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WD 2007/ 075387 PCT/ US2006/ 047861 Conpounds and Met hods

for Inhibiting the Interaction of BCL Proteins with
wdrodionsgsPart ners Rel ated Applications 5 Thi s PCT/US2006/047861

application clains the benefit of United States

Provi sional Patent Application serial nunber

60/ 750, 987, filed Decenber 16, 2005. Background of the

I nvention The present invention generally relates to

het er ocycl i ¢ conmpounds useful for treating cancer. 10

Apoptosis, or progranmmed cell death s inportant for

1~

nor mal  Gurhpyalrals ared Mot ads fo! Tnlkibetivgradre Intevaction

defense and SUpPIERSEI BLRInCREADBIATIRE Pd13KbEY

r equl att+ef—of—apoptosts—has beenmTTptTcated T Tancer

and in many other human di seases which result from an

i mhbal ance between the process of cell division and

cell death. A central Ré&letdd pmilizatiohs apoptosis is the

regul ation of cytochronme c release from15 oo

ni t it applictiogydainisrtoerbencliteifddnited Stafespyisiagal Patent Application
rt. .b - api | Bcl-2 famly of

se ba?l &uglxbc-% 65950?9323%3{1%&2%{%%? $6, 2038

ns rncla -apoptoti c nol ecul es, such

as Bcl-2 and Bcl - XL, - ' | ecul es,

such as Bax, Bak, Bigagg%vgégeﬁggﬁ?%ak%ﬁ??ibutes to

can I .£SS] ng.i d ful £

Cur g Pt BARET p@roth PASKETH) MOLRAERL Epounds useful for
trepaopemicens. Over - expressi on of Bcl-2 has been observed

in 70% of breast cancer and 20 many other forns of

cancepoptdis,i ous speddrampiegdculced haleethbeefs shioweriant for  normal

i,nhibit the functipon of Bgl- t hel e n .
erivepEicplaioreal RpBomen Hosy ARERE Y SRBorelfn "6 dncogenasis.
FahitpdegwlaBoh o2 @ogtostsl haskbednsingplidategdpoptatcer ahdnotmary other human
.in cancer an ronot.e, cel | ath i,n tunors. Sul [
disgRaci i po TS R 28 BES PO <O R UBRE OB 4T SIATRE i ol death
A t&enhel eJhesly gdie: efrgpepidlk andheragumiautdfcajtoyhrome ¢ release from

acceptabl e salJts of these conpounds. In certaj .
mitoRORARBSCYIOREORA & FUESE) F S BUNEURUPArL R PrGRdangily members. The

B2 {2808 0 Cotethindidbé BemBEa opebtitaheleaais, such @®Be)-2 and Bel-XL,
such as a pyrrolidine, oxazolidine, thiazolidine

€ I v
anfl rg2pPiodiF HEolestlep iugh af iRrnSakahif ahd Bady P&f‘%&mmb“tes to cancer

ceﬁe%ljogfgsgi\ﬁﬁlsby?’%ré\l?:ﬁfiﬁgfnonlﬂﬁl etimahroRet 3RERA, by PBysiological cell-death
het efocycli ¢ conpound conprises a nitrogen containin

| ] ) con g
meghanisms\WOV2OGRPGFESB PLHRTH 2 829 06 2PeBYCd i nifap of breast cancer and
mdl5) SRGY flrn€ ofQhifer SUCh as a pi peri dine, norpholine,

pi“perazine, thiopiperazine, and unsaturated .

deri V%%&e§gﬁhe bfbculds" ha s HRER dHASEANS eThidinehe | MBI of Bel-2.

si X menbere heterocylic ring may be susbstitued wth
Neyerthrlgss the n'ﬁqﬁ(@cigtﬁ (fgxpac(dét_i@r_qu smaﬂrqgg@rgg meolecules that bind to Bcl-2 and
bl%ﬁ%%@%ﬁg@g%% P.mtcﬁg& ﬁ{eéglgglean ;;l'lo%% &é:ipﬁl%)(h irPtumors.

terocyclic ring Is

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

thereof. In other instances, the heterocyclic compound comprises a nitrogen containing six
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5 bonded to a substituted aral kyl group; the

substituted aral kyl group is a substituted benzyl
w@reaap;ys3she heterocyclic ring i s substituted wehus2006/047861

hydroxy methyl or hydroxy ethyl group; the

heterocyclic ring is substituted with a hydroxy nethyl

and a hydroxy ethyl group; and/or the heterocyclic

ring is substituted with an anmi de group. Another

aspect of the invention relates to pharmaceutica

mERBRRAI Ity chO B, $LEW as 10hipBEdiaE, MBHfhoWhe! PiPerazine, thiopiperazine,
het erocyclic conpounds of the invention, or salts

andn aingasprated rdgrivadyes theseaft Iaf coren pngeasas, i thoefive g six membered
(o) V, I,

hAFOBIRS cht TP bOOMSBLUN QA 6 BRO6 BAERO B0 (P, pymolidone,

owabﬂmm,olmmqildgnheﬁn@gédo@e)t 6 nifregen atomn edrthe heterocychc ring is

bo%‘?i%ﬁ tf)' Cs%'bgt){t’utetdhﬁ'af@y gfbtdﬁo ﬂleogu%gﬁ% afl{glﬁ g?l% u{sl a subgtltuted benzyl

od conprising condition
g1byp;t the hptarboyadigi roeg lsmtmlsilmadawubra lmbfdrnnym&lth)dmrwdlr&y ethyl group;
by, n1nister| ff ve anoun f C ound )
gt 8o Rl g if FOBRIRB BT Y BB end  BYBRRE et group
aridr/methé heterodyefi¢ ring iinndsiitueedieith anh aimdds gwhipt er s used
herein are neant to incorporate the present state-of-
t he- anbthdehipect bd i iheemgn lieMes‘ o pleasiacdigical cémpdiitions comprising

oS of e BoBcRv ool LieLine 80, T i vt A e

aspledti of tHeOpesaftpPiny ehtfor hﬁa&:@rtﬂsa asetidie W alsthguarRdabove compounds, or
unl ess of herw se

t hr ougho thlsaﬁemflcat%tgl
pharmageliticplly apeeptabiesalts dhegrods alongior fp Fompyation A qtherpeents to treat
cadePaBhedficaly, ah8 Ghv@iidd prodies 2B PRI mdthdd comprising treating a
definition of each expression, e.g., alkyl, in, n,

copdytion \gharpctgrizeg c dyr éht?mpaéh@lﬁawabmr@hquatm ofi rempialian cells by
adrﬁnismrﬁ@dﬁ,demubs ahiUEPENHEhpQlnd stthéiﬁlfe'sé}ittlh%tmg5

el sewhere in the same structure. The term’ acy am no"

refers to a mol et yndfala BRerfioh YRS Eflefiflohy Lhe
general fornul a: N11 WO 2007/ 075387

5@%55&2006/047861 wherein R50 is as defined bel ow,
an 4 represents a hydrogen, an al kyl, an al kenyl or

- ( Qﬁﬂé"ﬁ@ﬁmti&ﬂ@ b€ téﬁr@%eﬁ@ﬂzréﬁ QréthedRf ionﬁl@olkf)%kﬁlé"the-rpl%sent state-of-
terns "al kenyl" and "al kynyl" refer to unsaturated

thejartpAefinitons sereenizad| foycash iterm (i Abg ihamirap sodi phasmaceutical fields.
W%H}%Szgﬂpﬁ"%ﬁaqg éx%n{pl?ﬁcgﬂlw gg‘prggﬁgﬁ | hgd d@Pﬁl\fﬁms 3Hf>ly1tgeﬁne terms as they

contain at [east one e or tri
arg giggrbthrougdiopt this écheﬁmwhaMdesthermsé hinidest it spexfific snstances, either

1n&@1cﬁ&ll§lolfﬁg paft Q¥R 1ar@er Q;%Eb.”ed above, having

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

elsewhere in the same structure.

¢<

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

formula:

N H R54

R50
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an oxygen radi cal attached thereto. Representative
al koxyl groups include nethoxy, ethoxy, propyl oxy,
wao eoor/omsBDxy and the |ike. The term "al kyl refPCHUB06/047861

the radical of saturated aliphatic groups, including

10 straight-chain al kyl groups, branched-chain al kyl
groups, cycloal kyl (alicyclic) groups, alkyl

substituted cycl oal kyl. groups, and cycl oal kyl

substituted al kyl groups. In certain enbodinents, a

st ral, gl L RaloNisOfs Qéﬁlg&lhgﬂone%?ﬁ ﬁkzi(xla)#a?éltég Hidrf) E4€an alkyl, an

carbon atons in its
allggnyh b HCHohaiR6 1, @Bere30 ahd R raae @hg@ﬁrtﬂddidf)w and in
ot her enbodinents 20 or fewer. Likewise, in certain _
enbotihertsnins "alcehyd kg I'glk jrapl & réfeoto @isatgrated aliphnsis exewnsgmalogous in
t.heir I a j
le%gr{h 63“8 p07£xbg€§%§%tgtﬂﬁb}{ tﬁ (’tehe ?llﬂxfa rhe?ér%%du%gg&%ﬁgtgétsc&%ﬁ at least one
doabhxosh thipi somlyretatikgilys, bi cycl oal kyl s, and
pol ycyl cl oal kyl s can be further subsittured with one
or nbhe temink y'hlkouplidrueiioxy" Téferst teram alhylkgdoun,i @' defafedrabove, having
to . a
ony Gyt i BRI BT BRI T o R iRl Hgghony, cthoxy,
propylisyy tthitdbutemdi aidythe $ikeepr esented by 20 one of
-S-al kyl, -S-alkenyl, -S-alkynyl, and -S (CH2) m R61,
V\/nerElhm tenn dfatkyR6 Tefere telahe nadicabelf asturkepr dfdntiat groeps, including

hi | ud It th t.h d ..
sl B B BRSO Bl 5ot Bl everc) groups
aliytl mSﬁﬂﬁa@i cidlbadyc gfdi@@yhncal’c’csiclbmklyu datstiutedniliedlygropd. In certain

may, . be represented ene al O R51 0 ..

embodjpments; ; SIS @%ﬁ*&?“k@i Hog %\%C aﬁ\‘@’&rﬂgés&ﬁf eart %ﬂRﬁon atoms 1n 1ts

baBRBOEH (@Bt scriC3ohforagifAgnti dhaid, h€3m:§033&t b'ra[h‘éﬁ@&'dl’lﬁm) and in other
wi Il not include inides whjch may be unst abl e.

enpytiments A7operyausiabey 5e. 7vcrertaie emépf#ﬁnenéwfféoaﬂaﬂa have from 3-10

carti¥Hl 8msdh S ting SERAMZ 8k HGhELERbodimeRRiAve 5, 6 or 7 carbons in the
unsubstituted and substituted am nes, e.g., a noi et

ringhstrucirg. de cedpneshadageiy cyﬂgal&yﬁeb@yc}p , and pp@ygzlcloalkyls can
be fﬁﬁﬂgﬁgén@ R%?ed Bt oRRDr Mb% Eilégl RaflireBrd and RS2 eac h

I'nde y represent rogen, an al kyl, an

al ke’f‘ﬂ%} fterRi( %ﬂhx'gﬁ]refeg tcRS‘ag ﬁﬁﬂ 5%31 5@‘8@ hd P96 %\t‘éerhavmg a sulfur

to mhlc they are tach e conpl e
rafinbattachet ndior rlg ceriein drnb@dleleatSOﬁ@ radkylthao’F ety is represented by

onldfd gtaI hyﬁﬂ(gn%@%ﬁi@(ﬁrggf afldl - @g@han%gﬁﬁﬁéém ana R61 are defined

cycl oa e or an
betaw o Represemtativet alfggithiorgrolrs inclnde methylthiq egiyl Itlrmooartdetﬂle like.
enbodi ments, R50 and R51 (and optionally
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
/“\ /
N

R50

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

the present invention will not include imides which may be unstable.
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R52) each i ndependently represent a hydrogen, an
al kyl, an alkenyl, or -(CH2)m R61. Thus, 10 the term

wO adorprs8T ne” includes an ami ne group, as defiPEOUS2006/047861
above, having a substituted or unsubstituted al kyl

attached thereto, i.e., at |east one of R50 and R51 is
an al kyl group. The term "aral kyl", as used herein,
refers to an al kyl group substituted with an aryl
group (e.g., an aromatic or heteroaromatic group). The

ter Wi‘hé‘féﬂns ‘AphikSeshd1@4Bind” l2AC M6 gRiizedBmdaiehr to both unsubstituted
7-nmenbered single-ring aromatic 15 groups that may

andrsebsftated aotings e+ omPty thabmay bgreprsseriest bléﬂli’rﬁﬂ“éral formulas:
benzene, anthracene, naphthal ene, pyrene, pyrrole,
furan, thiophene, imndazole, pgyazol e, azol e,
triazole, pyrazole, pyridine, yra2|n4.+pyr|da2|ne
and pyrimdine, and the—+ike. Those—ari—gRiips
havi ng heteroatons in the ﬁing structune nmay al so be
referred to as "aryl heterod®fdl es" or Rrss

"heteroaromatics.” The aromatic ring nmay be

subshéreteR 50} RSMGmQVRSEJE&hHhBQ)MShﬂIy eaﬁewnt B r@arcsgéﬁhan alkyl, an
substituents as descri bed abaove, hal oge

albéei}ygj,e-(Cgﬁz)(,yRma?raRQ%an e rt@}qen togq:the;nxypth tHe,y Bté’pk% which they are

atR¥RED ¥ ¥ npldd kao}ﬁ&leroc@'menﬁawﬂg Ui £ 4b T uedmd inithH rl’i?h% structure; R61
am do, phosphonate, phosphinate, carbonyl, carbox

regiesgts apaRdy a cueIRgIkyhiagyckatkehl 2 hetarpexsia T él@olycycle and m is zero
orkzﬁlt Aer 2 wyﬂ% e T & s. ITI?BQ{CQ %o\‘ﬁmetﬂ@ Oﬁ% 'aﬁd ‘KSl (and optionally

het er daronati c |et|es -
R$Draach andependdntly repreband eélygngyny@i allsyh n gll@ylyh enrs(CHz)m-R6l Thus,

thQ z?é(rln{lgaﬁc he M Rude %l'xla(r“maé \%gdlg)gﬁs 'd@ﬁ%‘@d SQOJCV\@I?Q ﬁé a substituted or

re carbons are conmon oi ning rings
urrsubs}ﬂutadealk'yﬂ attachedrthergs, ) e v\,hrleleaﬁt mmalof Ré8snd&fd iefantabieyl group.
rings is aromatic, e.g., the other cyclic rings nay be
cycl Bl quim"ar@lyyl"oas kwdth:inm;e(&tread) laprajityd graupy substituted with an aryl

grgl&lgﬁeo%bagélern%ﬁy ryhe§er %aﬁlgr ﬁar boxyl " is includes

I'es as nay Bt repr ed by the genera

for 200 7587P 200 7 . RB5 . .
X5 0% W?er%g %ér&éﬁgm incl Ug %r %‘2 %rrggréﬁergdghngq)e-nng aromatic
grovwygthat ﬁrayanslluﬁé lﬁ‘o;m aot teafohr hétefdaborag) d‘oRE)Gample, benzene, anthracene,

e ents inde ently a ro | kyl n ... .

g Rige, et PRt o P e ity el aisgole, wiszole,
py&ﬁdlc, p@h&ﬁ@e r’pﬁMnRﬁﬂyﬁﬁaﬁné eind (Bgingidimee and tid eike erThose aryl groups
h dical" or "bivalent" as useﬁvqg?eln %{e used 1 N

%"nge BEIAIRTRGHT {PeaRe STRgre 1Ry 3 referzest [uas ofryl heterocycles™ or
"heicySdremiatiex. 'OUIJFlﬁa efrbﬁﬁhéllnlﬁwmayﬂié(ﬁb)ﬁltutéﬂ &yon¢l or more rmg positions with
al kyl am no, al koxy cycl oal kyl heterocycloa

suap);pbstgpg}tﬁﬂp deﬁgtl:@pcﬂ%;gp,yﬁor eﬁ@pg}eogﬁ.&ﬂgen,a% e, a]ﬁlyl aralkyl, alkenyl,
alk‘ﬁ{y@r Ogy b1 9&&%&% Faﬂlfox@/l( arﬂiﬁiﬁo nitfo, @ sblﬂ@(ﬁr@rﬂt( 1|mmo amido,

or al ky [ dirad |caI \ i's also a bival ent

pb@,splg:rnr@yq papepgaqlzg@ c-arl?cglyb Breexyb mlyla,eg}er,oqflkhlltlyp, sulfon))/rl sulfonamido,
ke‘i’ér{eamcféﬁ?/de ]&téri héteRicYalyE NroRb@d oY heRboB6MakY Imoieties, -CF3, -CN, or
the |hr1‘£ ITchae term “aryl” Ialssoamcludes polycyclic ring systems having two or more cyclic
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:
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bi val ent (al kyl ) heteroaral kyl or (al kyl)heteroaral kyl
diradical.; Typical exanples include alkylenes of
w@emwenai3sstructure (CH2) x where X is 1-6, and PCT/US2006/047861
correspondi ng al kenyl ene and al kynyl ene |inkers
havi ng 2-6 carbon atons and one or nore doubl e or
triple bonds; cycloal kyl ene groups having 3-8 ring
menbers; and aral kyl groups wherein one open 15
val ence is on the aryl ring and one is on the al kyl
portion such as and ips 1soners. The ternp
"hal oal kyl ", as used Hlerein, refers to an Hl kyl group
where anywhere from to aII E grggens hdve been
ide. Per al o 1S Le al |

replaced with a hal
of the hydrogens have b % repl aced mn?h a hal'ide. 20

The used herein a
any W %rlgren ?go hoky goxincwor repéegcra%tg g ggcyﬁy dJr;fﬁa gu‘;lfu%&‘racf gﬂ%%f R55 and R56
repiesérets e linddpendentlyc| mdéxybﬂ:fgen_ m t mtigén, aroxytgenyl -(CH;)-R6lor a

h“&ﬂ%&%’y@r gicepable Gl wPGBI Y Ry AR SCPRRERAE 3 to

red r|n strygture nor e efera I )
oo TBert  PHoall o DVAIGR" o tsed tegtn el ert inhipchgneeably and
reﬁa'i tb atiy oh etsexﬁésadtodmleh{eg@ﬁpxcﬁ@h@ﬂkﬂamkahﬁpaik@nyl alkylamino, alkoxyl,

cl.es rocyclyl groups, include
C@%@%&é@ﬁ%@%ﬂl@éo@é%@f@%ﬁ BtsrAspelyht Erfsﬁﬁéﬂe and - heteroaralkyl
t hi ant hrene, furan, pyran, isobenzofuran, chronmene;
xant hene, phenox thrﬁn pyrrol e, inidazole pyrazole, ‘a
grbé;?s,t. flf&zék'aﬁx lé, : l'e, 1sQ%{/egélﬁedlk}ﬁﬂaﬁdypﬁlradlcal ®, is also a
pyri m di ne, pyr|da2|ne i ndo ine, isoindole, I ndol e,
i ndazol e, purine, quinol gziy Jqurnolrne
bivalemolalky?, omplaikydl dizadienl; haphiayri di ne,a dinvalerahiyhegr aryl diradical;
qui nazol kpe, cinnoline, 5 pteridine, carbazole, .
§‘gﬁ£ES%LDé’ phenant hri di ne, acri di ne, pyrinidine{’A\Ej§>_J/
Y t hrol ijne, blvﬁt@ﬂﬂ%éﬂﬁ , oPNRARYS a%hiGal; and % is a
phenot hi azi ne, furazan, enoxazi ne, pyrrolrdrne

b%aéerlta@&yl)lterﬁrerrawl %%&B@r)eetemaﬁ@kvbﬁﬁedwﬁr péyagrhexamples include
almem%r g&aer£13§1t&ﬂﬁ~§ (d;gyt@rr'éresxcle A8, mﬁ?@&h&’égaﬁﬁﬁg alkenylene and

pyrrolidi nones, sultans, sultones, and th
alkme'lm bnkery diaving |2r@ ceebpn alemsurst ionetasdmare shablsr or triple bonds;

RAIRAT, ELAPS il SAF dr BRGNS et é:;rrrf Wherein one open

al kenyl , al kynyl, cycl oal kyl hydroxyl, am no, Q,

sul fhydryl, imno, am do, phosphonat e, phosphlr
vabsach aheth thecarybung bnd sin¢ id on thietadiey]l pogtidayduchias, and its
lmﬁﬂéjonyl ket one, al dehyde, ester, a heterocyclyl an

aromati c or heteroaromatic nnlety, - -CN, or the

ik S 4s t

S e oo T Ay e o

1 tOealth@rbngb berp arace8Hyith hdalide.mA’ Tnedhadmglkyl e avigre all of the
h}’d%emg éggentr%p Thoed ﬁthf NYige Means -S02-. The term

Yers carbonyl " oxygen (=0 . The terns

" pol Y/ ?Ar)ﬂ "hee%roa{%%'ygy ﬁLédChgfe&UHmﬁseLS ra’totrg c;f/\é)nyoglement other than

nore rings
carbon or hydrogen Examples of heteroatoms include boron, nitrogen, oxygen,

phosphorus, sulfur and selenium.

The terms "heterocyclyl" or "heterocyclic group" refer to 3- to 10-membered ring
structures, more preferably 3- to 7-membered rings, whose ring structures include one to

four heteroatoms. Heterocycles can also be polycycles. Heterocyclyl groups include, for
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cycl oal kyl's, cycl oal kenyl s, cycl oal kynyls, aryls

and/ or heterocyclyls) in which two or nore 20 carbons
wW@r@7038DN to two adjoining rings, e.g., the PCTYS20a6/e17861

"fused rings". R ngs that are joined through

non- adj acent atons are termed "bridged" rings. Each of

the rings of the polycycle may be substituted with

such substituents as descri bed above, as for exanple,

hal ogen, al kyl, aralkyl, alkenyl, alkynyl, cycloalkyl,

0X n h , m ne, xanthene,

ol Hion RIS, AR, - sk domer
phetdwathiing| pyrkalhj om@&o@lpwagﬂle k@ﬂgn@le,apqg)@ﬁw& pyridine, pyrazine,

est gr a yt}gg%rn%qéﬁdgilzm ?@8@%' 851eh efn%ﬁ?d"lé O'B?fri’n‘é quinolizine,
1soq|&irﬂiheie,t anglogljheuphthamzme dxabhﬂhgndunme qumot(ehlp@r qmyazolme cinnoline,

pt >t {S}%,: tsfilijf PZ(aﬁ Cl}hqlldl%r %géﬁ)tﬁg 81%1?2%%:1’@ }r)}(rer?r%'f ne phenanthroline,

phbhaisd, OpR8akSiatne, PXAIBIiSAnES foragdn, pphéendazing, gmotqjisiine oxolane,
i ncl ude esters,of, carboxylic acids,hs#%%l et hers P ¢ h

thig]angh oP%azols g pipsridine razane, | mogphal h))%cégnegn grac ams such as

2z 4 EARRRSR anb S PRIdINGRLY,  sulth8s f duibflesdbind BHeOliles: t TRYh@E@GpPclic ring may
chem stry has been revi ened C?eene

be pubstifuter; ¢t e PR/ BIOTGPEIHENS Wl@}whu%b%?%ﬁssfé%@d above, as for
1Y Qk Ak y1l 99deny1, Bal 0Q4614838,7 hydroxyl, amino, nitro,
xEiple Bl Gn AL Ao My Do N AD BRI by
sulfhediyl," imignd arwdﬁam}y)pphqngteerph%phmate carbonyl carboxyl, silyl, ether,
uLjRh ek,0d HERRRYLRP W t heteroaromatic
au{% ‘%‘%@%m%ﬁéa\hf %%ena?%f uor obut azeggl fo?f;?lrmglrcoourps'3 oroare
nuneSpeEFlvéDyorﬂhehk%rns "triflate", "tosylate",
“nesyl ate”, and "nonaflate” to )
t ri f AsiosedhiEréiante ko fritre” awens -N@-’zt Bleveme Shalegmadesignates -F, -Cl,

est ef,.. o Bt hang g+;o 1 _OH; and the t
Broﬁa¥th%F%Bhtane§ %oﬁ%%@ gﬁ% gunctloﬁ%ﬁygg%%%g and e e
"suilfbed'Uresnd 802-cont ai n sai d groups, respectively. The

term"thioxo" refers to a carbonyl sulfur (=S). The
abbrBw @hindnso'Meferkto a Rlrboiif] oxyigen T0).Ms r epr esent

met hyl , ethyl, phenyl, trlfluoronethanesulfonyl
nonathe oerofsut poripsyelFlt rqu poybyqyoll@ emevn| feferyto dwd origrore rings (e.g.,
esul fo res
cyrrzrﬁgpcygﬁ c?lﬁlgaﬁ%wl(sewyé; oa gyéx)e/ h%g%g%&?ﬁg Eﬂe%ﬁlschstwo or more

caﬂfons ragk eanynonkto It~bvo|aﬂ3d1imag antgs,aeppe&mngs arb 8fufsed sings". Rings that are
of , each wol ume, of the b £ an .

oighapie) Fpmd Sl pcionaRy B i Bch pfpeprines of the

po@ﬁiycld ﬁﬁySieaﬁlﬂBndlted_M&ﬂl ﬂfchﬁhihsmemmasrmascﬂﬂbedmwdvebes for example,

C?%%LE nf}’,t]rpfiﬁ%??ltl Utl oci,ycg%llf)aa?x é‘{j’f’;‘ﬁ ammo mtro sulfhydryl,

mﬁﬂ@Staiﬂl&B | 9ﬁospﬁlohmteaqsmfsﬁhaﬁ@1e Vdatbonggr Bhitogdl, v sily@n Os.eher alkylthio,
of the substjtuted atom and the substituent, and th

sufipeyls d0PFr BldPRYOS stert & heigrogye b AT 20GREG D etgrogromatnc moiety, -

crhi_ely odarsiot spontaneously undergo transfor mati on
such as by rearrangenment, cyclization, elinination,

et C. TKEphBkd "SRMRMMBAS IR aL¥dedt hdréin RAEddsGEinPbrary substituents which
geonetric or stereolisoneric forns, The
protect a potentially reactive functional group from undesired chemical transformations.
Examples of such protecting groups include esters of carboxylic acids, silyl ethers of
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).
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20 present invention contenplates all such conpounds,
i ncluding cis- and trans-isoners, R and

w@2@nani3soner s, di astereoners, (d)-isoners, PCT/US2006/047861
(1)-isoners, the racemic mxtures thereof, and other
m xtures thereof, as falling within the scope of the
invention. Additional asymetric carbon atons may be
present in a substituent such as an al kyl group. Al
such isoners as well as mxtures thereof, are

| nt ep ttg be kpehyded ‘*tQS)II’h' S "nﬂ%é?["t | 0Bpd 25 “Ab@aflyl” refer to
phrases “nedr at'ed di sordér” and” "di sorder nedi ated
trifyosidtimneswfesdi ng  Bal-tohuacaylfEmyly ef er maethanesulfonyl, and

hoI | di e ns i a « w ate”,
no%g oro&gt fiéﬂuu%ﬂgh gfo%ﬁ‘? r%%ﬂ%'g‘ilgl '@%éé‘h (Igél}P]eSCt gghate tosyl
“n’[eeiymeé’d atxd Tﬂwaﬂabﬁdbdgﬂfmgtom@hm%ukfmaw eftgy, pdoluenesulfonate ester,
dlre | at ed to t a

m%tg %a){? he $§ercl ggd al}ﬁl Ootrlk?%ltﬁéﬁ?%nat{l ?sft%htfHﬁtﬁlonaL groups and
m@lﬁédllb@ﬂﬁt echthiy slamngbups,mgspbbte/eaxat ivity of, function

of, or association with Bcl proteins. 30 As used

her eTiiy tetrhe'thiiexdterefdds td a ambotiBauifpr 6t " are i nt ended

to enconpass one or nore of the Bcl-2 subfamly of
" ant iTl@d:)@bbmt/iamopﬁ aviej s, Ba) T2, NBelswMsdVibdprdsenBahetlxyl, ethyl, phenyl,

R ANCA L RO TNV AT M e

mERLESSQIYEY] SespadtR@IYIAS, tbreCedhisrieRen sinad ﬁnoﬂshe tblereviations utilized by
heterocycllc conpound of the present ention are

orgA chrbift ERFHIARE FELY 011BE S ARBSHP P UoNBbISSH of cach volume of the

JONBEAE SR BSc CHBmBRHR rtﬁﬂ@arseds typRenlyNsres@@at {08 talilé entitled Standard

tri phosgene, thiophosgene, thionylchloride,
lewde and the I|ke and 1 2 anino 5
al cohols, 1,2 amno thiols,

cer t Hivill; bg padrraigod (thy "fst’/%“'l‘Fé?Poe‘F g’c‘@ao"&% wglygles the implicit

prﬁbﬁo RE&SERN duBVERtibANSs GA rhc@@rd%&p@'[tﬁdpé?ﬁ‘uﬁélﬁvﬂ@ﬂ@d bPkhe substituted
an 1,2 am no al cohol amno thiol, or

