ama% I@}qden@ﬂamwna dﬁeduﬂaw carcinoma,

-[AR22)( Rgt?b)nlﬁcégg% carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma,

choriocarcinoma, seminoma, embryonal carcinoma, Wilms' tumor, cervical cancer, uterine

cancer, testicular tumor, lung carcinoma, small cell lung carcinoma, bladder carcinoma,

10 epithelial carcinoma, glioma, astrocytoma, medulloblastoma, craniopharyngioma,
ependymoma, pinealoma, hemangioblastoma, acoustic neuroma, oligodendroglioma,
meningioma, melanoma, neuroblastoma, retinoblastorna, and endometrial cancer.

The cancer can also be follicular lymphoma, diffuse large B-cell lymphoma, nantle .
cell lymphoma, 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 embaodiments, 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 mammeal, preferably a primate, more preferably a human.

Pharmaceutical Compaositions

25 In ancther 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 liguid 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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t is independently for each occurrence 1, 2, 3, 4, or 5; each of
R22 and R23 is independently for each occurrence H, alkyl, aryl,
aral l cyl, cycloal kyl, 25heterocyclyl, heterocyclylal kyl, heteroaryl,
or heteroaral kyl; and R24 is independently for each occurrence H,

al kyl, aryl, heteroaryl, heterocyclylal kyl, al koxy, am no, am do, or

car boxyl . Specific conpounds include those shown bel ow 5 Met hods
of the Invention One aspect of the present invention rel ates
to a method of treating a Bel-nediated disorder, conprising the step

of : adm ni steri,n atient, in need.thereof u i?
298

of fective Eiroumie turnSuBsht R PERR R REls P opidE RS by cxampte,

r
t her eof asaeedbrsolhamnald @usepcnhm a:msudmnechmﬁma formhkatipn;d$ ¢ itpidahmepdicatom, for

relates to a thod of treati a_Bel r
Compr | o1 ngePRPErag e SRS oBs PRy isC 5 BAEH of pEL Biied o ot
t her apeut i tadalvygiedlfyemt mu-ereataﬁu,nfor@kamplch@rmpmMpaaammranant E) rsubhngua“y,

compount ol s T BRHRA 1 hafiiyPEh plfp RIS () s ERERERTC ©
above. In cert aiforenbtdineiihs pofsert invetion spdute, thOSveEUBeblerfetdm‘ah @dsal, topical
Qi sorder | 8nGRAGE hudkal gjp?@n&%@&l%ggcgms S8l a}{aﬁo BREREraPooRERLASA | OThe

di sease ca rom SIS acut e
acute | ynpfmqatatwn* eukmnaemattmlee myedntﬁ@lymmtl @umﬁoam andenaba grepared by

pronyel OCy meibal WEF{ Iy QL&kk %@a@hvccﬂ%&'aleﬁt which

| eukem a ronic ng ocytic (granu C tIC? | eukem a, chronic
| ynphot§/t i mayeukeﬁm me@dwlwt pETcE mréfml tojquedich’ & smgﬁég%,a,ge form will vary

non- Hodgki Berinding QRR thd st bBhg tA4eh OB particular mode of administration. The amount

of active ingredient which may be combined with a carrier material to produce a single

dosage form will generally be that amount of the compound which produces a therapeutic
effect. Generally, out of one hundred per cent, this amount will range from about 0.1 per
15 cent to about ninety-nine percent of active ingredient, preferably from about 5 per cent to
abont 70 per cent, most preferably from about 10 percent to about 30 percent.
Formulations of the invention suitable for oral administration may be in the form of
capsules, cachets, pills, tablets, lozenges, powders, granules, or as a solution or a
suspension in an aqueous or non-aqueous liquid, or as an oil-in-water or water-in-oil liquid
20  emulsion, or as an elixir or syrup, or as pastilles, and/or as mouth washes and the like, each
containing a predetermined amount of a compound of the present invention as an active
ingredient.
In solid dosage forms of the invention for oral administration (capsules, tablets,
pills, dragees, powders, granules, trouches and the like), the active ingredient is mixed with
25  one or more pharmaceutically-acceptable carriers, such as sodium citrate or dicalcium
phosphate, and/or any of the following: (1) fillers or extenders, such as starches, lactose,
sucrose, glucose, mannitol, and/or silicic acid; (2) binders, such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia; (3)
humectants, such as glycerol; (4) disintegrating agents, such as agar-agar, calcium
30  carbonate, potato or tapioca starch, alginic acid, 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; (N

wetting agents, such as, for example, cetyl alcohol, glycerol monostearate, and non-ionic
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20 Wal denstrom s macrogl obul i nem a, heavy chai n di sease,

fi brosarcoma, myxosarcoma, |iposarcom, chondrosarconma, o0steogenic
sarcoma, chordoma, angi osarconma, endotheli osarcoma,

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

papillary carginese) &ﬂ,énesr ¥u@fRNeRRh %H%'Eﬁﬁmtébﬁ?e Q@brédaf@Buch as talc,
medul | ary carci noma, ® bronchogeni ¢ carci noma, renal | car.ci noma,

hepat omm,  Iselctimy ﬁ@ﬁf%rféﬂ%ﬁ!ﬂm sRetco 6Uik PR REY R rﬁlmiﬁa sodingy (aRd | sulfate,
car ci noma, Wl SiBirath, WoB{um %ﬁx\éiec Hea$ARSE rand%i&fdr&eﬂ)@l%a 1) dcbSrinigCallenfs; and

tunor, lung carcinoma, small cell [ung carcjnong, g car
to epit he%iBI comiiollpdh GpigeseRaeBtRRSIch S, eSROBIdane r?étﬂgﬂ ﬁf ‘élé’?eoné" "the Gase of
crani ophar y.o0h,0aB bR R PIERthePpHARALRARoal REABHALSN MEY QM8 cotpids bluffering

neuroma, ol i godendroglionma, neningi oma, nel anona, neurobl astona,

retinobl ast28#HS: and endonetrial cancer. The cancer can al so be
follicular | yrrph@,gaabzétgf&ﬁ&ﬂhér%bﬁ@d&ag@fdnﬂswﬂ{wﬁﬁmmﬁba c6@bbsitions of the
| ynmphoma, chronic | hoc tic | eukem g of aéﬁte ncer, brea?1 d
cancer, nelrEEIARYSINGD, RGN 3F SraBESS: CRTHEMEETS i Y optignslix b gggred or

hepat ocel | Wrélardaan £ Mgs and dhieNk,Quély &l eatic doatitksand ottee koa@ilhgs well known in

testicular ca n certai n nbodl
bver - ol cdSER e gy P ARy THEY G aRAGR O TROACA SRAF Pgidefiow or
f olr growt h caﬂﬁdolmrxﬁlt;ﬂ? of thé ectBelﬁng"edibetl thexemr”]usbtg, f&r. exampBe by@opypropylmethyl
Bol -xL. In er emodLnents, the cancer exhi |ts
chr ormsorral“elﬁ‘pﬁ‘?‘l”s b AP ProyTianReto BIRY S né‘ ‘geﬁlrﬁ f elggse Pm? ffper polymer
par ent er al Inyatrices} I:pcmoﬂmu landioy mwmnylmmn myynayshmmmmduﬁot yapubrﬁd:dsg,, e.g.,
pulnonary Jtrat t QI S Ml e otaing
D S BAECB e GPLEAI 9] o WL ABRSAcon o Bl gning
enbodi ment ﬁ‘ﬂtet' vz hydtcweporatisg atenamnglagerm wf tbc &gty ofsteni Iprmh@ compesétions which
preferably o bl Biko kDR HIRERN badh, SOURASLIEL B3I I QANC IR fun? iR Chintely
y accept abl e

t he present PhventTon provides phar maceut rca bl
conposi t i oreforhiredh Temsp compositioisenagpaien sptidnally eériteotapeciiing agrtsofndgnay be

