WO 2011/ 094545PCT/ US2011/ 022929 Conpositions and Methods for Enhanci ng
Prot easone Activity RELATED APPLI CATI ONS 5This application clains the
benefit oWopnilomissy to United States Provisional Patent pAppise@ateme9 seri al
nunber 61/373,404, filed August 13, 2010, and United States Provisional

Pat ent Application serial nunber 61/336,959, filed January 28, 2010; the
contents of both of which arg, BiondERIMel sk reference. GOVERNMENT
SUPPORT 10This invention was nade with U S. Governnment support under
National Institutes of Heal m@m%gl\pﬁoteM@Q&iwg\/BMQZ, and DK082906.
The governnent has certain rights in the invention. BACKGROUND The
proteasone is a |large protein conplex that contains 33 distinct subunits.

15 Prot easone conpl exes function as_proteases inl\gggrt t o degrade unneeded
or misfol ded proteins. Prot eaMTﬁigﬁPBLéCMAQ pects of cell

physi of ogy, anq*gﬂragbﬁ@aﬁeﬁelammé%hé@%f ARlee iRl e By bl Magiety of
di seases, | ncl udi n cancer and neuro egener tive | Seases EII§| rI1]l ey .,
(2009), AApplifion sBiidaerber 617873 ,4047 BaBAugisel 3,801 ArmhdDirkied St{t20P@YisidNat ur e,

458, 438-444; t. d Gl]et 07) ,, .Cell, 659-662); 20
Dahl mann, §.ent(fge?ig;;a“‘%t%?%i BYR %162%3@%81 fzﬂ)fd J%a%%%ﬁn%w;t ?_C%mﬁ‘?tﬁ:f’é%‘ﬁgnover
A (2009) Whﬁﬁ\éra%éﬁﬁﬁ%?gﬁ@dw refPencé3- 96) . Most, but not all,

prot easone substrates "are targetéd for degradation via the coval ent
attachment of multineric chai fSOMERNNHENT SURRMRY- conserved protein called

ubi quitin. Because | onger ubiquit.i hai ns interact nmore.strongly.wth.the
orotelbome ¢ hant Dby THR vt A eSO R Sl BEn RIS Napaifgndipglel or
94-102), PReEESseS NobaGMBLE 92, @NERHIR] mdChRDS2I0Ngthl ghi @ament Ay catsia af f ect
substrate degradation rates. The length of ubiquitin chains attached to
substr at eﬁlg]tltéglgﬁﬁllﬁ‘éﬁml@ﬂ-ot easone degradation can be nodul ated by certain
pr ot easone- associ at ed deubi qui ti naéj;@q(@ﬁm and ubiquitin |ligases. These
deubi quitinating enzynes and |igases appear to regul ate proteasone activity
by 30 di sassenfthé p@tesomdy isniidgegprpteoi @agdoethhoconthindd Ndistindd sechaite.s .
Manmal | an_pr ot easones, confain three maj or deubjquitinating enzynes; Rpnll,
Uch3715 anBratggsame cemplesss %.n,cthrlz@a@?t,ea%&ﬁ HUPFREP. degade wame,de(%{ mysrolded 3y |
Rpnl | re b QLA E b : i t he
{tnct i on I‘é’?ﬁgﬁﬁ“’fﬁ*ﬁggd{?ﬁﬁs é&?ﬁ% heint 3g8RH STHRR HhAlifloBY, Al pidtBdofl

dysfunction has been implicated in a variety of diseases, including cancer and

neurodegenerative diseases (Finley D., (2009), Annu. Rev. Biochem., 78, 477-513; Hoeller
and Dikic, (2009), Nature, 458, 438-444; Demarto and Gillette, (2007), Cell, /29, 659-662);,

20  Dahlmann, B. (2007) BCB Biochem 8, Suppl 1, S3; Schartz AL and Ciechanover A (2009)
Ann Rev Pharmacol Toxicol 49, 73-96).

Most, but not all, proteasome substrates are targeted for degradation via the covalent
attachment of multimeric chains of a small, highly-conserved protein called ubiquitin.
Because longer ubiquitin chains interact more strongly with the proteasome than shorter

25  chains (Thrower ef al. (2000), EMBO J. 19, 94-102), processes that alter ubiquitin chain
length frequently also affect substrate degradation rates. The length of ubiquitin chains
attached to substrates tagged for proteasome degradation can be modulated by certain
proteasome-associated deubiquitinating enzymes and ubiquitin ligases. These
deubiquitinating enzymes and ligases appear to regulate proteasome activity by

30  disassembling or extending proteasome-bound ubiquitin chains.

Mammalian proteasomes contain three major deubiquitinating enzymes: Rpnll,
Uch37, and Usp14 (Finley D., (2009), Annu. Rev. Biochem., 78, 477-513). Rpnll

removes ubiquitin from the tagged substrate by cutting at the junction between the ubiquitin
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WO 2011/ 094545PCT/ US2011/ 022929 chain and the substrate. Because the

Rpnl | - nedi at ed cl eavage occurs following a substrate's conmtnent to

pr ot eol yswe,20twm4fa5i or to substrate degradati on, Rpnll Irelrps2a10/0p9ey ent

ubi quitin from bei ng degraded along with the substrate, thus m nim zing
fluctuations in cellular ubiquitin levels. Additionally, because the

prot easone substrate 5 nust pass through a narrow transl ocati on channel

bef or e encloumbmed thegubdteate rRdceasahe R pn Elemaémtodrobehvpgaadceotsyfbilewmigtaes, r enoval

of a bul ky ubiquitin chain m | so_ facilitate substrate tran cati on.
S, r entUT e CHEGBRY AP PrUCHT BUby iR NN B A Sob GENLL Beips o

degradat i B&v&ﬁﬁfwﬂl‘?ﬁ@ﬁoﬁ'%ﬁlg’ (fet'érpa\ﬁ%a aRhotWifh ﬂi@k%&lr%ﬂenthﬁbﬁliﬁlnﬁiing rel atively
late step in the proteasome pathway (Vérma et al., (2002) ScieRce, 298,
611-615; Waduatmhs@obdhylar(@ip@tjn levelbatddgiondllyd bedk®dSe BB Protcasome subsiratont r ast

t |, Uch37 i j to.th i t of bstrate t
pr ot G 0B SR BE S PR SRULL BN B arec A ERE e s
subst r at es@ljusitaled prdedli-admitk, @ovallcFADllky MA§HUEiR chadBay a&b-f1df)ate and its

enzymatic activity shortens chains rather than renove thementirely. It has
been pr op&sstiatetignslepaion. {Thusnipmgvapf thehdruitie elesds by Rpat hproamsitesi supsteste t he

Clam ot - aped @i bR TE ! Fiof FURAR oL RS BAMPIRN o Bkl BTN B P30 g
may regul piotcapoat pahaar (Vomet 2o, (2002e$disnce, 298, 61 M61 Y, Ydd dddeCatenk2002), about

the function of Uspl4. However, the yeast orthol og of Uspl4, Ubp6, has been
suggekq ed NeBrelid st B - ubi quitin chains at the substrate-distal tip 20

dogr adat i on.  ( PhauntAg bReh? ST bRy Blig oty air Fiheh GBI bERREIE

t hought t proaeisoras degrpdnitoaad @7 dishisbinbles ubapdinprhaos andiclsubstratdpistahas
(2006), - CHAIT ek B Sestiee 553 T SORNAR o srrRE g aS et TROB O B des
novel CoMpRairthonsSthaREnTRINOASas MentddSpdsBimat Ela@ e RimilslAucihengBiROCement
of proteasone activity andyt he treatnment of proteinopathi"es and ot her

di seas®s fhsrability ofithemietacsethepe diseiiminntebktdoenlonaypndsharhenipbiguiton chagisde

from pr ot ei nopathi t en t of .prateaso activi be

ther apet N Bl o JOgus Shar 36 40F 2elleg REFT ardfvo b shaldna adetevi 1.
or defici grfcadéht YiricYioRin @lllRer conponents of 30 the ubiquitin-proteasone
pat hway, such as in von Hi ppel -Li ndau di sease, zrigi nocerebel |l ar ataxia 1,

Angel man syndr &g® litfe anknoasioborkeilie dpeatiey of Usel 4 silewctsadie igespeithglogpt h

Cconman. - oP ot VopBoBS R0l ok TRR A AU b b B Shan B B,
al ., 2@00dnd toNan¢tmsutdthe c¥BIndthdnt 094 SREIE/ tb)p2dakb 2 A8 AdMN o r(Herisa 17,
87-87). Enhanci&%)prot easome activity could also be therapeutic for

d
di seases Prthwd®R)§rdk dasdmd 48IMe Dat'dPodr tropalidp elcrsaraoiesioms ek o
pat hol 00Y un. bﬁor%rﬁ%nﬁl%r@qgs Bl dda Rorkhlabite fISd Hrtd ORoA RKiBhRARALALS-

For exanp nuner ous oncoproteins are proteasonme substrates an elr
ability terq @206 CAn¢ar(7cddDt-1pbl)ential ly be attenuated by 5enhanci ng

proteasone activity. SUMMARY

25 The present invention provides novel compositions and methods for the inhibition
of Usp14, the enhancement of proteasome activity and the treatment of proteinopathies and
other diseases for which enhanced protein breakdown may be therapeutic. Aside from
proteinopathies, the enhancment of proteasome activity may be therapeutic for any disease
characterized by deficient proteasome activity, or deficient activity of other components of

30  the ubiquitin-proteasome pathway, such as in von Hippel-Lindau disease, spinocerebellar
ataxia 1, Angelman syndrome, giant axon neuropathy, inclusion body myopathy with Paget
disease of bone and frontotemporal dementia (IBMPFD), and others (Lehman, N. L.,
(2009), Acta Neuropathologica, 1/8(3), 329-347;Weihl et al., (2007), Neuromuscular

.



One aspect of the invention relates to a conpound represented by formula I,
L, 1, v, v, Vi, Vi, or VIIl, or pharmaceutically acceptable salt,

sol vat e, Woadnatm4s4pr odrug, chem cally-protected form emamtusens 022929
stereoi sonmer thereof; wherein the fornula are as defined bel ow. 10Anot her
aspect of the invention relates to a nmethod of inhibiting the
deubiquitination activity of a Uspl4 protein conprising contacting the
Uspl4d pr oDaondens,t/l7, $TJ2 7 prEmhacang protchsome hotivityl auld alsd he thetapeutlé, foWdisddses VI |,
or VIIl, or a pharmaceutically acceptable salt, solvate, hydrate, prodrug,
cheni cal | Mﬁl&?@&tw@sﬁmw@ o SR A 1 8 N e
aspect of stiie, i puenddiitidnSrik&Sosathias. EIRQsmple, RHRABE! HitofLigl A ,
degradation by a proteasone in a cell conprising contacting the cell with

| Ul or a potgeomd sdfstrhiss and their ability td priomordganyver cguild piténtially bwktt¢nuated by
phar euti.cally acceptable salt, solvate, hydrate, prodrug,

cheni cal | W}BPB?é@f%ﬁaSBWrﬁcmél anti omer or stereoi soner thereof 20Anot her
aspect of the Da¥adcPHF thelehSord RlaAest8hROehpBind FePrdstited By fRHRVENTI, MU, 2
proteinopathy in a subject conprising admnistering to the subject Ul or a
conmpound &Y, YoYkNH. ¢r, VIIL, orphprmacgutioglly weceptabie salfy solyate, hydrate prodrug,

phar mceuaﬁe%lc%lﬁr-ﬁ%g% etdafglrn?, e%gh 'dmésroolr\é%%eedi o%leg I:[l‘fgrgdf Wht%ﬁeriH fie formula are as
chem cal | y-protec ed orm ‘ehanti oher “or 6T eol somer ereof, or a

phar maceuti¢foald betyposi ti on conpri sing the sane. 25Anot her aspect of the
invention relates to a nethod of enhancing proteasone function in a subject
conpr1&i ng adn?irdeersprgl af he ixendionjrelates tqa msthod of dibiRE Y formula 1, 11,
L, 1y, TERVIIE) . r ' : :

sol vate, FeiyiaMion sElivith be LSRR S RpLRE BRRLGR Bl with

st er eoi sobEt ot hesrepdyndarf farnphial nAcBUtIVC M, VdpowWph st VilHnocopiprimacaugicilhe sane.