2
atqmaamdﬁbe wbaﬁltmt,aambqhyﬂ@eépﬁs&wmrewhs it 6iablg Gompound, o.g., which
ddegsﬁ(gnﬁ)%ﬁt %Q&sl% hg{cﬁfébCYﬁh%nﬁétl&p SudH &S rdMMBBLMBR, cyclization,

can be 'synthesi fromcyclizations of gamm amno
elaindgon,¢taf f ord 2-pyrridones. In certain instances,
the five nenbered heterocycles of the 10 present
i nve@eitan compobeds prayrxest maa@wh@ ggogtriz| or stereoisomeric forms. The
0 b z; | Pans- R-
prgye%lt r?\ﬁﬂ%‘i)h (F)n dﬁgt%;l%fgg 0 sg.f ene d@ 1ﬂ§iu an! I b& ans-isomers,

e ‘azonet i ne y
arsiu.ﬁfenaratoenm,ddlasﬂemma(yd)ﬂmm,rﬂ)‘—wnmem rtag rgqeuupsmxtures thereof,

ansc'iu Htkﬁegl l'gletlcl) ! = Ctﬂgrryog a% g‘gﬁmg% tﬁﬂt h%n séo o gf’\"tlﬁ]eg invention. Additional

a pyrro ne“core. n gértaln i nstance es,
asgninemns caﬂmd atemg mayAsg¥eserit $n addbsilmmt stithe as elaathyb group. All such

U e ARt D B o e
reactjons_are.ca out,. ,|| ul C :
e M AR L, v

Bd:lnlsrbsﬁ’ﬂmSneférhlﬁ }imihﬂbgmybhlﬁs dnsaameh&)rﬂytrmisesnxﬁdhfar Bph protein plays a

o3 sl e S BB e R o oy o ey

refatéd padddehditioan Tﬂﬂ&&'ﬁatb& dopafbe b Hid hlaﬁﬂasﬁldondhic@ﬁild&lat they may be
I .SOX zolldlne

RS &Y BT BT P aCRE B ogon Cheon A RERS S Hitp e} Broteins.

reduced and the 20 am ne spont; ousl cliz es to

f or i U PEFPHFROteRES B GPRBA PPITHG ALSHEICEE 1§ gnegpmass one or
more of the Bcl-2 subfamily of anti-apoptotic proteins Bcl-2, Bel-w, Mcl-1, Bel-XL, Al,
Bfll, Bcl-B, BOO/DIVA, and their homologues.
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(see also, U S S. N, 11/156364, filed June 17, 2005,
Publ i cati on No. 20060025460, herein incorporated by
WO 240g/08338E in its entirety). Typically, the N ECDUS06/047861

reduction takes place in a protic solvent, such as

met hanol . I n certain enbodi nents, the heterocyclic
conpounds of the present invention are six 25

nmenber ed heterocycl es. These conpounds can be nade

using a nunber of nethods in the art. For exanple,

‘ﬁﬁgﬁ%gggg&ggggkgggiggygﬁd§ynthesized usi ng annul ati on
om acyclic precursors containing two
nuc'lﬁo&pﬂaid %1 E’Fﬁ@&'; Qhe %%fé%(ﬁkﬁg cBihpblih@Eof BebPRSent ifiVention are five
exanpl e, lamnes, 1,3 am no al cohols, 1,3 diols,
meimBerdd hhuempycleg ’Bheaﬁycnmemhecﬁcghet@pcg_cl@ cqnmedyreaqlrgg ﬁl&l’% the reaction
Qikelbnd 1,2
or AR Sh GRS A e SO DR 1.2 i
alduhlomm 52, argino ﬁnaﬂsb@reberdlagsnasadnb@rtmden%chs the five membered
nt er ar__ or inteanol l.a |
el BT U breadty) HGRRIDART KehrePRAETRSRE' Rlltion of an 1.2 amino
alcnthdi,t1i, Damireo thivljidvel,2 @fiarsing vnﬂrmealdehyd&toerl@ml Beceatagn instances, the

e o L S BB Hob i Bt bamma i

acf%%otzlh Qf&@&lpﬁﬁﬁbh@oﬂﬁbwﬁﬁﬁstaxﬁle mwn@ myﬂibhﬁﬁall setafocycles of the
t he heterocyclic cor etero co unds

PTERENE dRYSPHOR 2638 B%lsﬁ@%g iustg Bl %¥§L @ﬁ%??‘ét %ﬂ% between an

azhABALARHS JFNRWetiiné RAIdRI dnd ReRIESTRN AL ABmetiasphRIE substrate and
i ncl ude pal | adi um coupl i ng reactions to al kenyl haljde

aliggnea Ay kel Uncicoghtarenns, suitableder ihsmial afieiigation following

| SRR L CRCLLPRS ittdnRelaGdWioRbid, 8%, AgOAC, is added t
Sﬁg‘&‘%?‘@%ﬁ%&?ﬁ?ﬁs 5 nst1 al | atel gn ofl prot e%tl ng ¢, Is added to

thgrengpion. MereNzih ipftannes: e reasgonmpinpye instbiedied (9 ket % In general, the

sug_‘};gt peeatcﬁ&?sc XI%' #a‘f‘ngcp Qe H{]g§ gfd t trmﬁfemdrﬂ nblpt' ag BPcarried out on a
or protelns a Bel anti-apoptotic

sohdrmuaport Ilm ocanmemstaellcbss thndletqmwclft& eaube tsrathesinpt dsygn the [3+2]

cyg oadg%on f %t%rp s d aﬁr Ilgl %ﬁ{(:;?st %}E%%t&em‘&?'g‘i@&ﬂ&g%noﬁhe resulting

g rnvention se |vey|n anti = apoptotli
cyalkiaddidty cah cmzhyb@ rreacmealrberth ahesyhechBotide? tg ieldni| §-nodthyl-mesylate-

. anti - otic rote het.er clic
sgeepfigBEny B Pofiebic ounh s 08 PRIGH G Pt fuf TR Mduced and the
arﬁﬁéfs@bhﬁgeédswfb?chzﬁs sedsfm reppateitlihg ;Bedlcscﬂlblectat tial examples below

ST s T SR HEL U TR R P80, v

inEbrpbRGETCBY referehdd nyitsRIMS). STypicalllyplhle QMOBoridreduttion takes place in a
bi_.ndi ng and_cel | ul ar assays can be used to determ ne
PrPH‘”eSOIYSntaE‘ﬁ}\ﬂstr?etﬁﬁ‘EP specificity of conpounds of the
pres |nven£‘gnto hi dtoB -2 and 5nﬁL
F uncin G eopdmentpdic aphe wgcomgg} Byt

mEaberel Htd28é dya:wesc TReRECHBH Ik R84 bl ThAR 1&ings membeﬂf)f methods in the
known net ho One such assay is_a sensitive anp

p&ﬁs&n 1nvent10n are six

~ arhy ERf PraReRlGe thenhetpracyclor fan e axuhgsizes Hﬁnﬁw@é‘eenﬁf@tegles from

ac ngﬁgir&ﬁltré&g coagm(lﬁg )t\n%e_ﬁﬁélb&ﬁﬂh@)ép%w s?b]a.ratg} by three carbons. For
exmnple,’l 3 dlammes 1, 3 ammo é.lcohols 1 3 dlols 1 .3 dithions, 1, 3 amino thiols, or 1,3
thiol alcohols can be cyclized using sulfonyl chloride, phosgene, or thiophosgene to
generate a 6 membered ring. Likewise, six memebered rings can be made by intermolecular
or intramolecular condensation reactions, or [4+2] cycloaddition reactions. In addition, a
number of six membered heterocycles are cqmmercially available and can be modififed to

yield the compounds of the present invention.

8



10

15

20

25

30

Alnenri, E. S.; Kongold, R ; Huang, Z. Cell perneable

Bcl -2 binding peptides: a chem cal approach to
w@p@phos8s i nduction in tunor cells. Cancer ReBCT/RSDN0¢/047861

60, 1498-1502). Cell based assays The ability of

het er ocycl i ¢ conmpounds of the present invention to

inhibit cell- 25 viability in cancer cells with Bcl-2

protein over-expression was denonstrated. Wen RL-

cells are exposed to the heterocyclic conpounds of the

pres € ; ' oW, ic compounds may be

dos e-%gltel%‘;‘e'ﬁ%e%h%gﬁ thtlﬁf Ihlg{r%&i}%g% ES“’/SM arm?erbol(_:l)j%h P y,
derbwatioxd abing aasaiyy wi fimdtiobaliaation gsacsions kpeyndpdhe atodepresentative

t o abou e Ex I . eel.l : i dati
exiuSp) BB 448 RATBTERL PO dFdepiolt B kB Ahalfif of affi Ralides, oxidations,
reduB¥ &, iredttions eatth nneebpiiilesj tdaciampivithhdedtrophilee Boicyclic reactions,

~inhibitqors show a synergi sti¢c dose-dependent I
msra"@rlpﬂggpwt?qﬁ’élgp%faﬁsdF v t'8@%" e‘%&?& 2i1oh a“%[éﬁ .

suryival assay with 1CR0 | ues of fr.o t :
o dsderonic soumarat ekl Rieignatgd) 8 988 by hitte Bt proteins and
b1 TBHSZR08) Q386 Fuaion2in bltidet tcells ahavembedissshdhay axpress the Bl
be active against. a nunber of capﬁer. cell |i Nes. _AS; hibit the anti-
profeifg| B Sg@it PRI FOPRIEndH P Hie Y B LSS BT RS St
ap &lacti 30031019 8%mbep W the IByl-2 REFamf1pl dfcaiti-grptotic proteins.
02/ 097053 and WO 02/13833; all , of ich are hereb ering from a
Th hetsreryche 6amMPBYNdseplcthg iRention Gan RE HE fﬂ\ié‘iafﬁl?é’at‘ﬁ'éfo%}é ering trom
dis%%sré’ reffdd 081 1R ¥BhAinGRthndes Nte GRRERYclidNBSHpSurds(cZ@BInvention are
5, 6/7-681), head and neck cancer (published PCT
useghtol tregh & ipetierviGuiRring fiPyBcancikr eby i ncor por at ed by
reference), and | eukem as (published PCT application
BisippicadAasyyinalesisby i ncor porated by reference). Bcl-2
i nhi bitors have been shown to be active agaipst a .
nuntie Bfllopang ér véiep | binding end; sellpbssatsi G BF e {9 gptermine the
' . oAt EGhydlitgy tolBihd A®Bcl-2 and inhibit
LR e RS g e T
Bah@ihinstimdinRCGElappl i cati on WO 02/ 097053; her eby
i ncorporated by reference), prostate cancer (Wth
BolldRindingl4ssemibl i shed PCT application WO 02/097053;
hereby incorporated by reference), head and neck
Bt @ravel Belvwl hindiescanced detepspigied $wg aPEriesy of kpayn gipthgys. One such
Q97 it gL | 1k i , f1 @608k polarization
as I8 8 B CAEPYuRGANROL R0 PRI LGRS TRy AATCRAT ©
(FBEBBescbibed 68 IWangnl.addi Zhamg, Zo-Tt:Hehoksi, &t oPisent-i bheds Croce, C. M.;
conbi pagi. h Ut 28 Wirfdi ides: a chemical
ARG Sr gy Ry MEREE, Eou pRliLApIIBERS iling peprides: a
apptoach t@apdiptesis grduagemirstunioncelleliGagcerRes. 300,160 #2451 3Q2)-
et oposi de, doxorubicin, cisplatin, paclitaxel, and
Calbighsat ooy Nat ure (2005) 435, 677-681). Methods of
Therapy and Treatnment The present invention further .
pr ovTlate gbility rddketbrocyelice spmpguedsdof dlarErergnt feventipn to inhibit cell-
vi%)ei‘l\{%ri té(an%]:ar 8&&C\§ftpﬁ§clyfb%é§§ o%ﬁ@ﬁpr@géiérpmb _Qfeﬁﬁ)nstrated. When RL-
I'sdrdefs or conditions. ncers or neoplastic o
cetls measeposad dor the detatodydior champoundatof ghe present énmeationythe inhibitors

drri ni . ; AR
Shg‘p’ggs gh%ettﬁ%%lgﬁ?nr}tg:ﬁ}lﬁcﬁﬁ}g %ﬂlge’ e %E%n%’?tgeg %wo'xgﬁﬁf z%fsa)I bv?th 1Csp values of

from about 100 pM to about 1 pM (See Examples). When Pancl cells are exposed to the

heterocyclic compounds of the present invention in combination with camptothecin, the
inhibitors show a synergistic dose-dependent cell killing in the propidium iodide exclusion

cell survival assay with ICsp values of from about 100 uM to about 1 pM (See Examples).
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not limted to those |isted below (for a review of

such di sorders, see Fishman et al , 1985, Medi cine,
WQQ00Z@753870. B. Lippincott Co., Philadel phia): PEUKSI00&047861

(including acute | eukem a, 25 acute |ynphocytic

| eukem a, acute nyel ocytic | eukem a, nyel obl asti c,

pronyel ocytic, nyelonpbnocytic, nonocytic,

eryt hrol eukem a, chronic | eukem a, chronic nyel ocytic

(granul ocyti c) leukem a, and chronic |ynphocytic

I eu Pal [ in

gLk AnkEhiy gﬁ%%ﬂ‘z@%?ﬁgésﬁf;&m capgcT el lines
as mylgleom@;nt Méludirgs bub nbs limateddg) bisasti aaaagraU 99%/%]1%% published
se 9,80

P RS g2 TR P all b VLT 38 KRRy incorporated

by&@fe@@ﬁ%) 1yﬁi&bdﬂ§ﬂNa&ﬂgl(@S@5)04ﬁﬁa 6'7|7y6ﬁihasrga]d)$al’1dong cancer (Nature
nphan i oendot he

| -
M T M -
hefeBY CirftePorated ObY\Cref6l@héd) 7 238 7 1GKEMilS2 QPIAZBORCT apphcat:on WO

ancreatic cancer, breast cancer, ovarian cancer,
02 |3§§§dteéetlya‘ﬁ€@‘ﬂ’°ra§ﬁfh9}?6‘if§mé‘é? carci noma, basal cell

car ci nonmp, adenocarci nonm, St\ég’ﬁ qc?l and carci no
|

seb;i},cé-@u@hﬁqﬁgﬁsd %\gfl?ﬁeﬁos.l?ﬁwn 1xe )gg%lgF AR r’ of cancer cell lines

in Eéﬂl'bkr{a%BM @ﬁﬁrlﬁﬁé}r&itﬁﬁﬂ@e? ageit Adenataion) ilﬂilﬁ@dmg, but not limited to,
nmedul ary car ci noma, br onchogeni c cargci noma,__rena al

breget | capegrci(WaHm, dcﬁ‘éﬁ%ﬂa]@ mBublhed BGEt 2pRNeatiqmYY O 02/097053; hereby
mc%gﬁgmljagﬁabrﬁsfégéaﬁﬁye) iﬁfﬁt%@nc&'{b\hﬂpﬁ@éew&@[ PubR&Fed BT BBplication WO

ncer ut eri ne cancer testicul ar
02t09TO63; hemgy carerpatited bynesiferenes)] heash@nd sreckneapger (With docetaxel,

pugf %dgef,?ﬁ; %1&8@8}? @p bﬁ/‘d@%ﬁ l'fe@e(,tg) g’ﬁ:grﬁ)orgtleh %Sareference) and non

| ast onm, ’crani’o yngl O
sn’fahemliyhmga;anpemééﬁtbrma,chtvaﬁhd@qtum é’&g)pé)rﬂ%aébwﬁilb In addition to the

neur o de dr o g -
o SRR eSS LU, LA g or Bt
pr&sieddispny, sidwegye (mmouastﬁsr ahtitdneepragemss iimiu@'n’gi dnt arag limited to

i a5 S AR i RS o7

\ homa mant| e cel | Iynphoma or
el heramt ’— ettkeni a) pr ostrate cancer (nore
pr ef rably hor.non Siti ve S
(pre %/ nteé]‘lv{,eél 8ﬂ ﬁv@g&&rgv %ﬁ(\)/ée cfgxn ctfx%atmg and reducing the
se@itl olp bﬁﬁdeﬁ aawetiak @ltmtBaﬂl-me&ﬂzdedréisbrcbks oxowmdltam,s | ung
(preferably small 15 cell), hepatocellul ar carcinons,
mul tCgplcersmpel peaplastie adisansds n@ok relatedle dlisocddrair thetiranr be  treated by

(preferabl ermec Tr eat.nent Cancer. .in .. }
sdeHSIAeY Bh o PR-EHbt FEPABYIOR: PAUICORREP4 Y ainyfnelude, but are
nomhﬁtdaqmawwﬁste«i bEloe gbesemieWmf@uth @isotduts,ade8 Fiklgman et al., 1985,
used to treat_o reve r..ar I ast c .disease
MRS Ko B iR SRS o SRR Sgghat 16 eukomia,
acﬁﬁqg&?hs&m@m&n@g QBhfe medletIting ledkiinisOtmydleblheit, t promyelocytic,
rexate, taxol, ner ca&t opurine, thi ¢ Tﬂgnl ne,

mYSmERYN I, MOPPEHichi FYrelrikgBRosHHamiCddSUkeRYY s Shiogis myelocytic

gﬂnﬁfo@.gﬁw eRakemfd, SRh@! khron§Ar Rt it IBuk@rPﬁ/aQ* NPolycythemia vera;
dacar bazi ne, procarbi zi ne, etoposi des prednlsolone

Lysenhores ﬁagl@tﬁ@lg gygglgglsr@seaé@%gpﬁgﬁqégkubq; 8156939 nMultiple myeloma;
wIRKALHREE! Raciod®itiBhEinth; Heavy chain disease; and Solid tumors (including

fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma,

chordoma, angiosarcoma, lymphangiosarcoma, lymphangioendotheliosarcoma, synovioma,

mesothelioma, Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon carcinoma,
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daunor ubi ci n, dactinomycin, plicamycin, mtoxantrone,
aspar agi nase, vinblastine, 25 vincristine,
W@ 2waed3RT ne, paclitaxel, docetaxel, 5-FU, PCT/US2006/047861
epi podophyl | ot oxi n, canptothecin, 17- AAG or
cycl ophospham de_ In a preferred enbodi nent, one or
nore conpound of the present invention is used to
treat or prevent cancer or neoplastic disease in
conbi nation w th one or nore chenotherapeutic or
& @&eebiﬁrp&n@gﬂ Sostdld camtk, dgubiioas célD carcinoma,
pm}oc%%slg Eér Bﬁeg ovailrrl Radi at i on, rﬁ’e g., Y- rad|qat| on,
bashil tqflbg:Hmrmn;it ad@mc@rcmm@nswawl@n@ sﬁ@w@ﬂnsaféaceous gland carcinoma,
osfamde  {ro d 1 MCI loystEdddoBeBidne. medullar
papéﬁ%ryrref:%rﬁé an é\:i‘% ufg%eggb Teludi ng® car must i ne Y
car¢inohid) bmrd:hbgemst:ammo(rﬂﬂﬂbi)%l cem qewlsqmg,hhﬂpat%@a bile duct carcinoma,
Ch?—‘@ﬁ( ! ngml udi n%/%ﬁg(lgf?gneﬁ T ca\#ﬁn 817 g@graééggmor Cﬁ:rvwal cancer, uterine
calldR, %Q@Jlﬂeﬁunﬁraﬂuﬂymmﬁmm rsirrad cﬁflh'bmmdam@mnml, lb@ndqlgr carcinoma,
coshl orinae e AERBE, bl e cnopharymgioma,
epéél\&ﬁ'ﬁﬁhﬁe,plﬁéa[&ﬁ@ bieﬂﬁng%@a{stdrﬂagebcomd lﬁauﬂﬁﬂagolo)h,godendroghoma
Topoi sonmerase I nhibitors rnior%' nc| ud| 12% et oposi de,
meﬂé?ﬂ“ﬁf%#ré glangpaaEehastgmanseLAphlast R n, canpto
i rinotecan,_ and 5 crjsnat

Ant i - et Mppﬁ%gmb&ﬁtme@to?}ﬁ récgnn%/qwgg o4 :’}ha 'present invention are used to

tregpéiiﬁ%fsemiﬁm  THut RSt enab@, to,nmgﬂmmelq'peefa@bw follicular lymphoma,
Ti azof uri n, %awrln El CAR, hydroxyure

dnf@@reelatg@a%cﬁk!)lympwmﬁa weAde &ﬁ%ﬂﬂgehc(rpﬁc?fﬁmam lymphocytic leukemia),
 pLEFRXHY HYRBne BR¥hdilive)l BFdA8s cancer (preferably estrogen

pr%aIF éJ%n)‘%gf aﬁ%lgep%[gl t ablpne clﬁ ar abllﬁg@)( ara Cg q/(p F d A

receptulni pusEived, nereblastoriar evlprrs)al, crRgmaiaala AxaTeRys fung (preterably small

ceMﬂnﬁ: g)c@ﬂul%? c%ﬁ:%&gé‘ir h&; A8 %Télbﬂﬁu ‘”1’1@5(]‘1~I Shd A¥KTBPAksticular cancer

er ecept or '0 ant'agon sts (i ncl udi ng
(prﬁ&‘fﬁi:lefgenn ced).oxi fene, megestrol, goscrclin,
Leuprol i de acet at e, fI ut am de, and bi cal ut am de)

1060, vert oporf in (BPD MA) , Pht hal ocyani ne,
phot 0©arsort mpey c@mpour[d;:nef ﬁm(ynehwdgygmqnncqq also be used to treat or

pr%veg} océnw o)rﬁtla Lic | 1%{3% gr éA ?;to l{n?agﬁ)ﬁ Yvi thérx]iQr or more anti-cancer,

T 8¢t Y I ng ovast atin,
ch&mﬁ’&iemﬂeuﬁe pheny Inp:ylldldg,rbuj mot hmxtegttaungtghpb'pxzﬁg taxol, mercaptopurme
thAggl nogly CI@éOX}ﬁgfﬁ o lgmgCI cn cl h%gﬁg%%l ,Xorrfa%falémllc}]e, nitrosoureas,
cw(p@dfri acarbopljtin,| dﬂfdmh)yo(m n,da&‘rb:muﬂm cprocamBizine,ubfoppsides, prednisolone,
dexomem CInQ:Er i e ¢ Eampa ApaT Sl’blle&tnnbacDSI 98 Mdlbicin,  idarubicin,
dahhéhubilem d@actinban@ld, dosticdemycByr trazoxdadonee masgaaidingse, vinblastine,

Erlotinib, Gefitinjb, Sorafemb dSutl

%%Fh\é‘P%&}f‘?’cpaaB@ﬁF SRestarely 3di atePWdPﬁ&?Qgsw&aﬁa‘%Pmthecma 17-
Aﬁ@‘mog'(}?t:ﬁibﬁgsp]ﬁ%lwc%ﬁ Gi p@fdreed Hrabadifitht, Corjér &t 0ood sompound of the

known in the art. It will be apparent o}i bi
prga@m iTERUIPR, it MESthiq TEARPT PHRYCRURMTIGES OF AEPRIASY GiSRRRS in combination
with SHD b RIAP ElkrhSthBAB ALt ABE BEr 4HERlckOBednemBRIAISR But not limited to
e vari ed dependi ng on the di sease being treated and

thodesshRwonvirel@f f ect s of the chenot herapeutic agent

and/or radiation therapy on that disease. A's
Raghiattnnd e e Y whdintion; Wi tRG s @H@téfdéf(“tqlu‘éilg&|°D’F'é’8h05pham1de Ifosfamide,
tr&loéﬁfn%@n éltl&‘%n;btﬁ@ﬁa@éﬁdrﬁusﬁﬁgt onal Sndifhdlan); IRERESUreas (including

anount
carmustmc (BCNU) and Lomustine (CCNU)); Alkylsulphonates (including busulfan and
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25 times of administration) can be varied in view of

t he observed effects of the adm nistered therapeutic
wW@Qo®nnes3gT . e., 'antineoplastic agent or radi at POIPSIING/047861

the patient, and in view of the observed responses of

the di sease to the adm ni stered therapeutic agents.

The heterocyclic conpounds of the invention can be

adm nistered to a patient in the formof a

pharnaceutical conposi tion. The pharmaceutica

Tr%os Hirg é r?e&eﬁ%ﬁ&l‘?%§ ﬁ%l’%rba%g'leorl’IMu% Qf)nttanﬁng compounds (including

I'C conpounds [ nvention and one or
Cispiatin, piaaboﬂdautandmxapmm,ebtaab rdkagislis (ineduding [vincristine, Vinblastine,

VISR TVIRBERIRS pod DB ANALIRSRULLES, SIROSHdefhmerase Inhibitors

one nore heterocyc npounds (0]
(irichndexyt etﬁposmmél‘e(mnpdmi’ee Topetevdn) QF:apmm:ampt@gmotrs camatedirinotecan, and

crigigs 2DBHIBY 8 PCRPSIBORY t o0 R ifter U IGang methotrexate

TriReRUR]s @fcddiRnphieseadtid,i NTapdfuein, arkibhvien, EICAR hydroxyurea,
chenot her apeut j ¢ agent d 0 be.a

defotor NS TR Ha Bt EE A BB ST PERUAG T Ragrane, Doxifuridine,

RPECRUE &aplcitabidef eF @Ptardivsi(aal CANT ebieid G@dbinoside, and fludarabine);
characteristics, have to he adm nistered by di fferent

Puriggrapalogs pﬁplugmp@ap@(gﬁﬁgg Ak gfogph%mﬁ)q nal therapies; Receptor
antdR¥RRL @Bcl‘ﬁﬁﬁlgb?aﬁ‘@mf@hskﬁfo%ﬁ’ehé‘t ﬁ@g@s‘&%ﬂlsé&&cﬁlﬁ Leuprohde acetate,
generate and mai ntain goo od | evel s, Wwhil

flutdraids: Aed bﬁ@@}ttﬁ@l@@eﬁf’tlﬂfﬁ%@éum@é inelusting EB 69%? IC§/B1093 KH 1060,
veﬁﬁgox%glt ﬁgflf’{%t)o% al&gﬁ h%sé}ﬁmi& HaatpRetBRd-hypocrellin A,
Vi m ni s | e

ratlon wher e pOSSIb
(2BA-2-hMEle | efpmc@,uhtq,rﬁﬂlm@ gmpogior ingerosissfagier) apf wofhars (including

ow cI| C|a ti
t\}(%E‘mﬁllqst rgg% %ﬁﬁ éﬁ%ﬁ %lo# 11%glccor hg %igurmg?egg s%e%llnom){cm D,
Dautiabmyoirs Heawwgcinn ARZheBlaomycianB2t %plonmﬁs@,ddmuhlhm, Doxorubicin
bse%ci\{gf g"{l elﬂmgh Oé}%furpéc:ln S22 Gsi il dfc?rugfcm Mlt%(gntrone, verapamil,

ot M R stTatron ca
th:ms@gafrglad hyvadnia, sklEﬂintaﬁ cmnmam arPredIfhsalqara;[t |Imatmib Thalidomide,

ice chem)ther i. on ~W.J
Lera %walq%pﬁﬁr%%mbd. 2roeb e of L EE AP SO and o

and t nt of the con 8;, of t atient .and
t he aB.E‘FOﬁ TapEUNG. mp o1, Iradultg)n '1@8 Susap ol%e administered
act&Yinpy t@&ﬁﬁﬁapbﬁt\&ﬁﬁfoltm,ls a8l kebenoh kisy apduiilt bagpparent to those skilled

and/ or tered. concu tly. .
in e g 1 R P BTOUTORY O QeSS APPSR AR AN R FPighion therapy can
beWivhAED G&RnaRige duf 8Rd NEBdase! BiAgOtrtated &eTIUBAL k@dWiy, effects of the
dependi ng upon the nat ure of the liferati e d h
chamoBesap eUfiR & BERnA 4/ Porrdttiop HRCTRRY .Oerﬂqat ditrsg g jn ageordance wit

th€ RAbWRARE EhREBkiNeA JA/IHidG th@ﬂl@fﬁpe@ﬂ&jbﬂftoécﬂﬂ @kl ﬂﬁsdg@ amounts and
be adm nistered in conjunction (i Wthin a si

<y n
timesoak ‘I‘ﬂ:’ﬁtht‘Z’@OB} §8H 5 |V)a1’19‘\ﬁ1 i Views eﬁf}whfegfedt quec %étgﬁtadmmlstered

thtAY&Rd Hentd (i.ed aﬁﬁHP&ﬁ{Qﬁlcoigehﬂf‘r ﬁ'ﬂ%%ﬂj oh "t‘l‘{@ﬁ&t[éi’n@,anﬂﬁﬂ view of the
the cherot herapeutic agent and/or radiation are not

obseiried respeney of ithafisease o &%ﬁd@wn%@%m@mwﬁc agents.
si mul t aneously, then the ti mum order.
admi nTkehgtaresychic OMPRBHAH egﬂw igventin m@% Administered to a patient in

thé @6( %3 Q%hax%%eﬁp@al cERpIBkbaT %@?hf £ AQ80L218HPkition comprises one

latio be different for erent tunors.
or‘ﬁhqg ofjthe heterocychc 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.
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25 certain situations the conpound of the present

i nvention maybe adm nistered first followed by the
wa@cen70738T ati on of the chenot herapeutic agent Bemi82006/047861

radi ation; and in other situations the

chenot her apeuti ¢ agent and/or radiation may be

adm nistered first followed by the admnistration of

a compound of the present invention. This alternate

adm ni stration may be repeated during a single

tr egé?gaﬁﬂg ral! r@5inds -Sli’?héjﬁfegérmlﬂ@éﬂtﬁﬂ fd thBehemd@lerffeutic agent do

nirstration, and the nunber of repetitions of
noadm'mtcsbcf adiniistefeddndhe sarae ab@chéu‘é&j‘é ﬁ?mpﬂﬁFlPﬂgaI}Sl may, because of

dlﬁfﬁr%g{ Fca’? 5&#‘ QfiQhical & thé’Mcts LR elth %eiﬂaﬁ%ﬁgg&l BY different routes.