: ,
oneor ror & RaFRERAUTIR: iEPCULAE AR Emat AN T, (hORELRRlAl s cortan
di | uents. Asrtihes of i the dzastioigiestdndl fasct.onptianally.p irarendeleyrd eegnner.  Examples of

conposihi ongkigih oﬂb@ﬁﬁ&ﬁ&; WiRYE H{a(\j BB ubRYinbGas B@I%l@hl: ¥ulfsRinEeY Al QﬂgaxfeQ MThe

&
30 admnlstratlogln SO d for I ncl tdi ng those adapt ed
for the folacdvd ingredieps cen also é?érﬁi mlerpre&ﬁpeh ateﬂcfprre-xléﬁpmpﬂereew% £8¢ or more

(aqueous orofmbgqggggégbgyg*&%gﬁ@ or suspensions), tablets, e.g.,
those targeted for buccal | i ngual , and system c absorpti on,

bol uses, powder $1a¥f FAosrass forpasior §r¢1 oﬁd“&%‘ﬁlfﬂ%t Pothet @mwn% Rge igvsption
parenteral iR pBAfRE&RRlY QbcepRbMTRINAISIAY, HliR6bLARRAYSsolutions, suspensions,

|ntrarmscular |ntraven U ,l‘ epl ur al |njet|o r ex

steri | @5solSHHuPs AR FITFs Hn % e§ﬁ%‘fedf18ﬁ$ 1€ quglgglc;g?q?ﬁfg}qnamay(ogytam
t opi ca: | agﬁﬁérﬁaﬂmﬁﬂs c&m;]nomga[rwdem ) al;'tlt @gaaas fot R_iaRple, w@fer ar other solvents,
controll ed-r ase patch or, s appl i to t

o hvngt aPl B REMT G PR RER” ple at cethls aBengll alarboryy dlegiol ethy
foam (5) &uﬂiohﬂg,uemyyaceﬁa(t@)banzﬂl :aedhp; l(eﬁ):yltﬂe@ﬁﬁﬁi@rp’mbjdyne g@}col 13-butylene
nasal |l y; i ntrat

It s oY Ry SR R phri e HoRE: SR @i Eogp Sliver ey o fapgapis)
(i ncl udiong ghyvesa tetraity/dsafhiyl atpoadl) polyethylahe glyaols aad fatycdichi espas efdoebisin, and
adm ni strati.o rrul ations may conveniently be presented in

uni t dosagémf‘g"lr?%tgerao y be prepared by any nethods well known in the
art of phar macy Phaheacantiashtomposiiders\od thin grveotienduitabledhr f0entap] iministration

comprise one or more compounds of the invention in combination with one or more
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Formul ati ons of the invention suitable for oral admnistration may be
in the formof capsules, cachets, pills, tablets, |ozenges, powdlers,
granules, or as a solution or a suspension in an aqueous or

non- aqueous liquid, or as an oil-in-water or water-in-oil I|qU|d 20
enul sion, or as an elixir or syrup, or as pastilles, and/or as nouth
washes and the |ike, each containing a predeterm ned anount of a
conpound of the present invention as an active ingredient. I n
solid dosage forns of the invention for oral adm nistration

(capsul es, p%%gmgé ma Lléc% taffeAi6 2 uso@ﬂ}fgQﬁlﬁaougﬁﬁﬁﬁﬂaﬁﬁeouﬁ%lﬁiﬁgﬁs, Anersions,
the |ike), e P rent 1s mxed w one or npre

phar maceut smbmsyomcenpmiﬂlwsc@r ryiesile PoNGers a@lc@oﬁmﬁ e FeceRBtifutgd into sterile
di cal ci um H'Q zﬁ&?@tsglutlaﬁkd Iofhsﬁtf}é’loﬂg JLISPEHBP td Q3 Rahich( fhhy fdohtall Suglfs, alcohols,

ext enders, as starc act ose, sucrose, gI ucose, nmarmte],
and/ or si | ptiaxidentsg buffons, baqtmgs@ts §g]@pesaghlctf gﬁn @X@ﬁﬁp@qulatmn 1sotomc with the

car boxyget gydoﬁ%lf i 1H§.:ﬁdecﬁle Rt &Ssus?éhldﬁ{g' d? thlgﬁgIIYﬂﬂ dB¢hispyrrol i done,

sucrose and/or acaci a, unectan such as glycerol; (4
di si ntegrating aeast gomgq;g,tppngsmag aﬂ\l&oa@@}tamcgje\{aaﬁ] sugh %%Pf?éﬁ‘é’f"‘é"es’ wetting

potato or ta%m QC@mﬁs@fyﬁ@’ ?Lx&b Nhtd aGibgbesis@r 43h8. Sli’ie@réﬁtﬁﬁ AN hes QRGN of
carbonate; (5) solution ar di n%&a gents, such as

absor pt i onTHEEaTEaRES r‘§’°“ s'f‘ER: FUBIECT GompayR(ls r“)'*ayah‘?‘rﬁ‘i‘ﬁ“g?‘i{ € Fﬁ?o’&?ﬁlgj‘?)oﬁ 94 various

surfact ant §ntﬂ§dd€éﬁaﬁ§1d3é?xlnﬁii%ﬁ!3igeﬁféﬂfo$ Qerhile, Riddtich, m&rbwenouﬂ)enmmowm goid,
agents, such_as, for_exanp]e, cet al COhg‘dﬂg%&‘# cerol tear

and non?i oANd theslifre ol mpy also bg)de: ¢ BRHE l%lg‘g?fléfjlﬁ" éﬁ&“gm ‘sodium
bentoni te ghiayide, (&:)d tHebTlkeC Bitb She eumboﬁsoﬁsal m additich upsmmnged abmrptmn of the

Ul Tat e, s e EATe BbameRen A L ol o BrooFCafting SR MelRdbiof ety which
t heLeof o a@lhy@Eggelmdagsuagemhhllamnamflnl(oiﬂsteﬁaatanmgélem reI ease agen]t s

such as crospovidone or ethy u of

tablets and pil k"ésc"flﬁé’a 88{1{ i R ongotﬁ%gffgﬁqlogr?séﬁ a l$dg&%§%ptr%?%%w the
buf f eriing apeiption of the thg frab| sbsytazands otheutrasmsmﬁiardm@genf offivs why be
t he pharnaceuti Qsition

dr agece, | capetaereERy P kP B iR eRaRbh S et ME bl e Bl having
pr epar ed \Mpbhr eazt isnigbiland ’Ehedatesof dzsotptfas cefrtherdmg tk@atdengsﬂsamndﬁh@te of
coati ngs 0t p C a

may also b ISF Dl%ggﬁh%ht omag&'fl oqg%%wg%d W or%%t %%? S-erggﬁée oform
the active Alwg:aedalerndeiam%smugm afa Pﬂl@ntet&lamhemslmﬁ@rm& &Tt&p‘? lapglished
cel | ul %eoltbﬂe &5%'@%:@5%9 %lédrhg iPhPYH Jentibe desired rel ease

pr of i osones andkr m crospheres. They
nmay be f or mul at defeftable rdamtcfom @awdeéygommgéezesm@éﬁe TESEs %%%lblecf

sterilized QIY) s 130 ea daf:!elﬂcf]ﬁhéz@@.u&}h%Qﬂgﬂla%n@@ﬁ&l?%ﬂyaoﬁ&t aDB;beﬁhﬁmg on