30Anot her aspe of the invention relates to a nmethod of increasing

degr adat i 69?68‘@&?&6{@ SPB?E%QY%W%P%@% gﬁ‘?fﬁw%{l?%ﬁweé&% Iggﬂpqqagﬁlwger of

adm ni st egbRGishct Mrubj ect 1UL or a conpound of formula I, I, [I1l, IV,

V, VI, VIl, or VIIl, or a pharmaceutically acceptable salt, solvate,
hydrat®, prodr dgothehewcetaiflthe proattmatreldtes er amegrdmtficohancingrpretear eoi somer WO
2011/ 094545P /t.USrZPglll 0t22929 thereof, ar. a hartmactﬁuti falt (iﬁngSi tion
conpri si née%rﬁ gl by a proteasomyin el commpRying spnerig iy &t FUR TPL%hfes to an

i sol ated péRpOAIVTEIALKI,NY, BNAVTSE MIAVIY oAVIITY 6r Astihdrhadi@caBNRICEShIIE
enzymatically active Uspl4. In certain enbodi nents the proteasone conprises
enzymat i c8dlt. yolvptgchydyee urpdpeathemitallyimgicetad fere cnantigae3 Pr HEEQBOECT | n sone
enbodi msnléhseretotPe enzymatically active Uspl4d is a reconbi nant

20 Another aspect of the invention relates to a method of treating or preventing a
proteinopathy in a subject comprising administering to the subject IU1 or a compound of
formula I, IL, IT1, 1V, V, VI, VII, or VIII, or a pharmaceutically acceptable salt, solvate,
hydrate, prodrug, chemically-protected form, enantiomer or stercoisomer thereof, or a
pharmaceutical composition comprising the same.

25 Another aspect of the invention relates to a method of enhancing proteasome
function in a subject comprising administering to the subject IU1 or a compound of formula
L IL, 111, IV, V, VI, VII, or VIII, or a pharmaceutically acceptable salt, solvate, hydrate,
prodrug, chemically-protected form, enantiomer or stereoisomer thereof, or a
pharmaceutical composition comprising the same.

30 Another aspect of the invention relates to a method of increasing degradation of
Tau, TDP-43 or ataxin-3 in a subject comprising administering to the subject IU1 or a
compound of formula I, 11, II1, IV, V, VI, VII, or VIII, or a pharmaceutically acceptable

salt, solvate, hydrate, prodrug, chemically-protected form, enantiomer or stercoisomer
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protein. In certain enbodi nents the proteasone is a human proteasone or a
muri ne proteasone. Anot her aspect of the invention relates to a

met hod ofwQenawmisssg a proteasone conprising enzymati calpcy/tusa@ateases Uch37
and further conprising enzymatically active 10 Uspl4 conprising purifying a
prot easone | acki ng Uspl4 but conprising Uch37, treating the purified

prot easonme with a deubi quitinase inhibitor, and reconstituting the purified
pr ot easomthewdof forerptpmaideaaddl yompoditien ¢dsmirding the sant.ai n enbodi ment s t he

pr ot easomne i s r ot easonme or muri ne. pr ot easone. In sone

a hyman p
enbodi ment s t h&"BIGE BRSTRE RSMYERONTERIPH (A IRIEYPrRiErfoRe ek e
enbodi ments, L0 ARHRIIYIUChBRER &&%@iﬁ@énz&&aﬁéﬂ@' AL U8 nlesuhhone. 1 n

certain enbodi nent's the active Uspld 1's reconbinantly produced.

Anot her aspbedimehtstthepiotpasemé crmpmdca cezyniatical lywemabtod W¢h3§emdenivmylsufonan

i nhi bi tor 4 C risin rovi ding a pr.oteasone conprising ..
enzynat | CHey RRdce vBouRn #pte R e el P ARRET LRS TR e et rnant v
Uspl4, copiodsihi Nfcdrath GHBSRASATELPrblRadniEist hthad Prareatochend ndurliep14
substrate, and determ ning whether the test conpound inhibits the

deubi qui t Pie&gasemc.of the substrate. In certain enbodinents, the substrate is
coupled to ar t t-.1 S. detect e I . .quitinase
and/or is an ug‘ll%g%lfef%islli{eag)efﬁ%enlggﬁitm%rrgjtla{eegéogér%neghuo%is q%éﬁ%Stl'P%a @%ﬁ%g%lr%odi ment s
t he subst c@hgridisg tyAMGedlly ipadtingl o7 tahd &lretdr CyrapriginBendyfatiedltygddiive

enbodi ments, deubiquitination of the substrate is 25denonstrat ed bé

i nhi bi9 i oSPF+ Cupmutsing RUrHEWE sdapiceeme lackiphbseifduticamprisng kehd.dicaliag ne

conpri .’Sesth‘éiﬁﬁ}‘iki%&ﬂ:p?d%&%‘oﬁ{% Rh fﬁ&gl"émﬁmké‘inﬁ ifoR AAd FORANTERY fhelNRftEPL4 15 a
reconbi nant ‘protein. I'n some enbodi nents the proteasone |Is a hunman
pr ot easonprotasamemithrazpmat@dg avtve Bspdtthén caspecmbodintchs thapentbane isel at es

to a kit ﬁo risir;g an isol atedqproteas me 30 | C(ﬁl nfC[' enzymatically active
Uch37 and Elgﬁ‘bPliO_é? eRZY FHE BT Raciag SUEpIR, A i R POEHBNSSof  use.
I'n certal Puﬁﬁ@?ﬂ'bmm%t Q815 K s RN RS LSS t1R dé%Bi%]ﬂitﬁldEbSihhﬁﬁt%r is n some
enbodi nents the Uspl4 substrate is Ub- AMC and/ or pol yubi quitinated cyclin

B. 415 Wiqroiniyiogd484BRPCTH tisrdl dhbodigrets the activadipi4 vratonatgpanglys,
enbodi nment s, ac}r(lfj advant ages of the invention are discussed below in detail.
Mor eover , PIEHor egoi ng i nformation and the fol | owing detailed description

are nerely ill uabihaf hdpectfABIn@entdin r¥idtck @8 nRFRRAGIScrRbing Qi in®ibitsr ff t he
invention, and are intended to provide an overview or framework for

under st an§isplft eareprisitaipTeviding SRintersReeorarrisinecnzy Biefiedlyaspsioe $JchAg and
mmunobi ol PREO ML P PO oo, Bt et P ecamrsamietRpE i A SRan
(Puri 20 edcddapdithd add adfdpil Aistitystate; bid éderdgpihg wirthece tentst kompoul @hdas aies
deubiquitination of the substrate. In certain embodiments, the substrate is coupled to a
reporter that is detectable after cleavage by a deubiquitinase and/or is an ubiquitin-
dependant proteasome substrate. In some embodiments the substrate is Ub-AMC or
polyubiquitinated cyclin B. In certain embodiments, deubiquitination of the substrate is
25  demonstrated by inhibition of substrate degradation. In some embodiments the proteasome
comprises vinylsulfone-Uch37 adducts. In certain embodiments the Usp14 is a
recombinant protein. In some embodiments the proteasome is a human proteasome or a
murine proteasome.
Another aspect of the invention relates to a kit comprising an isolated proteasome
30 lacking enzymatically active Uch37 and comprising enzymatically active Usp14, and
instructions of use. In certain embodiments, the kit can comprise a Usp14 substrate. In

some embodiments the Usp14 substrate is Ub-AMC and/or polyubiquitinated cyclin B.



(Human Proteasone) and anti-Uspl4 anti body. The band corresponding to Uspl4
i s 10i ndi cat ed. Fi gure 1B shows an i mmunobl ot that was perforned

usi ng antwelohdd4mnt i body and Uspl4-deficient purified Rromars2q@normasones
(26S) either untreated (-VS) or treated with Ub-VS (+VS). The band
corresponding to Uch37 is indicated. Nonspecific bands are indicated with
an asterisk. 15Figure 2A shows a nondenaturing gel analysis that had

under gone i n- galddsional dspdtYs, ABodinaints, migl {dvadiaged ofithe mvestemcare discussed

pr ot easongs) t.hat erfor usi.ng. commer ci al | ai]able.h n. .

pr ot easo éotvepgﬁtaﬁ@ﬁﬁ?‘feéﬁgqrewg m?@ala@%fad HrpUP e detitad PYEPEAS orres
(- Ub-VS) gt hlreiSithfRdit e Cxdiibd b0AribaPdDAShhE LAPS i PMARMf HOh SaH PR d
(+Ub-VS). 20Fi gure 2B shows a Coomassie Brilliant Blue (CBB) staining of
purifi ed, arcgotondddtamrovaild ah oworacusy Tn{copk frwnjlcretandiag Mhomatwalahg i nacti ve
mut ant_ Uspl4 (Uspld- Cl14A) either with or without a GST tag, along with a
GST coht rgﬁlarfcgg%%ﬁalgl%r%}?eéﬁt%a@ieil\égorqﬁ}l%? (Marker). Figure 2C shows the
results of a gel-shift BRIRY PESCRIPEPONGF THREDRAWINGST and 25
proteasonmes (GST), GST tagged wild-type Uspl4 and proteasones

( GST- Usp14- wt ) Figuse 1Azhged ag amaupeblebthpywaspestormed reing aithausgrpmbanpat

1 , A i 1 .- :
Clsprasve b TR B A AR ) o A RGO ol e B RO PR s orves
(Uspl4- Cl{Mhart Pedtcab@tlc ednidnati-gan agtibddye dheibahid torr@pbnditie td UMK4AMC

staining (top, to show the presence of proteasones) or Coonassie
30Bri 19 i atdidsfede (CBB) st ai ni ng Figure 3 shows the results of a

Ub- AMC hydr ol yﬁ;iegs%r@ﬁﬁaslﬁo&%n Hgﬁ%ﬂo@}&tth?{ﬂ W ;cePftohrg&} ?%g%%ﬂﬁ-ﬁcﬁﬁ Hﬁfb?%t Leat ed

human pr ot easo Fi gure 4A shows a pl ot I netics
0.99) of tidkUsplidtdedicianapesfial huden pr®aodes/(0S8)2AthBGttd3a 11V 9212 98tcAMC

he. § i c oGS RGNS af FoRvEF cnEpafcing b UenSY i iieatsd o eRite T bands are
M chael i si M@yl 28 2 @driddspl4- dependent Ub- AMC hydrol ysis in the presence

of human proteasone for 25 mnutes at 1 uM Ub-AMC, 1 nM 5proteasone, and
t he i hdi cat ed Figweldirsipiven nohddgpring ol gt isiiaidhdwadergphom-gd sudhe | i near

ki netics 9).0of the initial rates of Ub- hydr ol ysi,s by Uspl4d
and pr ot elbsneANC Haitre s e idiepf b e Sineinu e MU g R

concent r atbrmeRfiallyorAlible human protdak@HELS(BIénsH Onireately! mkERUISpVeatRAem! ot of
concentrati on-dependent Ub- AI\/Cplo h dr%ﬁ ySi sbi n the presenc[?pof Uspl4 and

human pr oheEgbpetdasemSU-HPn\(iVex W Va tremtedgwiificd UspM defriaaboman and t he

i ndi cat ed hog<of Ub- AMC. Figure 5 shows an i munobl ot t hat
was perfoprg)g%ﬁ%glg%\@@g{}g iti body specific for Cyclin B, which also detects

pol yubo qui t i naFgaireeslshowBa (1domatsibBYilliano Bl (€ BBYpesining of purifivd; CLbB was
treated W Dmbmant Wity Op1a T Oum 2 o ooy Tnaetos youtant Usp 14 (LS 14/ P
C114A) either with or without a GST tag, along with a GST control (GST) and a protein
size marker (Marker).
Figure 2C shows the results of a gel-shift assay of proteasomes alone (-), GST and
25  proteasomes (GST), GST tagged wild-type Usp14 and proteasomes (GST-Usp14-wt), GST
tagged catalytically inactive mutant Usp14 and proteasomes (GST-Usp14-C114A),
untagged wild-type Usp14 and proteasomes (Usp14-wt) or untagged catalytically inactive
mutant Usp14 and proteasomes (Usp14-C114A) that had either been stained with in gel
suc-LLVY-AMC staining (top, to show the presence of proteasomes) or Coomassie
30  Brilliant Blue (CBB) staining.
Figure 3 shows the results of a Ub-AMC hydrolysis assay for Usp14 activity in the

presence or Ub-VS treated human proteasomes.