SICclan a eval uation of the disease
Fob &Ixag]pﬂd‘ eamqnbuadsj of e gpmsdntt lno'nnm’n rhy baedmimistersgr intravenously to

geeﬁrgf.%taﬂg 15161&&m g% en?oy gg or gg/ tHc,SZ&\%ﬁ{le'nbﬂggélunc agent may be

Iat I on M
adﬁﬂﬂisﬂir&d eradlg. he stetermmmmadﬂ tgne irfiodet ofi &hmmsmy:tlon cmidghe advisability

of feﬁ’}%‘sg?g(gqt eer}ggpr(])gm%%eat gstagfeo nttealﬁgl%ggutygan{;omﬁosm?n,oiﬁ well within

ese ven
thé @hb@yRide ofiaey ﬁuﬂ&i elilmibﬁadTadVlaﬁhlazgﬁmuﬁstrabyn tche be rnade according to

adm ni stration t he chenot her ape ent an
estaglishag B’f?“"&iﬁ ké‘BWBnmuH‘Fu friy ﬁ%‘F F‘?ég’at P%tﬂ%& s‘?"é’ed effects, the
doRaE MR RE @ aa_ﬂl%ﬁstrdtfbn%ﬂ%rﬁé@@ﬁad&mffrﬁbt@ﬁbﬁ lche BE en@lifled by the skilled
know edge, the practicing physician can nodify each
clipt@d@col for the adm n| stratl on of a conponent
(therapeutic agent, i. npound of the prese

i nveReg pArticelE FHeisE P&ﬁéamp&hea@éﬁfw 38R At AR "6}1 dgpgnd upon the

dlgérﬁétsr@lhe aB&tRhE bRGidiand Bsd inasH JMH%H&W; draht @BhdiSion of the patient and
needs, as the treatnent proceeds 0 Compounds of the

the ApenepHiate tRgEmeripEetocok t he present | nventl on reI at es
to a conpound ragresent ed by fornmula 1:
R2- XA comung of RORPFARENt invaHiosy apdh Cb%ath?’fa&’?%féc P&?%and/or radiation

g{ezlgﬁn@{ﬂstgra?ih %Bngi_%lgf'gé_rﬁl&cfé é}’ sﬁﬁﬁﬁﬁk@@é@ %@slehtlﬁhﬁrﬁﬁﬁltaneously or

witlgh=t4R, sime trextrnent -INERTO))- or gq:qt@nb@}}w qpﬁnqllgg oupop the nature of the
pr%hfef‘atl&e’ dlgéasg, thg cOndiflof of the patient, and the actual choice of chemotherapeutic

agent and/or radiation to be administered in conjunction (i.e., within a single treatment

protocol) with a compound of the present invention.

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

evaluation of the disease being treated and the condition of the patient. For example, the
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~1 NRoa PIORIo 20 Ais -S(O-, -S(O2-, , , or

-C(Al) (A2)-; each of Al and A2 is independently H,
wa@bkdoylo7s3at kenyl , al kynyl, aryl, cycloal kyl, ared®Rys2006/047861

het erocycl yl, heteroaryl, heteroaral kyl, -C(O N(R10) 2,

-C(O Rlo, -CQ2Rlo, -S(O 2N(R10)2, - S(O R1O0,

-S(0O 20R10, -S(O) 2R10; or has the fornula |a:

(C(R10)) R15 / 25 n la wherein independently for

each occurrence of | a; 14 WO 2007/075387

P 6 Lsdids » bé adRini ; filt S edpcially if it is a
chEOMREIRRE AEe inalh (Aot e pE pdrindleres fiRLOclpeetall
cytwetrdc agent] and BRAOhe r8RA@At comtinRed yith thadmayisipatiprpof a compound of

-N(R1O).C( O.N 2, ~CO2R1 [. - : ' . .
theb Bfeﬁﬁ%ﬁ%sx)ntﬁ(nﬁéoq%)%etda%eﬁeg Q%t_el%amggﬁab@%%t%ég}rﬁé,’ b)g ;th%ﬁclhghmstratxon c?f
th® RBembiMerapeutibiragentr andjoatradistiory @rdesé rvabe peiild éret trpat8ieng protocol is

or N, or Al and A2 taken together form=0 or =S; or Al
CORMIF'A0 t aken together with the carbon to which they

are attached forma 5 to 8. nenbered heterocyclyl . .of .

it CHPN Gt GFoaORIE, WD RPERCRAB RS Eate (g breticf physician can
moliffREdch PrbfdcoB b the a8minisEaidn ,of- 4 Gefjponent Gthetwpsutic agent, i.e.,

the formula Ib: I, RD 9 R8 R7 10.g 1b wh r?i D
compopneof the presgpsingention chemoBieEpeRHC agEH AR IgRyORHe treatment
ackSrdiTPASRRO HRIN iliMall Pt cBRCkE 06, Gl i ERELmbnt Brokydds.

al kenyl, al kynyl, aral kyl, aryl, cycloal kyl,
Cheb S8 Ve e Invésenoal kenyl , or heteroaryl; or R7 and

R8 taken together forma 3 - 8 nenbered ring; or R7

and GRe ﬁéﬂé@ﬂof the present invention relates to a compound represented by formula 1:

or an unsaturated form thereof or a pharmaceutically acceptable salt thereof;
wherein
Y is -C(Rio)2-, -(C=0)-, -(C=8)-, or -C(=NR0)-;
X is -N(R,p)-, or a bond;
mis0,1,2,3,4,5,or6;
O

I ) 5.

A is -S(0)-, -S(O):z-, NG , Yok -C(A)(A)-s

each of A; and A; is independently H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, aralkyl,
heterocyclyl, heteroaryl, heteroaralkyl, -C(O)N(Ri0)2, -C(O)R10, -CO2R10, -S(0)2NR0)2, -
S(O)R 9, -S(0)20R ¢, -S(O)2R¢; or has the formula 1a:

3_(C(R10)%—R15

1a

wherein independently for each occurrence of 1a;

14



together forma 4 - 8 nenbered ring; RO is H,
heterocyclyl, heteroaryl, -OR10, -SR10, -N(R10)2,

WO b{ORI0EBED2R10, - 20 N(Ri 0) C(O N(R10) 2, - CO2RI1BCT/US2006/047861
-0002R1lo, -OC(O N(R10)2, -C(O N(R10)2, halide,
nitrile, nitro, or acylthio; RL has the fornmula 1 c:
Arl-X1-Ar2-(X2)r 25 R1I0 Roglc wherein gis 0, 1,
2, 3, 4, or 5; 15 WD 2007/075387 PCT/ US2006/ 047861
risO, 1,2,3, 4,or5; Ar' is a nonocyclic or bicyclic

aryl it g atons; or a nonocyclic or
bi cyc]I |165h2t41é§og¥§1 with 5-14 ring atons, of whic

one Riswis eryls leyeloalkiyhgcycdlodkenyds élereﬁ@%ésddéwtqryarssl R0, -SRio, -

%’%0)21 INGRACERESS %{1&9)&%1&6%,”}12 2o, iy oF \:ﬁé)ﬁ(}{lo)z, or is a
X2 grudlyogdlic mmgrwepmndg 13t 14/cdrbon al@ods, oﬁwhrqimmetvvb or three ring atoms
net arbispepgrenty S R P EY el oaryl | hot er oar al kyl
or Y, Cir@xA] takas ydgexher foirh HQ e =8y dir A, althAb deken @gsther with the carbon to
wﬁi% %gfg\ggg%ga%%)for}rg%%% 8§{1%5)1%%c%§{63)§%if which one or two ring
atoré MedRidpendedely=HRIOFNRL0) (R, 1), or -C(=NR, 0) (R"); or

has the formula | a; Ar2|§!armnocycllc or bicyclic
aryl with 6-14 rlngafo ‘br a monocyclic or 15
bi cyclic heteroaryl 4 ring atons, of which

on t t ring atoms are ipdependently S, O
81\?' {E-B% @gﬁd“’cm 0)2-;°F a?ﬂl-e?ﬁﬁf“g‘fﬁ,&"or -0-;

R2 is H a branched or unbranched qf kyl or al kenyl ,

cycl oal ky], heterocyclyl, or al kyl; or has the

formula la: 20 R3 is H, hetero@ﬁ, heteroaryl

-OR, O -SR 0,-N(R10) 2, -N(R10)

N(Ri 0) C(O N(R, 0) 2, - CO2R, 0, OCOZRlO - OC( O) N(R10) 2,

-C(ON(R10)2, halide, nitrile, nRgptro, or acylthio;

wherein

D is N or CRyp;

pis0,1,2,3,4,or5;

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

Ro is H, heterocyclyl, heteroaryl, -ORyo, -SRio, -N(Ri0)z, -N(R0)CO2R}0, -
N(R10)C(O)N(R0)2, -CO2R10, -OCOzR 0, -OC(O)N(R10)2, -C(OIN(R10)2,
halide, nitrile, nitro, or acylthio;

R, has the formula 1¢:

gﬁ—)——Aﬁ—X‘—Arz—(Xz)r
RioRi0/ q

1c
wherein
qis0,1,2,3,4,0r5;
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each of R4, R5 and R 0 independently for each

occurrence is H, alkyl, alkenyl, alkynyl, aralkyl,
waeyl/07338T| oal kyl , cycl oal kenyl , bi cycl oal kyl , PCT/US2006/047861

het erocyclyl, or heteroaryl; or has the 25 fornula 1

a ; or any two instances of R10O taken together forma

3 - 8 nenbered ring; or R4 and R5 taken together form

a 3 - 8 nenbered ring; R6 is Hor alkyl; R, is

i ndependently for each occurrence H, alkyl, alkenyl,

al kynyl, arsed,kyb, 3,24,k 5; cycl oal kyl,
cycloalkeny{ bi cycl oal kyl heterocyclyl het er oaryl ,

- [ O( RLEY (ﬁ al‘??’]"?cthﬂ or bigycljgampdvith6-; 14 ripg ajomsg;’ or31 monocyclic or
4, or 5; BRy¥R %@@%Q?ﬁ%ﬁ £ GEI/ ﬁ}ézggﬁ{so%?%%cﬁ%@ B0 or three ring

R12 and R13 i s independently for each occurrence H,
al kyl , ar glomsgare independeptly $a Qg IN; ohAr'ds erpyesopted by formula 1d:
heterocyclylalkyl het eroaryl, or Qgteroaralkyl and

R14 is independently for ch/0ocT. nce H, alkyl,

aryl, heteroaryl, heterocycl yNglKyl, alkoxy, am no,

am do, or carboxyl. 5 Another @€pect of the invention
relates to a conpound having the formula 10: OR N-4

' N, MBRIRARRSE M 10M an unsaturated form

t her eof ofymrgRar maceutically acceptable salt thereof;
wherein 10 n1regresents i ndependently for each
occurrencisd 42,3 0r8 4 5 or 6, 001111 | Z

"R OR A T 8achSOK? ’andS‘zQQS%nde]MnBeIQt)yz for eachl eccurren(f_ci H, alkyl, alkenyl,

-C(Al1) (A2)-; each I'S 1 ndepen
al kyl , al ®i&pgyl, aaylkmyﬂoalkai,yhetemywlahl dglkyl, alneiédoytyl, heteroaralkyl,

&G i g, ARG Mo ek Sy ORI, com,.
- S( O) 20R10O:2Bi11, - K(O)2RKD)(RI),hadR, {,heS(@RUlI aSEOROR,;, -S(O):R;;, -
C(=NR10)N(R10)(R11), or -C(=NR,0)(R1)); or has the formula 1a;
Ar? is a monocyclic or bicyclic aryl with 6-14 ring atoms; or a monocyclic or
bicyclic heteroaryl with 5-14 ring atoms, of which one, two or three ring
atoms are independently.S, OorN;
X' is a bond, -C(R10)z-, -S-, -(NR1o)-, or -O-;
R: is H, a branched or unbranched alkyl or alkenyl, cycloalkyl, heterocyclyl, or
bicycloalkyl; or has the formula 1a:
Rjis H, heterocyclyl, heteroaryl, -OR 0, -SR19, -N(R0)2, -N(R10)CO2R10, -
N(R19)C(O)N(R0)2, -CO2R 10, -OCO;R 10, -OC(O)N(R0)2, -C(O)N(R )3, halide, nitrile,
nitro, or acylthio;
each of Ry, Rsand R, independently for each occurrence is H, alkyl, alkenyl, alkynyl,
aralkyl, aryl, cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, or heteroaryl; or has the
formula 1a ; or any two instances of R} taken together form a 3 — 8 membered ring; or R4
and Rstaken together form a 3 — 8 membered ring;
Re 1s H or alkyl;
Ry is independently for each occurrence H, alkyl, alkenyl, alkynyl, aralkyl, aryl,
cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, heteroaryl, or -[C(Ri2)(R13)]-Ria;
wherein

tis0, 1,2, 3,4, o0r5;
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25

15 CC(RIO R15 10a wherein independently for each

occurrence of 10a; nis 1, 2, 3, 4, 5, or 6; and 20
wrkeod/o7ssaryl , cycl oal kyl, cycl oal kenyl, het er BCHUTB3006/047861

heteroaryl, -OR10, -SRIO - N(R10)2, -N(RI O CO2RI Q

-N(R 0)C(0)N(R10)2, -CORRIO, or -C(ON(R10)2; or 1is a

pol ycyclic 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
eaah df R22 ﬁr&kRn; it dgRboedently tfbr ddoR ceaibetelrD, alldd, MY, Glalkyl, cycloalkyl,
h%, atttachleg%u&ﬁsw ab tlo 8 heterqc cIyI of whic

€ ltWBeF‘]cHEjY cfproary nﬂé&éﬂ&%ﬁﬁ%‘@ ayd 0 or N 17
R,\M?s #2687 ehdP fo¥ath 68&9%&4723 ai, Halt

eIZ(C_O)i% (C=S) - @4 2, Reétoliyl Meferbiyclytalky,

alli amF@’ aF@d‘FQ?Orlﬁ""rbl’(’)‘bﬂv\,herel n 5Dis Nor CRLO: pis

0, 1lan ' : .

0, hnSincBaape 6ing i RAEUh Rl 71Nl it prmu 10

al kynyl, aral kyl, aryl, oal kyl ,r,het erocycl yl,

cycl oal kenyl , or heteroar Rf,and R8 taken

together forma 3 - 8 ne g Aor R7 and R8

taken 10 together forma/’4 - br ed ring; RO is

H, heterocyclyl, heteroaryfs SR10, -N(R o) 2i

- N(R10) CO2R10, - N(Rlo) C(O N - C02R10, -0OCO02Rlo,

-OC(O) N(R10) 2, -C(O N(R10) 2, hal i'de, nitrile, nitro,

or acylthio; Rl has the fornulg@ 10c or 10d: 15 -S

Re -

Ari-W-Z R.o R o
or an unsaturateﬂonnF\;Ihereof or a pharmaceutically acceptable salt thereof;
wherein

m represents independently for each occurrence 0, 1, 2, 3, 4, 5, or 6;
S P P
. “1"N(Ryg)e ¥ 1 OR
A is —=S(0)-, -S(0);-, 0 2, ko 10, or -C(A1)(Az)-;
each of A; and A; is independently H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, aralkyl,

heterocyclyl, heteroaryl, heteroaralkyl, -C(O)N(R0)2, -C(O)R 19, -CO2R 0, -S(O)2N(R0)2, -
S(O)Ri0, -S(0),0R 4, or -S(O)2R¢; or has the formula 10a:

—(C(Rl())%R,S

10a
wherein independently for each occurrence of 10a;
nis1,2,3,4,5, or 6; and
Ris is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, heteroaryl, -OR9, -SR g, -
N(Ri0)2, -N(R10)CO2R 10, -N(R10)C(O)N(R0)2, -CO2R 19, or -C(O)N(R0)2; Or
is a polycyclic ring containing 8-14 carbon atoms, of which one, two or three
ring atoms are independently S, O or N;
or A; and A; taken together form =0 or =S; or A; and A, taken together with the carbon to
which they are attached form a 5 to 8 heterocyclyl, of which one or two ring atoms are

independently S, O or N
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g 10c Ari-Xi-Are-(X2)r RRo Ro g 10d 20 wherein g
is 0, 1, 2, 3,4, or 5 r is 0, 1, 2, 3,4, or 5, Wis
w@2anas3sor al kyl diradi cal, al kenyl diradi cal PCDUS2006/047861
al kynyl diradical; Zis H -SR10, -S(O 2R11,
-NR10S(0) 2R11, -S(O Rlo, -N(Rlo)(R11), -C(OR11, - 25
CO2R11, -C(O N(R10)(R11), -C(S)N(Rlo)(R11),
-CH2C( O) heterocycl yl, - NR1oC(O Rl11l, -NR OCO2R11,
-OC(O N(R1o) (R11), -NC(O CH(Rl0)(R11), 18 WO
2007/ 075387 PCT/ US2006/ 04R§61 C(=NR1o) N(Rlo) (R 1),
-C(=NR10) R11, hydr oxy;siT K nmonocyclic aryl, bicyclic
aryl, heteroaryl, .or hetero%‘)?cl yl; Ar' is a nonocyclic
B BrObS$,cYCEOY-, aiGrS)wot ,h 6-44 ri ngr haoths fomula 16bnocycl i ¢
or bicyclic heteroaryl with 5-14 rjing atons, of which
one, two or three ring 5 atons aré i ndependently S, 0
or N, or Ar' is represented bye ta 10e: 3)s 10e
Wierein s is 0, 1,2,3,0r4; 10 |&d&h) of X2 and X3 is
i ndependently for each occurrence Hp al kyl, al kenyl,
al kynyl, aryl, cycloal kyl, heterocyclyl, aralkyl,
het er oaryl, heteroaral kyl, hydrl&k’yl , acyl oxy,
nitrile, whtdeth halide, OR,, -C(ONR o0)(R11),
-C(OR11, - CO2R.11, -S(O 2N(Rlo)(R11), SRI,,
-S(O) R11,DisNyr&gRe1, - S(O) 2R11, -
C(=NR, 0) Ng @@)1%8}5)4 ofs; - C(=NR10) (R11); or has the
formul a 10a; 15 Ar 2 represent independently for each
occur r enceachraf Ropaet Rl is dndapepileniy far eagh ydcewwiretice6d 1 4lkyl, alkenyl,
ring atongi o] I i [ [ t I )
W th o 1arl, FRAROaE O Rl St felVE SRRy, o heteroary
at ons ar eoti RdapbReltakeh yogsthed fomm alg; — Ximémbereth oing; or R and Rg taken
-C(R10) 2-, . =5, = N(RL10)- -0-:.20 R2 is H a
branched tgﬁetﬁ%f;og%lc%a 8a g@‘r’er%‘ri’néllgkenyl , cycl oal kyl ,
het er ocycRyls H, beteiocyclybdickerbaryhir-ORag, 1985, FOIRW)A DO, 0)CO,R 0, -

NR19)C(O)N(R10)2, -COzR 19, -OCO;R;9, -OC(O)N(R10)z, -C(OIN(R0)2,
halide, nitrile, nitro, or acylthio;
R, has the formula 10c or 10d:

st WAH—W—-Z
RioRio/ q

10c
gWAr‘—X’—ArL—(XZ)r
Ri0R10/ q
10d

wherein
qis0,1,2,3,4,0r5;
ris0,1,2,3,4,or5;
W is a bond; or alkyl diradical, alkenyl diradical, or alkynyl diradical;
Z is H, -SRyo, -S(O)2R11, -NR16S(O)2R 1, ~-S(O)R 10, -N(R10)(R11), -C(O)R,1, -
COzRy), -C(ON(R10)(R11), -C(S)N(R10)(R11), -CH,C(O)heterocyclyl, -
NR10C(O)R11, -NR10COzR 11, -OC(OIN(R0)(R11), -NC(O)CHR10)(R1)1), -
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R3 is H heterocyclyl, heteroaryl, -OR10, -SR O,
-N(R, 0)2, -N(RLlo)CO2R, 0, - N(RLO)C(O N(Ri 0) 2, -CO2R10,
W0 0@0ARBY7 - OC( O N(R1o) 2, -C(O N(R10)2, hal i depCT/US2006/047861
nitrile, nitro, or acylthio; 25 each of R4, R5 and
R10 is independently for each occurrence H, alkyl,
al kenyl, al kynyl, aral kyl, aryl, cycloal kyl,
cycl oal kenyl , bi cycl oal kyl, heterocyclyl, or
heteroaryl; or has the fornula [Ga ; or any two

i nst ance@&QﬁRF;,)gh(R@ym b AOENTE6)H 9 rindeoxdatkys, mendmychdaryl,

ring; or t aken toget her forma3- 8
menber ed bidyalie and heserppiy}, of hRIFrOCYS IR

| ndependegt |y, Ixﬂ%ﬁoceﬁ‘fx@ o?%%ﬁ@ﬁl%ﬁ} V\Hih @Jlkying Abketla monocyclic or
al kynyl , “ar aI cl oal k

CyC| Oa| kémhglwiﬂal W‘Ih Hét @P%@W%Pf Waich g5y fyvo or three ring
fi 1a10
pCT/ USZ g%iégfng ) Ji&ep?i]xlé’%ntlal"@% 6t IV; 1)9A\‘Fs3'9&3é&ﬂ&ﬂ857 ormula 10e:

5; each of

R12 and R13 is independentl@;{a& ch occurrence H,

al kyl, aryl, aralkyl, cyc} Xylg heterocyclyl,
het er ocycl yl al kyl, heteroaryl X r heteroaral kyl; and
R14 is independently for each‘octurrence H, alkyl,

aryl, heteroaryl, heterocyclyi® kyt, 5 al koxy, am no,
am do, or carboxyl. Another aspect of the invention
rel ates t‘b’harem)rrpound represented by fornula 14: Rl
R2°XY ~ 3% B oplls RAR 14 or an unsaturated form

t hereof or g p‘ndr mmaceytically acceptable salt thereof
10 wher eiqacl af X @(dR¥0)ig indepewiantly, for (e&tg)ogcu%efnce Calkyl, alkenyl,

Nl i A B R e gt i
6; 0 O IHydroxy acylex§( Gitrile, ng(c@)hghde, @MQ{J(@Q}@R@XRH) —C(O)Ru, -
“AAN( AZ()J_O;RI Lo -S(O)RN®RI)®R), SRn, -S(ORy, -S(0):0Ru, -S(O)%R11, -

C(=NR19NR10)(R11), or -C(=NR0)(R11); or has the formula 10a;

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

X! is a bond, -C(R10)2-, -S-, -N(R0)- or -O-;

R, is H, a branched or unbranched alkyl or alkenyl, cycloalkyl, heterocyclyl,

orbicycloalkyl; or has the formula 10a:

Rs is H, heterocyclyl, heteroaryl, -OR 0, -SRi0, -N(R10)2, -N(R10)CO2R 0, -

N(R10)C(OIN(R0)2, -CO2R 10, “OCO2R 10, -OC(O)N(R10)2, -C(O)N(R o), halide, nitrile,

nitro, or acylthio;

each of R4, Rs and Ry is independently for each occurrence H, alkyl, alkenyl, alkynyl,

aralkyl, aryl, cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, or heteroaryl; or has the

formula 10a ; or any two instances of Ry taken together forma3 — 8 membered ring; or R4
and Rstaken together form a 3 — 8 membered ring;

Rg is H or alkyl;

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

cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, heteroaryl, or -[C(R12)(Ri3)]-Ri4;

wherein
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15 each of Al and A2 is independently for each
occurrence H, al kyl, al kenyl, al kynyl, aryl,
weyohoaskyl , aral kyl, heterocyclyl, heteroaryl PCT/US2006/047861
het er oaral kyl, -C(O N(R10)2, -C(O Rlo, - CO2R10,
-S(O 2N(R10) 2, -S(O R10, -S(O 20R10, -S(O) 2R10; or has
the formula 14a: -(C(Rlo+ R75 14a 20 wherein
i ndependently for each occurrence of 14a; nis 1, 2, 3,
4, 5, or 6; and R15 is aryl, cycloal kyl, cycloal kenyl,
.. pei er qc l, heteroaryl, -OR 0, -SRI 0, - N(R10)2,
tlsbk&’%g)@&o, N( RLO) C( O) N(R10) 2, - CO2R10, or
each Cf R)2NnRIRD) & independently fpodagh pedurence Hy alkyh tailnarallyyB ¢ geloalkyl,
i , t .40t 25 ring
et SRR, BB AR R o e Rl 5580 20071 079387
R4 FEThUSRD06i1t R4 T@6dachr odkurramct R dllafe artlp hetetvarylf deteraefclylalkyl,
alke¥- ;Si or Al arngl ?Aozégﬁaken together with the carbon to
Mrc’f%’%"hey ar 8 &Y 'ed forma 5 to 8 heterocyclyl, of
whi Atlivthéreaspect bftheinvigitiah estdtestoe canibepd Reeeschied By Ormdiula 14:
NN Bis -(C(R2X)-, -(XC(R2)-, or - (C(R2)2-; 5 X
i ndependently for each occurrengé is S, -(NRlo)-, or
-0-; R independently forRze\%o carrence is H, alkyl,
al kenyl , al kynyl, aryl, ,cyc¢l oahky , aral kyl,
het erocycl yl , heteroar yﬁ": groaral kyl; or has
fornmula 14a; R has the f a 1l4b: 10
Art-X1-Ar2-(X2)r Rio Rlo q 14B wherein gisoO,
1,2,3,4,0r5; 15 ris0, 1,2, 34, 0r5 Arl is a
monocyclic or bicyclic aryl with 6-14 ring atons; or a
or appsatyiataddonn thasead\pe kiphanmeacettisally pcegptablesalt 4shereefy
whadigns, of which one, two or three ring atons are

_independently S, 0 or N, or Arl is represented by
Y is6fRdza, (GTO)PICBY, et C=Ren)si n  si sO, 1,2, 3, or4;

X is -N(R;¢)-, or a bond;

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

O
1 1
Y NRie % OR
Ais —S(O)-, -S(O)y-, —wbw 102 K | " or -C(A[)(A2)-;

each of A; and A; is independently for each occurrence H, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, aralkyl, heterocyclyl, heteroaryl, heteroaralkyl, ~-C(O)N(Ri0)2, ~C(O)Rq, -
C02R1o, -S(O)zN(Rlo)z, -S(O)Rm, ~S(O)2OR10, -S(O)leo; or has the formula 14a:

g_(C(Rlo)z)'Rm
a

14
wherein independently for each occurrence of 14a;
nis 1,2, 3,4, 35, or 6; and
Ris is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, heteroaryl, -OR,q, -SRyq, -
N(Ri0)2, -N(R10)CO2R 0, -N(R10)C(O)N(R )2, -CO2R 16, or -C(O)N(R 0)2; or
1s a polycyclic ring containing 8-14 carbon atoms, of which one, two or three

ring atoms are independently S, O or Nj;
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each of X2 and X3 is independently for each occurrence

H, al kyl, al kenyl, alkynyl, aryl, cycloal kyl,
whedogozssyel yl , aral kyl, heteroaryl, heteroaral RgT/PS2085047861

hydroxyl, acyloxy, nitrile, nitro, halide, -OR,,

-C(ONR 0O)(R 1), -CCOR1, -C2R11, -S(O 2N R 0) (R,

), -SRI,, -S(OR11, -S(O 20R11, -S(O 2R11, -

C(=NRjo)N(RI0) (R, 1), or -C(=NRIO (R11); or has the

formul a 14a; Ar2 represent independently for each

or 8¢ GHb @%ntﬁﬁerﬁfo%eﬂi@f‘%LOQ)rGIS i O GenldCA , Rk td’getﬂér @vittdthe carbon to
ring atons; or a rmnocszv)cl ic or bicyclic heteroary

whiglt heg-arg attaghedcformog /50tPs3 drpiepesnclido 06 BhieRr 889 OF M@ ring atoms are