&
15 filter, B I ncorporating steril |2|n%§a ents int

sterile solthﬂfaéeﬁﬁé'é‘%& TPd?‘i%yTWﬁ al theyapies ot e priEElar ROYMST FW@WWE@ dpe rate of
or some ot gy %éles{sbl Bial e 6bRRIIRAITE BixbkihicBTBTdb R EL bib doghoiife Hﬂ&ﬁﬁude
conposi tions ma al so_optionally._ cont e‘Bn opaci flﬁ ?g agaﬁpt S an mag/ € b

of a ceﬁpoep%yl(‘eﬁmeﬁsf@ epbpoly@anakdiseph Depof Frjestathig PR ETFpS e m reggyed by
preferenti ahir¥pingdithe degs iﬁﬁipﬁscﬁﬁéstdﬂﬂcﬁfenﬁ%r@&ﬂﬁﬂﬁh@b&&bhﬁtﬂé withdoly tissue.

optional ly, in a del ayed n npl es . of fO enbeddi

Composi ti ons whRIPHA{PEE T B PRIEF I por el PUMEIAIGHSR S68 cgpound of this

waxes. The paghtive 1hﬂgﬂ£ Qioﬁrﬂérsp aflra&‘s S &nﬁﬁcdtﬂ e Ocﬁamap $dvtioalts ,£gdelf,0sdlutions,
if appropriat desc

b
Li qot 8 QoS AP HRRRREy T AR ToSPaTE G "TRE PO TR Cr e vith 2
i nventison iphadmideutitailymecptible ahﬂripr,amﬂepﬂithbd:@ p:reslérsatbms,, buffers, or propellants

m cr oemnul si utions spensi 25 s up; el i
i 1 on« 0 ERLmRERP gty S BARSER Farn i B EE o dhidy, hlasiton o
cont ai n i neatactlvé venpsurclositbid pvers®d, excipibgs.anth as laninnaasapdfvogetable fats, olls,
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5 bl ood of the intended recipient or suspending or thickening agents.
These conpositions may al so contain adjuvants such as preservatives,
wetting agents, enulsifying agents and dispersing agents. Prevention
of the action of m croorgani sns upon the subject conmpounds may be
ensured by the inclusion of various antibacterial and antifungal
agents, for exanple, paraben, chlorobutanol, phenol sorbic acid, 10
and the like. It may also be desirable to include isotonic agents,
such as sugars, sodiumchloride, and the like into the conpositions.
In additi R egr ﬁér%fﬁ@dstmﬁoﬁg i?%hoéciﬁmc'd@heﬁfv@m ﬁo]ﬂ@ﬁﬂ%@l?&dﬂ@%lhcon%
form may be rotight abou e I nclusion of ents whi ch del ay
absorpt i oan;ttmhteassﬂmmmlﬁdﬁhcmﬁégﬁé‘&d&t‘é‘@‘l’i&“ gPh. In sone cases,

in order to pr &?% A cufhUth dlcitdn§t61%5b61ﬁ 1hdt 6F ﬁlx@\ihxtehﬁon,
15 absorption 8# %ﬁ ?rorr? su cut aneoﬁs lc;r |ntrarru§c%: I

i nj ect i on. exFinientssyclbas éa,cm?pFailfsrﬁeleplwclfihéfu&%mathé“?’i’% ﬁ%& pilifefeg pnd

of crystal {?dlgu[mfae ePhQ{"StmEER{r@J b@khéaavsusgarmr YFbgy c&plauambhilw contain
The rate o DSOr |ono the d rug ﬁens upon its rate

di ssol ut i opustemashi, propcHantn, svely - aaef}tlﬂw poRydpgabans and o valatie Uhsubstituted

crystalli fyd E@%a@%ormu%a%ﬁ%ﬁémﬁaﬁﬁ%ed absorption of a
parenteral I'y-adm

ni st er ed formis acconplis 0

or suspendi ng t Fengrergal patelies dave (e Afdqdeadvanipgsq P\é‘%ﬂlgﬁ%?tr?lgﬁﬂﬁienﬁ?rg ofa
made by fo dmgmm d&*t@@rﬁ‘r@&%ﬂh@eﬂﬁéﬁ ke €5 DAyt hSu&ulapexgh fanpanydse imde by
bi odegr adabl € pol yners "such _as ﬁﬂ?Ctlde | y col i Q?g ng N9< can
on t hel® at fissadying o G1SPETSHIA ghﬁéompa fhihe u‘f‘héglﬁ)sgm Y- tsaddl
E)?l ynFr e”fPEE&?ﬁ(ﬁse% ReinkcAdate Oie ﬂﬂi’xugf he |c6ﬁ1%6umf’flycrh@ he Isklhol Tt&fi‘ﬁ.te of such flux

anpl es of ot her | ners i nc or
and pol y(afByds gegel Beglﬁ%te‘tg %af@lt‘?‘rﬁ?'ﬁ:fﬁg "g %’? %8 pr i’tﬁg’?n the
by ent rglppbgigpghdﬁg 1ﬂa|¢g1ynﬁbrlmmﬁeﬁ§a or m c][ oerrthS| ons which are
conpatible wit ody tiss or et C
transder mal adnf ‘Pﬁ“gﬁ‘?‘ éf’c’ﬁso"r‘feg?DghaE‘g‘ ﬁﬁ%s%?nptoﬁ‘fhg n r?\%giﬁ 316%3%%1?113 for geotal or
powdﬁr $5 sggga,yd;],?dﬁnﬁigm_rh;s mayabé qssqsexﬁedsam sdppbsrmrg wialhs may dleupiepnsd by
pat ches and,i,nhal ants e acti X
condi t i ons™k¥iPH °4° £5 %‘Pf&ﬁ?ﬁtpé’af‘ c ﬁc &7 1%6“2 heo%%lfné %g)rr yg&l BIeSﬁ&LHtﬁmg
any preser yafipiests, o dbdiers compriging &l ammpmmmanhyttdae nolaqﬁwi@d giveed, a
oi ntment s astes, creans ,
active conﬁ'&?ﬁﬁf N AG IR ﬁgﬁ?%bﬁnd Pg?g&r% rgc%}g ﬁé\ggérﬁtlu%" bflphﬂ'gd at body.

veget abl e faipRratoiel s, therefore, will melt in the rectum or vaginal cavity and release the active

20 compound.
Ophthalmic formulations, eye ointments, powders, golutions 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 used in a suitable hydrated form, and/or the pharmaceutical
compositions of the present invention, are formulated into pharmaceutically-acceptable