Figure 4A shows a plot of the linear kinetics (R* > 0.99) of the initial rates of Ub-
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15 Uspl4 (Uspld4-wt) or human proteasone and catalytically inactive Uspl4d
(Uspl4-CA), and subsequently anal yzed by i munobl otting. Figure 6A shows a
di agr am olvohoneov4idspl4d, depicting the ubiquitin-like domairnusedd®lor2924 he
catal ytic domain (CAT), the location of exon 4 and the position of Cysll4.
Fi gure 6B shows i munobl ots that were perforned on cellular |lysates from
human 20293 cells that co-expressed Tau along with either wild-type Uspl4
(Uspl4d- wt AMCaydioytsiscgl Usp I4ruad tproteasbisip bé | (1M P/bAARIK), 1 Vi prdtedsomm) dusiphe
(Uspl4-SF) or UBL donmmi.n defici ent Uspl4 (Uspl4d- AUBL) and stained using
ant i bodi egldécﬁéﬁ‘éilqop‘éemrﬂloﬁﬁﬁ 14 or Actin, as indicated. Figure 7 shows
i nmunobl ot st hifg e U gﬁ%&%ﬁx@’%ﬂae@l@ Mghwfﬂafow%me& Ehem BBoel s 25 that
co- expressed the I ndi cated forns of tagged Us 5?4 al ong with tagged
hRpnl | ei hpdolybsfiotle [(r&sehcaef Hunon plbtte@son(d?ibr A nénhtpsr gtledddie AME ot elblsone

affinity urlflcatl n a i ned us Flag anti body. Where

i ndi ca% ed PTOGRSRBEA ﬂ?%@ﬂﬁﬁ 3&09\?6'{“ ?fg%fta[g pp}l’l or to proteasone
purification. ExuradlC sheWhheotloeRianRAt kindb@f(RE 810899) ofsticahitmktestngpeci fic
signals. Proteasone subunit Rpnl3, load control. Control sanples, enpty

vect or . BGMQ@VérogmwémUs)lé angd grateasomslat pndf Ugpi4, H@Mpmﬁeqshm@@g%m | ar ge
scal e conps u%ge screeni gﬁpldol tors of Uspl4 catalytic inhibitors.

Figure 8BS dCaOn ernémulency ribution curve used to determ ne AMC

quenchi ng COWpFigiﬁ‘S 4DcedBivE @IMiehBdistMBaten pMedE condéhtration-dependent Ub-AMC

2011/ 094545PCT/ US2011/ 022929 Fi ure 9A shows the chem cal structure of
Usp141Q nhhpdrelysisiiyghe presence of Yspld andhumanproicagpmp forgidymnpptss gt ¢ &t Ppptdae
inhibitio deubqu|t|nase activity
by 1UL (I gfnt Bﬁ&%@éﬁé{ﬁggg&ég&ﬁg&@&@m a%gj"ﬁﬁtﬁw{cm third bar = 8 [tM
right bar = 17F[gm/)e Sahow§ an ghm)mdstﬂet thatokasqferfgrreainimgarointibhily Eﬁdclfwfescence
by UL (I = 17 9C shows a

gr aph dep #th WP@?@KSGM@@C}SW fquiinagid ‘5@%@ ﬂé%a‘é@'éaglat biggapgiment,

(Uspl4- Pt g1 s ag %&bﬁ‘@ﬁtﬁ Z%Stﬂuﬂahﬁr&%aslo% a(lcln%f Eurﬁ@ﬂ %rote%scﬂrh%ncmvﬂg legpdbar =
8 [tM right bar =17 [tM and (right) the | I bition of

| sopebi i délsplétr(llspééﬁ)t) blyhumm I(rb@montfaand:cac}llj['ttdmly madtiV@UlslaM (®Isg14-CWY), andght
bar = % l\/% g IgLi 333 .shows raph depicting the lack of inhibition
of Usp14 PsbdyeRey ARy HS BBW&OB gco t he proteasone by either vehicle

(DMBO), UL or F%gdl@m shows aFdi LhdrR OQEurﬁbJ@wspm db Bt dgim@mgfqungl -filkeddnagk of

inhibition of 2 human prot easones (Ptsm that ha ot been treated with
Ub- VS by EVBhbtheestilptiedgmusCyAdy, thetbcptioneof gxpp tteiad dhrerositionet (yatld-Usp14) .

Figure 6B shows immunoblots that were performed on cellular lysates from human
20 293 cells that co-expressed Tau along with either wild-type Usp14 (Usp14-wt), catalytically
inactive Usp14 (Usp14-CA), short form Usp14 (Usp14-SF) or UBL domain deficient
Uspl4 (Usp14-AUBL) and stained using antibodies specific for Tau, Usp14 or Actin, as
indicated.
Figure 7 shows immunoblots that were performed on cellular lysates from 293 cells
25  that co-expressed the indicated forms of flag-tagged Usp14 along with tagged hRpnl1
cither before (Extract) or after (Purified proteasome) proteasome affinity purification and
stained using anti-Flag antibody. Where indicated, Ub-VS was incubated with lysate prior
to proteasome purification. Extract samples represent 5% of total. Asterisks, nonspecific
signals. Proteasome subunit Rpn13, load control. Control samples, empty vector.
30 Figure 8A shows a statistical plot of the high-throughput large scale compound
screening for inhibitors of Usp14 catalytic inhibitors.
Figure 8B shows a frequency distribution curve used to determine AMC quenching

compounds (control = bottom curve).



15Fi gure 10A shows the chem cal structure of 1ULC, an inactive control
conpound for | UL Fi gure 10B shows a pl ot conparing the

deubi qui twoassa/imasbi tion activity of 11Ul (bottom circl esT/useditom929
triangles) with the deubiquitinase inhibition activity of 1ULC (top
circles, top triangles, squares). 20Figure 10C shows the ineffectiveness of
| ULC in pronoting Tau degradation. | mmunoblots were perfornmed using | ysates
of MEF cells tF@lreGAmhpweﬂmdleMalalmlmbtlhjspIMSph@inﬂﬂhfiﬂormte treated with O,

25, 50, 75 or U1C and. st ai ned th a bodi eC|f| c for either
Tau or Actin. iElgur 9%'5510%?@@@ dtfms g k) the bﬁoaegfjéle TGAAHHITBICEIGH of
the deubi guidiyr rtagﬁ @&lﬁoiqgﬁﬁ%s@sctmg bgfmn digated (ﬂwbs&uha Wl%ﬁ%%r by, MlC

(left bars =0 bars = gure 11A shows a pl ot
depi cti ngtlnltddoadaﬁomlﬂunghtdmse lquM)/anerght)phe)ltaelaeﬁqmnblmugdf B4, 1soT or

Uch37 t hat, had bee t h.the.,i d| cated concentration of | UL

Fi gure§ 11 %rﬁ%%gceag‘ﬁ ‘éﬁﬂ ﬁgfﬁ b righs ?nhﬁﬁg/pon of the deubiquitinase
activity of thFlgd?GQCGéh@Gbsd%@@h&i&bldﬂﬁ@%@ﬁ%ﬂﬁé ihiiBitioh F UspBd BadePprbichbonid ght
bars = 17 [tM. 30Figure 12A shows i nmunobl ots ofourlfled 26S human

pr ot easonddspl4Atsm) dﬁtul’fmlultﬁ@Ge pawity by d B dicéicbagit hulds mpddle b= B 41gh8barn )
and et gty o) el PR LURG B0 U LT G o

concentratio ecl

Al pha7. Theddsbar+ 8kM, rjghtbnct e"zsuM)nonspem fic signal gener ated by the WO
2011/ 094545PCT/ US2011/ 022929 ant|-Uspl4d anti bod gure 12B s

i mmunbbl ots as rg\lrﬁ’gu%hewm/gra@w@&mg 211@r16$1ﬁ0frﬂﬁ‘¥1§i*t10é1>&féé5§1‘&)fhaU§%§1QPt\hﬁ%n

i ncubat ed of the indicated
conpound f%@[&ﬁmg%g& %bﬁgﬁégfggﬁgﬁgﬁ%%gpg??ﬁ%@deub. quitination
activity of prbigme@EshbosngrdghpibdictihgtheHack dfaehibitioaatf@dS wutnlanvehi cl e
(control) or 11Ul and su cted to the indic unber

ul'trafilt PRIFOAMESST E{“ lta%qn q%t?dsvblfhﬁﬁ?%ﬁ S Ve@&zfe@ﬂﬂf@) 14t e
bar, 3x sglen mtgas&ggs‘kgglrch,la&rU@@qp colum gel filtration (right panel;
control = Pt bar, 1UL = right bar). 10Fi gure 14A shows a pl ot depicting

an | Ckd cur ve Eigq@fe dﬂéahowetlbmhnmlwkgmmrﬁ eatl@tC vantihadtive comithl campdund
concent ra%oirqﬂlof |UL for 45 m nutes.

Figure 10B shows a plot comparing the deubiquitinase inhibition activity of IU1
(bottom circles, bottom triangles) with the deubiquitinase inhibition activity of IUIC (top
circles, top triangles, squares).

20 Figure 10C shows the ineffectiveness of [U1C in promoting Tau degradation.
Immunoblots were performed using lysates of MEF cells that co-expressed Tau and Usp14
and that were treated with 0, 25, 50, 75 or 100 uM IUI1C and stained with antibodies
specific for either Tau or Actin.

Figure 10D shows a graph depicting inhibition of the deubiquitinase activity of the

25  indicated deubiquitinases by IUIC (left bars = 0 uM, right bars = 17 uM).

Figure 11A shows a plot depicting the deubiquitinase activity of proteasome bound
Uspl4, IsoT or Uch37 that had been treated with the indicated concentration of TU1.

Figure 11B shows a graph depicting the inhibition of the deubiquitinase activity of
the indicated deubiquitinases by U1 (left bars = 0 uM, right bars = 17 uM).