. f L.cly. one, two or three ring atons are .
mdl%hgdepeﬁlgesﬁﬁjgpg,’ Oor N X is a bond, -(C(RI0)2)-
BisS(C(R)(zNRle()XC(FOr)- or- (R)i)s: H, a branched or

bra aIk cho l., heterocyclyl,
X pdebel ¥c "‘Hl T%“r%nlégas tfﬁﬁf%r’%r% '14a: R3 is H
R iﬂﬂbﬁafrmieyﬂy y’cbr edmhtoecmaicr;de is HORILQ], alERlyl,(}.lkyn\j(lRaryd),)ogcloalkyl aralkyl,

het_eN 2%%@& %a?ﬂ%@ﬁé‘% %uia 5?% IRlI doe

R[miabthdbrmumltt‘tﬁ or acylthio; each of R4, R5 and RIO
i s independently for each occurrence H, aIkyI,
al kenyl, al kynyl, 10 aral kyl, aryl, cycl oal kyl,
cycl oal kenyl , bi cycl oal kyl, heterocyclyl, or
heteroaryl; or has the forml a 14a; or any two

i nstances of R @ e Adrédla 3 - 8 nenber ed
ring; or R4 and RRi§RfggrR together forma 3 - 8
menbered ring; R6 is Hor alkyl; R | independently

for each occurrence is H, al ki4h al kenyl, al kynyl,
aralh¥ .aryl, 15 cycl oal kyl, cycl oal kenyl
bi c 53]|nkyl , heterocyclyl, heteroaryl, or

[C(RlZ)(cRﬂs&)]lJ,zR%M ordhereint is 0, 1, 2, 3, 4, or
5; each of. d R13, |s i ndependent|ly for each
occur r ence's ﬁl%af%l“ aral kyl, cycl oal kyl ,

het er ocychylis ahﬁdrﬁfc@é‘l}/&bwlaﬂ/dﬁcl a,ry]h\ettﬁ OBy 1yi1g atmlins or a monocyclic or
het er oar a kyI and 20 R14 i ndependent r
occurr enClé\C)q: lc‘ah?éﬁlioaf)é}r‘(ﬁth 55154 é]lnga:i,t%‘ns oJ? ¥vh1<31 one two or three ring

het er ocy chtyhdlakd/indepddeRity S, 86rNP, ordl' @repLisefRt B9 ymula 14c:
The conpounds descri bed above may have one or nore of

the follow ng features er ki cabl e): Ar2(X2)r
is represented by the for 1%@}8 RO N
)
14c¢
Wherein
sis 0, 1,2, 3,0r4;
each of X* and X° is independently for each occurrence H, alkyl, alkenyl,
alkynyl, aryl, cycloalkyl, heterocyclyl, aralkyl, heteroaryl, heteroaralkyl,
hydroxy}, acyloxy, nitrile, nitro, halide, -OR;;, -C(O)NRi0)(Ri1), -C(O)R11,
-COzR;;, -S(O)X:NRig)Ri1), -SRy;, -S(O)Ry1, -S(0)0Ry;, -S(O):Ry, -
C(=NR)NR10)(R11), or -C(=NR0)(R11); or has the formula 14a;
Ar’ represent independently for each occurrence are monocyclic or bicyclic

aryl with 6-14 ring atoms; or a monocyclic or bicyclic heteroaryl with 5-14
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- RR1 25 R18 3 wherein R g is al kyl, alkenyl,
halide, nitro, or am no; each of R20 and R21 is
wo pabepesseent |y H, al kyl, aral kyl, heteroaral kyPCT/US2006/047861
al koxy, or 30 -[C(R22)(R23)]t-R24; 22 WD 2007/075387
PCT/ US2006/ 047861 t is independently for each
occurrence 0, 1, 2, 3, 4, or 5; each of R22 and R23 i s
i ndependently for each occurrence H, alkyl, aryl,
aral kyl, cycloalkyl, heterocyclyl, heterocyclylalkyl,

het er oar X—ln £Abmb leev(']ﬁ@ﬁ Ghé‘%lvo &Qﬂre%g‘ atoth§ Q@%ﬂé&ﬂﬂéﬂﬂy S,Oor

for each currence aryl, heteroaryl,
heterocychI al kyl, 5 al koxy, am no, am do, or

car boxyl ; 1Y| 8% ﬁ)ﬂﬁ 1d_X I\E9 B has the

formula 6a 8t "X C( 0?2?29%(!?8@%' 7 R’ P P 6a 6b
R, \M’]H[ ebran]:ﬁeq)osmbtalmmd atiat br etkemyl, ayrdo#Byl hetepmwiydlyhtdry
bic %{D %cckglpa nc H or alkyl; and RO is H, -CRlo,

34 Rﬁ‘eé %’j‘&ﬁ & - N(R10) C( O N(R10) 2, -0002Rlo,
R; %H H; hé%i(o@l&l&Rh@beZcbar% I-?Rﬁ», S’RwaNQRMz,t Brg)CayBLfer

orm = 0
T L
mt,fcprbrg hn@ccur rence is Hor al kyl; and RO is H, -
it i, Mgl d Nz, ey
cachy ot K f sy & ERUTER AN 3 G- IREAEE 2o,
aral QM8 cLdioalkys, dFéRalkeblyEBiSycloalkyl, heterocyclyl, or heteroaryl; or has the
formula 14a; or any two instances of R} taken together form a 3 — 8 membered ring; or R4
and R taken together form a 3 — 8 membered ring;
Rs is H or alkyl; -
R, independently for each occurrence is H, alkyl, alkenyl, alkynyl, aralkyl, aryl,
cycloalkyl, cycloalkenyl, bicycloalkyl, heterocyclyl, heteroaryl, or -[C(Ri2)(Ri3)]-Ri4;
wherein '
tis0,1,2,3,4,0r5;
each of R, and Ry; is independently for each occurrence H, alkyl, aryl, aralkyl, cycloalkyl,
heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl; and
R,4 is independently for each occurrence H, alkyl, aryl, heteroaryl, heterocyclylalkyl,
alkoxy, amino, amido, or carboxyl.
The compounds described above may have one or more of the following features

(where applicable):
AP(X?), is represented by the formula 3:

Rig

wherein

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

each of Ryo and Ry, is independently H, alkyl, aralkyl, heteroaralkyl, alkoxy, or
-[C(R22)(R23)]-Ras;
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11 wherein s is 0, 1, 2, 3, or 4; 25 each of X3 i

S

i ndependently for each occurrence H or halide; 23 WO
wQe@7/0@38887 PCT/ US2006/ 047861 each of R18 anPCRUS2006047861

i ndependently H, al kyl, al kenyl, alkynyl, aralkyl,
aryl, cycloal kyl, cycl oal kenyl, bi cycl oal kyl
heterocyclyl, heteroaryl, or -[C(R12)(RI 3)]t-Rl4;

wherein t is 0, 1, 2, 3, 4, or 5; 5 each of R12 and

R13 is independently for each occurrence H, alkyl,

tlsa'iﬁwapenﬁEﬁt]l Ydr’eagﬁl%&ﬁ‘}éﬁ% 0, 1 @et_:,en agyssl yl,

het er ocycl I'kyl , heteroaryl, heteroaralkyl

an
eaqRdf Rz andd’epemémqnsieméw fog gaeh Wﬂ%ge alqyl, a'tllf)@yilralkyl cycloalkyl,

het%%/éa/cl)h qge%r%@%&klafﬂ%gf‘eﬁé}gyrﬂﬁ%lr ?la-i%qralk? 2‘&9&% ani i no,

or ca ornmu a or

RzRBS 1melﬁﬁﬂeﬂ9y 1343 eﬁéh o@uﬁencb HdeYQ laryliheseroaryl riﬁfgerocyclylalkyl
or e
alk@gé’ héIB}{{?U ?‘;Tlé(ﬁcgr FAT PX ll %Is b d)s-|3§8| S%I—-I?lﬁ_-ﬁﬂ:é)o{l,a; 8% formula 6a or

6b: N(R10) 2, - N(R10) CO2Rlo, -N(RIO)C(O)N(RIO)Z
- 0C07-RI O, or 15 OC(O N(R19) 2; wherein,A is

-C(A1) (A2)-; Al and AZX{jaken toget her férm =0 and
has the formula 13Rs R7 P 1% En 20 pi
1, 2, 3, or 4; each Rg and R8 in ﬂge’?? ently for
each occurrence is H kyl ; and i s’PH, -ORI O

B
s 0,

-N(RL0) 2, - N(RL0) CO2R10 - N(RL0) C( O N(R10) 2, - 0002Rlo,

or - OC(ON(RL0)2; and®R2 is bicycl oaPRyl. The
whep&ipound may have the structure 2: 24

pis 0, 1,0r2;
each of Ry and R; independently for each occurrence is H or alkyl; and
Ry is H, -ORjo, -N(Rio), -N(Ri0)COzRi0, -N(Ri0)C(OIN(R10)2,

-OCO2R o,

OC(O)N(R10)2; B is S; A; and A, taken together form =O and B has the formula 8:

|
Rg \g
Rg R7
p

wherein

pis 0,1 or2;

each of R; and Rg independently for each occurrence is H or alkyl; and
Ry is H, -ORis, -NRio)2, -NRi0)CORi10, -N(Ri10)C(O)N(R10)z2,
OC(O)N(R0)2; A and A; are each H; R, has the formula 11:

3). Ris
(T )S N_R19

11
wherein
si1s0, 1,2, 3, 0or4;

each of X° is independently for each occurrence H or halide;

23
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WD 2007/ 075387 PCT/ US2006/ 047861 (X3)6 / (\ Art-(X2),
R R YN R-X AB RRRERMARMmM2 wherein Yis

WO giora@ee?, -(C=0) -, or -(C=S)-; 5 X is -N R PQF/S2006/047861
msO, 1,2,0or3; r is 0, 1, 2,3,4,0r5; sisO, 1, 2, 3,
or 4, 00 11 H ~P~-N(Ri0)2 ~~PPORIO Ais -S(O)-

_S(0)2-, , , or -C(Al)(A2)-: 10 each of Al and A2 is
i ndependently H, al kyl, aryl, cycloal kyl, aral kyl,
heterocyclyl, heteroaryl, heteroaralkyl,

eac'}gét%‘ﬁ%gﬁ(ﬁ és @%@ﬁ%&w}{% Qalken?( %g%p%l%}él’ aryl, cycloalkyl,

cy¢loaliceh g, tﬁwch@ﬂ@@ﬂl BteRcyslyh het_‘psoml \mhe[‘éﬂh 2)(R13)]-Ria;
ggependently for each occurrence of 2a; nis 1, 2,
hf? 4, 5, or 6, RI5is aryl, cycl oal kyl , cycl oal kenyl

tlst)(thlerZoByct‘,IQtIS,, heteroaryl, - -SR o, - N R10)2

cadh Y MGy o3¢ oo ?fﬁé% 3&&%@80? FhaRobriesh ey cveloation

he&rd@ct}&ﬂ@ﬂo&&cﬂﬂ&lky@%dﬁbam @n@eterowallyl;tahdee  ring
tha %g ?%rnepl nd o@%g%}e nc.c§¥rence alli(y{\l ar)ﬂrheteroaryq ﬁAZterocyc%ylalkyl

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

He| T
Ro H Re 3
Re R7> Rg N7
p p
12a 12b

wherein

pis0,1,2,3,0r4;

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

Ro 1s H, -ORjo, -N(Rio)2, -N(Ri)COzRi0, -N(Rjg)C(O)N(Rig)2, -OCO2R 0, or -
OC(O)N(R9)z; wherein A is —C(A)(A2)-; A; and A; taken together form =O and B has the

formula 13:

s

[

Rg \g
Rg 17

p

13
wherein
pis0,1,2,3,or4;
each of R7 and Rg independently for each occurrence is H or alkyl; and
Ry is H, -ORjp, -N(Rig), -NRi0)CO:Ri10, -NRi0)C(ONRg)2, -OCOR10, oOr -
OC(O)N(R¢)2; and R; is bicycloalkyl.
The compound may have the structure 2:
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Bis -(CO-, -(CS)-, 0, or S; or has the fornula 2b:

25 WD 2007/ 075387 PCT/ US2006/ 047861 RO 9/ R8 P 2b
wob@reriz3s7 D is N or CRL0; 5 pis0, 1,2, o0r3; eartr/ob200i047861

and R8 is independently for each occurrence H, alkyl,

al kenyl , al kynyl, aral kyl, aryl, cycloal kyl,

heterocyclyl, cycl oal kenyl, or heteroaryl; or R7 and

R8 taken together forma 3 - 8 nenbered ring; or R7

and R8 taken together forma 4 - 8 nenbered ring; 10

RO is H heterocyclyl, heteroar()qb) ORI O - SR10,

-N(R10)2, -N(RIO CQRZRI O, - NRL &(O) N(RI 0) 2, -CO2RI o,

-OC02RIO -OCC(ONRIO)2, -C(O 2.x2yal i de,

nitrile, nitro, or acylthior: {s a ohocyclic or

tons; or a nonocyclic or

ring atoms, of which

bicyclic aryl with 6-10 ri
bicyclic heteroaryl wth,5-

are independently S, 15
each occurrence H,

one, two or three rinGzato
Rs cycl oal kyl ,

Oor N X2 is indepepdentl

al kyl, al kenyl, al kynyl

het erocycl yl, aral kyl, e“t rparyl, heteroaral kyl,
hydroxyl, acyloxy, nitrile, nitro, halide, OR,,
-C(ONRLO)(RIT), ~-CCORII, -O2RI1,

whe%%O)ZN(RIO)(Rll) SR11, -S(ORII, - S(O) 20R11,

Y 2R11, -C(=NRI O N(RLlo) (RLl1), or -C(=NRIO)(RI1); or

Yisaﬁ?(Rfm fQCHO)g o2a(C=A)-;each of R4, R5 and RIOis

X1 Fdently for each occurrence H, alkyl,. al kenyl,
I W aral kyl, aryl, cycloal kyl,

mﬁ)(xﬂlpa,ldﬁ@’]w , bi cycl oal kyl, heterocyclyl, or

. het ero |; or has the fornula 2a ; or any two

“Si(ﬁ&gmge‘g %P> Rl O taken together forma 3 - 8 menbered

sido,Ng2, 9ror4 and RS taken together forma 3 - 8
menber ed i ng; X3 is |nde8endently for each occurrence
H, al kyl, al ken - 1,Yor halide; or has formul a

25 2a; each ok~ R Rdependent|y for each
A ioeB(@)-e1R(O)H, orwval ﬁﬁ?)z szvdl)s Hoprc@igﬁys[ :R11 is
a kyI

d t i | k |
eac'hn g? g ylln e ,g%/ g lolrndg[?ae%p %E: 3—% %yiy pryl, cycloalk?l aerg yl, heterocyclyl,
hetexyoam,al hetaylardik gly CERINER 1)1 @@)Rqa/ Clod,R, BEISROIMN Rl )2, -S(O)Ryo, -

SR LRSI R 3 L pRite soroqaerein

_<C(RIO)%'R15

wherein independently for each occurrence of 2a;
nisl1,2,3,4,5 or6;
R,s is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, heteroaryl, -OR,,, -SRyo, -
N(R10)2, -N(R19)CO2R ¢, -N(R10)C(O)N(R )2, -CO3R 0, or -C(O)N(R\)2; or
is a polycyclic ring containing 8-14 carbon atoms, of which one, two or three
ring atoms are independently S, O or N;

or A; and A, taken together form =O or =S;

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

25 -
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t is independently for each occurrence 0, 1, 2, 3, 4,
or 5; 26 WD 2007/075387 PCT/ US2006/ 047861 each of
wRid7andsR13 i s i ndependently for each occurrePCEUBL006/047861

al kyl, aryl, aral kyl, cycloal kyl, heterocyclyl,
heterocycl yl al kyl , heteroaryl, or heteroaral kyl; and
R14 is independently for each occurrence H alkyl,
aryl, heteroaryl, heterocyclylal kyl, alkoxy, am no,
am do, or carboxyl. 5 Alternatively, the conpound may
have the formula 4 (X3), NR2o R21~",~ Rls RI8 Y N A2 X"
BA RIRs RARM4 wherei C(R10) 2-,
-(CO-, or -(C=95)-; to Xis - % 3, mis 0, 1, 2,
3, or 4, sis 0, 1, 2, 3; eac 8f , and A2 is

i ndependently H, alkyl, aryl, cyclo&lkyl, aralkyl,
heterocyclyl, heteroaryl, heterggralkyl,

-C(O N(R10) 2, -C(OR10, -Q02R 0, -S(O 2N(R10)2,
-S( O Rl o, Wherem (0 20R10, or S(O)\AﬁRlo or gas tge N
formul a 485, R . . .. R15 4a erei n i ndependently
for each%é%ﬁﬁrgigé of 4a; 20 nis 1, 2, 3, 4, 5, or
6; and RIBis& la2yer 3;cycl oal kyl , cycl oal kenyl ,

hﬁt( ;&85% afll_s}ﬁgsé% &%%%%wsﬁlé%f@ g!é'élgx%gﬂc%’}i, alkyl, alkenyl,
- C( O N( R0k yyloaralkyd, aryhalygioatityl,chetbrogyeiohtdiciualign8t, .t heteroaryl;
g?rebf)ﬂ d::)gn i Q{Rgmgi(erb to&eﬁ}ﬁr e or t rng%abﬁg%é%égpﬁ7 and Rg taken
t oget her tbgethmzﬁinnra 4S8 rBember@d riSig, (C=O-, or
(9 R iR RS oL A leorayl, -ORyo, -SR1o, -N(R1g), -N(R10)CORyo, -
N(Ri0)C(O)NR10)2, -CO2R19, -OCOzR10, -OC(O)N(Rj0)2, -C(OIN(R)0)3,
halide, nitrile, nitro, or acylthio;
Ar'isa 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;
X? is independently for each occurrence H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocyclyl, aralkyl, heteroaryl, heteroaralkyl, hydroxyl, acyloxy, nitrile, nitro, halide,
ORyy, -C(O)NRi9)R11), -C(O)Ry1, -CO:Rii, -S(ORN(Ri)(R11), SRi, -S(OR;,, -
S(0)20R 11, -S(O)2R11, -C(=NR10)N(R10)R11), or -C(=NR0)(R11); or has the formula 2a;
each of Ry, Rs and Ry is independently for each occurrence H, alkyl, alkenyt, alkynyl,
aralkyl, aryl, cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, or heteroaryl; or has the
formula 2a ; or any two instances of R, taken together form a 3 — 8 membered ring; or Ry
and Rs taken together form a 3 — 8 membered ring;
X3 is independently for each occurrence H, alkyl, alkenyl, -OR, i, or halide; or has formula
2a;
each of R and R’ is independently for each occurrence H or atkyl;
R is H or alkyl;
Ry is independently for each occurrence H, alkyl, alkenyl, alkynyl, aralkyl, aryl,
cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, heteroaryl, or -[C(Ri12)(R13)]}t-Ria;
wherein

t is independently for each occurrence 0, 1, 2, 3, 4, or 5;
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wherein Dis Nor CRLOIi 5 pisO, 1,2,3; each of R7
wa@pa7R&38%5 | ndependently for each occurrence HCHEUK3006/047861

al kenyl, al kynyl, aral kyl, aryl, cycloal kyl,

heterocycl yl, cycl oal kenyl, or heteroaryl; or R7 and

R8 taken together forma 3 - 8 nenbered ring; or R7

and R8 taken together forma 4 - 8 nenbered ring; 10

RO is H heterocyclyl, heteroaryl, -OR10, -SR10,

eachloRRQ) 2nd RN(th%ﬁ@(Rhﬂy for MCR:L)@&IQ&@CN(I‘R v, aryp@eﬂﬂﬂg cycloalkyl,

C(O N(R10) 2 hal | de
hSPPRY I BRSOk ge Y ety Aol iy | each of
nglmﬁexﬁbﬁtly%ﬂ dadR @GE'LQL%H&:ESH faﬁé'yl ee@g hefefdar{ H&‘érdéyclylalkyl
alﬁy ,..aral kyl, cycl oal 5 het erocycl
alkx FBE%IQVPQ?WIC”WV& oaryl , or het er oar al kyI R14
| s | AfeRARYAD! I bRboRAFH) IR i fnbha 41 kY1, aryl,
heteroaryl, heterocyclyl oxy, am no, am do,
or carboxyl; R16 is H, aIkyI genyl ,Qor RIS, 1; has
the fornmul a 4a; each of X3 ind ndent | ¥ Hor each

occurrence is H or halide; | kyRz1 al kenyl,
hal i de, nitro, or gm no; each\of #d R21 is

I ndependently H, |, aral et er gar al kyl,

al koxy, or -[C( 3%] t R s |ﬁdependently
for each occurrenc : v 4%16r 5; each of R22 and
R23 is i ndependent § r eathBodturrence H, al kyl,
aryl, aral kyl, cycl 6a R5 heterocyclyl,

het erocycl yl al kyl , het r#l’ or heteroaralkyl; and
R24 is independently for each occurrence H, alkyl,
aryl, heteroaryl, heterocyclylalkyl, alkoxy, am no,

Wﬁﬂggo or carboxyl. Specific conmpounds include those
own below. 28 WD 2007/075387 PCT/ US2006/ 047861 O O

Y N -B(RE)I-, -(C=0)-, or -(C=S)-;

X is -N(R0)-;

misO0,1,2,3,or4;

sis 0,1, 2, 3;

each of A; and A, is independently H, alkyl, aryl, cycloalkyl, aralkyl, heterocyclyl,
heteroaryl, heteroaralkyl, -C(O)N(R0)2, -C(O)R}o, ~-CO2R 5, -S(0)2N(R0)2, -S(O)Ryy, -
S(0)20R 0, or -S(O)2R ; or has the formula 4a:

3—(C<R10>9—R15

wherein independently for each occurrence of 4a;
nisl,2,3,4,5, or 6; and
R,s is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, heteroaryl, -OR g, -SRjg, -
N(Ri0)2, -N(R10)CO2R,, -N(R10)C(O)N(R 10)2, -CO2R 0, or -C(O)N(R,0)z; or
isa polycyclic ring containing 8-14 carbon atoms, of which one, two or three
ﬁng atoms are independently S, O or N:

or A; and A; taken together form =O or =S;

Bis O, S, (C=0)-, or -(C=S)-; or has the formula 4b:
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~ NO H=ONV-HN- NOZ HNMN O1- HOHNX®2 V O0OoH
NO HON NOHNOLH 2NE2HBN2 | I ~ O/ , N
WO2007@7338N~ H NO HNNNO H HONX® NO PCHUSII47S61
~ HNNO=OON HO NHO=HNNO H HOH,NH
rv, NO2 O OOOIl r/ NN HNO\ HHNO H5 NO2
iM OH HOHOOHHOS NO HH\ NHHO N/ HO™
-NHOHOHAN{ N \ r \
T
Rg D\é
2
p
4b
wherein

D is N orf CRq;
pis0,1,2,3;
each of R; and Ry is independently for each occurrence H, alkyl, alkenyl,
alkynyl, aralkyl, aryl, cycloalkyl, heterocyclyl, cycloalkenyl, or heteroaryl;
or Ry and 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, -ORo, -SR10, -N(R10)2, -N(R10)CO2Ryo, -
N(R10)C(O)N(R10)2, -CO2R 6, -OCO:R;, -OC(O)N(Ri0)2, -C(O)NR10)2,
halide, nitrile, nitro, or acylthio;
R¢ is H or alkyl,
each of Ry; and R;3 is independently for each occurrence H, alkyl, aryl, aralkyl, cycloalkyl,
heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl,
R4 1s independently for each occurrence H, alkyl, aryl, heteroaryl, heterocyclylalkyl,
alkoxy, amino, amido, or carboxyl;
R¢ is H, alkyl, alkenyl, or OR,,; has the formula 4a;
each of X° independently for each occurrence is H or halide;
Rys is alkyl, alkenyl, halide, nitro, or amino;
each of Ry and Ry is independently H, alkyl, aralkyl, heteroaralkyl, alkoxy, or
[CR22)(R23)]-Ra;
t is independently for each occurrence 1, 2,3,4,0r5;
each of Ry, and Ry; is independently for each occurrence H, alkyl, aryl, aralkyl, cycloalkyl,
heterocyclyl, heterocycly{alkyl, heteroaryl, or heteroaralkyl; and
R4 is independently for each occurrence H, alkyl, aryl, heteroaryl, heterocyclylalkyl,
alkoxy, amino, amido, or carboxyl.