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

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

reference to the following examples, which are included merely for purposes of illustration
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waxes, paraffins, starch, tragacanth, cellul ose derivatives,

pol yet hyl ene glycols, silicones, bentonites, silicic acid, talc and
zinc oxide, or mxtures thereof. Powders and sprays can
contain, in addition to a conpound of this invention, excipients such
as |lactose, talc, silicic acid, alum num hydroxi de, caIC|unts|I|cates
and 5 pol yam de powder, or m xtures of these substances. Sprays can
additionally contain customary propellants, such -as

chl or of | uor ohydr ocarbons and vol atil e unsubstituted hydrocarbons,
such as b Lﬁfad'éﬁaﬁ%p Bdt9 pah émbodiments Df ahs presem inveation emd hay sott inendeltiedimit
advant age rovi ding controlled delivery of a conpound of the
present in éﬁfewﬁxto t he body. Such dosage fornms may be made .by 10

di ssol ving or dispersing the conmpound,jn, t proper nedi um

Absor pti on enhancers can al so be usedgtuigggrease the flux of the
conpound across the skin. The at e of such flux may be controlled by

either providing a rate contr g Qﬁpne or di spersing the
conmpound in a polymer matri Xm 2N QL the

phar maceuti cal conpositions of 't[j3 : or 15 vagi nal
adm ni stration may be presented as.é'QUpoa.|tory, |ch may be
prepared by m xi ng one or nore conpounds of the invention with one or
more suitable nonirritating excipients of carriers conprising, for
exanpl e, cocoa butter, polyethylene glycol, a suppository wax or a
sal i cyl at e£2dd which is solid at room tenperature, but liquid at
body. tenperature and, therefor@d wll st in theomectum or vagi nal
cavity and rel ease the acti P& npound. . ©H¢ hal m ¢
formul ati ons, eye ointnents, p ers, solutions a he |ike, are

al so contenplated as being mtthhn the scope of thig invention. Wen

the conpounds of, %’Q&ﬁ 5§g§&;en8py ﬁj’sb ,-{2% ‘ uoiiquqgtxﬁbﬁﬁ% APE) at D °C was added

-

phar maceut i cal s unmans an iven se or
as a phar nis8uil 3¢ arg,chaposiohi ba eﬁBf@m@l [V %GI 8P L@*a‘h‘élf@mob 145 ©g). The

9% ( nRir e ﬁgrﬁfoﬁrrﬂﬁhﬁe vJaQ sliffed Qt/gt f&f 286 bhy fheh Qﬁ&ﬁ:‘i’;h@ With' \ﬂatﬁto nﬁﬁer‘xﬂ{)dh%@ was

a pharmaceutically acceptable carrier. | ess of

r out e of adfited withEtDAn and|weashedgwith Meates Gredriten bring: & e gplatigyvas dﬂed over
i nvent i on, nR; Y R dé%@gudafbdato abtbidPRsan BYoad)ad chelBroctRed.or the
pharnaceut conp05|t|ons of the present 1Tnvention, are formul ated
into pharnﬁﬁﬁiﬁlcatly accept abl e 30 dosage fornms by conventlonal
met hods known to those of skillomen the art. Exetwpli fomeati on The
i nventi on now bei ng gener al°f® briﬁﬁﬁm'“?mWﬁll e readily
understood by reference to th ol | om ng exanpl es, ch are included
nmerely for purposes of illustra&tion 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 stirring for 2 h another portion of sodium cyanoborohydride (381 mg) was

added. After stirring for a total of 16 h, the pH of the reaction mixture was brought to 7

and DCM was added. The mixture was washed with water (three times), brine and then

25  dried over MgSQs. 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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of certain aspects and enbodi ments of the present invention, and are
not intended to limt the invention. Exanple 1 51 Part A 23

To a solution of phenol 2 (750 ng, 3 mol, 1 eq) in Ml (5 nL) at 0 C
was added NaH (130 ng, 3.6 mvl, 1.2 eq) followed by Mel (280 j.tL,
4.5 nunol, 1.5 eq). The 10 reaction m xture was stirred at rt for 24
h and then quenched wth water. The m xture was diluted with EtOAc
and washed with water (twice) then brine. The solution was dried over
My304, filtered and concentrated to afford 795 ng (100% of crude
product 3.,Part B 34 15 Al dehyde 3 (795 ng, 3.03 mmol, 1
eq) and h¢%¥g§;lanine hydrochl oride (253 ng, 3.64 mmol, 1.2 eq) were
di ssol ved i n THF1Me (P2, 10 mip. Water (2 nl)wesas<added’8nd the
pH was adjusted to 9 w .0 Ne v The—reacti on mxtwye stirred
at rt overnight. After h, sodi @m cyanobor ohydri de (331 6. 07
mol, 2 eq) was added 4 8

A solution of hydroxylamine 4 (705 mg, 2.53 mmol, 1 eq) and methyl glyoxylate
(445 mg, 5.05 mmol, 2 eq) in benzene (15 mL) was heated at reflux with a Dean Stark trap

i

5 overnight. Excess solvent was removed under reduced pressure and the resuliing nitrone 5
was taken on crude in the next step.

Part D

QMe OTBS  TijoPr,
Maojr\\\ﬁ i U f M
o éb Mo
5 3

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

10 11/156364, filed .:fune 17, 2005) (820 mg, 3.79 mmol, 1.5 eq) and Ti(OPr)a (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, EtCAc 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 (5:1
hexanes/EtOAc) to afford 575 mg (43%,) of lactone 7.

Part E
(Q\i HF/pyridine : HQ\!

D,

M

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 nnder 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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20 followed by a crystal of nethyl orange. The pH was adjusted to 2
and the resulting ruby red color was maintai ned for the duration of
the reaction by the frequent addition of 1 N HO After stirring for 2
h anot her portion of sodi um cyanoborohydride (381 ng) was added.
After stirring for a total of 16 h, the pH of the reaction m xture
was brought to 7 and DCNI was added. The m xture was washed with
water (three tines), brine and then 25 dried over MJSO4. The crude
product was purified by flash chromatography (50% Et OAc i n hexanes

t hen 100% Et 0Ac) to afford 706 83% of hydroxyl e 4. Part C
4 A sol ution of hydr 4 (705 ng, g |, 1 eq) and
met hyl gl yoxyl ate (445 ny, ©5 0 Auno M“ o efzdne (15 m.) was
heated at reflux with a Deah nSkayk t r apt® overm gh o Excess sol vent

was renoved under reduced prgssure and the resul tj sefi trone 5 was
taken on crude in the next step. Part D o H aMa 00 OIBS 7

10

15

20

To a 0 °C solution of lactone 8 (0.94 g, 2.2 mmol, 1 eq) in DCM (22 mL) was added
triethylamine (0.68 mL, 4.9 mmol, 2.2 eq) followed by the dropwise addition of
methanesulfonyl chloride (0.38 mL, 4.9 mmol, 2.2 eq). The reaction mixture was allowed
to warm to 1t over 12 h, after which TLC and LC/MS confirmed complete consumption 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 (MgSOy4),
filtered and concentrated in vacuo. The crude material was purified by gradient flash
chromatography (100 g $i03, 30 — 70% EtOAc/Hex) to afford 9 (1.04 g, 2.1 mmol, 94%).
Part G

Smi (0.1M In THF) =N 1
—_— g o
§ A Bw

Q
=50
o=

9
To neat mesylate 9 (450 mg, 0.91 mmol) ai it was added samarium lodide (27 mL of
a 0.1 M THF solution, 2.7 mmol). After stirring at rt for 1 h, the reaction was quenched

with 2 5% ammonium chloride solution (10 mL) which resulied 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
in vacuo. The crude material was purified by gradient flash chromatography (75 g Si0,, 30
— 80% EiOAc/Hex) to afford 10 (190 mg, 2.1 mmol, 52% yield).