30 Figure 12A shows immunoblots of purified 26S human proteasomes (~4 nM) that
had been incubated with or without Usp14 (80 nM) and treated either with vehicle
(DMSO), IU1C or U1 at the indicated concentrations and stained with antibodies specific
for either Usp14 or Alpha7. The asterisk (*) denotes a nonspecific signal generated by the
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Figure 14B shows a plot depicting an |1 Cso curve of proteasone bound Uspl4d
treated with the indicated concentration of UL for 30 mnutes. Figure 15
shows an wormnebksas t hat was performed using an anti bodpcspseorfiioz2obor 15
Cyclin B and pol yubi quitinated Cyclin B (Ubn-ClbB) that had been treated
with 4 nMof 26S human proteasone, either alone, with wild-type Uspl4

(Uspl4-wt), with UL, and/or with proteasone inhibitor as indicated. The
i mrunobl otntivdsp Bt srtibodgubj ect to a | ong exposure (Long exp) or a short

Sh ) Fj 16A h bl ot t f
a1 ng an ant | DB ERRBRAYS ByTRopties 6 BB I borgtis-duPld RAEEG-ELHl n B
(Ubn- C1bB) b hef ey e&iwith %tlﬁgteﬁ‘éom ift IRMIREn RGP p%&@ﬁ% JFRd BARARR, el ther

al one or in conbination wth wild-type Uspl4d (60 nM along wth either
vehicl e opompﬂun(d:{ao By F| gure 16B shows an i nmunobl ot that was

perforged usin bod |f|c or T

Dol Yo o +1 nafigireTRshary fedBrdea e dn bRt B eirdoms 25 5 nu
of 26S hue&ﬁldpwﬂaammiad b@éﬂt?&’tedal/iﬂﬁleelﬁélel(ébn@r@mrﬂ@ﬂ i@ syjEdledMol tHe t ype
Uspl4 (75 nM along with either vehicle or 1UL (75 1..LM. Fi gure 17

shows pl otrgilqyéﬂph TR 0§ 0f feanfloef Wiailtration (spinguicl panelonmsiiy ralpﬁﬁ PrvAs spin =
Spectr ome %dl U?Ct‘lg %/5 % 1%6‘%?&1% bglf) ery go%u{n%% atl§%§?l%§1‘[ %Qrietl %ﬂpoﬁefpt?a?n

treated w bee rea hours.” The
bot t om pangl d@h’tbztrs the ion 30count for an |Ul standard soI ution at 1
[tg/ M, gure 18 shows pl ots depicting the ion counts of LC/ M
tracefl of vari Et%lreéﬂééhw&ﬂmﬁgewﬁmw Kisamérae af piofegsenac boundidsd 4t he LV

PR L R gt N
showi ng the ti KigumtepéBdbowea plot Heflicting aar]ﬂiad) cwrat bbprotaasane bdursl, Udpdl | owed at
200 I L) g 2O B ABARLE! 1 70, T et
by UV absorpti @f2g38¥howdditiButdMtIha s PeSbARY (R & dtBodNeebid for
concentration in 293 cells after
15  Cyclin B and polyubiquitinated Cyclin B (Ub,-ClbB) that had been treated with 4 nM of
26S human proteasome, cither alone, with wild-type Usp14 (Usp14-wt), with IU1, and/or
with proteasome inhibitor as indicated. The immunoblot was either subject to a long
exposure (Long exp) or a short exposure (Short exp).
Figure 16A shows an immunoblot that was performed using an antibody specific
20  for Cyclin B and polyubiquitinated Cyclin B (Ub,-CIbB) that had been treated with 4 nM of
26S human proteasome, cither alone or in combination with wild-type Usp14 (60 nM)
along with either vehicle or IU1 (34 uM).
Figure 16B shows an immunoblot that was performed using an antibody specific
for T7-tagged Sic1™™ and polyubiquitinated Sic1™ (Ub,-Sic1™Y) that had been treated with
25 5 nM of 26S human proteasome, either alone or in combination with wild-type Usp14 (75
nM) along with either vehicle or IUT (75 uM).
Figure 17 shows plots depicting the ion counts of Liquid Chromatography/Mass
Spectrometry (LC/MS) traces of lysates from MEF cells that had not been treated with TU1
(No IU1), or been treated with IU1 for 1 or 24 hours. The bottom panel depicts the ion
30  count for an [UI standard solution at 1 pg/mL.
Figure 18 shows plots depicting the ion counts of LC/MS traces of various
concentrations of [U1 standard.

Figure 19 shows the UV spectrum of IU1, depicting absorption maxima at 255 nm
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normal i zati on by cell nunber as detected by UV absorption assay.

Fi gure 21A shows i nmunobl ots that were perforned using |ysates of MEF cells
t hat co- ewpnresgmassFau and Uspld and that were treated wpCh/U320125229%9, 75 or
100 04 11Ul and stained with anti bodies specific for Tau, LacZ or Actin.

10Fi gure 21B shows the result of quantitative RT-PCR anal ysis of Tau RNA

l evels in MEF cells that co-expressed Tau and Uspl4 and that were treated
with O, 25nd50)§nrﬁ51eﬁb aﬂ@HPLCthdﬂﬁatoEiagumho\ﬂﬁ,gthdflﬁm-diepasndmdml afti¥/ 1t hat were

perfornmed. usi sat es co-expressed TDP43flag and Uspl4
and t hat Wé?r@&%ragé HHO Gl hf%Wﬁ :7’ lilfi 15i ndi cat ed nunber of hours

and stained wi Fi};lﬁ@?bﬂ%ﬁb@§a%Pa‘i’)ﬁ'dfebfétlﬁgfhe-ﬁgﬁmc%ﬁ&éh&»atlé@ﬁé\d@'i? At bffer

Fi gure 22B shows i mrunobl ots that were performed using |ysates of MEF cells
t hat co- enm@éls@t@breb}tmlrnumbcm@@emdww @Qqﬂbma@sawth Usp14 and t hat
were treated wiith 0, 50, or MUl and, staine es specific
for atks or  acTigro 0BtV B5eh SRbis AT 5P S et MAPEPRR IS, et usi ng
| ysat es ofolMihiz&@dd 1§y EdMatuntifRr X BEESSEBy BVt 41836 G@«ohdsga%pe G-AP (GFAP-wt) ,
K63Q nmut ant GFAP ( GEAP- K63Q) or E210K GFAP ( GFAP- E210K) al ong with Uspl4

and that were FigaeddAwhetis onmasoblefy thyt W@O@pqrﬁqwmdmmaaévsgteép MERwally

anti bodi e r f
auanty t ar ToRCESkefeld Sy S0Pl SRuhd) v HELE 851 R 3700, S LePdM g
co- expr es siedistdibed %&haﬁdbddﬁéks]gémﬁa(ﬂoﬂ’@t szsOltAetat ed with 75 [iMIUL for
each indicated tine gure 23A shows inmmunoblots stained with

anti - BNPH or aﬁ!g“rﬂéﬂBﬁh%ﬁ% FhﬁdﬁﬁU@sOfﬂHa@tlt%YeeRB@Ff%?Wl%ﬂf TanpN A levslssig
| ysat es OM%xfgéﬁ ¢hdt Sol etzgﬁsg@ﬁrﬁu%amgmﬁoe@ tvg%@l%%wl ®"57%.[75M b and

treated wt M nmenadi one, as i ndi cat gure 2 B’shows i mmunobl ot s
st ai ned V\m\/hltalntl -DNPH or anti-Actin antibodies that were perfornmed on

DNPH-treated | ysate f HEK293 cells that wer r ei ncubat ed UL (75
[LM or prot e al IS PAAPBP Yo HEmpsePIoE (s cisyperiopiyef um&@%ﬁ?i?w #th, ' { hen
treated WHahcdreRadisengnpagOs hidss lqran@Qhamv&'}bre tr¥fed with 75 uM TU 1for the

2011/ 094545PCT/ S2011/ 022929 Figure 24 shows a plot depicting MEF

cel | 14 abindidejedasinetes efbeds byd i Tﬁ%@@hﬁﬂﬂ@ﬂn@ﬂ%@@lﬁﬁ&ﬂ&ﬂ&f% hecZ erdi cat ed
concentr at |C81r11 of 11Ul for 48 hours.

Figure 22B shows immunoblots that were performed using lysates of MEF cells
that co-expressed either Atx3-Q80 or Atx3-Q22 along with Usp14 and that were treated
with 0, 50 or 100 uM TU1 and stained with antibodies specific for Atx3 or Actin.

20 Figure 22C shows immunoblots that were performed using lysates of MEF cells
that co-expressed either wild-type GFAP (GFAP-wt), K63Q mutant GFAP (GFAP-K63Q)
or E210K GFAP (GFAP-E210K) along with Usp14 and that were treated with 0, 25, 50 or
100 uM IU1 and stained with antibodies specific for GFAP or Actin.

Figure 22D shows the result of quantitative RT-PCR analysis of TDP-43 RNA

25  levels in MEF cells that co-expressed TDP-43 and Usp-14 and that was treated with 75 uM
IU1 for each indicated time.

Figure 23A shows immunoblots stained with anti-DNPH or anti-Actin antibodies
that were performed on DNPH-treated lysates of MEF cells that were preincubated with
vehicle or 75 uM 1U1 and treated with 63 uM menadione, as indicated.

30 Figure 23B shows immunoblots stained with anti-DNPH or anti-Actin antibodies
that were performed on DNPH-treated lysates of HEK293 cells that were preincubated with
IUT (75 uM) or proteasome inhibitors (20 puM MG132, 10 uM PS-341) for 4 h, then treated
with menadione (300 uM) for 60 min.



Fi gure 25A shows a plot depicting MEF cell viability as assessed by MIT
assay upon treatnment with the indicated concentration of 1UlL for 6 hours.
5Fi gure 288 28twnass4a pl ot depicting MEF cell viability ascagsesizmekodby MIT
assay upon treatnment with the indicated concentration of 11Ul for 12 hours.
Fi gure 25C shows a plot depicting MEF cell viability as assessed by MIT
assay upon treatnment with the indicated concentration of 11Ul for 24 hours.
Fi gure 26A shoWiguxe p# chowepplot degctRRVMEREcHelabilitelab assessbd by tWTRassag spssed

by MIT 10assa treatment with the jndicated concentration of 1UL for 6
hours. IemnépbﬁFEt @ﬁ%@&maEBVﬂFmdégﬂﬂﬁ?ﬁ%g@@gsand HeLa cell viability
as assessed byppife é§z§%}{o€x}99 Blott HE%EFE?@MEN & Juﬁﬁhﬂyrh‘é' lh6at&d v g%?? Rkdagt i on of
UL for 12 hours. ure shows a plot dépicting 293 and HeLa cel

V|ab|I|tyuamlmgﬁmsmewﬂmmeMmmaa@taywmpamonméﬂﬂhﬁnﬂiMMnh the indicated

concentration | U 2 15Fj re..27A.shows e t
ooy | mablairg 25t e o PR it RUR IO RE s Be of ME b ¢ n 100
[LM I Ul ogp&ipidat@bntfveith ﬁlehﬁdlcated concEhtEitiod o2 TB1 $roMshoargr aph depi cting the
quantlflcatlon of the TUNEL staining anal ysis de icted in Figure 31A

Fi gure 28 showKigarpRsE sheys & platgepinan eqﬂlve%m tygenespssstl bvEETE @bsag t hat
had been 2]?31{ §&%%9nt dmftr{‘thieh&dl&ﬂgd So%cgﬂﬁ%ﬁ%?%g i Al vehi cle or UL for

the indicated peri S one approach t o compounds

of the inventi Bigurb2garstowda gepidepisting @3841{& Isd10Md e/ AV ITtyas asyesded by Q@i
V|ab|I|ty, specifically, IUl effects on cel|l survival upon oxi dative

strest) E3yar Pﬁ%ﬁre%@%w%@e.nilfhﬁﬁ?@%we@rqt@nﬁf {1 for 6 h@shadi one
(dose-dependen egu‘%E'QkB%ﬁM &ééloﬁggprl negrﬁ)&%)d -AdYERe %eib?htirlg‘ﬁ’fstg@eﬁ bINIppL as