Specific compounds include those shown below:

28



HH OHOI H OHN \' / NNHO =\

H OH..--NH\ =Hoff -N"" 29 WD 2007/ 075387

woeIN7BE3806/ 047861 Hol FI" NO HN = O ~ ePeT/US2006/047861
HOHNHNN p ONN OHNpPHVHONN NNO |
H\ NHy S/ po O N~ONN HNOL~ti | " H~N 01
SNHONMN.,N",, H..NNHOVHO HOand e 5
Met hods of the Invention One aspect of the present
invention relates to a nethod of treating a
Bcl - medi ated di sorder nprising the step of:

adm nistering to a patj in need thereof a
er apeut i f eﬂet|Vea punt of a_g&g

npound. of
mulga ther eos desri ed/
aboVi¥. i

HNO '"NNOHOHO
H of f
pHo

or, e en vemtijpn N ™
rel ates—#o a netnopd of treatihg ‘ﬂag | 8~nediat ed
di sorder Oconprising the step of ﬁ1n|steang to a |,
patient in need thereof therapeutically effective
amount of a chenot hera I c agent in conbination y#

t herap cal | yoef ec;ive anount of conpound

. g 4, or
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15 neopl astic di sease. The cancer or neoplastic

di sease can be selected fromthe group consisting of
waecuurm7ieukemn a, acute | ynphocytic | eukem a, aROT/@S2006/047861

nyel ocytic | eukem a, nyeloblastic, promyelocytic,

nmyel ononocytic, nonocytic, erythrol eukem a, chronic

| eukem a, chronic nyel ocytic (granul ocytic) |eukem a,

chronic |ynphocytic | eukem a, polycythen a Vera,

Hodgki n' s di sease, non-Hodgki n's di sease; nultiple

mpel one, 20_)\(al denstront s nmacrogl obul i nem heavy

Z fi brosarconms, nyx-sarcona

angl%samamna S -ohanglosarcowa

Iynphangloendoth@klosar oﬁh waovi offa, nesot hel i omy,
Ewi ng' s tunor, Ielony sarcomm, rhabdonyosarcona, col on
car ci nong, pancreati ancer, breast cancer, o ian

cancer, state ga , squanpus cel | carcino 5
lialo ce QLA ade I‘CI no vveat ogl fnad
Lo~ . N
gar4g ‘ eoUs gl and rciono, ¥e ry” >
ar ¢i nanga, papﬁllary adenociir &i S0~
st adeno ci nobng, nedullary carC| ma, byonchogenic

carci noma, renal cell caftcinoma, hepatoma, bile duct
carci noma, chori ocar one, semni noma, enbryona

car ci noma, W | ns' jtu , cervical camser, uger
ances, Lk tlunyr, Y9 ear ci | 1
% arci ho bl §dder ca' 4 1 ep eIH al
dar giapnp, gl i , astrocytond ul | obl]ast oma,
crani op aryngrBﬁa ependynona“oplneaIO'., >

hemangi obl ast oma, aco
nmeni ngi oma, nel anong,
and endo i al

s

coloregtal endonetrlal 8%Gri an, |ung cancer, :
Aﬂbﬁ@@h@&ﬁébﬂb@ﬁoﬁarcinona nultlple nyel ona, head and

neck or testicular cancer. In certain e
SRR AR AR A -

dl&?@&ngﬁﬂﬁnsﬁg% ok a‘ﬂﬁﬂﬁi@té&‘m Qb a%faﬁ‘éﬁﬂn@ﬂ:@d Wr&dﬂéaiherapeutlcally
protein can be or Bc

. cl

ef@tzhvﬁ amﬂaﬁpﬁ@nft@npqwé @%f%féwlae%hil& p514, Y Maitst}lefeof as described
ab&PL OP SSWRLr td%ﬁ!@?' fﬁ%aﬁﬂe t ialenlids RPBOYND GRS treating a Bel-

adni ni stered renterally, intramuscularly,
mediated déspadert gompsigingutharssenu sfy adgtinisteyingpigl #npAten}, in need thereof a
thérﬁ%&g{cgﬁ%aéﬁfééhvg opl,6ald ¥r ché}{af)@l@ ey Ciagjeﬂt &5 dRitination with a

he conpound Is a tere
thegpeuicabakffpctivenarmoewntaifre comppatindenftoomponad ofdeiare 1; 40, or 14, or a
, r a primate, nore preferably a

Saﬁﬂﬁgmﬁ%ﬁdegﬁg%gu%?gél Conposi tions 25 I n anot her

aspelnt gertalive eprtesglenents rofegithieoraspeotyvihgeBcel-mediated disorder is cancer or

rmceut i cal acce t 0 [
ne@%ﬁﬁ?? ?ésegset'hefr%pgu?ce all neoé’fl?sggt | véeasgn%ﬂng\@osg ﬂgtﬁg fipm the group
consistin®lof tdeate mmsﬁm;da:mﬂ;ﬁnphmdnabl@ubsmfao raguleatngelocytic leukemia,

mye?g&%\st]neg \glrgrplygggyt{)cr, mye?o ohnaorc g eul%lrlagoaclylti%, erythroleukemia, chronic

i ¢ neuroma, oligodendrogliao
ur obl astona, retinobl asto

. The gancer can
Nf use [[arpe B-
chroni cytyR kefi a
cancer, breast cancer, 1 | ast onw,

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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acceptable carriers (additives) and/or diluents. As
described in detail below the pharmaceuti cal
W@ 033387 ons of the present invention nay be BOERUSZNG/47861
fornmulated for 30 adm nistration in solid or liquid
form including those adapted for the follow ng: (1)
oral admnistration, for exanple, drenches (aqueous
or non-aqueous sol utions or suspensions), tablets,
e.g., those targeted for buccal, sublingual, and
1ip&3ksdcna, C %hsmm&arMabold&;ﬁ@gemcpow@bma, ar almrklema, angiosarcoma,

emggﬁé %Ssgn{cgéiapag ﬁ%g;ﬁ&g@%g 8 OIW’E}g@QO ohant gxp@:r%&otge 1osarcoma synovioma,
meSSthekSA20 BWAALS Sthmd2 X 38Bhfos&YorfiblP EMtibABRRISarcoma, colon carcinoma,

i ntranuscul ar, |ntravenous or epidural injection as,
paIicaPALiGRRFle Dreagt GANGET, [ONATY) FATCEn PEISIAE SpREi Yiamgps cell carcinoma,
bassa'l‘ﬁ%lf‘hﬁl%gm'}r%l %@éﬁ)c@x@iﬁﬂ%}lﬁt%ﬁt o163 ch@Ridn@, sebaceous gland carcinoma,

appl'ication, for_ exanpl €, as & cream oi ntment, or_ a
papitiaty eirtindrmae pepidlenhadesccinopragy staﬁéwqca;@mm, teediljapy carcinoma,
bro(nﬁlo%é é r QXI%Q{O% ! ¥ex?e{1 c@hr gaﬁ:qﬁ%f\é Y h forﬁﬁ(arﬁ?ige ¥ carcinoma,

sary, creamo )
ch@mdaanhgma (sk)nlnoma,sciabwahhlyqaroélapma,a%lrhg) ;turfi0y, cervical cancer, uterine

| 1 t hecal |
carfiscBnzeut, Biedeo R, B i Seist cril BEfE: SRR, Pladlf carcinoma,
epitiziial, chma@ak, é‘lmhudaﬂgﬁdytmmal marduliotistorgaal ch;aniopharyngioma

rectal an eral adm.nistration
PGP SEA Y ST BRE BRI e, ARaBu: SRl ofiESfendroglioma,
me@§igaaf aelmand, nayotlastpmeapetiasblbstomanind@idoatisriaelahcer.
known in the art of phar macl\g 5he a nt of ctllgf h .
i ngrigi eacenracHsa be feljcyar Sﬁ largg ymphoma, mantie .

cel'lmtlﬁﬁbﬁémﬁo SHrofldC elﬁfﬁ\pﬂb@}gice RoradR f proRirivel |cavidéry breast cancer,
st being treated, the particul ar

d th
wgg;@;n?aad:ruﬁlgﬁggt@} Z@qd&metrpﬁe OXAD YAt lungf caggey, \qepatocellular carcinoma,
mdlﬁ?lre” ?%a%aﬁ@nﬁ%c]@& fégf?ailﬁe&n&rt h a carrier

roduce a single dosage formwll
gendn gkitgin @mhme@mﬂm camder pher-owiprsenhd Bghprdtein and/or is dependent
{ t
ol ST o RE RO s ol vBE T BOPRRCI paf B, Bk, A2 or BolxL.
In Other pebodiinem@m the eanatoexhitmisret(4; ﬂlBhélrpmpe@nal toﬁnsmailme

i ngr, d| rapl 0

709 "@ oug a?x ge? ee?/dn] 1[1%? 9(? I‘f%}rﬁnar u¥ %Sﬁglé}rsglgﬁlﬁy H{travenous]y,
sutahmaﬂeoﬁﬂy,peiraldeylt pullﬁmnmjf aintmnlsecaﬂy,t h:@lceﬂlbe i mtranasally In certain

ui,t abl e for oral nistr t he, f.orm,of

empagsinug, b eampund i i Pty e SiifiePlaiments, the
pa@éritfisih @fammal, preferablyl diprimAtepmote prefs PElRSi lamndm an

aqueous. 0 non-agueous liquid, or as an oil-in-water
ﬁég—ﬁﬁﬁyélﬁ—{—g—@@?—@%uid 20 enul sion, or as an elixir or

SYI UR, afthéS abiseet, | fHee§resézﬁldﬁlﬁfenﬂ§n rﬂi‘dbf&]ey\@ﬂ{h@ﬁlawﬁchm acceptable

i ke,, each, contai ning predet erm_ned anount q
compREBART VEHCH FeMpPsS anhernsuRgalBnelEStiNR SRR PF one or more of the

" comPBhSdl @Blcribed SRved rIRSAER A AgBRheP fwiti Q)rienhﬁﬁ rﬂabl%n ph&tnaceutically

oral admnistration (capsules, tablets,

acegpiRhde scarpernd é1dditis h randéar, dflrl%ruéheé%rféf%@q jiRegletail below, the
ph&x@@ac@ﬁﬁéa\f ecdn%sﬁﬂin@”&f ke P}e)é@lﬁ Wvg:llihox;%é%lnge %e@fﬁfl? formulated for

har maceut 1 cal y acceptab e carriers, such as sodium
admnmstmt@rom ilidaorcliqrid fhos pingludingathaseondantsd & thpdollowing: (1) oral

ad{ng)ljugtgém&g for( év)anflsﬂ]lil lericits (ﬁé&e%ﬂg ok DnsaLdiglg?\?SSS(ﬁ{l rféhlﬁssuspensxons)

sSucr UCOSG manni to or SI I ClIC
tabdets.d e. 8,2 thdse nthegated gf‘gr; H)uagal fsgbhwahplaed systemic absorption, boluses,

powders, granules, pastes for application to the tongue; (2) parenteral administration, for
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car boxymnet hyl cel | ul ose, al gi nates, gelatin, polyvinyl
pyrrolidone, sucrose and/or acacia; (3) hunectants,

wa pai/oassyl ycerol ; (4) disintegrating agents, BOTDSED6/047861
agar-agar, calcium 30 carbonate, potato or tapioca
starch, alginic acid, certain silicates, and sodi um
carbonate; (5) solution retarding agents, such as
paraffin; (6) absorption accelerators, such as
qgquat ernary ammoni um conpounds and surfactants, such

exadtplBOH PR MIRIanBAS, HRFNMEChRE flﬁﬂra\ﬁe\nbﬁﬁbﬁeplﬂﬂx)al mjacttiolnmg, for example,
agents, such as, for exanple, cet yI al cohol

a steD o REATHRISUSRFRFIGNe 97 SETiRed-tleasp formpahon; éégm%lca pplication, for
exan&ﬁ URZP004Q 448 RhentSHF 4 @&{tﬁﬂfe&refegae ]5"33&961*3 by ap;ﬁié@ho the skin; (4)
aol 1 n and bentonite cla (9) lubricants, such
intaghginally o ditraveasalin rfar 6xamplgnas R PEFErY Tea18 OrééPde(5) “sublingually;
h s l
e s R
t herléﬁﬁxula(tibm of thopresgntagesrtion ineldde (hiosy suidehle 31 @r@l nasal, topical

(m%lgpﬁ%Sg%cé%F ngﬁrggc}gaz), gr%cggl? gr\a%gl %nglro %Féf{teral accllmmlstratlon The
forﬂidla\tﬁmstrhzﬁy pdfmreﬁmdytﬁaclaiesmmmnshmt dnsage;e(prralagrd may be prepared by

erin ent The tahlets d.oth
an)éB} g%“?‘é'?ri'g tht %‘fth NREPARE egﬂk’l Egreve gﬁf)ggh\% inggedient which
ma¥f bé ft@mﬂi’xﬁ@ﬁ@ﬂfh aneefit @atersdl Clo pﬂ)ddbageemglecdpmgeeﬁ),rm will vary

pills an ranul es, ona |y be
derfngisie SR e hes i s v e wargied 36 SGpflistagon. The amoun
of 6ORld N%edbEl WhRAImEP el (ﬂﬁﬁblﬂ&i viten®\Warrich rﬂ;@tehbbto produce a single
phar maceutical -fornmul ating art, The])‘/n % qb h
dogage farm el asgerdlythy bemaéms?fo%e GPMPEYRE PRl groduces a therapeutic

efft&! a8&kraly to'ﬁ? ofohé YEnifRd rﬁ%@ et thibarRuit WSl Rghgel Bdm about 0.1 per
exanpl e, hy roxypr opyl met hyl cel [ ulose in varyin

corfrtombrut BiNStRINMSTIcHE of At \seisBredirntaprstasebly | out 5 per cent to

S Fronh hHAR ABERr &R tPIbout 30 t.

ab(gnlt??r e?%!él}r{tgg{ OStTlﬁ%F 9%{9 for rruggjt%red for rogpl d peresn
rel G}Tmulaéaogs of ttfenemw@rauetdblefhregraha@muustsqtm mpy by in the form of
by,..for h luti

ca s¥11 Sérclagﬁérig’ tfaf)l]e_:‘tssr altok%g %ngrsl d grrnblgsr a(t)f nag a solution or a

su@bﬂmnh i gqaﬁgmstos nuon—ftqlueoxisdnqmehforsaseml dikirswhieg or water-in-oil liquid

t I
emg? n@g?ﬁg aé?iﬁsehx%rtogrs F] Jasé %]]%8 a\rérle Ir l?rlgnn?&mlﬁré éﬁag{\geﬁn%rme like, each

coxlﬁteﬁﬁxﬁ@ aysgedetdieined raﬁmmms bf iacswenpompd adfsthe gedcoh dideption as an active
@t ai n opaci fying agents and may be of a conposition
ingrgdifN% hey rel ease the active ingredient(s) only, or
pr efigrsonti ddshys fbﬂﬂnﬁoﬂ glid ventipofoi oral afdnbihistration (capsules, tablets,
astr0|ntest|nal tr optionally. in.a
P AFEES. B ApTe a5t o0 raiRRER AT hEP Do Y Aty fs mixed with

on8Bf Qx@r&%ﬁdrrhi&hti&ﬂlypﬁicﬁﬁﬁbleccﬁﬁbﬁ‘st &ﬁﬁlﬁ&is&{aﬂMMﬁXﬁ&ate or dicalcium
The active mgrgtg nt can

phesRbieis. GHESESaY A dhe FoNeynes ?Ja)pfcb)lrl‘?fﬁ A dedendiys, fughes garches, lactose,

sudfBEE ghlcodd)enbAe:; darbéd Ratiexeidi ent Sbmddrﬂub@c}ﬂca&agfﬁr example,
forms for oral adm nistration of _the conpounds of

caibpypmethyieellulpse. Alginptess SR PPEAKNY) PYEOHAPH,FRCrOse andor acacia; (3)
hufEHaitsO gh nhe rfﬁ?&@%l Si msdlsﬁﬁéﬁﬁt’lﬁg‘ Sageﬁfés Fk@l@ﬁ" M Sagar-d&ar, calcium

syrups and elixits. in addition to the activ
cajbagrtedpetato, onttapiorh glareh, glednig acide eertaingilicatest mdwsqdﬁémcarbonate (%)

y e ar
solgl'tloH %P&?dlgg%gaﬂk rsdgtﬁ ﬁagrﬂag%t?' e ﬁ@ dbso O%Hbefiﬁiclgxlfag&saséuecﬂ as quaternary
arramlemm@n}ﬁmmds and ;suhfagienist bydh & pYhsimer msbmbym lauryl sulfate; (7)

we?tllr(l:go ggérits s‘ﬁhMlas for example, cetyl alcohol glycerol monostearate, and non-ionic
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carbonate, ethyl acetate, benzyl al cohol, benzyl
benzoate, propylene glycol, 1,3-butylene glycol, oils
wQ@ 2ov7p23387 cul ar, cottonseed, groundnut, corn, BET/IHE2006/047861
olive, castor and sesane oils), 30 glycerol,
tetrahydrofuryl al cohol, polyethylene glycols and
fatty acid esters of sorbitan, and m xtures thereof.
Phar maceuti cal conpositions of this invention suitable
for parenteral admi nistration conprise one or nore
sFRTRAYNGES 28Eorbbifts] SN 16#dlih tan@diBdidAiel day; o) hutaritansy such as talc,
nore 33 WD 2007/ 075387 PCT/?? PG/O 7861 1 L 1 sulfat
calgivar rPiRaEaie BRENSAIWR HEATALE) &o! Bhcglsy qplyty favry! sultate,
qurst DROUSRHS Uitk 8B&ic Mg PRISINDAGres tBAEHE B0 odig agents; and
sionhs, or sterile powders which may be
(lk)emuememsqc pEentstsach [as crpgpavidons) of §6‘|ybt°|eHHL§’S%r In the case of
€ S8 cal Wiinfbs s GREY @lsB comprise bufferin
cafiyF8Y S EP ahdils AL HhakBadi e RnRo s GREY P e
agbamterlostats solutes whi ch render the formul ati on
! So;lg}e RIM sghci) 893 g gﬂ%&%ﬁh@dl %B}npggltlons of the
sus enlng a conposi tions
préseyt mlvsmlcm) Bmzh ans Mgeﬂsamub&thlaampg@se}eeamay eptionally be scored or
t ents si f en
PrégEnt s BUER GBI I BEra oo Ay A SREE Shilihes well novm in
thé! PRdmidteutiodbif@aiulsiigatn d&eyr&;aybﬂscehs lﬁﬂirethldityd tsbas to provide slow or
|nclu5|on of _vari ous ter ial. and anti
coBGRME gis oL B S IBAPAISEE AR BHBBUPERBIP g propylmethy!
ceBRbR Qna@dr?mglgro%ﬁﬁﬁﬂ%etd pl¥idd thdTRigsiedds @elb&edﬁﬁifﬂ@bbther polymer
to include isotonic _ agents, such as

MFHFeSs |1u>@80rgeﬁjaqq{gr mupg@sgl]e(qf, t’ﬂéeyclaﬁﬁig-g@paﬁlgtedl ﬁqr rapid release, e.g.,
fre%gg ahie@N ThBY %Wﬁe REQAIRY, fgex@npld) Qiltrhﬂ%tﬁﬁir&%tﬁa bacteria-retaining

phar maceutical form may be brought about
ﬁltqq,cq)rljgy momorgtg@gﬁtgnhpmg Rgeye P%&%@%r%ﬁﬁtﬁﬂe §a]3ﬁ cgmpositions which
m%L g LeAlAhate NG Q@r{]@tdtﬁbr iR OPoct®®E Snediin immediately
pro ong the etfect of drug, it is desirable
betfwxesxlsowmhm ccsmpcwmpnmoalsebptlhr@almcmtam @pacifying agents and may be
upcut 1y HrroRYenBSll rtai
R T
pdrmyrstd tten gas:trmatmsmm owactreptonally, hiav engelaywsbmapgeer Examples of
ol b|||t The rat of
niéeﬁi or§1t1 ng WHi¢ aeh afy%%}%ss oz}.c(fl?deg;ol%é}gnﬁ Eﬁ{%tmgg arl]nd waxes. The
actiny 1@5&1@& ¢HpoalsE by $h adicsi-@reapsudated Yorrm| if iapproporie, with one or more
ngt r nat veI delag ed absorption of a
OLfBE RMTET LISPY° %f‘d‘?ﬁcl’ﬁl &y ed drug formis acconplished
20 byiqaic 36£ageng>rmrs ﬁuaﬂﬂnddhﬁ@uiti‘mwrcblgthenccanpmldds of the invention
_ i cle. ect bl e depot forms are
mi%“g b e P R SRR D o RO AGR s suspensions,
%ﬁr@ﬁﬁ@ &n RAdYiOR (S tifelifivangredient, the liquid dosage forms may contain
| acti de- polyglycoll e. Depending on the ratio h Ivent
ingt Lfél“FBtSp‘éﬂ‘W?@P W ¥hienatiehos. P SHAPP IR J1ATE O other solvens,

somﬁhbrﬂﬁF §geihk§ya%d ehﬁ@slﬁ&ke s0bh 4V wehyl ehledlss, riB()’prbpyl alcohol, ethyl
controlle l'es of other bi odegr adabl e p

cop bR p8 3f§6¥aﬁ chet“ﬁb‘e?sltz@i*%l) bery] &Gpwaéwﬁfapyla’éegywl 1,3-butylene
gl%ﬁo&lé th Qﬁﬁma? é&fo@énlzé@t LRABAAKE cnS Berdh, AIIREEEhsBE and sesame oils),

trappln drug in Iiposones or nicroenul sions
glygdreh tetraényémfpml ialsiobolyipplyeHudgnet glyeale and fHtyared pepygeof sorbitan, and

Eg&fgﬁ%:&ﬁplcal or transdermal adm nistration of a
mpound of this
Pharmaceutlcal composmons of this invention suitable for parenteral administration

comprise one or more compounds of the invention in combination with one or more
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i nvention include powders, sprays, ointnents, pastes,
creans, lotions, gels, solutions, patches and

WO ndvalozssss. The active conmpound nmay be mi xed uPdEUS2006/047861
sterile conditions with a 30
pharmaceutical |l y-acceptable carrier, and with any
preservatives, buffers, or propellants which nay be
required. The ointnents, pastes, creans and gels may
contain, in addition to an active conpound of this

phéfr[h %Qﬂtﬁ Fl a%é%ﬂtﬁ’él@@ﬁe?ﬂe i8qadtiudtr rRdquERYetsalitiens, dispersions,
g 4 WO 2007/ 075387 PCT/ US2006/ 047861

suspamegns pargmplpxﬁgs ot skgie RQ"’%@"&%&’YR gh rpay |bg gregnstituted into sterile
inj c%l%lgasib utfons o[PQil%;lfe(rQXﬁseﬁEt %lri)bi: Qb Sise,Svhich ARS8 ,contam sugars, alcohols,

acid, talc and zi nc oxi de,
anmnmdmesbttffaes duatteripsiatie ISQluémdN%lﬁh ayades 4he é@mla%oﬂ jsgtonic with the

o R SRR B o R ol 1 e
hy driekel e,ompabmbnsn reay iatsnt esntaind admvpas yanehdes possgeratives, wetting

or mXx s of t bst ances. ys ti £

ageRivyi tei"B'ﬂ%} Xlgg 08%‘?_’% nar&cf'l 159 r%?)r/lgp ra gr{t ]tgl%genstho&] of the action o

mlsﬁaioegahﬁdmww&ydfeomjm msmodnmmylﬂeeensnmdbhy ﬂteumeljlsmn of various
such as b tane a

ST SUEh i DL S, L SRERE TCAORACTH i i,

an& R¢ 1iRE! a6 nfis! dive by debirable (t@lil}i)cﬂukl&ilsofonﬁdmgqimsamnh as sugars, sodium
i nvention to the body. Such dosaqﬁ_fég 5%§1 aag tion of the

chigyide; gngjithe dikg; WP éli“e &P‘o"ﬁ@flgi‘)ﬂﬁ t'He?? Rgee [faserp

injBEEBR p Ma&@ﬁhc&p%ﬁp‘iﬂ@nb@mmﬂaﬁoﬁtaﬁy ahsandigsios ed agents which

to increase the flux of the conpound across t he skin.
detpyerbserption Sueh astplpmipum mEpopEARENAFAEW: by ei t her

pr OVIhdéoﬂQz @as@é"‘tlﬁ cﬁ'@&t foof)llo'l(ﬂ% fRNdrrRNef Qrdrdgsﬁ% geslghble to slow the

oun a po yrrer matri x or ormul ati ons
absﬁrptlh@ mm@mﬂ@m suboHigBeUS BRdnHmBIGEIaT UsRiogn | This may be

acI;oorE lrlﬁlt(éh g)y tHE useléf y ﬁghi'aaéus d?l' &t{crr?étél‘ﬁﬂe R Yndephous material having
8 a suppository, nay be prepared b

y
pon’r wiatg sriebibty. e ra@npf;abmméﬁn Pﬁéhq Anthica fiepprds wpRn its rate of
uit ab e, nirrit [ S r
d1s€8h;gn 0 wﬁl‘af:h,f 011r1 eL)[%'g, 1{15 a%dgﬂg bgé& Q}ﬁﬁi si2€ E@J £§E81line form.

oa bltter, pol yethyl ene
Algérymely,aiel@lﬂﬁ pbserpooy Oﬁ/amamntqalsyaladmyhat@d cang foum tshaccomplished

0 ratur quid at body
bytcafﬁ?g\agg QF éusgﬁxac{n ngﬁl'ér e ag oalbv%hlcl% in the rectum or '
vagi Iplctabde depot dtuding aieeﬂ&te Hi)h boranitg, wacro@@capewlpauatdces of the subject

ht hal n1 . for ti [ nt n . . .
S Rl RSP P Pao PSR, Depending on
th® edtid0o MBIt pb%ﬁ?@ﬁtﬁtt@fnat&ﬁe&aﬂthb/ﬁmtlbmllax pWymertem'ployed, the rate of
conmpounds of the nventio as .
dry Aetrase R éﬂescorﬁf@fé OdSTRGE Ghi Cﬁ%&f B ?ﬁa?aﬁ%e‘y pedymers include
pody (b0 BRErs P ardOpol fGanBy@iddsNBDRYb 1ﬁjﬂctabwlﬁﬁﬁiuﬂatms aibalso prepared by
cont ai ni n for, example, 0.1 to 99% re prefer.

bl
enyrgppige the ru(gfm dippsracs q{gtpg:aq)egmﬂsxioHs w R gpmﬁu& v%\ﬂ'ébody tissue,

pharﬁ@&%utfoﬁ% k- BG8picabbe raaddehRs) adiematetios ofaf cdrﬂ@ound of this
route of° adm ni stration selected, the conpounds of t

mpq:rég)@mnclqlclw éﬂ‘ﬁ/ﬁ@rﬁg SRFRYSh OﬁﬁTeBE§ (PEElSS:i FIEMSyi ?%}se ge?s, solutions,
pa@éﬂég A8 Gl 24R. #NELLEvd EfnPARIITRES BE nGiRkd under sterile conditions with a

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

an active compound of this invention, excipients, such as animal and vegetable fats, oils,
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conpositions of the present invention, are fornul ated
i nto pharnmaceutically-acceptable 30 dosage forns by
weaeomwanssonal nmet hods known to those of skill PeT/UE®06/047861
art. Exenplification The invention now being
generally described, it will be nore readily
understood by reference to the follow ng exanpl es,
whi ch are included nerely for purposes of illustration
35 WD 2007/ 075387 PCT/ US2006/ 047861 of certain aspects
waRdd RFRAL "RALE, Rhgdchethptanasie diéi'ih&iﬂik/b@rpolmhiylamee ghebls, silicones,
intended to limt the invention. leel HOHNDO
beriipnitgs, @hcuq@cﬂ kply angdzing oxjges oy mipYFes ‘ggf@f NaH, Mel Owe
O_ICrP(at@e}s E%lﬁ Sal U(Sﬂtﬁﬂ Qlfl AR t2 a( §Hpdhd 3f this invention,
0 C was added
exmg:,ents @cmm laclpsz, @éﬁ i‘nlmlF (ﬂ%@i ghymgpim (hydgpxide, 4°3§§°‘“m silicates and

0 r r
po R, boafor, HikurdoE S0 SR S, Sud by concn
custemasi Iprbpatdlaxwtst, hsighO4s  eidrafhsheltydpeanbenst @nd ( volatile unsubstituted
hen_bri ne.

89 ut d d SO,
wobERebeh S RO LRI O od over wsor
Cr udgafdedhslipatchePante he@idediaiinGide of PrGYidMigzOHirolled delivery of a
79
cogayu%fﬁ'gf K% Pasémmvr?éﬁﬂs»g i b8P§/de§‘c‘3’g 5%%9 ofiR jrayf be made by
disS®Rhing dr dispérkindethe ddngmahy edl thepropet Mes@iirh.3: Absotftion gnhancers can

Wat ni) d dth H
e e B B A5 LR 0 8 pr s

may be controlled by either providing a rate controlling membrane or dispersing the

compound in a polymer matrix or gel.

Formulations of the pharmaceutical compositions of the invention for rectal or
vaginal administration may be presented as a suppository, which may be prepared by
mixing one or more compounds of the invention with one or more suitable nonirritating
excipients or carriers comprising, for example, cocoa butter, polyethylene glycol, a
suppository wax or a salicylate, and which is solid at room temperature, but liquid at body.
temperature and, therefore, will melt in the rectum or vaginal cavity and release the active
compound.

Ophthalmic formulations, eye ointments, powders, solutions and the like, are also
contemplated as being within the scope of this invention.

When the compounds of the present invention are administered as pharmaceuticals,
to humans and animals, they may be given per se or as a pharmaceutical composition
containing, for example, 0.1 to 99% (more preferably, 10 to 30%) of active ingredient in
combination with a pharmaceutically acceptable carrier.

Regardless of the route of administration selected, the compounds of the present
invention, which may be uséd in a suitable hydrated form, and/or the pharmaceutical
compositions of the present invention, are formulated into pharmaceutically-acceptable

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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overnight. After 16 h, sodi um cyanoborohydride (381
nmg, 6.07 mol, 2 eq) was added 20 foll owed by a
wa@eyswaizspf met hyl orange. The pH was adj ust edP¢DUR20861047861
the resulting ruby red color was maintained for the
duration of the reaction by the frequent addition of 1
N HC. After stirring for 2 h another portion of
sodi um cyanobor ohydri de (381 ng) was added. After
stirring for a total of 16 h, the pH of the reaction
of S bEpMBSardl QHBEUimeRtsof 8RB Q)IM wRenistlesd afb@ot intended to limit
m xture was washed wth water (three tlnes) bri ne and
thetinegnt®8. dri ed over MySO4. The crude product was
purified by flash chronatographi 250%)EtOAC in
hexanes then 100% Et QAc) t&X 706 ng (83% of
hydr oxyl am ne 4. SGQWO 2007/ 075387 PCT/ US2006/ 047861
Part C HOHN Owe O MmO I ol MeO\KH | 10~~ OO (QJ
4 5 A solution of OX W anmypé (305 ng, 2.53 mmol
| eq) and nmethyl i ox&l o 445518, 5. g5\mol , 2 eq)
in benzene (15 nl) was°hGatgd at) reff ux h a Dean
Stark trap 5 overnight.” Exces§ “sol vent was renoved
under reduced pressure and the resulting nitrone 5
was taken on crude in the nexﬂ~step Part D Ove OH

ST(iOPr)4 OH MO ./,~-N.~ | 4y = NOM OO0 p M
fiézg%TBS 567 Nltrone 5 (882 ng, 2.53 nngh | eq),
allylic al cohol N Nag @eli al 1
11/ 156364, filed%ﬂé 2ohﬁﬁ 9 ol ,
1.5 eq) and T|(|CPr) 1 12 m., 3.79 , 1.5 eq)

mere di ssolved in toluiene (5 nL) and heat®d in the
ﬁng\?yc?egtg &gﬁh éo%%r(%z()}xglgnﬁ 'i‘nrﬁgﬁ '@t DIMF (8 ¥IYaBO °C was added
NaH (B3 0reidhy3.@mumo),- 1.2 2q) pﬁOprnéchyoMf(IS(@@O LLwaS maniddl.5 eq). The
reaAtlgﬁ rml)sc urg WaQ gtlﬁfﬁ& 8grtl}"0E 5 %dv\?éxh aqgﬁzﬂeﬂ R Qfgter The mixture was

ree ti mss
dl\bfeﬂﬂ&th mt(DAd aod ovasMgB@ith Watet @wact) dlyar bided. ﬂih@ sahdlox.lswas dried over

MBS Gk PR RS U B bl

PatB% of | actone 7.