Part H
H
H H /’Q
0 i o
TN 0; 1; . AlMes, CH,Cly H‘JQP H N
il S H* ‘,NHZ H(HJ P ~
11 12

10
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Nitrone 5 (882 ng, 2.53 mml, 1 eq), allylic alcohol 6 (U S.S. N
serial No.: 10 11/156364, filed June 17, 2005) (820 ng, 3.79 mol,
1.5 eq) and Ti(iOPr)4 (1.12 nm., 3.79 mol, 1.5 eq) were dissolved in
toluene (5 nmL) and heated in the mcrowave at 120 C for 10 m n The
reaction mxture was diluted with Et OAc (15 nL) and

3- (di met hyl ami no) - 1, 2- propanedi ol (500 pL) was added. After stirring
for 2 h, EtOAc was added and the m xture was washed with water (three
times) then brine, dried over MgSO™4, filtered over Cblite and 15

concentrat ed. The, [ . chr t ogra

(5:1 hexanes/ Et Ogcar Hﬁghgif%? O@E%%Em@éﬁ%ﬁﬁgﬁg ﬂm?#el m@' quPF%@ Ph%cl%’l (2
a sol uti on™p wasaddsd MMGQ(QDNZTHM@I 2 Misodutjoni in hﬂﬂﬁle( 6. 4nm)wlbaskfaddmdmg for
pyridine 200 nh ko o '

at rt for 4 h then Tﬁi/sfslrl Hﬂa@é}hb(ibmé %‘fdglé"g m@gﬁ\}ent I\L\/}\Lr/a(g I e]rsr‘l“)'as %‘{c{‘fﬁ&g?j the
reduced pr g%‘éfF“e‘”&"fﬂ“f@ﬁ‘eﬂétr u%l%ﬂf ptztheder Wb, theréatiieni wby qlidrebéd with a saturated
chromat 9gr aplsué R §

Part F M;%?m 15 Rl b IR st  igdrsboig sfted i 2 WRRED § 38R o slear
8 (0.94 g, Pwhosic,pigire appegrpd; Aheamreons layen W&m@pmuﬁchndrexa‘amw with MM (2 x
(0.68 nlL, 45 hI0he cdnbifdl) orkit Q¥est n

met hanesul EB gym |eOI’I dé 0%8 lr nL tweﬁe%sﬁé@%‘(\‘gsﬁl @ng'#ﬁ’r%rgec MO%SO“)’
m xture wad gt ARdccapceyraAipd i veruor Sl crude materiak was Pﬂhﬁsﬁ byL@adingt flash
LC/ M5 conf elroletopeipbl €58 2 G005 0P MEORS Dahvead il A

pour ed dnto DCM (100 nL)gand a saturated@%@dl3#?%%%%&%%§Z?%F%ﬁﬁﬁFa How
(25 an é | ayers were separated and the aqueous | ayer was

extracted RBet#tlf DCM (3 x 30 nalL). The conbi ned organi c extracts were
dried (MgS™), filtered and concentrated _in vacua. The crude materi al

was purified by gradi ent flash 10 chr ons ﬂsc@phy 100 g Si 02, 30- 70%
Et 0Ac/ Hex) to ord09 g, 2.1 muoi 49 .
B(OH” SOgNa -
Pd{CA)s, choa
HzN COM it THRIHGD 1 THF/H0
65%4h
12 13

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

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

15 mg, 0.05 mmol), potassium carbonate (190 mg, 1.4 mumol) 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 (MgSQy), filtered and concentrated

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

Part J

formaldshyde
NaBH;,Cyt'\l o

25
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oss".4 10 To neat nesylate 9 (450 ng, 0 91 mml) at rt was
added samariumiodide (27 nL of a 0.1 M THE solution, 2.7 mmol)
After stirring at Afor 1 h, the reaction was quenched 15 with a 5%
anmoni um chl oride solution (10 nmL) which resulted in an i medi ate
col or change of the reaction mxture fromdark blue to yellow The
reaction mxture was then filtered through a pad of celite and the
filtrate was diluted with water (100 nL) and Et0Ac (100 nlL). The
aqueous |ayer was extracted with EtOAc (2 x 50 nL). The conbi ned

organi ¢ extractsg, %Bﬁut%ﬁgﬂzo | )Ji’rd%idéeis(@gol’ﬁ 0.5 }n‘ﬂ%q h@l@ﬂé\ﬂ (4 mL) was

filtered and concentrate vacua The crude materia puri f

by gradi eradded formaddahydai4gphpiya 3776 aguane zolution,. 1. @b%rE?M%um@)bx @Pdmm
afford 10 ¢ (R YubB ek rib AR tirfiflg for' 2 h at 23 °C,
sol ution OW%O{??H?@% ca ggs%am%ngl sm%?éSﬁo o e )g DCMa 2
n) was adbedemtrmasowwmwat cgnoegirated) fgowagw onTh%cmﬁaﬁ@tenq} Wa%rﬁB‘P ed Dy
After stir f 894 EX0N 2189 MROHBAMPR MBora0138ing (64%
nmol ) |S§n Mggﬂhm&uﬂéﬂng‘ﬁéﬁg Q(WF he ?nxture was stlrfed atrr ) B (
After stirevend steps) o 6ies apWeitersediét i on was quenched with a saturated

5 aqueous Baghelle Salt solution (5 nL) and vigorously stirred at 23

Cfor 2 huntr] a clear biphasic mxture appear ed. The aqueous | ayer
was separate nd extragted with DCM (2 x 25 ). The i ned

or gani c ext He Wy ine (1 , g SHA)q
filtered ant™¢ n({:]enr ted [heNer dte el e ifie

by gradi ent flasie—g% chrolye og7 aphyAats Y Si 0240 % Ve
afford 201 ngy (77% ? 12-8s a yeIIow 10 oi | . Part ~N{ To a
degassed (Ar) sol uti 8n of pyrrolidine 12 (190 ng, 0.34 nunol) in a

THF/ H20 i xt ur eTd 4 sdludotbY pyastidiseer(l1angro.o2 acidl) MSTHEIMAYS: 101 68.). was

( liggl ) paﬁ@?%@?ﬁiat 2ol %%Bﬁgg%\%ﬁ@ {I{Ega'gh%mg%ﬁg,gﬁée ISR 0.04

al ., Angeanthe M feerXiining aﬂt423 ‘29&&‘)1 H, Bk reargionGniktura mak Xiluttd evithemethamom (0 5

was heat ed 6 fler 6 :
AT oweq ¢ GREDBRT A ity o8 pibierBorae e KA, hoia Attt o MR arppgom
and filt erscarbimateiadetaniipidel gofdisdrnd ehreat telyidd 5 Mpd4p¥) tafak. e MRBKESKeN m/z
extracted ibs; (50 m) froma pH 4 water solution (20 nL). 20

The aqueou Iager 'S separated and extracted with DCM (2 x 20 nL),

t he cojbi ned organic extracts were wa h brine (15 nL), dried
(MgS™), filtered and concentrated R

Part A
PCVZ COzH
) B{OH),
OHC Br SONa  oue
+ PA(OAC), KgCO; NDz
ON CO,H
3 14 60 °c 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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i n vacuo. The crude residue was used in the subsequent reaction