25wel | . The ef t ont ione 1S a Fi gure
31 depictsamyhpmiEanmeEWmmﬂmdmhaﬂnbumdmﬁamohhéIUhﬁamQHﬁmm&|ncludlng sone

percent inhibition ?Eﬁ C50 v es. .Pe ent hi bi tl%)1 was neas re%4%& 8
i, IMfrom | UL '8¢ FeL-4 OW%’E‘P eIPlR)i“?gr 7%1 ¢4 ighiliggs a%ﬁ’?éise R
for C1 tgby Bpon treatrnent Vll: k@ﬂl"e%cﬁéﬁe@&ﬁ%@n&dﬂ&%@% oS dh@furyver e per for med

using |l ysates of Uspl4-/ MEF cells that co-expressed tau and LacZ and
that Were treafFigurol2fA sbowgﬁuomcenmu@oscmmn{mws pUTUMN. staiach dtERwdly

ot 0 e P R S b (o2 IO,
co-expressed T 32Bghawsla fugz depidtihdiale UBtEidatie@bethe WUNEL Stafdind | Ul f or
WO 2011/ 094545PCT/ US2011/ 022
analysis depicted in Figure 31A.
Figure 28 shows a plot depicting the percent confluency of MEF cells that had been
20  treated with the indicated concentration of vehicle or IU1 for the indicated period of time.
Figure 29 depicts one approach to compounds of the invention.
Figure 30 depicts a graph showing MTT assay for cell viability; specifically, IU1
effects on cell survival upon oxidative stress. Experiment performed in HEK293 cells with
Menadione (dose-dependent, 4hr) and IU1 (50 uM, 6 hr). MEF cells show this effect as
25  well. The effect on the ICsy for menadione is almost 4-fold.
Figure 31 depicts a table of selected compounds of the invention, including some
percent inhibition and ICsq values. Percent inhibition was measured at 8 uM from IU1-1 to
1U-46, at 4 uM from IU1-47 to TU1-96, and at 17 uM for C’1 to C’9.
Figure 31A shows immunoblots that were performed using lysates of Uspl4-/-
30  MEEF cells that co-expressed tau and LacZ and that were treated with 0, 25, 50, 75 or 100
uM IU1 and stained with antibodies specific for tau, LacZ or Actin.
Figure 31B shows immunoblots that were performed using lysates of Uspl4-/-

MEF cells that co-expressed TDP-43"¢ and LacZ and that were treated with 75 uM TU1for
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t he i ndi cated nunber of hours and stained with anti bodi es specific for
TDP- 43fl ag, LacZ or Actin. Fi gure 32 shows i munobl ots that were

per f or mredwoongksasat es of wild-type MEF cells that co-exprsseed2i9au and
Ub-i ndependent proteasone substrate cODC- EG-P and that 5 were incubated
with 50 uM I Ul for 6 h and stained with antibodies specific for tau,
CODCEGFP or Actin. Proteasone inhibitors (30 uM MG 132, 10 uM PS-341) were
treated 4therindiedtod eutiaicf hours and stimgdrvetBatbhdies spaificnfob TOPs4 X Hat.ackeore
performed using |ysates of wild-type MEF cells that co-expressed HA-tagged
Uo and/ or “€%g-t agged TDP-43 and that were incubated 10 with 50 uM I UL for

6 hr and stai neghit 5B Bl RAALEHIRAGE [k fPforfkf@silORs4s o Wi1llypcVEACE i N.
Proteasone inhibitors (20 uM M5 132, 10 uM PS-341) were added 4 'hr before

| ysis. Arrcdisshatediexatessdditiehyd Ubitigddptideat podtchBimd Subsreicic@DC-HIC Fihead/thatchai n
of ant] body. Fiqure 34A_sh j oblots that were perfor usi ng._| ysat es
of b TS et 50 AL TSR a0 AR g Rsb R for (51, 9P C2
75, or 10 fQr. 6 1 i LESc ! i £ ,
roiinn coiglilori i PR Al REL AT UL NERD, RORAEES SREALLLEARI A 1 on
of ubi qui beford lgviel s in Figure 34A. Pol yubi quitin and nonoubiquitin | evels

fromwld-type_and pl4-1- NMEF cells were quantified after_treatnent of
vari ous concenFFgé’trFé?S Wy g laly awawgrwﬁéﬂﬁeﬁ Haing baect of WHERVRS M EF

en dogenou §elﬁsctﬁzittr&0-egg?c@§é.dfﬁ§§t5%géﬂ U’@@nd@&@l@g’-ﬁ% by TBDS 1 @Rt Wer@fncabdtbd M
imge (left bar = 20 poly UB (+/ + MEF); seco é bar to the left = poly Wb

(Uspl40 / - wiBEP; uN iU dob@hr andrasaineddith #htibodisis)speaifigfir Fey-TBP3n 6l AJD, or
(Uspl4-/ - I\/EF)é. _Fi.gure 35A shows the specificity of IUL for USPl14
which is Okter feicasome prvbits (3P 191 N1 A 0o dent4la t1esnadded ddyy dedre Up- AMC

hydr ol ysi r [ j - cept. .l o at i

U A ve e G Y B RRig ety Gyl R TR s B O RS U B

t he summary of Figured4Asholoimidondiis diat deubpatorined ating dysarz piresiditppd & S

study. Kmval ues of DUBs used in the selectivity assagq')s] wer e obtai ned from
il

the 1iter&bpte. NRReehithrvarigaisd naid et hidRed-ion 1PhraDIpnapr ands
B L LR N AR R

nost SGI’]S? to1n u concentration as

conpared to thFigﬁ'ﬂ: 8liBishew & ganfiEichtibniBrabidudin 1cGE)s it Bigaky B4 &, POR®bIuiti gur e
36 shows that IUL inhibits proteasone-associated USP14 activity w thout a

WO 2011/ 09aba8pahiqusro feveb Imgp vilddyeetntol v IHagVBE crlbdwerz. @aniiask aftetiman
T
vehi cl e ( B@novBsicanld@dartifichtien sasmpdhéeved by densitometry of a film image (left bar =
20  poly UB (+/+ MEF); second bar to the left = poly Ub (Usp/4” MEF); third bar = mono Ub
(+/+ MEF); right bar = mono Ub (Usp/4” MEF)).
Figure 35A shows the specificity of IU1 for USP14 which is observed
independently of Ub-AMC concentration. Assays of Ub-AMC hydrolysis were done as in
Figure 11B, except lower concentrations of Ub-AMC were used (left bar = 0 uM; right bar
25 =17 uM).
Figure 35B shows the summary of Ky values for Ub-AMC of deubiquitinating
enzymes in this study. Ky values of DUBs used in the selectivity assays were obtained
from the literature. Unknown Ky values were determined in this study, as indicated. These
values are significant because the DUB assays should be most sensitive to inhibition when
30  substrate is at a low concentration as compared to the Ky of the enzyme in question. CD,
catalytic domain.

Figure 36 shows that U1 inhibits proteasome-associated USP14 activity without a
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Figure 37 confirms Figure 13, except prolonged incubation (5 and 8 hr) was
tested. 5 The percent USP14 activity was nornalized to 26S pepti dase
activity wo.2e11/d0k8d5- AMC hydrol ysis). 11Ul was added to 1@QTtusbqihebiozbar =
DMSO, right bar = 1Ul). Figure 38 shows in vitro chain trimmng assays that
were perfornmed with human proteasone purified in the presence of ADP (ADP
prep) and assayed in the presence of ADP. | nmunobl ot was perfornmed using an
ant i body dgeaable tagf mariodLZrinM yﬁhﬂmarﬁn()@@d&)e wAOmiAdl wish & filodfirv@natinant
inhibition of chain trimmng at approxi nmatel as ﬁggected from

Ub- AMC hy #5811 €y§r0§elaatTae reaction Wi HigR dnigefed hwédlflaétm\fl@ -0dHs Afgrr 39rmiget
cyclin B ﬂglﬂg Mg{irv 101@811%% %%d&’%dtg%)ésam Assays were done as in

Fi gure 5. spectroscopl Yata of I UL. 15Fi gure 40B

shows LC M5 anaigyﬁe 87 @bnfiiddis. Fighke 13, ek&dpt p@orped McubSRs, (5shasad) peatesteaunt
extracted fromthe peak with the indicated retention tine. Figure 41A shows

1H NV spéke persenspi M@@avw wapgagemalized to 26Sqgptidape BCHBIEcLId WE-ANK] ysi s of

i th e TraiBhEbIBT P8 BTonu IR EBYSR Bkl S0 Ton Gopi et ng

rapi d rel ease @igurb 38 isRév@d Malidrd eBhih thfnﬁlﬁgrﬂs‘ﬂdylsdhitw&e Meforel vaith Hfrhar
w |l d-type MEFs were incubated with 50 tMof 11Ul for one hour, the culture

medi a wer Brofaserae eurifigd it the Bishenee af A0 (HatpropLand asseedin theuesenesiofnas

noni t or ed i ion by
col | mumb P, IO RubBLEAhEEert TR oG oh R GRS EE SRR M B B CLR RN
conpar@bl eUTangrRotivadtiighibiion lothdif efthiky attapprditidtclyd iMeas&pdoied Gidkai ni Ng
medi a of HEK293 cel | s. Fi gure 42C shows the conparabl e concentration

of UL frbierAM&; hydsolygis Batai n t he serum containing media of Uspl4-1- MEF

cells. Figure EHﬁn t | Ul
treatnent in 3@% Fg@?@%&% @J %{ %/f?eccg?fé é%%wgsgq %%a&@gﬁllﬁglé%réseﬁéelﬁ rared
dye- conj ugidPéd-Ceconaaryeradbnbadinddgmsi 1g Odyssey i magi ng system Tau
signal intensitjes mere norpalized to that of endogenous actin and rel ative

amount s are shbiire Hwsbo /oudRspessss d1o 9083
15 Figure 40B shows LC/MS analysis of IU1. TIC, total ion count. SPC, shared peak

count extracted from the peak with the indicated retention time.

Figure 41A shows 'H-NMR spectroscopic data of TU1C.

Figure 41B shows LC/MS analysis of [U1C. TIC, total ion count. SPC, shared peak
count extracted from the peak with the indicated retention time.

20 Figure 42A shows a graph depicting rapid release of the internalized IU1 from
wild-type MEF cells. After wild-type MEFs were incubated with 50 uM of IU1 for one
hour, the culture media were replaced with fresh media without TU1. Internalized TU1 was
monitored at the indicated times and its concentration was normalization by cell number as
detected by UV absorption assay.

25 Figure 42B shows the comparable concentration of IU1 from 1 hr to 48 hr in the
serum-containing media of HEK293 cells.