OMe HOHN  OMe
OHC I \ NH,OH, NaCNBH; { I I
3 4

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
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
dried over MgSQ,. 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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Part E HF/ pyridine OHI OHI NOw NoMve OOO M
HOIBS M HOH 7 8 To a solution of 7 (225 ng, 0.042
wone/07388egq) in THE (6 nmL) was added pyri di ne PCDUSR06/047861
m.) and HF/ pyridine (2 nmL). The m xture was stirred at
rt for 4 h then TMSOWe (8 nl) was added. Sol vent was
renoved under reduced pressure and the crude product
was purified by flash chromatography (EtOQAc) to
afford 128 ng (72% of 8 as a white foam Part F 37
Pa¥@-2007/ 075387 PCT/ US2006/ 047861 o Ho H\ O NO O I
— NBUl . DIPEAO No O- HOHDCMHO 8 9\ OToa

sol ut i o™} ‘tone 8 (94 g, 2.2 mlmeod ef) inl
(22 nL) was ed W?xﬁﬁwl ame—(0T68 nLo4<9
2.2 eq) followed by the dropw se addition of

nethanesulfonyl chloride (0.38 nL, 4.9 mmol, 2.2 eq).

10 APPSR FIRLEE, £33 BITL Ll 586 st
(4ﬁomghﬁrpﬁ umnobfz eqalln bhotene Thie mbi)xwar keapeisattraBux m@mrvea’ean Stark trap
d
ol PERAQO T R YL PSR 5RO R e
wal qalens dragein ﬂvasext&otdepr acted with DCM (3 x 30 nL). The

Pa COE‘bI ned organic extracts were dried (MgSOH),
tered and concentrated in vacuo. The crude nateri aI

was purified by gradient flash 10 chromat ography
g Si®2, 30 - 70% &udAc/ Hex) t@;nagffo'(gg%1 (1.04 9.

mol , 948 P O H N £ (Qy
ot RO Y © ”’tq

5 6

Nitrone 5 (882 mg, 2.53 mmol, 1 eq), allylic alcohol 6 (U.S.S.N., serial No.:
11/156364, filed June 17, 2005) (820 mg, 3.79 mmol, 1.5 eq) and Ti({OPr)4 (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, EtOAc was added and the mixture
was washed with water (three times) then brine, dried over MgSQq, filtered over Celite and
concentrated. The crude residue was purified by flash chromatography (5:1
hexanes/EtOAc) to afford 575 mg (43%) of lactone 7.
Part E '

HF/pyridine

To a solution of 7 (225 mg, 0.042 mmol, 1 eq) in THF (6 mL) was added pyridine
(2 mL) and HF/pyridine (2 mL). The mixture was stirred at rt for 4 h then TMSOMe (8
mL) was added. Solvent was removed under reduced pressure and the crude product was
purified by flash chromatography (EtOAc) to afford 128 mg (72%) of 8 as a white foam.
Part F
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10 To neat nesylate 9 (450 ng, 0.91 mml) at rt was

added samariumiodide (27 nL of a 0.1 M THF sol ution,
WQ@2007/0m38) . After stirring at It for 1 h, the PERUS10061047861

was quenched 15 with a 5% anmoni um chl ori de sol ution

(10 nL) which resulted in an i medi ate col or change of

the reaction m xture fromdark blue to yellow The

reaction mxture was then filtered through a pad of

celite and the filtrate was diluted with vvater (100

m.) and Et QAc (100 The aqueous Iayer

extracted with @%c’r@?( 50 nl).

organi c extract& vvash_eﬂi_ﬂi‘ﬁjl,br 50 rrL) dri ed

(MgS04), filter %Hconcenmcmt ed 2@ acuo. The

crude materi al vvas purified by gradient flsash

chromat ography. (78 g Si02, 30 - 80% EPOACY Hex) to

af f qroda deFkI: (séﬁxgj)f\r/ggl&tdnm 94 296 yirabi)l. eqPain DOM@NML) was added
~ +

mqfhﬁa@m (4680 491 Rohs 2 Ap cahopligpsdghy the dropwite addition of
cMRERNP CAMARE 10 88 ALl 4.95Akeli |23® e@j The reactlon m1xture was allowed
( +) -1 sopi nocanpheyl am ne 11

(0
to WRIMAR Yt Qe RdecicArich ’(Fécm%c@fisacozﬁmlg% Foplsie popsumption of
alcgﬁf§utnel‘he m%xﬁﬁpég las B eﬁou?éd r1ﬁt'onﬁdl\9r(10@0m|i@) nan[c)igﬁ/l sagurated sodium

ion of tone 10 .47 mol) (
bigartidoptenaslutidd e@Samd-)t Fréne wﬁwsuwérmgpmqeﬁrwi dhe pgueous layer was
f ied (MgSO
oxfHA 3L PR PR0 10CH THERSERRRH SRS GHRIERRR gico 0150
filtleted amdi congrmtmtes] i seduor edbat crade Grdtorial2whs m’qlrlifﬂedaby gradient flash

chr\(;t\grrga%g%rs {‘ﬁ)g)' £siB )B(?r ?g?@%?@.&@ﬂ{e&k‘f ?@ngoﬁ Y24 mmol, 94%).

Paeo@bi ned organi ¢ extracts were washed with brine (10

m.), dried (MgSO4), iltered and concentrated in
vacuo. The crud aact | al was purified by gr ent

flash chroma y asosg‘,@lngTHp-S NI:
afford 201 \ |¢\ artl H
PCY2 H OH N ® d\l\/ I B(O—|)2 SOSNa
0=57°
9 \

To neat mesylate 9@ (450 mg, 0.91 mmol) at rt was added samarium iodide (27 mL of
a 0.1 M THEF solution, 2.7 mmol). After stirring at rt for 1 h, the reaction was quenched
with a 5% ammonium chloride solution (10 mL) which resulted in an immediate color
change of the reaction mixture from dark blue to yellow. The reaction mixture was then
filtered through a pad of celite and the filtrate was diluted with water (100 mL) and EtOAc
(100 mL). The aqueous layer was extracted with EtOAc (2 x 50 mL). The combined
organic extracts were washed with brine (50 mL), dried (MgSO,), filtered and concentrated
in vacuo. The crude material was purified by gradient flash chromatography (75 g SiO,, 30
— 80% EtOAc/Hex) to afford 10 (190 mg, 2.1 mmol, 52% yield).

Part H
0
Y- : -0
0 y : o}
5 H
o N, . ' AlMes, CH,Cl, @N SN 4N
! S H" “NH, Ho | \
o HO = e
H on L H Bn
11 12

10

f,
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Hlu O + 1 \\ Pd(QCAc)2, K2COB HN O C02H HO H N' CO
H~~HOHOH2 2 1:1 THE/H20 65, 4 h HOH H2ZN 12 13
wdadooTo7stdegassed (Ar) sol ution of pyrrolidi nePARU§HBE047861
nmg, 0.34 nmol) in a THF/ H20 mixture (1:1, 4 nl) was
added boronic acid 13 (120 ng, 0.68 mml), palladium
acetate (12 15 ng, 0.05 nmol), potassium carbonate
(190 ng, 1.4 mol) and finally phosphine |igand
(Anderson, K W; et. al., Angew. Chem e 2005, 44,

2922T0 @54 smgmoﬂ of (mﬁmo}nno&apn@a%mm pss haat £4 nkflol) in DCM (2

mE} PG s EALe (C 93 o o b I soReh o B mrenf A Afer stiing fo
10dkininy t2esblididhoPaMonB d of d1ob grg . WhﬁH&l@ i &Y @f m Z‘%ﬁ&wded and the

and celite. The filtrate was then extracted usi
mixige Yas stifrgehaj Ity %ﬁermg 20 I@th dhe (eRotion yas QOelelned with a saturated

aqﬁ@d&?s%@cﬂeﬁﬁ@alt% tﬁ)%rgrlﬂL?Qn@Q' o?&(&éigg{lr?gd W 340 \qul%/rl é% until a clear

, the conbine ani ¢ extr S Were
blmhapw tnmth@ gppsargil) The ralqe@bv(s N@m@as sepirhdethdandracted with DCM (2 x

ZSCIEE,S: : %g ggﬁxg)rl]rtléd Qxéw %F](tr\%}? r\]xgeﬁ ?Cﬁwqﬂ%ﬁw (11 ﬁ d-gﬁ g.ﬁled (MgS0y),

filezed agd Konppr@ratest Fraivdedry dTHe &tuble (ﬂlathbﬂl—lﬁ.@kxl prifieldl BY @radlent flash

o e P L S B S ks s

oilpyrrolidine 15 (190 ng, 0.34 mmwol) in MeOH (4 m) was
atd ed formal dehyde (41 uL of a 37% aqueous sol uti on,

= ~37 mmol) followed by sodium cyanoborohydride (43
ng, 0.68 mmol) in a single porgyon. After stirring for
12 hHat 23 C ihe reactl on S0 %% wag concentrat ed

i 0.0 | al” © puri b% 5
gmHa " sh chroma raphpy 7 ° a$,, 24109
MeOH/ aP¥ or d 2 stn'é

as a whi teHsaM i d. “F'—'hrt C<P4H|-|11cg«wzo /s

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
mg, 0.05 mmol), potassium carbonate (190 mg, 1.4 mmol) and finally phosphine ligand
(Anderson, K.W._; et. al., Angew. Chemie 2005, 44, 2922) (54 mg, 0.1 mmol). The reaction

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

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

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

formaldehyde
NaBH4CN

MeOH

39



10

15

20

NNH2 HN ?i° = NOOOFLNO HO\ OHHBTU HO \

OH.--NOW/THF 1:5 = HOH .-N 17 To a solution of
w@goororisgi ne 17 (11 ng, 0.02 mol) in THF/ DMF $d1/11$2006/047861

m). was 10 added HBTU (10 ng, 0.04 mmol) foll owed by

the addition of phenethylamne (5 uL, 0.04 mmol).

After stirring at 23 Cfor 1 h, the reaction m xture

was diluted with nethanol (0.5 nL) and purified

directly on a prep reverse phase HPLC, using aqueous

4|0 W@mm&r chid%%bﬂnﬂhﬁ# B e1 90irdgl olaa @hﬁﬂ) BNMeH (4 mL) was
eluent to y|

adc@gﬁogna]@my@e} (41115L gaﬁ%ﬂ % agugou];%,\polgtlw N 57 n{) Hpllowed by sodium
cyaé_lcﬂoﬁy&% EO @@% 4{@!}18_%45@’%@%%1& AQE]) ﬁxrhgg'fng tHh at 23 °C,
thecqum@olugomwsmowtrwdz@ wm@r a}hgoerua@ rfBaigHal was purified by

ber %,
sl SR TL Aok (I i DELABMEOHpEAr{ & S 20 ms (644
over®. Sepsirof 1 ¢ aaadvlpwt%wdl um car bonat e (9. 3 mmol) vvere
Pars:gpended i n degassed water and heated with stirring

60 Cfor 8 h (KW 40 WD 2007/075387
PC¥/ U82006/0 861 Anderson and S. LY Buchwal

id. ) 2005

?gv bnt . s 2). Th@qz
aque % , a*Usi_e!EB_T_tLo__:i %

| ayers wWere mxed and séPEFEtEd, and the Agueous | ayer
was extraected W|th DCM (20 nL). The organic |ayers
wer e conhi ned, vvas
To a solution of pyrr 1ne 1;?1 lantgl,'Ir t261'(1jlma0 1anﬁF/DMF (4:1, 1 mL). was

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

mmol). After stirring at 23 °C for 1 h, the reaction mixture was diluted with methanol (0.5
mL) and purified directly on a prep reverse phase HPLC, using aqueous 40 mM ammonium
bicarbonate/acetonitrile gradient as eluent to yield 5 mg (40%) of 1. MS (ESI(+)) m/z
697.3. (M+H)".

Example 2

13

Pcy2 COZH
~o B(OH),
OHC Br SONa  oye
* PA(OAC),. K2C03 NO,
O;N COzH

3 14 60 °c 6hr

Part 4

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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5 NaCl, dried over sodiumsulfate, and concentrated to
a light yellowoil. Purification by silica gel
wa@ boogroesseyr aphy (0. 5% HOAc/ 20- 40% et hyl PCT/US2006/047861
acet at e/ hexanes) yielded pale yellow solid (33%
yield). Part BU 0 J COZHH N N- OHC N O4HC/ | 16 ~O
H O~ EDC, HOBt NO2 15 NO2 THE/ H20 (4:1) 17 10 The
bi phenyl acid 15 (0.76 rnnol) and (S)-diamne 16 (1.1
mmol) were dissolved in THE/ water (10 nL, 4:1) and

Anli&S&t aHd WL, @Wal& OAggnUBér)z BRAEEDCobI 44( Q). gl‘mimbbture was poured
After stirring 12 re was qoure

int0 GMAARYL el weter (30 i)y Shp S BReL hp SGHRp TfGves adjusted to 3
WIthﬁ@lﬁél lﬂ%ﬁy%ﬁ%éﬁ@%‘ﬁﬁgd Whé rﬂe;@&t@@"ﬁ@thesﬁfdébﬁd Bfer was extracted

fhen dried over sodiumsulfate, and
thbdh@éﬁt(?@mebl) Thiveongenic daperaarserp rortiiaefl, pyashpd jvath @%‘P"ated aqueous
0 y % \ t
Na%gl cgné‘{;gﬁ%w% s %te'5 &F%%l%gﬁ%@ %I@H- Welfo@ gi1v Pudfication by
sﬂlngél ébréhm)atdgﬁiliih,y (DF&%EH(DAQ/ZBMQ?JHG*EHHI wt@ﬁmexz@estylei d pale yellow
) 4N HCl in dioxane 19 Boc-L-proline 18
S°1td0(336/ ?ﬂ% ) and (+)-isopi nocanphyl am ne (0.46 mol)
Pa h diisopropyl ethylam ne are dissolved in DW (2
and DCM (1 nlL) and treated with 20 HBTU (0. 46
mol ). The m xture is stirre t 23 Cfor 12 h a
then poured into ether (40 and water (20 ni). e
organi c |l ayer is washed witfi additi onglNwaterQ (30 mi),
5% NaHOCCB, , 8@t un Naquesit : Bn
dried over My icentration
is restored-in nt?cnaml stirred wiad HCl in
di oxane (4 N, 155 ﬁ‘Ba for TR “the solution'is
concentrated in vacuo and dried to produce a white
solid. (80% 25 yield) 41 WO 2007/ 075387

PCT/T%&QQ@MZ&@%S (0.76 mmol) and (S)-diamine 16 (1.1 mmol) were dissolved in
THF/water (10 mL, 4:1) and treated with HOBt (0.9 mmol) and EDC-HCI (0.9 mmol).

After stirring 12 h at 23 °C, the mixture was poured into ethyl acetate (30 mL) and water
(15 mL). The organic layer was washed with 5% NaHCO;, saturated aqueous NaCl, and
then dried over sodium sulfate, and concentrated. The residue was purified by silica gel

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

Part C

H=Cl

o
’ BOC  1)HBTU, iPrEN
“NH, + HO N
DMF, 23°C, 12 h
18

2} 4N HCI in dioxane

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
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 HCl, saturated aqueous NaCl, and then dried over MgSQOj4. The oil produced
from concentration is restored in ether (5 mL) and stirred with HCI in dioxane (4 N, 5 mL)

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

yield)
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Part DHC O?NOI NNOHC N NaBH3SCN NN~ V.HiO0 \
H----" NONO HH NO02 Nz 19 17 13 The anine 19
w@ 200107338Dl ) and al dehyde 17 (0.54 rnnol) wer ePCT/US2006/047861
di ssolved in nmethanol (1.2 nm) and treated with
acetic acid (0.05 nL) and sodi um cyanobor ohydride 5
(0.16 mmol ). After stirring for 12 h, the product was
purified using reverse-phase HPLC (MeCN 0. 1% NHAHCO3
in water) and |yophilized to give a white solid (6.2
pParrp). M5 (ESI(+)) mz 696.4 (M+H) Exanmple 3 ~ 1 |
0 ON NNOH\ ~H 10 N2 18 Conmpound 18 was

synt hesi zed according to procedure described in

Exanpl e 2. using Boc-D-p ine in place of

Beg- Lapro b
= 0 N

- Loprol’i ne| ESR(+)) Im z 696. A4MH) +.

: a'rwn% o S ”Q.&T:’b‘i’.‘h 19
onpou 19 wad s esl zed accordi ng t odt hje )
descri bed in ExanpINg22, 20 using NO.
hydr o®®y- Boc- L- prol ithe in place of Boc-L-proliné?

Exanple 5 42 . .
The amine 19 (0.16 mmol) and aldehyde 17 (0.54 mmol) were dissolved in

methanol (1.2 mL) and treated with acetic acid (0.05 mL) and sodium cyanoborohydride
(0.16 mmol). After stirring for 12 h, the product was purified using reverse-phase HPLC
(MeCN/0.1% NHHCO; in water) and lyophilized to give a white solid (6.2 mg). MS
(ESI(+)) m/z 696.4 (M-+H)".

Example 3

Compound 18 was synthesized according to the procedure described in Example 2,

using Boc-D-proline in place of Boc-L-proline. MS (ESI(+)) m/z 696.4 (M+H)+.

Example 4
D, 1 E
NN 0L O 4
NO,
OH
19

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

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

Example 5
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WD 2007/ 075387 PCT/ US2006/ 047861 HOHO H" NN O

HON- Hof \ OHrN20 HH OHOHHNO NO \ O
woZidz/oh38N HO OH HBTU O HO _ Ham-N H OH .. - NeOIVBSZ0b#7047861

1:5 =HOH-N17 20 \ 5 Conmpound 20 was synt hesi zed

according to the procedure described in Exanple 1,

usi ng NN-di net hyl am no ethyl am ne in place of

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

mz 664.16 (MtH)+, Major ion fragnment mlz 332.56

(Mr2H 2) + Exanple 68 H _ OH NO N HO N/ HOH

NN OH.,.N10 21_OM \/o HNNOHINN NNO

HO \ / OH HBTU QnHQ-+\~NinNH / THF 1:5 H OH

N 17 21 Conpound 214 wis d mcsaiding to the

procedure described in A

5 Compound 20 was synthesized according to the procedure described in Exampie 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+2H/2)+

Example 6

10

H,N
HBTU

B SRR

DMF/THF 1:5

Compound 21 was synthesized according to the procedure described in Example 1,
using (S)-N’N’-4-trimethylpentane-1,2-diamine in place of phenethylamine. 70% overall
yield. Parent MS (ESI(+)) m/z  720.25 (M+H)+, major ion fragment m/z 360.52

15 (M+2H/2)+.
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using (S)-N N -4-trinmethyl pentane-1, 2-diamne in place
of phenethylam ne. 70% overall vyield. Parent MS

W@ B 0738%7 m z 720.25 (M-H) +, maj or ion fragmenPCTiig2006/047861
360.52 15 (M+21/2)+. Exanple 7 HO HI1 " N/ HOH
NHOH-N 22 43 WD 2007/075387 PCT/ US2006/ 047861 H
HHOHNO -"~)"- NO\ NNHNH HO O OH HBTU HO \
-(/ HNOHd~NDW/THF 1:5 HOH _N 17 22 Conpound 22
was synthesized according to the procedure descri bed

in Exanple 1, wusing (S)-
NE - di - phenyl propa

. 7030 overdl ||
mrz . ron™ fr%

Iace of

napb$
H o"'&f’ﬁleb5 H NI

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

5 Example 8

@ osts

DMF/THF 1:5 (—)

Compound 22 was synthesized according to the procedure described in Example 1,
10 using l-ethyl-(S)-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

ii»‘xo
7 o, (HO)B . 9 H g 4§i7
He ﬁ fiN) | __ PdepenC H N:uji) O
HO— 27
B : H Bn 0
24

T

HO—/2%
OH

15 25
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HO CHHBTUHOO / \ H HOHd _NDW/i HF 1:5 HOH _N
17 23 i Conpound 22 was synthesi zed according to the
w@e@eosse described in Exanple 1, 10 using PCT/US2006/047861

1l-ethyl-(S)-2-Pyrrolidi nenet hanam ne in place of

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

mz 704.3 (MtH)+, major ion fragnment ,n/z 352.65
(M+2H12). Exanrple 9 HOHN NHOiIi O OH_N 24 0 H
N/ HO(HO2B OH b=N Pd(dppf)dz N H' NHHOHODO

OH i@k 2N 20R%atmbapHéte WRngSYIAl 0¥ ISynthesized according to procedure
PCT/ US2006/ 047861 hder an argon at nosphere cgggound 4

deSESib(:@ynt Hesi zeexaeRlsr di ny to pYeeRdlt e ddékrib
%ﬁ@hm heabBAPgHRay i‘t%}or(lé%@lm@)l ), Cs;COs (120 mg), KOAc (20 mg),

am nocar bon |') phenyl boronic aci

andCR2E@PRNCL2( 0y R) wnwspg@leﬁrgly DMSQoKGFrawp@ci txe?fgg atep °C durmg 3h.

Ao PRI BB g Do e 20 € e rescin

mikfurd h&srthantuooledmoxttuami afluted witls DCMT S miaczmdoﬁlen extracted with

st S D0 SIS . B b Mok o v

wxﬁelaSZ‘ﬂSEBll\(Bb< @8 wL).. m%cmmaecu@rgmyﬁrwmswaﬂpdr\aﬁbdvaam(% mL) and

SRSt O 8 LT GOTDI TR The o

mad¥éri 2 v R PpuNIREMin gl 2CEH1 e eMbrAd R omu ttgesphyed yiedd the desired product.
pressure. The crude 10 material was purified using

silica gel colum chromat ogiappl t& yiel d the desired

pr oduct .
V’ﬁ L
N/

o} N ~

"IN/H:N) O O H

A N

Ho™ 7

26
Part 4

,,,NHz . Ho /Okiggc 1) HBTU, PREN. "’N%C'
HO™ 2)D£\lM|:I§I3i:1%i;§a':re HHo‘"
27

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 stirred at rt for 12 h and then poured into diethylether (40
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.
80% yield.
Part B
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Exanple 10 0 OH "HHN O 26 Part A 0O HC BCC 1)

HBTU, i Pr2EtN O NH2 + HO-N_ N DCM 23C, 12 h HO 2) 4N
woiglo7iors3gi oxane HO 15 27 28 PCT/US2006/047861
Boc- L- 3-trans-hydroxyproline 27 (250 ng, 1.08 mol,

1.0 eq) and (+)- isopinocanphylam ne (166 ngy, 1.08
mol, 1.0 eq) with diisopropyl ethylamne (280 ny,
2.16 nmol, 2.0 eq) were dissolved in DCM (5 nL) and
treated with HBTU (492.0 ng, 1.3 mmol, 1.2 eq). The
m xture was stirred at rt for_12 h and then poured
into diethylether (40 20 nl) cwater (20 nL). Theo
organl c layer was washed seguepdj al |y WI t h addi ti onal
water 920 nl), 59%SBEi um bi b2

gRat e,
y'dﬁrmﬂ c+aci df ¥at ur at agi(o@g?l@@ﬁs s,@é’,h&ﬁgn HQ '
and t driedw og U Tlﬂrg—mr;‘?:—'pro 2
from comcentrati onianas rest Qg«écbhl n di etchy et her (530
m.) and stirred with hydrochloric acid in dioxane (4

M T gg%s%d gol'ilnoxT he 1§<§lhb't2'90(fi 0853 QORGRIN 1.8t &Y 4nfl boronic acid 5

vacuo an roduce 3 as a white solid. 25 80%
(1.97 &, 7.6 Pampol,B2. afﬂqv\mnzcocﬁlwg@smmerrﬁ U006 md2geas added palladium

R0 AT B P g, o0

fin30y a sulfated S-Phos 11gand (100 mg, 0.19 mmo] 0.050 eq) (Anderson K.W,; et. al,,
Angew. Chemie 2005, 44, 2922). Under an argon atmosphere, the clear mixture was heated

at 65 °C for 2 h with vigorous stitring. The reaction mixture was allowed to cool to rt and
was then diluted with THF (3 mL) and acetic acid (3 mL). To this stirring mixture was
added formalin solution (2.4 mL, 30 mmol, 8.0 eq) and sodium cyanoborohydride (710.0
mg, 11 mmol, 3.0 eq). After stirring for 15 min, the mixture was diluted with water (50 mL)
and extracted twice with EtOAc (2 x 75 mL). The combined organic layers were washed
with saturated aqueous sodium chloride (30 mL) and dried over sodium sulfate.
Concentration in vacuo provided a pale yellow oil of 30 that was used in the subsequent

reaction without further purification.’

Oy OH J/\Ffz
HaN N
7

HBTU, DIPEA LN

The yellow oil 30 from the previous step (3.8 mmol, 1.0 eq) with diamine 7 (810
mg, 4.5 mmol, 1.2 eq) and diisopropylethylamine (2.0 mL, 11 mmol, 3.0 eq) was dissolved
in DCM (10 mL) and treated with HBTU (1.7 g, 4.5 mmol, 1.2 eq) and stirred at rt for 2 h.
The clear solution was mixed with 5% aqueous sodium bicarbonate (50 mL) and extracted
twice with DCM (2 x 50 mL). The combined organic extracts were washed with brine (25
mL), dried over sodium sulfate, and concentrated in vacuo. The crude mixture was purified
by silica gel chromatography (0.5% ammonium hydroxide / 3-10% methanol / DCM) to
afford a white foam of 31 (610 mg, 35% for three steps). MS (ESI(+)) 462.4 m/z (M+H)".
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To a degassed solution of iodide 29 (1.0 g, 3.8 nmol,

1.0 eq) and boronic acid 5 (1.37 g, 7.6 mmol, 2.0 eq)
WO 200a/07T438 wat er m xture (1:5, 18 nlL) was addedPCT/US2006/047861

pal | adium acetate (22 ng, 0.09 mmol, 0.025 eq),

pot assi um carbonate (2.1 g, 15 nmmol, 4 eq) and 5

finally a sulfated S-Phos |igand (100 ng, 0.19 nmol,

0.050 eq) (Anderson, K W; et. al., Angew. Cheme

2005, 44, 2922). Under an argon atnosphere, the clear

m xture was heated at 65 Cfor 2 h with vi gor ous

stirripag, Thegrea®tjon mxture was all owe
] i X Ut Ba-nuii HericBiniEe ( 3

acid (?b @ Toithi s Sti riienfigningl Xt ure was oa

formalTn sofution (2.4 nL™3%mol, 8.0 eq) anil sodium

cyanoborohyd‘rl de (710.0 10 ng, 11 mol, 3.0 eq) > After

stirring for3l5 mn, the m xture was di l uted with

vvat r t 7

3o BRATELIWAIHLABE RSP FL0Y b BOin(h, 0T8) vas adied

tneﬂ@t]amatee(d) 3aq11e021$ nsmdl und eh) Erliatecd( 3P Dvsy- l\éardncmn@dmane (212 mg,

sOver; sp f at r Y r

Sqlobe yeﬂf‘o%ﬁe ri?ac%f)ngv%)ﬁjg{éh V\fgé '1;52% A GeR HAVied&6tm DM (30
mlsubﬁeqmmmc mMigAgE wais mslhbd)lseqdamtianﬁrwmu 694 aquetouesodiu@ thiosulfate,

OH Ph Q Ph H2NCN, . HO N.CN, -~  HO | PEA 3031
Srkodiiin YEMPORBI A FPORFTRECBrBYT B ApSpte B ifydivm sufate
CoRcddti@€ipn Wh Vot ;aﬁhm@edza (HAmbE oildofB2mieeH, dnsbcﬂy é6)Jheaneckt step. MS

di i [o e ne (2.0 m., 11 mmol, 3.0 e was
(Eg}k@i&%@gﬁx/z h\‘%ﬁﬁﬂ 10 En_) and treated with HB% (1.7

g, 4.5 mol, 1.2 eq) and stirred at rt for 2 h. The
PaziGar sol uti on was m xed with 5% aqueous sodi um

bi carbonate (50 nL) and extracted 20 twice with DCM (2

x 50 rrH The corrbl ned organl c extracts were washed

(2 d'over sodiym sul fates~qnd o Ph,
.o- tr té’ v ude mx ‘ o\ N
S-I|IC gel _ehr ogl?aphy NagHBS%sa o h & H
/ 3- #0% et hanol /_NXCM to [

afford a X 31
(610 pou, 35% for t ee steps). Ms (ESI (+)*5 462 o4 'z
(I\/H—|) +. 46 WD 2007/ 75387 PCT/ US2006/ 047861 Ph O Ph

f

t riet %P‘gﬁ?ﬁidlﬁ@@hé@g?% (5@6 LY il 3132 ‘ﬁ'a“d d aldehyde 32 (30.0 mg,
0. OéélmmObnl Qéquer@fdlsgply@ﬁ gn r@];hm glﬁgm};() agd tmﬁfﬁd withgriethylamine
(20?(9)ng%.52 %i‘?%% 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%

formic acid in water) and concentrated by lyophilization to give 26 as a white powder (4.0

mg). MS (ESI(1)) 710.7 m/z (M+H)".