W thout further purification. Part J To a solution of crude
pyrrolidine 15 (190 ng, 0.34 mml) in MeOH (4 nL) was added

formal dehyde (41 uL of a 37% aqueous solution, 1.37 nmol) foll owed by
sodi um cyanobor ohydride (43 ng, 0.68 mml) in a single portion. After
stirring for 12 h at 23 C, the reaction solution was concentrated in
vacua. The crude nmaterial was purified by 5 gradient flash

chromat ography (75 g Si 2, 2:10% MeOH/ DCM to afford 130 ng (64% over

2 steps) o i d t of e&)ifx‘hﬁla'vﬁ:b Bured
17 (11 ny '&Baegszoglnuno hﬁcrﬁl‘ﬁ%}—‘? DI@F”E%L%KIIPEQ %@by M)g)adlaed HBTEJ 8
ng, 0.04 rmmPGM)K‘%Q)méd apg wakar Q& )i #il e %@PWQP%HHSH@’E(W‘&E Jugted jo 3
mol) . Afte sdpRRutddS 3hd R adlielhid lafer@gs extracted
diluted withRe ﬁbrlng?hiaygé %efé’%edpl)ﬁlﬁ et rotiih naiged ep

reverse pheile D@Mdmu@ gTIEPqW layprieEmARRPied, washed wite satirated aqueous
bi car b%atxgiiléﬁ%ma'&v%f lssdlgﬁmaﬂnﬁ&t 48 cehéa%&bteaqoya ﬁb}ﬂ ﬁemsgz 6#0P)rifatidn by
M5 (ESI(+)) 697 nder

at nospher esilieg gl cbmrﬁt% a@y(@ 5§§ %&‘V §0- 48 éreé}ﬁl@'c %téieﬁwfﬁ“e(sby’gkﬁﬁ ﬁgﬁ)yellow
phosphi ne Adhgqgﬂ%,(ﬁela) rrrml ), palladiumacetate (0.5 mml), and

pot assi um car bonat’e :

Part B
' ﬁ
- o oncv.
~C EDC, HOBt NO;
15 NOz THFH,0 (4:1) 17
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-HC! (0.9 mmol).
After stitring 12 h at 23 °C, the mixture was poured into ethyl acetate (30 mL) and waler
(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:0H/2-8% MeOH/DCM)} to give a pale yellow oil (65% vield).

Part C

H-C1

ol
, BOC  1)}HBTV, IPrEIN
“NH, + HO
[OMF, 23°C, 42 h
18

2 4N HCI In disxana

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

20 HBTU (0.46 mmol). The mixture is stirred at 23 °C for 12 h and then poured into ether (40
mL) and water (20 mL). The organic layer is washed with additional water (20 mL), 5%
NaHCOs;, 1N HCI, saturated aqueous NaCl, and then dried over MgS0O4. The oil produced

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

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

25 yield)
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mol ) were suspended in degassed water and heated with stirring at 60
Cfor 8 h (KW Anderson and S.L. Buchwald, Ang. Chem Int. Ed.,
2005, 44, 2). The m xture was poured into DCM (40 nmL) and water (20
m.), and the pH of the aqueous |ayer was adjusted to 3 with 2N HCL.
The | ayers were m xed and separated, and the aqueous |ayer was
extracted with DCM (20 nL). The organic | ayers were conbi ned, washed
Wi th saturated aqueous 5 NaCl, dried over sodiumsul fate, and
concentrated to a light yellowoil. Purification by silica gel
chromat ogr gplayy (0. 5% HOAc/ 20- 40% et hyl acet at e/ hexanes) vyiel ded pal e
yell ow solTd (33%yield). Part B 10The bi phenyl acid 15 (0.76 nmol)
and (S)-diamne 16 (1.1 mml) were d¥sgolved in TELF/ water (10 mi,
(éoﬁ,\

4:1) and trgpg edvvl HCB (09rrm)l nd EDC—HCl(09 ml ) . ABte

stirring 12 ui%l %pbpw&d e,thlh l.@]

m.) and wat er °H
sat urat ed aqueou 1, Nen dri ed over sodr unts If te;
concentrated. The residue was parified by silica gel

chr omat ogr aphy (& 5% NEL4OH 2-'8% MeOH/ DCM) to give a pal & yel | ow oi |

(65%vyield). P C . oIrn 8 {0 .
(41 Lopi nocarphya A 2ol ABR) e ReaRtob duFerimiinre degved i
di ssol ved inathaw (2 mml,l)andrttbataﬂ:l\ﬁnﬂilawﬁ): aaiid(Ct 0Semild dindi sbHingOcyaniSiayohydride

i o ether O(oRe- A adne bsgf2t B pfduts L8 piénd 8 LhefofileaeL

an

wr t h addr tmerﬂ/wmemmowy wB Nadrmhﬂnzﬂdl-rclgwsat white sdlid§68ons). MS
and @éﬁﬁﬂ’h SO4. The oil produced from concentration
|s restore and stirred with HCL in dioxane (4 N, 5

tnL) for 4 h. The sol utr on is concentrated in vacuo and dried to
produce a white solid. (80% 25 yi el d)gxBasit 3D The am ne 19
(0.16 muol ) and al dehyde 17 (0.54 mmol) were dissolved in nethanol
(1.2 nL) and treated with acetic acid (0.05 rrL) aodi um

cyanobor ohydride 5 (0. 16 rrrmlji?After RFrin 2 h, the product

was purified using reverse-phase] HBL Ei( FNEHCO3 i n wat er)
and |lyophilized to give a whitg’$ f}( ,\2 Ms (ESI(+)) mz 696.4
(Mr11) #, Exanple 3

Compound 18 was synthesized according to the procedure described in BExample 2,
using Boe¢-D-proline in place of Boc-L-proline. MS (ESI(+)) m/z 696.4 (M-+H)+.

15 Exam le 4

o grfv@

Compound 19 was synthesized according fo the procedure described in Example 2,

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

Example 5
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10 18 Compound 18 was synt hesi zed according to the procedure
described in Exanple 2, using Boc-D-proline in place of

Boc-L-proline. M5 (ESI(+))mz 696.4 (M+H) +. Exanple 4 OH 19 Conpound
19 was dynt hesi zed according to the procedure described in Exanple 2,
20 using hydroxy-Boc-L-proline in place of Boc-L-proline. Example 5
5Conpound 20 was synt hesi zed according to the procedure described in
Exanple 1, using /V,Ndinethylamno ethyl amne in place of
phenet hyl am ne. 70% overall yield. Parent M5 (ESI(+)) mz 664.16
(MtH) +, Maj or ion fragment n1z;§32.56 (Mt211/2) +

M HBTU
DMFTHF 1:8

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(+)) m/z 664.16 (M+H)+, Major ion fragment m/z 332.56 (M+2FH/2)+

Example 6

10
/
N
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 (MAE2H/2)+.