Figure 42C shows the comparable concentration of IU1 from 1 hr to 48 hr in the
serum-containing media of Usp/4” MEF cells.
Figure 43A shows the quantitative analysis of tau levels after IU1 treatment in

30  wild-type MEFs. Quantification was performed with infrared dye-conjugated secondary
antibodies using Odyssey imaging system. Tau signal intensities were normalized to that of

endogenous actin and relative amounts are shown.
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Fi gure 43B shows the quantitative analysis of tau levels after UL
treatnent in Uspl4-1- MEFs. Quantification was perforned as in Figure 43A
Fi gure 44wo2bove4issat the i mmunof | uorescence signal of transk2@ntobn29
expressed nCherry-NBRL (top row) was significantly increased after
treatment with 200 ilMof 5 bafilomycin AL (BafAi), an autol ysosone
formation inhibitor, for 6 hr in wild-type MEFs. Fi gure 44B shows

t hat t he sti nuFigured3Bfshdauthdegraitativeoamabygisldfiau lsvelotfterdtilateathndny in

aut ophagy (1. d- e MEF cells were_transfected w a plasm d expressing
tau and tHéﬁ%Mﬁ@&m@@wwwﬁorﬁa@wlﬂaﬁa}lm“@g iIMof IUL for 6 hrs,
and anal yzed by oaPSRARELLWIHAPHAnHRbRGork RenEIY 8RBT @R §ExhREINY

system 10Fi gure 44C shows the quantification of "normalized tau protein
| evel fr omGherrgeNBREéppmaentvaesiperficaglytiacrcaednfteSyatasntpeitf 200hed ofn Fi gur e

44B usj ng, dyssey software. Fi gure 45A shows that 1 UL treatnment does
not a1 eobHHEE t@g@\f@)oﬁn 1}#@?@&@@%&@%@@1&@% bogrhucy ild=prg Yhtane)
before and aft gfgiie @zdarshw;tﬁafﬁ@tsﬁﬁmaﬁgﬁ%@wul ralBliéh HPlEERINGE M)y Ve

PAGE, and the proteasone was visualized using either dan in-gel activity
st ai n wi t hutapidgyoWolgempe Migpedlldeveseityansfertal ith ¥ylasivis) cxpoessingrranadil then i ng

with anti bodi es. ific.to.subynit _a6. - nd RP-CP i iC di sti nct
forms of frﬁ@e‘g'é’;&:ﬁ%_ﬁét"ég%h@mllﬁ @ngﬁgéogﬁib\g?pﬁﬁf’ aP@an‘l‘lV%egﬂﬁbﬁ%gdoes not
i nduce thPAU@Hﬁﬁﬁﬁ&ﬂdt%@in%fth?{s)H?s%e%Qlf&%&ﬁima%iﬂ%r tgasome subunit. A

| uci ferase reporter gene Contaihing the nurin€ Psnb5 promoter (-1 kb to O
kb) whi& transi Eigury 4é&phess e quantifidagion pproraradiztds plrdteinNEFd frandthpreonot er

activit s assessed.foll ow ng i.pcubati.on qf. 25 or il M UL for 8 hr.
B vor RSP e DLEE: ST HO P ey Rl 428 sl cBhe it no ¢ be
pronot er - k&gssarpG3 pl asm d was performed. Values are nean SD fromthree

i ndependent engri ments. RLU, 25relative light units. Figure 45C shows that
| Ul treatment HigwgeABA shows thet TWbirestassicddcpnpioriast thopmegaty whipeitaspmegene.

Quant {2 ) 0L ER 3% R PR R0 TSI bl T
2 ][ - ag'%;g; I Rs4RBY S auSvd MAGE! 4l the 81RO A8 VistlizddNE G ithBeant {haR$ Gdtiviakyi on
stain with a fluorogenic peptide substrate (LLVY-AMC), or immunoblotting with

antibodies specific to subunit a.6. RP,-CP and RP-CP indicate distinct forms of the 26S
proteasome.

Figure 45B shows that IU1 treatment does not induce the transcription of Psmb5

20  gene, a proteasome subunit. A luciferase reporter gene containing the murine Psmb3
promoter (-1 kb to 0 kb) was transiently expressed in wild-type and Usp/4’ MEFs and
promoter activity was assessed following incubation of 25 or 50 uM of U1 for & hr. For
normalization of luciferase activity, a control experiment using the promoter-less pGL3
plasmid was performed. Values are mean + SD from three independent experiments. RLU,
25  relative light units.

Figure 45C shows that [U1 treatment does not induce the transcription of UbB, a
ubiquitin gene. Quantitative RT-PCR was performed using total mRNA from +/+ (left
panels) and Usp/4”~ MEFs (right) after incubation with a graded doses of TU1 for 6 hr.

Figure 45D shows that [U1 treatment does not induce the transcription of a6, a

30  proteasome subunit. Quantitative RT-PCR was performed using total mRNA from +/+ (left
panels) and Usp/4”~ MEFs (right) after incubation with a graded doses of TU1 for 6 hr.

Figure 45E shows that IU1 treatment does not induce the transcription of a7, a
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30 proteasone subunit. Quantitative RT-PCR was performed using total nRNA
from+/+ (left panels) and Uspl4-1- MEFs (right) after incubation with a
graded dosex0miokids for 6 hr. Figure 45E shows that | Ulprcrasbemob29does not

i nduce the transcription of a7, a WD 2011/ 094545PCT/ US2011/ 022929

prot easone subunit. Quantitative RT-PCR was perfornmed using total nmRNA from
+/+ (left panels) and Uspl4-1- MEFs (right) after incubation with a graded
doses of ptdicabamne Suliunit. QuantitaivemT -PE€R whspafogmap hsiap omalngR MATramstay (fetir

e i BB ol b TR
(dose- dependen Fl%llq‘g apAaRPictsdLErahpShdWhe ITF dssay for cell Eiagﬂftf;dsfﬁggﬁ\%&lgy"s a

graph depicting the internalized ['ULC Concentration in w type NVEF cel | s.
After theliUHdeGattedn télhereioahgentoxektive stresef Esperuidnypetfoib@d in BIKK2Bvel s

wer e asur.ed . C/ M. The concentratjon mal i zed by cell
nunber asg%}gst‘%@i/ lgfc?nf) oWd%es-g?pﬁpggﬁ, &Lwﬁiﬂ%&m é;%(’@ shlosvs a éraph
depi cting the FiletadBisEeds h Bikbhcepicent ihatintemalifed?8 (C&Inkcsntrafibh &f wilge

indicated tinme-course treatnment of 50 uMof [ULC, |1ULC | evels were neasured
by LC VS. typeMEB selésn Mgt therindingomhtimgsonse tightincatiob30 el af IHkbEY 1 Gievelst ect ed

A N T

exper i mentcté@sd pgiUNoib¥ethti@da akdayFi gure 42A. Fi gure 46E shows a graph
depicting rapid release of the internalized 1ULC from 293 cells. The

exper {drent wasFiswe dpfrehows 2 grppidgniceng the inferglized Uyl Gserarentaationitnddbl ot
that were pgr hQLrRd iflAH ﬁﬁ’%—% ¢ Ak atchfsd of_IUfl]&’EﬁJKeielvél Rxﬁégé
t Wi th 0, 20, 40, 60 or 80 uM

transi entFy expressed fau an at were treate

20 of | Ulmédsurad il €/NiSt 'Elint canchintcheion shdwivevas andhadized b delimirhbaras dotectbddy
specific gogj\;l' u. DETAI LED DESCRI PTI ON Pr ot ei nopat hies are a cl ass of
di seases SR OFEOMIOPESI¥at result from the aggregation of abnornal or

m sfol ded prot gighte 46DtsBOws a%%pwepﬁaﬁg FapRl Kok of B cRhRIRI 108 CaESin _
elimnated fromtcells through proteasone-nedi ated degradati on. However, in

the chse vild28pr i cetpaktisi axperimpes yasqreelasoebasdoddgunstd2act efficiently
enough to eli %Pgaﬁtrg 4gtlsh8\fvs ;[1 QFaph depicting rapid release of the internalized IU1C from
293 cells. The experiment was performed as in Figure 42A.

Figure 47 shows an immunoblot that were performed using lysates of wild-type

MEF cells that transiently expressed Tau and that were treated with 0, 20, 40, 60 or 80 uM
20  of IU1-47, a more potent IU1 derivative, and stained with an antibody specific for Tau.
DETAILED DESCRIPTION

Proteinopathies are a class of diseases and disorders that result from the aggregation
of abnormal or misfolded proteins. Often, and perhaps typically, such proteins are
eliminated from cells through proteasome-mediated degradation. However, in the case of

25  proteinopathies, the proteasome does not act efficiently enough to eliminate all of the
harmful proteins and prevent the formation of the pathogenic aggregates.

As is demonstrated herein, under normal growth conditions, the proteasome is
subject to tonic inhibition brought about by the trimming of substrate-bound ubiquitin
chains by Usp14. Ubiquitin chain trimming inhibits the proteasome because it removes

30  from proteasome substrates the signal (a ubiquitin chain) that allows recognition by the
proteasome; the proteasome-bound substrate can therefore escape without being degraded.
Consequently, an inhibitor of chain trimming by Usp14 promotes protein degradation by

the proteasome. Thus, as a result of this inhibitory mechanism, the mammalian proteasome
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harnf ul proteins and prevent the formation of the pathogenic aggregates.

As is denonstrated herein, under normal growh conditions, the proteasone

i S subj ecwotzo1vooms4s i nhi bition brought about by the tri morng2afi 022929
substrat e- bound ubiquitin chains by Uspl4. Ubiquitin chain trinmng
inhibits the proteasone because it renoves 30from proteasone substrates the
signal (a ubiquitin chain) that allows recognition by the proteasone; the
pr ot easo npathwayl doa;utaﬁ; brdimnazilg aperbteer &fl bef@ceacapeawdctthopithtvey spatkédiyaded.
Consequen ?{ hi gi tor of chain trimm ng by Uspl4 pronotes protein

degr adat i ltB r1 t easone. Thus, as a result of this inhibitory

mechani sm th eTH@%H%Elo'd@ Bn PEShSRRRIFE of ¥ p%&%ﬁt’ 19%’&1‘3)%%%&&%%9&%9&% %€§v1ty

pathway does not ordinarily operate at full efficiency because the pat’hway
is partiaby ylhlbmng)tlteeﬁubﬂumpmmwty of Usrmlél et droatistiardd boepodiis egngcal t he

Geubi qui t PICEO R P01 Dy PR e D 40 e OB hibia fipbareRareims! SPRLSdrhanced

Spr ot easopkt@sd, indliding tHokEABES ated &/ itaHunan)iRhsd TR rheth@dsainurvoﬁ@bgtlaw mal
or m sfolded proteins, including those associated with human di sease. The

met hods afh TEeeposyentiongrotherdfierc psefybior thomnbanicaenbeleretsasostaiuactipiednd  f or
t he ehhanﬁfé%ﬁ%menﬁgf{a%&ﬁﬂ% qgi%unctl on and the treat ment of
ns

pr ot ei nopathies In order for the present invention to be
nor e r eadDlefinitivier st ood, certain ternms and phrases are defined bel ow and
t hr oughout the_ specification. The articles "a" and "an" are used
herei F0to ref el @gciivs therpressnivigventiondn b more readily u’El‘éFf%FtDOCF éal’st%mé?{a}s agfl t he

r anat i gk, ORI, RCHe Bl bRVALI (Bl Reh B dfEOTiceaAPI e "an el ement ® neans

one el enent or nore t an one e he phrase "and/or," as used herein
i n the speC| f i ¢at noiclcarid' aml "whtaelmediberemhto udfor tbe)nand&rmbmadaﬁ ona@an to

"either bot h" of. the el ene . nj oL ne el e hat  are
conj unct i ¢eFg BROSE R Fnoaet chiseobd BH§ ﬂ%mavef §4m Serth AR her
cases. I\/Uh{ehlﬁg(gleeejlgﬁgﬂb%{o@gﬁgoﬂé tlemegnd/ or” shoul d be construed in the
sane fashion, i.e., "one or nore" of the elements so conjoined. O her

el emehis may ophe phiaﬁd vand@rirae geqtt hantih én thehaecifigation @ed mrélntcgnm@esbomlddf)al |y
identified nd/ 0r use, et.her rel at ed to those
ol enent s dpSEoeEia Mo SiherarRan ohicciogen So Biint- g ahrt g
reference cé@unoﬁv@%r@ienﬁmsoﬂi@%@sds 284 disfune BRI pedsein WikePcpe nM@[tqji?@'

| anguage such as "conprising” can refer, in one enmbodiment, to A onl

(opt i onal Pk@niemsllwdrvgtfe feagiont shogldheg canianedan:the sammigsltien. ientsers Henerc t o B
only (opt bp{ﬂglele\{nénﬁcgo%%hfwne%l. ?ﬂﬁ&%ﬁerﬁ&ﬂ?ﬁm& Hspoﬁ%lly b'e riBré/s%ﬁt &H&t’[ﬁ'ﬁ{ the

20  clements specifically identified by the “and/or” clause, whether related or unrelated to those
elements specifically identified. Thus, as a non-limiting example, a reference to “A and/or
B”, when used in conjunction with open-ended language such as “comprising” can refer, in
one embodiment, to A only (optionally including elements other than B); in another
embodiment, to B only (optionally including elements other than A); in yet another

25  embodiment, to both A and B (optionally including other elements); etc.