Example 11

#*[NLQ

Compound 33 was synthesized accordmg 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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triethylamne (0.3 nL, 2.1 mmol, 6.0 eq) followed by
Dess-Martin periodinane (212 ng, 0.5 mmol, 1.4 eq).
wab@7nessti on was stirred for 1.5 h at rt and PEEDNS2006/047861

diluted with DCM (30 5 nL). The organic m xture was
washed sequentially with 5% aqueous sodi um

t hi osul fate, 5% sodi um bi carbonate, water, and brine
(25 nL each) and dried over sodium sulfate.

Concentration in vacua produced a Iight anmber oil of

32 used directly in the nqgga,,sé@gz (ESI(+)) 460. 4
mz (MH) +. Part C HC h N N f*"kKNCN O N

f N, |t H~ONaBH(OAc)3N -Z OH , 11 N 10 28 32
26 The anine hydrqgchl ori de @ 2 mol, 3.0
eq) and al dehyde a 3( 0 985y mef's 1.0 eq)
wer e di ssolved in weth N(/. ) Sndtreated W th
triethylamne (20.°0 ; g>.2 rrL,/Ns 0 eq) and sodi um
tri acet oxyborohydride (55.0 , 0.26 mol, 4.0 eq).

After stlrrlngfor 12 h, the pfoduct was rlfle%
usi Kemrevad Sd-wrsyathepized prgorsing t‘l%elyof:ﬁfﬁ-\’i? gd ity Example 10,
t a t yoRbBE | 4N Qai-HedrdRyproline. MS

T b A S e S e
(E?glwmwﬂﬁ&érfMtH)m 0 NI 0 |%v HOHN N\\ 5 / 33

20 Conpound 33 was synthesi zed accor di ng to the

procedure described i n Exafgmpled3 using

Boc-L-4-thiaproline in place of

Boc- L- 3-trans-hydroxyproline. M (ESI(+) 712.5
(I\/H-H)+ 47 WO 2007/ 075387 PE 8200 /O 1 Exarrpl e
12 = 0I10H N N>
N -0
35

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 methanol solution was submitted directly to reverse-phase HPLC. MS

(ESI(+)) m/z 708.5 (M+H)+.

Example 14

#@Ngj

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

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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$ 34 Conpound 34 was synthesized according to the
procedure described in Exanple 10, 5 using
w®@ew7738di net hyl - 4-t hi aproline in place of PCT/US2006/047861
Boc- L-3-trans-hydroxyproline. Ms (ESI(+)) mz 740.5
(MrH) +. Exanple 13 0 OH NO V-HNHZ 35 10
Conpound 35 was synt hesi zed according to the procedure
described in Exanple 10, using
Boc- L-4-trans-Fnoc-am noproline in place of
Boc- L-3-trans-hydroxyproline. Before fi :
purification, the Fnoc group-was regnﬁﬁé§3@ treat ment
wi th 15% pi per di mel net h . Jhi Nxanol
sol ution was submtfed girect]y rever se- phase HPLC
M5 15 (ESI(+)) mzl 7083 (WkH) + Y Exanple 14 a N ON
OH V_HNHZ 36 Conpou 36 was synt hesi zed

according to the procedure dedtribed in %¥a Ieﬁéo )
20 Gompgupdd7|was.sypderinsd 2eaorHBRIR fherRyof UF Besgriged in Example 10,
us1§%?§¢clrg§§§%ﬁﬁc el QX WAl b BocBRBAffsiiydfdxyproline. MS (ESI(H) m/z

the Fnoc group was renoved by treatnent
708p (M+EH% pi perdi ne in nethanol. This nethano
solution was submtted directly to reverse-phase HPLC
MS (ESI(+)) mz 708.5 (Mdiyampledfnple 15 48 WO
2007/ 075387 PCT/ US2006/ 047861 O

PP

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

using Boc-S-2-morpholinecarboxylic acid in place of Boc-L-3-trans-hydroxyproline. MS

(ESI(+)) m/z 710.5 (M+H)+.

Example 17

Bcl-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

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

Compound Bel Ki
1 % ok ok
13 *
18 ok
24 *
26 kkkk
33 ok sk 2k k
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OION-116 ,N, 37 Conmpound 37 was synt hesi zed
according to the procedure described in Exanple 10,

wa@Iging78et- L- pi pecolic acid in place of PCT/US2006/047861
Boc- L- 3-trans- hydroxyproline. M5 (ESI(+)) mz 5 708.5
(MrH) +. Exanple 16 o ~ I HMNM ONO V-HN O 38

Conpound 38 was synt hesi zed according to the procedure
described in Exanple 1, 10 using

Boc- S- 2- nor phol i necarboxylic acid in place of

Boc- L- 3-trans-hydfoxyprgl[ine. (ERL{F)) mz 710.5
(M+H) +. Exanple 1§ Bcl-Z"bindipg affinity anal ysis
data is presented[ below for vafious conpounds of the

i nvention. Note that"**3*" jndjcated*fhat tHe Ki is <
0.1 M "***" indicates That theg Ki is 15 0:1-0.3 M
"+ jndicates that the’®i is D.3-50"M and|"*"
indicates that theE K T5 >50 M Conmpound Bgl Ki 1

* k k% 13 18 * % 23 ****37 24 * 26 ****k 33 Xk k k 49 V\i)
2007/ 075387 PCT/ USZ0067/ 047861 | 34 ****—35—*%** 36

* Kk ok 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
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

claims.
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37 38 ** Incorporation by Reference All of the U S.
patents, U S. patent application publications, and PCT
w@adoers3sappl i cati on publications desi gnati ng pPOEURRB6/047861
that are cited herein are hereby incorporated 5 by
reference. Equivalents Those skilled in the art w |l
recogni ze, or be able to ascertain using no nore than
routi ne experinentation, many equivalents to the
speci fic enbodi nents of the invention described
wdelaghn. Such equival ents are intended to be
enconpassed by the followng 10 clains. 50 WO
2007/ 075387 PCT/ US2006/ 047861 We Claim 1. A conpound
1. [ ePeaaRphdbpftbd By Tomfbls R2-X Y R 3 B a (RUR) RS
or an unsaturated Tormthereof or a
phar maceutically acceptable salt ®hereof; wherein Y
is -C(RL0)2-, -(C=O)-, &Sg(v Mg C(=NR 0)-; Xis
-N(R10)-, or a bond; 10 m¥? g2, 3, 4, 5 or 6, 0
0 11 it v P ~ P'ORI0 ARp - -S(0 2-,N(Ryoh |
-C(Al) (A2)-; each of Al % s i ndependent!ly H,
al kyl, al kenyl, al kynyl, aryl, @ycloal kyl, aral kyl,
het erocycl yl, heteroaryl, heteyoaralkyl, C(C»N(Rio)z
- C(O R10, Q)ZRlo -S(O)2N(R| 2, - ?
or asEBEROREG, fornstigrert:a Rherhageutisally ahle s3lt theyepfy Ry

whgreFﬁ'5

Y is -C(Ri0)z2-, ~(C=0)-, -(C=8S)-, or -C(=NRy0)-;
X is -N(R,¢)-, or a bond;
mis0,1,2,3,4,5,o0r6;

O
1 1}
PSRy, FOR
Ais—S(0)-, S(O)pr, Lo 1022 L ORI cAA-

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

'—<C(R10)%*R15

1a
wherein independently for each occurrence of 1a;
nisl1,2,3,4,5,or6;
R;s is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, heteroaryl, -OR,o, -SRyo, -
N®Ri0)2, -N(R10)CO2R10, -NR10)C(O)N(RI0)2, -CO2R 10, or ~-C(O)N(R0)2; or is a
polycyclic ring containing 8-14 carbon atoms, of which one, two or three ring atoms
are independently S, O or N;
or A; and A; taken together form =O or =S; or A, and A, taken together with the carbon to
which they are attached form a 5 to 8 membered heterocyclyl, of which one or two ring

atoms are independently S, O or N;
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n |a wherein independently for each occurrence of 1
a, nis 1, 2, 3, 4, 5 or 6; 20 R15 is aryl,
waeyaroadkyl , cycl oal kenyl, heterocyclyl, heterpar/yb2006/047861
-OR10, -SR10, - N(R10)2, -N(Rlo)C02R1lo,
-N(R10) C(O N(R10) 2, -CO02Rlo, or -C(ON(R10)2; or is a
pol ycyclic ring containing 8-14 carbon atons, of which
one, two or three ring atons are independently S, 0
or N, or Al and A2 taken together form=0 or =S; or Al
and A2 taken together wtkr,fhe carbon to 25 which
they are attached for a_s to 8 nenbered heterocyclyl,
of which one or two rin aRons are independently S, 0

B &vO), {0=0p, WB)035387PCT/ US2006{ Bd 1884ulafbo R o B
is 0, S -(CO-, -(CS)- or or hag,the formula 1b:
RO DR8 (R7) P Ib wherein 5D islijN or CRto; pisO,
1,2,3,4,0r5; each of R7 and R&efi-<helependently for
each occurrence H, alkyl, al ker@& al kynyl, aral kyl,
aryl, cycloal kyl, heterocyclyl,“cychpoal kenyl , or
heteroaryl; or R7 and R8 taken together forma 3 - 8
menbered ring; or R7 and R8 takehb 10 together form a
4 - 8 nmenpréeth ring; RO is H heterocyclyl,
heteroaryl, -ORto, -SRio, -N(RO2, -NR o)C®2R o, -
N(RI O) O( P ig MaCRio; C02Rt 0, - OCO2Rt 0, - OC( O) N( R10) 2,

-C(ON(R Dk, 1, B8 ide snitrile, nitro, or acylthio; R
has the formila ic:’ 15 Ari-X-Ar2-(X2)r Rlo Rioqlc
each of R; and Ry is independently for each occurrence H, alkyl, alkenyl,
alkynyl, aralkyl, aryl, cycloalkyl, heterocyclyl, cycloalkenyl, or heteroaryl;

3

or R; and Ry taken together form a 3 — 8 membered ring; or R; and Rg taken
together form a 4 — 8 membered ring;

Ry is H, heterocyclyl, heteroaryl, -OR;o, -SR o, -N(Ri0)2, -N(R;p)CO3R 0, -
N(R10)C(O)N(R0)2, -COzR 10, -OCO;R 0, -OC(O)N(R1p)2, -C(O)N(R0)2,
halide, nitrile, nitro, or acylthio;

R, has the formula 1¢:

ém—ArL—X‘—Arz-(Xz)r
RioR1o/ g

1c

wherein
qis0,1,2,3,4,0r5;
ris0,1,2,3,4,or5;
Ar'isa monocyclic or bicyclic aryl with 6-14 ring atoms; or a monocyclic or
bicyclic heteroaryl with 5-14 ring atoms, of which one, two or three ring

atoms are independently S, O or N; or Ar' is represented by formula 1d:

(X%)s
1d
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wherein 20 g is 0, 1, 2, 3, 4, or 5; ris0,

1,2,3,4,0r5;, Art is a nonocyclic or bicyclic aryl with
wW®24/073387y at ons; or a nonocyclic or bicycli cPCT/US2006/047861

heteroaryl with 5-14 ring atons, of which one, two or

three ring atons are independently S, 0 or N, or Arl

is represented by formula id: - < 7Y 25 (x3)s |d 52

WO 2007/ 075387 PCT/ US2006/ 047861 Werein s is 0, 1,

2,3, or 4; each of X2 and X3 is independently for each

occur r engendreinal kyl , al kenyl, al kynyl, aryl,

cycl oal kyl_, heterocyclyl aral kyl, heteroaryl,

het er oar a|14<9,| »2, 85 ‘I’ffdr oxyI , acyloxy, nitrile, nitro,

hal i de, ERMor x2(ANCRIOHA éﬂd;enﬂ&:(f@%occ@%%méfl alkyl, alkenyl,

-S(O 2N(R1o) (R11), SRI1, -S(OR11, -S(0O) 20R11

- S( O) 2R1alkyng), mcgy&kqallaol( tejocyphyl,- eplioyiy bterepryl; Bgteroaralkyl,

has the LORIHR alglox ! SuciS, AuBDRARKC URG, OCONMERIR1D), -COR. -

aryl or a nonocycli
bi cycl i CG(aPer,oaSW)zN(Rnh)CBd D4 SRng Oy, ofS(@QE1, -S(O)Ru1, -

one,. 140 QENgRGpL 8 A0y 086 . AR 510

R2 is H, Aer2 hraanohegycbic oubmyah@mdiuaihk@flm mmgatltd’mst)dr a monocycllc or

| oal k | bi |
oo s Doy RELERES Vi afls g SR M . DFEph e ring
- SR10, Pd(diél@are,mdég(eﬁa&mmm«am 15 N( Rlo) ( 0) N( R10) 2.

- C02R10, _-,000 Q N(R10) 2,

hal i de, thlﬁﬁﬁ’eng rg(% g% ? @m e’ach of R4, R5
R, &, Bﬁ&nbﬂ&ﬁ&aﬁdﬁmdhyd Byl eaﬂhemcwdlﬁmeﬁ héteﬂd,cyabllsy)lr

alken , ¥ny| aral kyl, aryl, cycl oal kyl,
bl%’?lé‘ﬁllfé(i I@érl?ﬂ foymplsdiakyi " heterocyclyl, or

R3 ﬁqﬁ eﬁé?%¥§01¥lo ﬁet'% tlhﬁ)Rroo [SRI]IO aN'(ﬁ] 0)2, QN(RWCUQRIO;
i nstances” o en together forma -

ed
N(R i odg(ORBV Rz, 2@0;%@, #o Oaltoor- QEEOMN(Bi01, o@(@ﬁ*@m)mé’ahde nitrile,

ing; R6 is Hor alkyl; R11 is |ndependently
nmigegpg%gﬁ‘%ccurrence H. al kyl, al kenyl al kynyl

eacaxrczﬂR@y R;s and Riiq indegaridenilk {dr, eaely etavaicaen il Hmﬂsyle P’éfankly plkynyl,

t & ?F 369&1%1@!“ %&81%91%@@1 b19ycloa[lglRﬂrgtE1(oR}§lM bor B(]:t%roaryl or has the
formula 1a ; or any two instances of R taken together form a 3 — 8 membered ring; or R4
and Rs taken together form a 3 — 8 membered ring;

Re 1s H or alkyl,;

Ry, is independently for each occurrence H, alkyl, alkenyl, alkynyl, aralkyl, aryl,
cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, heteroaryl, or -[C(R12)(Ry3)]-Rias;
wherein

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

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

R4 is independently for each occurence H, alkyl, aryl, heteroaryl, heterocyclylalkyl,
alkoxy, amino, amido, or carboxyl.

2. The compound of claim 1, wherein the compound has the structure 2:
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25t is 0, 1, 2, 3, 4, or 5 each of Rl12 and R13 is

i ndependently for each occurrence H, alkyl, aryl,
wa@e@bkydzg7 cycl oal kyl, heterocyclyl, heterocycbgt/abiopé/p47861

heteroaryl, or heteroaral kyl; and R14 is independently

for each occurence H, alkyl, aryl, heteroaryl,

het erocycl yl al kyl, al koxy, am no, am do, or carboxyl.

30 2. The conpound of claim1, wherein the conpound

has the structure 2: 53 WO 2007/ 075387

PCT/ US2006/ 047861 (X3)5 \ Ar2pfsX2)r R R Y N

RR,XBR3R6 RA RM2 wherei is -C(Rlo) 2-,

-(CO-, or -(C=5)-; 5 Xis Are.'(lejrjso, 1, 2,0r3;

ris o, 1, 2, 3, 4, or 5; [ 1, 2,3, or 4, 0O

nn P*N(Rlo)2 ~P-OR10 A i g -S(92-, , , or

-C(Al) (A2)-; 10 each of A‘; and A2 is independently H,

al kyl, aryl, cycl oal Be~x"ar®&l kil , heterocyclyl,

het eroaryl, heteroaral kyl ) N(R10) 2, -C(O Rlo,

- C02Rlo, - S( 0 2N( RL6¥Z, FR10, - S(O) 20Rlo, or

-S(O) 2Rlo; or has the f a 2a: (C(Rlo+R1s /n 15

2a wherein i ndependently for ezach occurrence of 2a;

wherein

Y is -C(Rig)z-, -(C=0)-, or -(C=S)-;
X is -N(Rio)-;

misQ,1,2,0r3;
ris0,1,2,3,4,0r5;

sis 0, 1,2, 3, or 4;

(@)
1" 1]
P NR), FTOR
AiS—S(O)-, -S(O)y v 102 F LT o oA AL

each of A; and A, is independently H, alkyl, aryl, cycloalkyl, aralkyl, heterocyclyl,
heteroaryl, heteroaralkyl, -C(O)N(Ri0)2, -C(O)Ri0, -CO2R 10, -S(0)2N(R0)2, -S(O)Ryo, -

S(0)20R 0, or -S(O)2R0; or has the formula 2a:

;—‘(C(Rlo)%*%s

2a
wherein independently for each occurrence of 2a;

nis1,2,3,4,5, or6;

R;s is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, heteroaryl, -ORyp, -SRp, -
N(R0)2, -N(R10)CO2R 10, -N(R10)C(O)N(R10)2, -CO2R 10, 0or -C(O)N(R10)2; OF
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 =O or =S;
B is -(C=0)-, -(C=S)-, O, or S; or has the formula 2b:
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nis 1, 2, 3, 4, 5 or 6; RI5is aryl, cycloalkyl,
cycl oal kenyl, heterocyclyl, heteroaryl, -OR10, -SR10,
W0 20401032, - N(Rlo) CO2R10, - N(Rlo) C( O N(R10) 2, Pec202R0€047861
-C(ONR10)2; or 20 is a polycyclic ring
cont ai ni ng 8-14 carbon atons, of which one, two or
three ring atons are independently S, 0 or N, or A
and A2 taken together form=0 or =S; Bis -(C=0O)-
-(CS)-, 0, or S; or has the fornmula 2b: 54 WO
2007/ 075387 PCT/ US2006/ 047861 R9Rg R7 p 2b wherein
Di sNorCRlo; 5 pis O, 1, 2, @ D.each of R7 and R8
is independently for each occ H, al kyl,
al kenyl, al kynyl, aral kyl, a\rﬁggé cl oal kyl ,
het erocycl yl, cycl oal kenyl , het e’%/oar yl; or R7 and
R8 taken together forma 3 - 8 bered ring; or R7
and Rg taken together forma 4 - 8 nenbered ring; 10
RO i s H, wiere@nocyclyl, heteroaryl, -ORI O -SRlo,

-N(RlO)ZDIS%F%) Rto - N(Ro)C(ONRI0)2, -CO2RIo,
- 0002R10 'R10)2, -C(ON(RLO)2, halide,
nitrile, pistx d,2,@r 3acylthio; Are is a nonocyclic or

bicyclic aryl .wth 6-10 ] a : i
bi cyclic eaﬁ%toé:f%a 6R§vi‘? h“‘%_gi’lffer%, f°gt OWBHPH?F%L l'ﬁ dlkyl, alkenyl,
one, two apfydynreﬁ'elkwi mjylatcg‘tmba&IyB Hemi*epyxﬂyle nyd:lpa]ﬂ;,enyl;L@r heteroaryl;
z?l)LD| | , X§|Oi§ %gqefﬁgqe{g%(} eacsl ogcnkuegg{lt?quc? ring; or R; and Ry taken

het er ocy%gféther&bﬂhlaw 8|iﬁérﬁ]5étadlyi|ng, het er oar al kyl ,
hydr oxyl , acyI oxy, nitr nit hal |

- (O N R Re) i6R4 l)ieteroaqbyk@%{erm I QRW’S@%)?"Q I\RJg'Iéz( RM}QIO)COZRK,, -

SRI1, -S 0 20BBLR g, SIOU@REE, -OCONRie), -CONRio),
~C( =NR10) sél)b( 2{1?‘92 XR O (RLT); or has the o
formul a 24l ldzﬂllﬁdéaﬁnﬁﬁ’ @4'103’ oand RI O is independently

Ari 1@ f@ﬁ&ygﬁg WF bic El?c | %tjﬁ% 10 ﬁhg %.Wﬁs o@lakﬂéﬁdcychc or bicyclic

aryl, cycloafkyl, cycloal kenyl, bi cycl oal kyl
heﬂamaeylowb Byil4 ring atomsee Dahigh:oner twaner thire ringtams aro@dependently S,
O%gNany two i nstances of RIO taken together forma 3 -
nenbered ring; or R4 and R5 taken together forma 3
2. is8 imtepbateatyr fangeacK3o¢iriende géndiyl.l plkeoyl, edleynyl, aryl, cycloalkyl,

heq%xgc?c%{ 1SEu, LM aryi! K& araik SR hyard¥1 MAIEE:, BiileSitro, halide,
OR;;, -C(ONRig)R1), -C(O)R;y;, -CO2R;i, -S(ORNRi0)R11), SR, -S(ORn, -
S(0)20R,1, -S(0)2R 11, -C(=NR10)N(Ri0)(R11), or -C(=NR;0)(R11); or has the formula 2a;
each of Ry, Rsand R is independently for each occurrence H, alkyl, alkenyl, alkynyl,
aralkyl, aryl, cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, or heteroaryl; or has the
formula 2a; or any two instances of R taken together forma 3 — 8 membered ring; or R4
and R; taken together form a 3 — 8§ membered ring;

X3 is independently for each occurrence H, alkyl, alkenyl, -OR;, or halide; or has formula
2a;

each of R and R’ is independently for each occurrence H or alkyl;

Rg is H or alkyl;

Ry is independently for each occurrence H, alkyl, alkenyl, alkynyl, aralkyl, aryl,
cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, heteroaryl, or -[C(Ri2)(R13)]r-Ris;
wherein

t is independently for each occurrence 0, 1, 2, 3, 4, or 5;
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25 2a; each of Rand R is independently for each
occurrence Hor alkyl; R6 is Hor alkyl; Rl1 is
wo peepessgent |y for each occurrence H, al kyl, aP&engt0p6/047861
al kynyl, aral kyl, aryl, cycloal kyl,
cycl oal kenyl , bi cycl oal kyl, heterocyclyl, heteroaryl,
-[C(R12) (R13)]t-RI4; 30 wherein t is independently
for each occurrence 0, 1, 2, 3, 4, or 5; 55 WO
2007/ 075387 PCT/ US2006/ 047861 each of R12 and R13 is
each %@ﬁﬁ(’z {ﬂﬂﬁi 11y 1J&Eerﬁﬁﬁhﬁ%cé&h%e&ﬁré‘ﬁceﬁﬁ kaiky1, @%Y,laralkyl, cycloalkyl,

ara cycl oal K et erocycl yl heterocyclylalkyl
hetwecmmhyﬂerocwlywé ¥r beteraryl of heterorelolsandydependent | y

R“‘ﬁg {ne ; gc 1S ﬁﬁ? lf{nr ée#ﬁ %c&f Sk, ’all@ﬁ,yelryl IB@&:%.?QW Yéterocyclylalkyl,

oxy, am'no, “am do, or carboxyl.
m&ﬁwmmxmmmmmmﬂuumz\mmmnAQOers
represent ed b r
5. et B fomRu of dftpl 2 oo SR Relctemed BhineRifinuid 3
an1no, to each of R20 and R210's Radependent |y H,
al kyl, aral kyl, heteroaralkyl aMNkoxy, or
-[C(Rz) (R23)]t-R24; t i fidepenffent |y for each
occurrence 0, 1, 2, 3, 4? each of R22 and R23 is
I ndependent |y for each occurrepce H, al kyl, aryl,
aral kyl , cycl oal kyl, heterocycl¥l, heterocyclylalkyl,
heteroaryl or heteroaralkyl 3and 15 R24 is
|ndependently for each occurrence H, alkyl, aryl,
whergiter oaryl, heterocycl yl al kyl , al koxy, amino, ami do,

R, 36 afi3A, ba‘?k‘éﬂyl HhliddNBwrs Comeuns; of claim1, wherein the
conpound has the formul a 4 ( 3)s O NR20 f

\ R21
cackod Rag gnd Ra s spdspepdently H, alkyl, aralkyl, heteroaralkyl, alkoxy, or
-[C(R22)(R23)]-Ras; '

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

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

R,4 is independently for each occurrence H, alkyl, aryl, heteroaryl, heterocyclylalkyl,
alkoxy, amino, amido, or carboxyl.

4. The compound of claim 1, wherein the compound has the formula 4

wherein

Y is -C(Rio)z-, -(C=O)-, or -(C=8)-;
X 1s -N(Ri0)-;

mis0,1,2,3,or4,

sis0,1,2,3;
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R3R6 RA RM4 20 wherein Y is -C(R10)2-, -(C=O -
or -(C=S5)-; Xis -N(Rlo)-; mis O, 1, 2, 3, or 4
W@ ®0/015387 3; 56 WO 2007/ 075387 PCT/ US2006/ 047 8BAT/&8106/047861
of Al and A2 is independently H, alkyl, aryl,
cycl oal kyl, aral kyl, heterocyclyl, heteroaryl,
heteroaral kyl, -C(O N(R10)2, -C(O R o, -CO2Rlo,
-S(O 2N(R10) 2, -S(O R10, - S(O 20R10, or -S(O 2R10; or
has the fornula 4a: (C(RLo+R15 5 n 4a wherein

eachngﬁﬂﬂngﬁd‘tAg\’ 1% Qgigﬁﬁﬂerﬂﬁﬁm ,rfiRgle @, 4@{01031)11:)@ BralRyl, &eterocyclyl,
6; an

hetPF@ﬁ’é’;l:ocWWPrauﬁét e@@ma’io 2aq§£é3koal zRJ %@pﬁﬁﬁ;‘ . -S(O)Rio, -
S(Oﬂ&%bﬂ?(@}ﬁzw, MNBsMSEoDFAD) 2, _C02Rlo, or

is a polycyclic ring containing 8-14
carbon atons, of which one, tmo or three ring atons

are |ndependently S, O or and A2 taken
together form=0 or =S C(Rlao) ngc—O) or

-(C=9)-; or hastheforrrula DR8 R7 159 P
4b wherein Di sNorCRlo; pi sO 1 2 3; 20 each of R7

and R8 is independently for edh occurrence H, al kyl ,

al kenyl wherein independently for each occurrence of 4a;

nisl,2,3,4,5, or6; and
R;s is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, heteroaryl, -ORjo, -SRp, -
N(Rio)2, “N(R10)COzR10, -N(R10)C(O)N(R10)2, -COzR10,. 0r -C(O)N(R10)2; 0r
is a polycyclic ring containing 8-14 carbon atoms, of which one, two or three
ring atoms are independently S, O or N;

or A and A, taken together form =0 or =S;

B is O, S, -(C=0)-, or -(C=S)-; or has the formula 4b:

v

I
D

R, sy
o)
p

4b
wherein
Dis N or CRyo;
pis0,1,2,3;
each of Ry and Ry is independently for each occurrence H, alkyl, alkenyl,
alkynyl, aralkyl, aryl, cycloalkyl, heterocyclyl, cycloalkenyl, or heteroaryl;
or R; and Rg taken together form a 3 — 8 membered ring; or Ry and Rg taken
together form a 4 — 8 membered ring;
Ry is H, heterocyclyl, heteroaryl, -OR g, -SR;o, -N(Ri0)2, -N(R;0)CO2R g, -
N(R,10)C(O)N(R0)z, -COzRy0, -OCO2R19, -OC(O)N(Ri0)z2, -C(O)N(R0)2,
halide, nitrile, nitro, or acylthio;
R is H or alkyl;
each of Rj; and R;; is independently for each occurrence H, alkyl, aryl, aralkyl, cycloalkyl,
heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl;
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al kynyl, aral kyl, aryl, cycloal kyl, heterocyclyl,
cycl oal kenyl, or heteroaryl; or R7 and R8 taken
wo ogewhss7 forma 3 - 8 nmenbered ring; or R7 anelCRES2006/047861
taken together forma 4 - 8 nenbered ring; RO is H,
het erocyclyl, heteroaryl, -OR O -SRto, -N(RLO)?2,
- N(R10) CO2R1o, - 25 N(R10)C(O N(Rlo)2, -CO2R10,
- OCQ2R10, -OC(O) N(R10)2, -C(O N(R10)2, hali de,
nitrile, nitro, or acylthio; Ro is H or alkyl; each of

R, 2n fpenRhdlyifor édedlependaive sy, dioyl, 836 meageatyl, eRRgodyclylalkyl,
al kyl, aryl, aral k%/ cycl oal kyl, heterocyclyl,
amhﬂ:%@?s@‘?ﬂdﬁl Mar ooter oar yl, or heteroaral kyl; 57 WD