Example 7
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Exanple 6 1021 Compound 21 was synt hesi zed according to the
procedure described in Exanple 1, using

(5)-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
fragnent mz 360.52 15 (M¥2H 2)+. Exanple 7 22 Compound 22
was synt hesi zed according to the procedure described in Exanple 1,
using (S)-NW-dinethyl-3-phenyl propane-1, 2-in place of

phenet hyl am ne. 70% overall yield. Parent M5 (ESI(+)) mz 754.23

(MrH) +, maj or ion fragment nm'z 377.5 MQHZ) 5Exanple 8 23
Compound 22,vs synt he ed accordin o t_e pr ocedur escri bed
rrip ac

Exampl e 1, m%g -(§)-2- than |n@I
phenet hyl ai ne,"N704 v\r eld*zN rént”' ) ot
(MkH) +,  maj or' iren, £l 352 IO H 2) o R

== —N =‘- —N_-

17 A 2 A

Compound 22 was synthesized according to the procedure described in Example 1,
using (§)-N'N’-dimethyl-3-phenylpropane-1,2-in place of phenethylamine. 70% overall
yield. Parent MS (BESI(+)) m/z 754.23 (M+H)+, major ion fragment m/z 377.59 (M+2H/2).

5 Example 8

OH HBTU

DMF/THF 1:6

Compound 22 was synthesized according to the procedure described in Example 1,
10 using 1-ethyl-(8)-2-Pyrrolidinemethanamine in place of phenethylamine, 70% overall yield.
Parent MS (ESI(+)) m/z 704.3 (M-+H)+, major ion fragment m/z 352.65 (M+2H/2).

Example 9

ib :

; ﬁ ’
{ o {HO),8
ﬁ ? | __PdtpenCh
H

15 o




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

(di met hyl ar ni nocar bonyl ) phenyl boronic acid (71 ng), Cs2CO3 (120 ny),
KOQAc (20 ng), and Pd(dppf)Cl2 (10 ng) were suspended in DVSO (6 ni)
and heated at 60 C during 3 h. 5 Additional Pd(dppeCl2 (5 ng) was
added to the reaction mxture after 2.5 h. The reaction m xture was
then cooled to rt and diluted with DCM (25 nL) and then extracted
wi t h aqueous sol ution of NaS2CNMe2 (8 nlL). The aqueous | ayer was

ted and e t gt .

vere nashed wi tHECSE G’ Apidhad cbmpoull Bs (RREHEL RACIQAGE phbocdure
and concendesatiesd undiar r eBseeBlepr eskur e.coTREuEs ude 12bmat K% \/\E‘g5 4-
purified lé@mgﬁhgf%&&agﬁggggééﬁmo%m@ HRL Q9! ARy ckood @d hhe kiBsd (Bdmg),

duct
Boc- L~ 3.t ramsEd{g&mfwly Somighwerersuspededin DMSER(Gamb) and heptedgt 69nE uring 3 h.
' SOp' n%amﬁ?ﬁwé%ﬁéH@lﬁﬁ ni]g)Q@ds ABda tokh@re%@ﬁoﬂn’iﬁurc aﬁer 2.5 h. Thc reaction

di i sopriopyl e mi ve

nmo| , eq)_were o]
DCM (5 rrL)maﬁaretwaﬁatf@a qetolsd WB‘FL&Fd(‘Hb’ZedOWF’FB D@Ms, Gt afldzisﬁ)emﬁr%i with

m xture wWagnshhd Edietic of Naé NI, (8 #19. THEBqROUS Gcr %@sebaﬁtétvh@d bftfacted
(40 20 ni) and water (20 . The qr.ganic | ayer

sequent i al WthPEM ddids 6‘1%1 Tﬁ&t“éﬁmki‘w rgpyics 5’%%88?%?1”5’1% Fetssfat gl)yend
M hydr ochl ghi& (BCfl), Fkd d Ne, SOy @l Sof@htrated Cltlder ireélhced presiien The crude
dried over sodlun1squate The  oi | roducnd from nceni%ﬁgcf g@ ‘
restor I | Al Wy RIHIAS tsing HioR s5hEPHERR S FOmAIGE PRI Y i g depreddpgnve
in dioxane (4 M 5 nL) for 4 h. The sgl ution_ was concentrated in

vacua and dried to produce 3 as a whit¥ . 2580%yield. Part B

To a degassed solution of iodide 29 (1.0 g, 3.8 mpul, 1.0 eq) and
boronic acid 5 (1.37 g, 76mm| 2.0 wat er m xture

(1:5, 18 nL) was added paIIa cet ' oA 09 nunol, 0.025
eq), potassium carbonate (2. 1 J

26

0 g H-C
. BOC 1) HBTU, PraEtN . R
""NH, + HO N — rﬁ
k DCM, 23°C, 12 h .
HO®
27

Part 4

1

2} 4N HC} In dloxane HO'
15

Boc-L-3-trans-hydroxyproline 27 (250 mg, 1.08 mmol, 1.0 eq) and (+)-
isopinocamphylamine (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 stitred at rt for 12 h and then poured into diethylether (40
20 mL) and water (20 mL). The organic layer was washed sequentially with additional water
(20 ml), 5% sodium bicarbonate, 1 M hydrochloric acid, saturated aqueous sodium
chloride, and then dried over sodium 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 vacuo and dried to produce 3 as a white solid.
25 80% yield.
Part B
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5 finally a sulfated S-Phos ligand (100 ng, 0.19 nmol, 0.050 eq)
(Anderson, K W; et. al., Angew. Chem e 2005, 44, 2922). Under an
argon at nosphere, the clear m xture was heated at 65 C for 2 h with
vigorous stirring. The reaction m xture was allowed to cool to rt and
was then diluted with THF (3 InL) and acetic acid (3 nL). To this
stirring mxture was added formalin solution (2.4 nL, 30 mol, 8.0
eq) and sodi um cyanobor ohydride (710.0 10 ng, 11 mmol, 3.0 eq). After
stirring for 15 mn, the mxture was diluted with water (50 nL) and
extracted twice with EtOAc (2 x 75 nlL). The conbined organic |ayers
were washed w th saturated aqueous sodi gdy oride (30 nL) and.dsd ed
over sodi um sul fate. Concent ratl on in. provided a pale yel I ow
oi | of 30 that vvas°used in t h&¥Bbseque dogaction without ¢
purification. o 1 [5 The yedidayood 3|@”ﬁ%lrgmﬂ? s
step (3.8 mol | eq) Wit asme— 7 L0 D, WoaoHFDl , ] eq) and
di i sopropyl et hyI amzme (2.0 mLps 11 mol , 6035 B eq) was di ssol veo°°| n DCM
(10 m.) and treated with HBTU (1.7 g, 4.5 mmol, 1.2 eq) and stirred

at rt for 2 h. Tha dﬂgeededsoluubhmﬁmme 2% Xed gmstmnﬁn%labr(ie@ngné(’mrqm acid §

e Don . B P i £, RS TR Rl RS iy 95 B G

sodi um sul :icataee (2 ehg; @rﬁﬁemmcﬂ; 0025 reqy getassinifheareonatie (hl g Ubemmagb 4 eq) and

g ]
B 006 riet naral § SBEtfe SPHARTRAAE (AR e B3 TAABT RS BAYREBUGE K ot al.
three st epA.)lgevMB'JI(CESb @oP3, )4445@224 Umkex(avt drgasd atmosnl@ge, the clearmxglrm heated

sol ution ( Atggu(i B 74 935,2‘}1%&4,“4 gtﬁﬁggu Thd T&?ﬂﬁmﬁ foctude Dellowlto 30646 rt and

triethylarnine >1£ Dess-Martin
peri odi nanwag g1ep drmteCD“‘ithn“ﬁHF (3 1mk) axp ace’ﬂhécrde@ctfﬂ-dﬂ Qdlis SHTiEcwiNtge was