“ ”

As used herein in the specification and in the claims, should be understood to
have the same meaning as “and/or” as defined above. For example, when separating items
in a list, “or” or “and/or” shall be interpreted as being inclusive, i.e., the inclusion of at least
one, but also including more than one, of a number or list of elements, and, optionally,

30  additional unlisted items. Only terms clearly indicated to the contrary, such as “only one
of” or “exactly one of,” or, when used in the claims, “consisting of,” will refer to the

inclusion of exactly one element of a number or list of elements. In general, the term “or

as used herein shall only be interpreted as indicating exclusive alternatives (i.e., “one or the
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25enbodi nent, to both A and B (optionally including other elenents); etc.
As used herein in the specification and in the clainms, "or" should be
under st oostot2o1i@ysst he sane neani ng as "and/ or" as defi meu/usbanm22960r
exanpl e, when separating items in a list, "or" or "and/or" shall be
interpreted as being inclusive, i.e., the inclusion of at |east one, but
al so including nore than one, of a nunber or list of elenents, and,

opt i onal | gtheBbatdot bd)thh)askzhmrmbeetdedi bytteﬂrms of Exdlysitiey, mdndsé‘atthc;t,’i ‘fdc 0t ed to
t he contrgnﬁ, suc "onl exactl %ge,of," ¥Q P used in
the cl ai ns9™Y £BnSh s?li ryagy, enagly | (F‘E’fsésﬁm%ssteﬂ P u‘§]i“6]nusd?ﬁ1 Ty 6 aiﬂg}s’one
el ement Oﬁha@l HWEdﬂ%rcﬁﬁa 'n§etanﬁ’i a§|u§éH%Htt§e fidld o@ﬁé‘t@ﬁﬂhw the term” as used
hereln shall only be in preted as indicating exclusive alternatlves
(i.e., "one or Atsruleed h@lﬁ@ﬂﬂi@@@dﬁﬂé@@ﬁ/%@i@ﬂl&/@ﬂ@@l@e phiaes “db Itasthate, biot h")
mhen pteceded b &r s of exclus " tonly

one o> - EtSepsiaa [ R fheat oreg ehne .ahfgoui@%mqeaﬁtwe Gimeandpfaivgg n Lhe

clains, s Bl@hienh@v&tddtfﬁore bAl DR O BRI ESmURE th the 1k dddids, Bhit Rt ent | aw.
As used herein in the specification and in the clains, the phrase "at | east

one, " in Bewswribnneludingt lqastonsfof gach and everveclenenresnecificallydisted wighinfer st ood
to nean a §t oq%?e%‘xre%% ntﬁln%vg c%luciS 15;% &% ; @0%1];1{18c.)tmn§%¥ el%ﬁw%gg in Hperl?sf 8f el%:ﬁgntgl ement s

inthe |lis ecesaaril i NC one of each

and ever yTalselfnitios p&oialloealhay eleh&h%dna/y d;hioﬂamhee bﬂesdnt ofhcethaneid deraagts not
excludi ng any conbi nations of elenments in the list of elenents. This
def i ni{Q i oppsifisallnideatificd withinghe Heirf s omaptopriistaibephpec prtdeashonaEEs. t han

the el em?gzthétht %Pa%@d SH&%lhﬁéd SeRtd & %@g%t%ﬁér&ﬁhghggdénhﬁ%d Ofrh@, QBRGSO which

t he phras east one re ers, unre ated to those

el enent s bp@ttig ¢xaalply “atdezmt mﬁe eﬁA anth BS (oﬁSqlavaiemﬂ}} i“ab lbashgnexApl 8,” drat

| east one of. A and, B! ui v | east .0 e of Aor B " or,

equi val eneqyvaIzid) ahlepSatne of dZ%ﬁ?éFgIBf@)f e yPregraodimetRat sgddnent , 1o
at | east gpg naﬁ?ﬁﬂc@ﬁlﬁﬁ%&oké‘ﬁhﬁlgh@% WAftend B%Pes@ﬁ‘te(anc%pt‘mntaﬁ RRLBIRY esent (and
optional ly including 15el enents other than B); in another” embodifrent, to at

| east 1D neelenpnisc@ﬁimr Itl;anl B¢ inafiothgr pmbedinitah to m’eleaﬁonwomomlyAn@néme moré and

ti |1 i | t t h h di
o0 onat! Ui S BT GhASPiGRD ifdidib sk AR Shar ARV

opti onal I yndth&! emboagném rg at Ra& oo eoptﬁnélenﬁhcmmﬂgqa@leltuaﬂ direl ad aﬁtgat%é@er
el enments); etc. It shoul d al so be understood that, unless clearly i ndi cat ed

to the cofrsapiondlly inglyding mese heasnel Baland@pHeraiyrinelndingiothar gaent:ete. han
one step or aCit’sPB@ﬂ a?soq:ﬁrunaéra{ogg tl?att\?\%%sg %% ?qcf?cfatédqg tﬁr&%&l?rqw ?Ihe et hod

necessarily Iim eps or ac
are regit agthods claimédhdréia tltiidt&mdhﬁde rﬁsrevt@dd ox&ssteprbrtahe tl&mﬁeﬁof&ﬁé ste[ns camewe
aII transi{ional phrases such ot !

"havi ng, " of Bi§eshas lﬁ@ot'necnemely\}irﬂ@ed tO"t%P]ifllFWél Whlgls ﬂwﬂﬁﬁ’é 96 actépf ihe éIFFth%e

like are tQ  bgiddnderstood to be open-ended, i.e., to nmean including

In the claims, as well as in the specification above, all transitional phrases such as

EE Y

“comprising,” “including,

2% ¢ 2% ¢ 2% ¢

carrying,” “having,” “containing,” “involving,” “holding,”

25  “composed of,” and the like are to be understood to be open-ended, i.e., to mean including
but not limited to. Only the transitional phrases “consisting of”” and “consisting essentially
of” shall be closed or semi-closed transitional phrases, respectively, as set forth in the
United States Patent Office Manual of Patent Examining Procedures, Section 2111.03.

The definition of each expression, e.g., alkyl, m, n, and the like, when it occurs

30  more than once in any structure, is intended to be independent of its definition elsewhere in
the same structure.

It will be understood that "substitution” or "substituted with" includes the implicit

proviso that such substitution is in accordance with permitted valence of the substituted
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but not limted to. Only the transitional phrases "consisting of' and
"consisting essentially of' shall be closed or sem -closed transitional
phrases, wopaowisasly, as set forth in the United State®ciPaisent /09 ce
Manual of Patent Exam ning Procedures, Section 2111.03. The definition of
each expression, e.g., alkyl, m n, and the like, when it occurs 30 nore
than once in any structure, is intended to be independent of its definition
el sewher eatom drldeths sutstigfentiatdithat the substitdtionwiedults ea statliercetpodnd, keaf., a

"substitution" or "substituted with" in¢cludes %he i.nﬁli it _ proviso that
such subsPPRRRYNGAVHIEN foFsDOE SRABARERUSHY Pfchen tenstamayan shbes by reqigngement,

subst it ut egh)i Y2 Qi A8dR AR R, We2Ad:d/ 022929 atom and the substituent, and
. ! ;

that the substitution results in a stable conpound, e.g., a conpound which
does not spont dhetusl "yubshitdeed)os tlsansdtonpatdddn isaliade @lspdoyissidér substgeosnof

cyclization, elimnatio r other reaction., . The term"sybstituted" is also
cont enpl abBAMESOMRB e 14 Brohatpacti B BrEUBLYF RSP AR Ehpounds.
In a broagydrPs@hchcdhfd REbEh&RUDELLSYERE AddIRMrScydlic] 48RaRE ¥ hdhardthtieyCl i C,
branched and unbranched, carbocyclic and heterocyclic, aromatic and

nonar orat Pebs§sBisiof egents compopyEnilBugtiiye shsstucnisindrdafonesagiplssthosuent s
| ncl ude, 1 Jcriﬁécf‘ﬁ%&%’beioﬁ‘x?Sﬁhegfe%&riés@?d JSGEERS %1%&3)‘4&’- ;f%?n}%%; MSHEL O or
S hmy Dbe one e an %%e anme or -~ di fofnel’ n or

substi tuen or S e appropriate

or gani ¢ caiffesnds. apb@pripttr &S c@hpdunids. Fonmamposesof thireindéhtioal theoat ons such
as nitrogen may have hydrogen substituents and/or any perm ssible

/ y .
subst 14 ueh?tgroa%r@rsga% PENEERFOTAY B o gsa fubRRsnEs e ¥ RETYFYdlEhe
val ences : o1y IS4 tH.e0 LS A0S, limted
in any rragr)llinbesﬁlhl%ﬁt?) ngg%gfrcm' sé)iog %égéaggtfe;atﬂﬁgé%% gﬁb@%rgtrlégfgtrtu C c%lr%%g%n g. The
term " | oweeteroatvars. afiyeindedionas antyintehd¢die bgriowipsl ihiagy ethnbel lgwhe pelinosdilds t hat
15t he grou@) cont ai ?s | ess t han (igeven carbons (i.e. six carbons or |ess).
For exanpPesufughis ol QrgACcoMPOBRS- t o an al Kyl group containing 1-6 carbons,

and "l ower al kepylerm"¢§y8&rs win aPp@ldky &Iy SRUS oA AISW ZndicA&S RONS -
The term "saturated,” as used herein, pertains to conpounds and/or groups

whi chldo Hetgrorvenntnys loss thamsayan bathodolisl ©x banhdss arlessar barsxgapboitower pl e
andi o or BUS WLk T B Penue e PR S o B G BT Befl B
car bon- canir9enyll biddpeolRndng Iecating "al i phatic,” as used herein, pertains
t o conmpounds an§/or groups which are ) )
The term “‘saturated,” as used herein, pertains to compounds and/or groups which do
not have any carbon-carbon double bonds or carbon-carbon triple bonds.
20 The term “unsaturated,” as used herein, pertains to compounds and/or groups which
have at least one carbon-carbon double bond or carbon-carbon triple bond.

The term “aliphatic,” as used herein, pertains to compounds and/or groups which are
linear or branched, but not cyclic (also known as “acyclic” or “open-chain” groups).

The term “cyclic,” as used herein, pertains to compounds and/or groups which have

25  one ring, or two or more rings (e.g., spiro, fused, bridged).

The term "aromatic" refers to a planar or polycyclic structure characterized by a
cyclically conjugated molecular moiety containing 4n+2 electrons, wherein n is the absolute
value of an integer. Aromatic molecules containing fused, or joined, rings also are referred
to as bicylic aromatic rings. For example, bicyclic aromatic rings containing heteroatoms

30  in a hydrocarbon ring structure are referred to as bicyclic heteroaryl rings.

The term “hydrocarbon” as used herein refers to an organic compound consisting

entirely of hydrogen and carbon.