R,6}?1%?7,2125&%ZefﬂdrﬁpoﬁéﬁﬁZ%&%ulﬂﬂ is i ndependent Iy

xach’ occurrence H, kyl , r% het er oaryl ,
eachatf&f dogepepdentkyfor eagh pepuyrenegis #idgo, or carboxyl ;

' O?lEL; has the fornul a
R‘gﬁégl@zc{k r&%ldeg‘h% djer??l?l >for each occurrence is H
eachrofiRyb iané R, 5 lﬁd@enéemlyl&;u alknll, Riatigpl, hetteropradkylralkexy), obr

h of R20 and R21 is independently H, alkyl,
'[czg]ézlsl@vf’)j‘a]%@ter oaral kyl , al koxy, or -
tisﬁﬁd@%ﬂﬁérﬁ%ﬁo}baﬂ%cuﬁen&e 1 rﬁjépe,rm”eir;t ly for each
cacriidize ARt et 5 iRApoEORE SR Rroiti g RIE gty arbihot. cycloati,
hetﬁfo%bkwl,,hef‘atﬁd:}@?liﬂkblh hetteodigl, er betymlaydlkyl and

et.erocy¢ly et er oar t.eroa a ;an
Rz Andepep %B?ﬂaé%h SFEPBFNGE AL B G e Ldyf?‘fw?ylalky"
alk8ky, amii6! &hiRY ¥t carbety@r ocycl yl al kyl ,  al koxy, ami no,
am do, or carboxyl, 5. The.conpound. of 8%@1
5. wherldegoxppound P&‘@)m 4ghherein & 15 RjG=0)-gn ‘e“%ﬁ'@ound
6. of q{h@'cmrfbouﬁ‘@ﬁf Slalin B, RAsreiB Hag it HormBa: 64 066b: H RO
R$ R71 RO R R7~ 15 p R, 6a 6b whereip pis 0, 1, or

2; each of R7 and R3 i ependently for ach occurrence

is Hor alkyl; and ¢S H, - 0)2,
- N( Rlo) C02R1o, - N( RLpgRA) N( R10) 2 - or -
onpaund of cI a V\herel n Bis

OC(ON(R1o)2 7. The
S.
6a

wherein
pis 0, 1,0r2;
each of R; and Rg independently for each occurrence is H or alkyl; and

Ro is H, -ORj, -N(Rig)2, -N(Rj0)COzRi10, -N(Ri0)C(O)NRip)2, -OCOzRy0, or -

OC(O)N(R0)2.
7. The compound of claim 4, wherein B is S.
8. The compound of claim 4, wherein A, and A, taken together form =O and B has the
formula 8:
T
Rg N\é
)
p
8
wherein
pis 0, 1 or 2;

each of Ry and Rg independently for each occurrence is H or alkyl; and
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8. The conpound of claim4, wherein Al and A2 taken
together form=0 and B has the fornula 8 RO N~~ R8
weRIy7/0288P 8 wherein pisO,lor2; each of R7 apdI/BS2006/047861
i ndependently for each occurrence is H or alkyl; and
58 WD 2007/075387 PCT/ US2006/ 047861 R9 is H, -ORlo,
-N(R10) 2, -N(R10) CO2R1lo, -N(R10)C(O N(R10)2, -0002R1lo,
or - OC(ONR 0)2. 9. The conpound of claim8, wherein
Al and A2 are each H  10. A conpound represented by

Ro fior g 5110)2N A-N@\ B)@bzm R Nﬁ@m)@(d)@l(R%)z,aDOCOsz, or -

unsat urat ed fo her eo har maceut i cal Iy
OC@M@]@J e salt thereof; V\/nerel n mrepresents

in en rge 3, 4, 5, or

dﬁﬁ ‘g’ﬁp%‘é %‘;)‘galg?g %%é&% 105%%2”-6 ic'?(aO) B2 sg2.,
10., oA coB{paihd Aresentsaichy foimpla Hhd A2 is i ndependent ly

H, al kyl, al kenyl, al kynyl, aryl, cycloal kyl, aral kyl,

het erocyclyl, heteroary et epoarfl kyl , -C(O N(R10) 2,

-C(O R10, -CO02Rlo, -S(O , 0 N.S(O R10,

-S(O) 20R, 0, or -S(O) 2R10;)©r Was hg formula 10a: |

C(RIO+tR1ls / 15 n 10a Ry

10

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

wherein

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

i }]

P NR 8-Por
A is—S(O)-, -S(O)y-, v o2 % 1OR0 o canan-:

each of A, and A; is independently H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, aralkyl,
heterocyclyl, heteroaryl, heteroaralkyl, ~-C(O)N(R.0)2, -C(O)R10, -CO2R0, -S(0)2N(R10)2, -

S(O)R1g, -S(0)20R 0, or -S(O):2R¢; or has the formula 10a:

_(C(Rlo)%'Rm

10a
wherein independently for each occurrence of 10a;

nis1,2,3,4,5, or 6; and

R,s is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, heteroaryl, -OR0, -SRio, -
N(Ri0)z, -N(R;0)CO2R10, -N(R10)C(O)N(R 0)2, -CO2R 10, or -C(O)N(Ri0)2; or
is a polycyclic ring containing 8-14 carbon atoms, of which one, two or three

ring atoms are independently S, O or N;

or A; and A, taken together form =0 or =S; or A; and A; taken together with the carbon to
which they are attached form a 5 to 8 heterocyclyl, of which one or two ring atoms are

independently S, O or N
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wherei n i ndependently for each occurrence of I Ca; n
is 1l 2, 3, 4, 5 or 6; and R15 is aryl, cycloal kyl,

wa@yohoaskenyl , heterocyclyl, heteroaryl, -OR P)CT/USRI)6/047861

0, - 20 N(R10)2, -N(R10)CO02Rlo, -N(Rlo)C(0)N(R10) 2,
-C02Rjo, or -C(ONROOZ2; 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 A
and A2 taken together form=0 or =S; or A and A2
taken together with the ®ggbon to which they are
attached forma 5 to h erocyclyl, of which one or
two ring atons are ndgmendently S, 0 or N59 WO

B 12008/ qT588 RC£F$jJSEQO6 47861, orfiastheRlo@nuB 10b:0, S,
C=

O-, -(C=S)- or, or has the fogrrmula 10b: R 9 R$
R7 P 10b wherein 5D|sNor ‘O pis O, 1, 2, 3,
4, or 5; each of R7 and R8 i Kk ndently for each
occurrence H, al kyl, alkenyl, agf,d ny aral kyl , aryl,
cycl oal kyl, heterocyclyl, cycl or heteroaryl;
or R7 and R8 t aken toget her forma 3 - 8 nmenber ed
ring; or R7 and R8 taken 10 tod®her forma 4 - 8
nenberedgfglgcq RO is H heterocyclyl, heteroaryl,

- N( R10) 2, -N(RlO)Q)ZRlO, -
N( Rt 0) C(QN(TRDDP&O,- CO2Rl o, -0OC02Rlo, -0OC(O N(R10)2,

-C(O N( d nitrile, nitro, or acylthio; Rl
has theR%g%ﬁﬁ i‘?’o% ‘gTrSlOd 15 Ar'-W-Z Ro RO

10c  Art eXih Af Ry(&@)Rs is independently for each occurrence I—E alkyl, alkenyl,
alkynyl, aralkyl, aryl, cycloalkyl, heterocyclyl, cycloalkenyl, or heteroaryl;
or R; and Rg taken together form a 3 — 8 membered ring; or R; and Rg taken
together form a 4 — 8 membered ring;
Ry is H, heterocyclyl, heteroaryl, -OR o, -SRyq, -N(Rig)2, -N(R10)CO2Ry0, -
NR,0)C(O)N(R1p)2, -COzR1p, -OCOzR g, -OC(O)N(R10)2, -C(O)N(Ri0)2,

halide, nitrile, nitro, or acylthio;

R has the formula 10c or 10d:

fm“”"w“z
R1O R10 q

10c
34(——7Y—>——Ar‘—x1-m2—(xz)r
RioRio/ q
10d

wherein
qis0,1,2,3,4,0r5;
ris0,1,2,3,4,or5;
W is a bond; or alkyl diradical, alkenyl diradical, or alkynyl diradical;
Z is H, -8R0, -S(O)2R11, -NR10S(0)2R11, -S(O)R 10, -NR10)(R11), ~-C(O)Ryy, -
CO.R; 1, -C(ONR 10)(R 1), -C(SN(R0)(R11), -CH2C(O)heterocyclyl, -
NR0C(O)R11, -NR19CO2R 1, -OC(O)N(R10)(R11), -NC(O)CHR10)(R11), -
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Rio RRro g 10d 20 wherein gisO, 1, 2, 3, 4,0r5 r is

0O, 1, 2, 3, 4, or 5, Wis a bond; or alkyl diradical,
wa@bkdoenyizsti radi cal , or al kynyl diradical; Z i sP&¥/US2006/047861

-SRlo, -S(O 2R11, -NRIOS(O 2R11, -S(OR10O

-N(R1O) (RI'T), -C(OR11, - 25 CO2R11, -C(O N(R10)(R11),

-C(S)N(R10) (R11), -CH2C(O) heterocyclyl, - NRLOC(O R11,

-NR10CO2R11, -OC(O) N(R10)(R11), -NC(O CH(Ri o) (R11),

60 V\D 2007/ 075387 PCT/ US2006/ 047861 C(=NR1o)N(R, 0) (Rl

O = NE=QRR)N(R BY®, DX 1o)mﬂ@'ﬁywyian<y&rmbnqcyclic aryl,
b| cycl ic aryl, heteroaryl, het e{yicycl yl; Arl is a

monocycl pieyshc BWYéJ@queardh?FhﬁﬁcﬂFyé 4 ring atoms; or a

nmonocycl | 2 mBhEHELik ©r BRYBROAVY bvithl d-14 BmE4tdrh&®r a monocyclic or
atons, ng.V\Eam On%EItV\Kg %?thrge rllng %ton's are

[ ndependémypyc gete@oagyl Nlth(ﬁ-lArqmg gtop@gproég@lpffsléd)rﬁytwo or three ring
formila éto%s M%Qx?degm 15, B SON; dr AR is Feptbébntdoyeftfiula 10e:

of X2 an 'S 1 n epen ntIy for each occurrenceé H,
al kyl, al kenyl, al kynyl ar yl==¢ ycl oal kyl ,

het erocyclyl, aralkyl, e«—@\ het er oar al kyl ,

hydr oxyl, acyloxy, nitri I e haI ide, OR,,
-AONRO)(RI), -AQOR,,, - ,

-S(0) 2N(R10) (R11), SRI,, -$( Q)Ogll, - S( 0) 20R, 1,

-S(0)2R 1, - C(=NR1O)N(R, 0) (R, 1), or -C(=NRlo)(R11);

or has tHéhéreywnul a 10a; 15 Ar2 represent independently
for eachquﬁq r?_egcgr@re nmonocyclic or bicyclic aryl

with 6-1 |ngéto ,,0r a monocyclic or bicyclic
het er oar ehchwof IX’5arnti4X i irglenersiently dpr whdtc pcayimence Wb abkyl, alkenyl,

t(r;:] Ze rin Yn},grrgyia gchgg%%ggtgfgélyxlyﬁ m%%fl h&!erc?%zl' S héteroaralkyl,

br anched hytiroxyhraapbikgdniatileyhitroy haideeﬁmu, @@DM@RM(RH) -C(O)Ry, -

e e S e CE T
- SR10, - N(@R=BJIR o) N(R JRFau) Lo FCENR 10 )RRD 091 GO Fyrojudy 10a;
;]SRIZE ’eo’ ﬁ&d? ?%%gslegf Wﬁ%@e&ﬁﬁgogzﬁ%{%ﬁ%%gg gtoehxzxg?ocp\;ﬁlic or bicyclic
R5 and Rigpyliwith Bdepeidadisyorf Dmoaasitlioee bioyelic detdroaryl with 5-14
al kyl, alri(negna%l)ms a(lfkv%r/hlxgl one, two or three ring atoms are independently S, O or
N;
X! is a bond, -C(R10)2-, -S-, -N(Rj0)- or -O-;
R, is H, a branched or unbranched alkyl or alkenyl, cycloalkyl, heterocyclyl,
orbicycloalkyl; or has the formula 10a:
Rzis H, heterocyclyl, heteroaryl, ~-ORug, -SRi0,-N(R10)2, -N(R10)CO2R;q, -
N(R10)C(OIN(R 10)2, -CO2R 19, -OCO2R 10, -OC(O)N(R10)2, -C(O)N(R|0)2, halide, nitrile,
nitré, or acylthio;
each of Rs, Rsand R, is independently for each occurrence H, alkyl, alkenyl, alkynyl,
aralkyl, aryl, cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, or heteroaryl; or has the
formula 10a ; or any two instances of Ryq taken together form a 3 — 8 membered ring; or Ry
and R taken together form a 3 — 8 membered ring;
R is H or alkyl;
Ry, is independently for each occurrence H, alkyl, alkenyl, alkynyl, aralkyl, aryl,
cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, heteroaryl, or -[C(Ri2)(Ri3)}-Ri4;

wherein
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aral kyl, aryl, cycloal kyl, cycl oal kenyl, bi cycl oal kyl,
heterocyclyl, or heteroaryl; or has the formula |Ca ;
wW@e00ays38To i nst ances of RI O taken together foroT/asSB06/047861
8 nmenbered ring; or R4 and R5 taken together forma 3
- 8 nmenbered ring; R6 is Hor alkyl; 30 R11 is
i ndependently for each occurrence H, al kyl, al kenyl,
al kynyl , aral kyl, aryl, cycloal kyl,
cycl oal kenyl , bi cycl oal kyl, heterocyclyl, heteroaryl,
tis@r 14, G( Blep &; R13)]t R14; wher ei n 61 V\D 2007/ 075387
PCT/ US2006/ 047861 tISO 1,2 4, or5; El g
eaclRps RizandBaps mslspendently foreach HETRE TG 19/1 gpf yralkyl, cycioalkyl,
hetﬁx‘b)@cly}aﬁ@del‘(}@yclﬁﬂﬁi’pﬁét%ﬁ@aryl Me@é@ﬁﬁéﬁiﬂ and
oéyclyl eferoaryl, or hetéroaral ky and
Rlmmdesemdmﬁpéwmmoycurmncgéﬁwll@écw} SgteEoauyl, am@mcyclylalkyl
t r ggﬁ@rocyclylalkyl 5 al koxy, am no,
dkg%?én?ggfgéggﬁ%kmf 1. The conpound of claim 10,
11.wheTh¢ noﬁpomzdsoifdiemi b0.rvheaein R IBi)Séhmmllia 1lkherein 10
sisO, 1,2,3,0r4; each of X3 BsRhndependentIy for each

occurrence H or halide; and R19 is
i ndependently H, al kyl, alﬁynyl aral kyl ,
aryl, cycl oal kyl , cycloa R ,blcycloalkyl,

heterocyclyl, heteroaryl f or -[C(R12)(R] 3)J -Rl4;
wherein 15t is 0, 1, 2~8, 4, or 5; each of R g and
R13 is independently for eachjpccurrence H, alkyl,
aryl, aral kyl, cycloal kyl, heterocyclyl,
Whﬁ@ﬂérocyclylalkyl heteroaryl or heteroaral kyl; and
Sm&;q Q?% QQpendentIy for each occurrence H, aIkyI
ietefoaryl, heterocyclylal kyl, alkoxy, am no,
eachmfdé’ is mdepamdmfdylfor @ghrecurénse dbapbalitt: of cl ai m 10,

eac % g | ag é%%fé%gn%%,raél s %{(F O?lk?[‘!l—blzggg&l’;%rhﬂf ?gcloalkyl,
cycloalkenyl,bicycloalkyl, heterocyclyl, heteroaryl, or -[C(Ri2)(R13)]i-R14;

wherein

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

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

R.4 is independently for each occurrence H, alkyl, aryl, heteroaryl, heterocyclylalkyl,

alkoxy, amino, amido, or carboxyl.

12. The compound of claim 10, wherein B has the formula 12a or 12b:
H T
Rg % Rg \g
Re R?) Rg 7
p p
12a
wherein

pis0,1,2,3, or4,

each of Ry and Rg is independently for each occurrence H or alkyl; and
Ry is H, -ORio, -N(Rio)2, -NRi0)COzRi0, -N(Ri10)C(OIN(R10)2, -OCOzRy0, or -
OC(ON(Ri0)2-
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25 each of R7 and R8 is independently for each
occurrence H or alkyl; and RO is H, -ORlo, -N(Rlo)?2,
WO MoRVYBEO2R10, - N( R 0) C(O) N(R10) 2, -0002Rlo, BECT/US2006/047861
OC(O) N(R10) 2 62 WD 2007/ 075387 PCT/ US2006/ 047861 13.
The conpound of claim 10, wherein Ais -C(Al)(A2)-; Al
and A2 taken together form =0 and B has the formul a
13: RR RS R7 P 13 5 wherein pis0O, 1, 2, 3,o0r4; each
of R7 and R8 i ndependently for each occurrence is H or
3.2l Kyhne c8 oBQd bBclkim 16RereN E‘Q—C@@\l)(ﬁl\)ﬁ R1Q)aad28]aken together
-N( R10) C(O N(RL0) 2, -0002R10, or - ONR 0)2. 10
forny=0And dhb formaddnt ed by for rrul ald RL YN
R2-. X AR3 B (RRR6 414 or anyunsaturated form

ther eof or a pharmaceuti caH ceptable salt thereof;
wher ei n 15Y|s-C(RIO)2- 3 5, -(C=S)-, or

- C(=NR10) - X is -N(R10) - d/bond; m repr esents
independently for each occurtenc® 0, 1, 2, 3, 4, 5, or
6; 0O0Oni1 I j° N(R10)2 P 5210A|S-S(O)

-S(0)2-, .~ o, -C(Al) (A2)-; each of A, and A2 is

whergdependent |y for each occurrence H, al kyl, alkenyl,

aryl, 20 cycloal kyl, aral kyl, heterocyclyl,
P‘%th%ér ‘li’ heteroaral kyl, -C(O N(RL0)2, -C(O RLO, -

eam-pand-}& ha2perid ety for—eS(;hD)»RiﬁreneS(sOl)I 20 RIKY]; and
) ISS( CPLZ R‘JO%IO, I\ﬂﬁlo)z,he m{{mfkgz 10, -N(R10)C(ON(Rp)2, -OCOR;p, or -

OC(O)N(R0)2-

14. A compound represented by formula 14:

14

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

Y is -C(Rip)z2-, -(C=0)-, -(C=8)-, or -C(=NRjo)-;

X is -N(R¢)-, or a bond;

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

O
|1} "
PSRy 3T OR
AiS—S(O)-, -S(O)-y b 102 2 LT (A (A

each of A, and A, is independently for each occurrence H, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, aralkyl, heterocyclyl, heteroaryl, heteroaralkyl, -C(O)N(Ri0)2, -C(O)Riq, -
COsz, -S(O)zN(Rm)z, -S(O)Rm, -S(O)zORm, -S(0)2R1 0, OF has the formula 14a:

__<C(R10)z>—R15

14a
wherein independently for each occurrence of 14a;

nis1,2,3,4,5,or6; and
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(c(r& 0 ) R15 14a wherein independently for each
occurrence of 14a; 25 nis 1, 2, 3, 4, 5 or 6; and
WO 30073807/ 075387 PCT/ US2006/ 047861 R15 is arBpeT/US2006/047861
cycl oal kyl, cycl oal kenyl, heterocyclyl, heteroaryl,
-OR, 0, -SR o, - N(R0)2, -NRlo)C®2R, o,
-N(RROC(ONRIO 2, -CO2Rj 0, or —-C(ONROZ2; or is a
pol ycyclic ring containing 8-14 carbon atons, of which
one, two or three ring atons are independently S, 0
or N, 5 @r.# arfndyAdalkikenclboeiylehettichriyl heteradyl, 60OR 1o, -SRo, -

A, and A2 taken together W whi ch
they ar eNéRtQib R fodr Fpi05- 1\%@)‘ @&Q&g@‘@i}d@%&@ﬁm\/\ﬁ(gﬂl\xm‘0)2’ or
one or t bl &frﬁamir@@ﬂ@@ﬂ@ﬁﬁ |atbm% 0@ wliichNoneBtwo or three
o (oA (QR2)2
i ndependelnglayorﬂ%&reea@@eéé@lﬁb’r%& s g ( NRLo) -, or
or AI %"ﬁl ;L elnrtggpcﬁ&d@%léb %PLSe@Pgl gﬁ% awz[(t%letg?ithﬁ \lmth the carbon to
whhhtthepcay@ Iagttqhetie(benaaﬁytb 8 b¢tei‘®b’elb’baﬁfaWi{:5¢h ongy oo ring atoms are
d QP &ﬁ%46 r@% has the fornmula 14b: Art- X -Ar2-
in ‘6‘3&5 1 Roq -F 17\ 15 14b wherein
B 1@4—&(1@3)2) ,?»(X,GJER@,) o1 -9C(R%):2;, 3, 4, or 5 20 Ar' is a

c.or c_ar rlng atons; or a
X lfr’:g E‘éf‘:‘?t’ycfo&eac ?()clc)?ﬁep%e ]ﬁ)egt‘ &%‘P}r With 5-14 ring
R inld@yehdely fdticabh obeurrdnse ioH, ttkybelkdnyy allgtyimsargt eycloalkyl, aralkyl,

i nde ent | r sented by
hetpiBE AR etfoaryl oy heifipaniis Bl obaedo bS5 2V 4.
R, 8&CtheTbrmdagal: X3 is independently for each occurrence

H, al kyl, al kenyl, alkynyl, aryl, cycloal kyl,

het erocycl yl, aral kyl, heteroaryl, heteroaralkyl,

hydroxyl, acyloxy, nitrile, nitro, halide, -OR,,

-AONRO)(R1), -AOR,,

Arl=X1—Ar?—(X3),

Rio R/ q

14b
wherein
qis0,1,2,3,4,0r5;
ris0,1,2,3,4,or5;
Ar' is a monocyclic or bicyclic aryl with 6-14 ring atoms; or a monocyclic or
bicyclic heteroaryl with 5-14 ring atoms, of which one, two or three ring

atoms are independently S, O or N; or Ar' is represented by formula 14c:

— /“eL
(o
s
14c

Wherein
sis0, 1, 2, 3, or 4;
each of X? and X° is independently for each occurrence H, alkyl, alkenyl,
alkynyl, aryl, cycloalkyl, heterocyclyl, aralkyl, heteroaryl, heteroaralkyl,
hydroxyl, acyloxy, nitrile, nitro, halide, -OR,1, -C(O)N(Ri0)(R11), -C(O)R 13,
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64 WD 2007/ 075387 PCT/ US2006/ 047861 - CO2R11,
-S(O 2N(R1o) (R11), -SR11, -S(OR11, -S(O) 20R11,
WO B(0Dp2R81, - C(=NRL10) N(Rlo) (Rl 1), or - C(=NRIPQ1/B32)D6/047861
or has the fornula 14a; Are represent independently
for each occurrence are nonocyclic or bicyclic aryl
wWth 6-14 ring atons; or a nonocyclic or bicyclic
heteroaryl with 5-14 5 ring atonms, of which one, two
or three ring atons are independently S, 0O or N X

iHs a gonot:o;m@( RS@EN(Rm?](&n ), $NRAO)S(¢3|)Rr1, -4|$(O)2IR5R]i, 5 -S(O):R1y, -

, a Dra n ancne r, al Kken ,

cycl oal k&?’%&}g@% 1y or @W@g@‘l‘bﬁr&w ?i&eoqonﬂglg IR

fOOerlml a ég?rg ﬂe@cle\lrﬁ?th]l-d?)ghBeﬂRl F&g )%‘C(::)&Sd%hrreﬁ@ﬁéﬂwmbyclic or bicyclic
0 - - 0 - Ty e . .

N( R. 10) C2oy) M(lﬂu@;énngm(?r a WF&‘GC o ey akgaiepey! with 5-14

- QL0 N( REQ) Ztorf@ bk dicHbate, b6 or thﬁ‘ééﬁ afdnsHry Iiﬂd%b@mdcntlys Oor
each of R4, R5 and R10 is independentTy for each

occurrenNe H, al kyl, alkenyl, alkynyl, aralkyl, aryl,

cycl oal kyh a biccy. . heterocyclyl
or hetergdarygmll“p L&g}%@ﬁ) SC <€]fkrﬁt?ll%.l)ézlfl (1)4’a ; or any two
Ry isddit aama@nedformbranak@haltcmb@taileqnyl,@wﬁioallwl -hegerpeyabey ex

viefdifliy Rl Bk A0 %ol gy ogether forma 3 - 8

or al kyl; R11 independently
R, K61, mmblc}mbduhatena@h -@R:I,o, -SRky IN(Rabke HWRm)ﬂ(Rany,l -

NN b R R s SR T NG ALY
mtmharaiy!thtd sO, 1,2,3,4, or 5; each of R12 and R13 is

cach b Ry Rs SRR s g anden gy it pgrotanie & alipd Yapiatiomy.
aralk§t, @ir@ac ylealRyl, briledlRaiydbkyycloatidyl, Heledot welvindehaadantl) ot has the
forRB LA TGAREAY A1 Ry T<Tancs’s o Rizfon IGFHHET Lot &g fpjnembered ring; or Ry

andqa;tla@ewiogetkér fokhfa § QNPRERbeRU rﬁlgal m 14, wherein the
onpound has the formula 15: NL A2 N'fAi HB R3

Rs Ré{ oRalkyh
R;) independently for each occurrence is H, alkyl, alkenyl, alkynyl, aralkyl, aryl,

cycloalkyl, cycloalkenyl,bicycloalkyl, heterocyclyl, heteroaryl, or -[C(R2)(Ri3)]-Ri4;
wherein

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

each of R, and R;5 is independently for each occurrence H, alkyl, aryl, aralkyl, cycloalkyl,
heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl; and

.R“" is independently for each occurrence H, alkyl, aryl, heteroaryl, heterocyclylalkyl,

alkoxy, amino, amido, or carboxyl.

15. The compound of claim 14, wherein the compound has the formula 15:
R
QA he,
N N
H B
R3 Rs
R4R
m
15
16. The compound of claim 14, wherein the compound has the formula 16:
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15 30 16. The conpound of claim 14, wherein the
conpound has the fornmula 16: 65 WO 2007/075387
WO BB806/ 047861 (X3)9 ( Ar2.(X2)r R R YPOU/BR20006(647861
Al RB RAR R, M 16 17. A conpound selected fromthe
group consisting of: OONNO?N NOHONH
V."NKCNff / { H N2 H5 OHs NO2 OO{ NN- =1 1|
NO HONNNNO { H N2 HNH2 HC' N2 O NN~ O/
NN~ , =\ { HHNO-{ HHNO O ~NX N2 TOHO
H NONN-HO N~NI H HOH®3"~ O-

Js "
/ I \ Ar2.(x2 )
Rl —_—
R

N__A
Y- 2
X ;<A1

17. A compound selected from the group consisting of:
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HOH-N"// NOZaa O ONN- rN O H(~ N2 OH 66
WD 2007/ 075387 PCT/ US2006/ 047861 HHOHOOHO H

wo bboo@3sx """ N o\ NHOH/ H__NHOH N H bPCHFNSIOBE/047861
-N HOHO HO\ HH NNH ,..N=NHO O/\ N HO
HOH I | / H

HNHOH, H H\ OH-NOH'"'~~./ -N
HOONeO®B HOANNHN OONN- =
Y

O NNp\ Hi ON

HNp H -~-- NH2 SS 'N,

18. A pharmaceutical composition, comprising a compound of claim 1, 10, 14, or 17;

and at least one pharmaceutically acceptable excipient.

19. A method of treating cancer, comprising the step of administering to a patient in

need thereof a therapeutically effective amount of a compound of claim 1, 10, 14, or 17.
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o OOI N O/ / I H HNO1I11 H"NN V--1~5 SHOO

NN ON NO HHN\ H O- N~ and N 18. A
w@b@voesseut i cal conposition, conprising a conpRCMUSmD6/047861

claim1l1, 10, 14, or 17; and at |east one

pharmaceutically acceptable excipient. 10 19. A nethod

of treating cancer, conprising the step of

adm nistering to a patient in need thereof a

therapeutical Iy effective amount of a conpound of
2@] ai Pmmsethibd of lréatugca’hier cﬁﬂ]p\ﬂ@n%@ﬂgétgﬁ 0B8d administering to a patient in
neeg[ﬂel% O /6047861 hod of treating cancer,

COnPrrSt hg farsudcal %ffec%e ﬁﬁjl?flﬂ'i L Wiei H grers chemaiherpeutic agents;
aridna theepdutidwiyediccivé hRbapestta &ﬂxﬁﬁdﬁnﬁfoff%i‘atim\’le 18PAIRY; 16f

one or nore chenot herapeutic agents; and

therapeutically effective anpbunt of a corrpound of

claiml1, 10, 14, or 17. 68
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