Loha | ladA%elian f’cllht%r?ﬁz P YR 6 et dnd e G IES €110.0

was washed sequenti équeous 'sodi tim t hi osul fate, 5% sodi
bi car bthat ®g, Wameral, éﬁdm) A fies svg@grfer BR, e aes diated Sl viaker (50 mL)

sul fate. ﬁiﬁa’b@d‘ Hod vatﬁalﬁ%cp{zqg He %%)aThb G@ﬁmbﬂl@@%g@hé la@Ers&QerH&ﬁ@hed

directly int next ste
The ami ne Withr sxtpiagad @éugBlS( sQﬁl‘Gnnﬁ 0(}‘1‘2 @ﬁorﬂL)sa@’l ef&f)edaﬁarelmsaglﬁgldéulfate

32 (30.0 on&ngﬁéomkwcu% ﬁoﬁﬁéd \éﬁ‘faﬁ ﬂdII%QOJJi‘Y e€ 30 I’thifﬁifzibatﬁ&li if Ihesublsgquent
andtreated wth triethylamne (20.0 ng, 0.2 nL, 3.0 eq) and sodium

triacet oxyﬁéﬁmﬂﬁhﬁéf%@f@“ﬁﬁca@“% nTnoI 4 0 eq). After stirring
for 12 h, the product was purlfled usi ng,hreverse phase HPLC L
|

(MeCN 0. 1% - X HzNL - H
HO O rlxl’ !
HBETU, DIPEA

30 3

fratd

15
The yellow oil 30 fiom 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% aqueous 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 ir 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+H)".
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15formc acid in water) and concentrated by |yophilization to give 26
as a white powder (4.0 ng). M5 (ESI(+)) 710.7 mlz (Ml 1)*. Exanple 11
33 20Conpound 33 was synt hesi zed according to the procedure descri bed
i n Exanpl e 10, using Boc-L-4-thiaproline in place of
Boc- L-3-trans-hydroxyproline. M5 (ESI(+)) mz 712.5 (Mt1ll). Exanple
12 34 Compound 34 was synt hesi zed according to the procedure
described in Exanple 10, 5 using Boc-L-3-dinethyl-4-thiaproline in
pl ace of Boc-L-3-trans-hydroxyproline. M5 (ESI(+)) mz 740.5 (M+H) +.
Exanple 13 10 Oorrpound 35 was synt hesi zed according to the
procedure describesin Exg;\ usi ng Fh
Boc- L-4-trans+b |msasp4ma@griomana O LN\
Boc- L- 3-trans- hydr gxy I [ Bef or enehytzitigd puri ficatéo @1 heﬁ Frroc
group was renoved by tfeat mant wi th T8e%9i perdine in met hanol . Thi s
met hanol sol uti on was s‘gbmtted directly to reverse- phase BPLC VS
To a DCM solution (4 mL) of alcohol 31 (165 mg, 0.35 mmol, 1.0 eq) was added
triethylamine (0.3 mL, 2.1 mmol, 6.0 eq) followed by Dess-Martin periodinane (212 mg,

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

5 mL), The organic mixture was washed sequentially with 5% aqueous sodium thiosulfate,
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 mmeol, 3.0 eq) and aidehyde 32 (30.0 mg,
0.065 mmol, 1.0 eq) were dissolved in methanol (1.2 mL) and treated with triethylamine
(20.0 mg, 0.2 mL, 3.0 eq) and sodium triacetoxyborohydride (55.0 mg, 0.26 mmol, 4.0 eq).
After stirring for 12 h, the product was purified using reverse-phase HPLC (MeCN/0.1%

10

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

Example 11
O, 5 f%*
. 33
20 Compound 33 was synthesized according to the procedure described in Example 10,

using Boc-L-4-thiaproline in place of Boc-L-3-trans-hydroxyproline. MS (ESI(+)) m/z
712.5 (M-+H)+,
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15 (ESI(+)) mz 708.5 (MtH)+. Exanple 14 36 Conpound 36 was

synt hesi zed according to the procedure described in Exanple 10, 20
usi ng Boc-L-4-cis-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
met hanol sol ution was submtted directly to reverse-phase HPLC. MS
(ESI(+)) mz 708.5 (M+H) +. Exanple 15 37 Compound 37 was
synt hesi zed according to the procedure described in Exanple 10, using
Boe- L- pi pecolic acid in place of Bocigmgq%gﬁps-hydroxyproline. VS
(ESI(+)) mz 5 708.5 (M+H) +. Exanpl e nmpoupd 38 was

synt hesi zed according to the procedure described |
u5|ng Boe- S- 2- nor phol i necar hgx I|c acq‘i d j
Boc- L-3-trans- hydroxyprollne .

17 Bel - 2 bi ndi ng aff|n| %
vari ous conpounds of the |nvent|o B
Ki is <0.1 plyl; "***" jndicates that t@ﬁ Ki is

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

'S presented bel ow for
i ndi cates that the

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

Example 13

PP

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

using Boc-L-4-trans-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 methano! solution was submitted directly to reverse-phase HPLC. MS
15 (ESI(+)) m/z 708.5 (M-+H)+.

Example 14

b*Q”L@

36
Compound 36 was synthesized according 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, MS
(ESI(+)) m/z 708.5 (M~+H)+.

Example 15
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150.1-0.3 1.1, M "a" indicates that the Ki is 0.3-50 pM and "*"
i ndicates that the Ki is >50 | AM Conpound Bel Ki 1 **** 13 18 ** 23
* k k% 24 26 * k k% 33 * k k%

ol ﬁgj |

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

5 708.5 (M+H)+.
Example 16
/':E\’
"Ni(” L
X

38
Compound 38 was synthesized according to the procedure described in Example 1,

10 using Boc-S-2-morpholinecarboxylic acid in place of Boc-L-3-trans-hydroxyproline. MS
(BSI(+)) m/z 710.5 (MAH)+,

Example 17

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

15 0.1-0.3 pM; “**” indicates that the Ki is 0.3-50 uM; and *“*” indicates that the Ki is >50

M.
Cormpound BelKi

i dede kg
13 *
18 ek

23 e o ok ok

24 *

26 Fokedk g

3‘3 ook
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34 xxxx 35 xwx*k 36 *¥*x 37 38 ** Incorporation by Reference

Al of the U S. patents, U S patent application publications, and
PCT patent application publications designating the U S. that are
cited herein are hereby incorporated $by reference. Equivalents
Those skilled in the art will recognize, or be able to ascertain
using no nore than routine experinentation, many equivalents to the
speci fic enbodi nents of the invention

34 e e e
35 Hopskk
36 e sk ook

. 37 *
38 *k

Incorporation by Reference

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

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

5 by reference.

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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descri bed herein. Such,equivalents are intended to be enconpassed by
the followng 10clainms. Cains 1.A conpound selected fromthe group
consi sting of: 2. A pharmaceutical conposition, conprising a
conmpound of claim1; and at |east one pharmaceutically acceptable
excipient. 2. 3. Use of a compound of claim1l in the manufacture
of a nedi canent for the treatnent of cancer.

Claims

1. A compound selected from the group consisting of:

31



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

pharmaceutically acceptable excipient.

3. Use of a compound of claim 1 in the manufacture of a medicament for the treatment of

cancer.

-52.