For purposes of this invention, the chemical elements are identified in accordance
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| i near or branched, but not cyclic (al so known as "acyclic" or "open-chain"
groups). The term"cyclic," as used herein, pertains to conpounds and/or

gr oups whwohohizoees4s250ne ring, or two or nore rings (e.gPCcTAPsR010/02f%08ed,

bri dged). The term"aromatic" refers to a planar or polycyclic
structure characterized by a cyclically conjugated nol ecul ar noi ety
containing 4n+2 el ectrons, wherein n is the absolute value of an integer.
Aromat i c withebePetodiohstde of thg Heseds, (kS yasivediandbogk ofChenatrg anéf erred to

as bicyli aro For. exanpl e, bicyclic aromatic rings containing
het er oat o8y 3%t tg%rﬁiydgggﬁb’élﬁldﬁcﬂ Istructure are referred to as bicyclic

heteroaryl ring§e term "hetefddforh'®sMse @M%f?ﬁ%ﬁ% gﬂ?ze&!%ﬁ&lré’f&fs% i hehfsSnlo an
organi ¢ conmpound consisting entirely of hydrogen and carbon. For purposes

of this i pieawrni@her thirecabamordgidragdes ndlhtssratyehdtaeatvinkiiedudarbagior antdegeoe WO
2011/ 094545PCT/ US2011/ 022%@? G the Periodic Table of the El enents, CAS
ver si on, O@I? RROTEH SHE %1';94 sg58Bhysi cs, 67th Ed., 1986-87, inside

cover. Theht efm " fk@l"efﬁ@@aﬂs@Wahﬁﬁatfé&ﬁ@y&lﬁf@d?odaﬁoo@rrﬁdlﬁﬁ(‘c@ﬁﬁhﬁﬁ)@fr@ﬁdl
refers to an at om of aﬂé el enent ot her than carbon or hydrogen
%Wﬁg%ﬁbr us,

| |1 ustrat tvE ¢psbarr gams. eprﬁ&qn@ﬁi@/e@éamnles af Ilkﬂgéﬂud%&v@ygémot
| f ' The |
ydr ocar pos TRk plg, e e R BT 0 s B b SRR BuSRaTkELL at i ve

hydr ocar bon Iom car
exanpl es Csbpaitylyhedpaﬁﬂyudﬁhexbmz métﬁympélobémylt el I@yclﬂl&txlywthylet hyl n- propyl ,
i so-propyl, n-butyl, sec-but i so-buty tert-buty penty di i sopentyl,

| :
neopetlyi, n-hdky eﬂnz”-smlﬂw@kyloﬂmpw alénmth%wheﬁé%%rtbﬁw icghThe term
"substit UESIﬂalﬁ n@ﬂom ff‘%g@ c%oﬁ‘ LiophakitstiRie Sy 1 & hyd rcﬁ%asru%gtme%?sd' cal

cont ai nin rom-1 carbon atons, substituted Wt , or 5
substi uen trﬁiepmﬂlemé)nshéefttédy&ma Itleas:gredp tasm;mtﬂng ef g]lkgu plkeoyls alkynyighaé, taldajiy],

| k |, | k | hal | | fl | k ,
o Kyomyl olyoroml, RSy, AL naly ey g Rubbr-salor iy Mo aickdey:
f 1 uor oal k}iélea(ll(@xﬁ lquBméﬂ{yYéxy, %lﬁ%z'd%ﬁ' AkylhRd %Hﬁl/ﬂytltmoo ﬂu&ﬂo‘dﬂkﬁzﬁﬁﬂokw thio,
15al kyenyl t hi o, éwy t'hi 0, sul'fonic acid, | sul fonyl,

al kyl sul f@lﬂiytnyhﬁllq,na aylklyb,ﬁulfbowwhld allkkbnl)fd)lsdl,l Hmliylsvéfdnyhyl suI fonyl ,

| k I I f | .k I
a1 kert ox ) STIHISHOR TR SRR r sy o RS P Syl SR sy
al kyl sul f Fipydralkérals@mbicy] eﬂklénfyld?(?kulfcfn:yll rag{yablexbﬁwfohy rafﬁmo@hmw ksteihfd 2oy, ,
al kynyl sul finyl, al koxgqyul fi nﬁ hal oal koxysul fi ny fluroral kox?/sul fi nyI

al kenyl oxgitilsiifyl. hatpatyloy Hitybsflpserptiy i fingni SﬂIfJﬁyI allygy kylfinyl,
ok car gyl A PILKNGRSHRRN 1l HRERRLALGRLRORY by Ald5Y! oar bony!,

al kynyl carbo
20  alkynyloxysulfiny, aminosulfinyl, formyl, alkylcarbonyl, haloalkylcarbonyl,

fluoroalkylcarbonyl, alkenylcarbonyl, alkynylcarbonyl, carboxy, alkoxycarbonyl,
haloalkoxycarbonyl, fluoroalkoxycarbonyl, alkenyloxycarbonyl, alkynyloxycarbonyl,
alkylcarbonyloxy, haloalkylcarbonyloxy, fluoroalkylcarbonyloxy, alkenylcarbonyloxy,
alkynylcarbonyloxy, alkylsulfonyloxy, haloalkylsulfonyloxy, fluroralkylsulfonyloxy,
25  alkenylsulfonyloxy, alkynylsulfonyloxy, haloalkoxysulfonyloxy, fluroralkoxysulfonyloxy,
alkenyloxysulfonyloxy, alkynyloxysulfonyloxy, alkylsulfinyloxy, haloalkylsulfinyloxy,
fluroralkylsulfinyloxy, alkenylsulfinyloxy, alkynylsulfinyloxy, alkoxysulfinyloxy,
haloalkoxysulfinyloxy, fluroralkoxysulfinyloxy, alkenyloxysulfinyloxy,
alkynyloxysulfinyloxy, aminosulfinyloxy, amino, amido, aminosulfonyl, aminosulfinyl,
30  cyano, nitro, azido, phosphinyl, phosphoryl, silyl and silyloxy.
The term "alkylene" is art-recognized, and as used herein pertains to a bidentate

moiety obtained by removing two hydrogen atoms of an alkyl group, as defined above.
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hal oal koxycar bonyl, fl uoroal koxycarbonyl, al kenyl oxycar bonyl,

al kynyl oxycar bonyl , al kyl carbonyl oxy, hal oal kyl car bonyl oxy,

f | uor oal kybearimomasoxy, al kenyl car bonyl oxy, al kynyl car beayhusz1,1/022929
al kyl sul fonyl oxy, hal oal kyl sul fonyl oxy, fluroralkyl sul fonyl oxy,

25al kenyl sul f onyl oxy, al kynyl sul f onyl oxy, hal oal koxysul f onyl oxy,

fl uroral koxysul fonyl oxy, al kenyl oxysul fonyl oxy, al kynyl oxysul f onyl oxy,
al kyl sul fi nyl oY tcdnal "allckyll' asili$cdriyvtanx yneafid aistoriglit oy bsankliddyhlamxyydrocarbon

al kenyl sul fi nyl oxy, al kynyl sul fi nyl oxy,. al koxysul fi nyl oxy,
hal oal koxmwﬁnﬁﬁ%&?,ww _ﬁ?%Pla% BhEPELHAH I &%an{g%%ﬁé% deyhlnbensky,
al kyny! oXysicl b9 ¥hOrthovaUQ8 th idh O HeprdlThilfve Blinfifles FHIRASHERRYIbut

am nosul finyl, 30cyano, nitro, "azido, phosphinyl, phosphoryl; sily

si | yl oxy. aEhwt tisnted talckheheln@promengl, 2-metbplghprpdnylabdutsyludgenteeyledn

pertains o a bidentate. noi ety obtai ned remgvi ng two hydrogen atons of

an al kY| ?’%?Biﬁf,’)bg@ﬁ?&"i?ﬁ'éﬁetﬁ%la]\; ) %%??f@ﬁgzlwcw US2011/ 022929

The term "al kemyé ter@s'alk§ 8¢l RS L1Q&IdMPBARTads $5ttALEY bRinchRERHahER) debakton

hydr ocar bon contalnlng rom2 to 10 carbons and containing at |east one
o

car bon- cagtswn cavtgiing ond Pdormetbopytarneandgenisaning it legw ORG edrbejeAz bon
Representative e I . gl ude. ar ot :LI.m,t 0
cthenyt Y o SRl SEMGe JrafHOFopcll IR Rt Kl ERcb rony,

Shexenyl , 1r&8pyE2ypropgryled-biythnyl; Depitgnyll andndugngecenyl . The term

"al kynyl" as used herein nmeans a straight or branched chain hydrocarbon
gr oupl@ont ai ni AC trBmearbpeycid” annisd et msansporasyelis o ytisyclicdagt one

car bon- CapRoRid Gilkfie M0y FERRRRELALNE, £KFTRLAS oyl ol ude.  but

are not ted, to dce 1-propyn - propynyl, utynyl,

2- pent yny tomplettlylsaputted pk hasléhEhe mer imSatanted bpodsy ald & thesedidwaceodaubans
nmonocycli¢ or nmulticyclic (e.g., bicyclic, tricyclic, etc.) h ocar bons
cont ai ni né‘ef 8ir° tfPBXai‘Eat&%Pr ‘E%“g ngt ’E?ﬁtly’cnr?é]t arP@a%ﬁ?ﬂ @fséﬂ%%es%xtpﬁf’éﬁid or has
one or NMOEQ,HPRALEEADEY cRPBdRps AR ALeycpr@¥ Pl IdaResHuBf1, Zleybpentylel degr ee
of unsaturation does not ‘result in an aromatic ring system (e.g.” phenyl).
Exanplies ofclepantroyl dtayiclohexylpb-cydlehaxdeyl bnd Redyslppopyhylmethoy.cl obut yl |

2-cycl opentyl, 1-, 15cycl opent enyl -cycl oh |, 1-cycl ohexenyl and

2~ oyel opent eny et HeRRSALENE poaf hEERLBERIE por- Pt R EE Sl o1

i ncl ude n@RhAKGTBLH Kot iRk tSHH6RITGelid, Bidybitd @, el aR@bpitdHEi@@nd Gicyclic
nmonocyclic, bicyclic (e.g. fused and spirocyclic) and tricyclic rings,

whi ch’ canribgs. sdngh @ndicyrormiatels seraind eviiph eanconiin anqognercomitigf e units of

! ) e e uni
not 1 osul Pppuriiny A9 SHRHARRE e B fHEheer O AEHLAGoRLoRRERIT R B, L ng

at | e2®t oaneadiietr@pGyat@Mmndshich 3as 1DiatongiaciudidgygRast ode hstekdattim, dudh apur poses
of exenplification, which should not be construed as.liniting the scope of
this i nveRtO8aN: AXKEST 81 PUHIT n§orpwPesea RhFednfficAkL Mddgiihoyld not be

construed as limiting the scope of this invention, the following are examples of heterocyclic
rings: azepines, azetidinyl, morpholinyl, oxopiperidinyl, oxopyrrolidinyl, piperazinyl,
piperidinyl, pyrrolidinyl, quinicludinyl, thiomorpholinyl, tetrahydropyranyl and

25  tetrahydrofuranyl. The heterocyclyl groups of the invention are substituted with 0, 1, 2, 3, 4
or 5 substituents independently selected from the group consisting of alkyl, alkenyl,
alkynyl, halo, haloalkyl, fluoroalkyl, hydroxy, alkoxy, alkyenyloxy, alkynyloxy,
carbocyclyloxy, heterocyclyloxy, haloalkoxy, fluoroalkyloxy, sulfhydryl, alkylthio,
haloalkylthio, fluoroalkylthio, alkyenylthio, alkynylthio, sulfonic acid, alkylsulfonyl,

30 haloalkylsulfonyl, fluroralkylsulfonyl, alkenylsulfonyl, alkynylsulfonyl, alkoxysulfonyl,
haloalkoxysulfonyl, fluroralkoxysulfonyl, alkenyloxysulfonyl, alkynyloxysulfony,
aminosulfonyl, sulfinic acid, alkylsulfinyl, haloalkylsulfinyl, fluroralkylsulfinyl,
alkenylsulfinyl, alkynylsulfinyl, alkoxysulfinyl, haloalkoxysulfinyl, fluroralkoxysulfinyl,
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rings: azepines, azetidinyl, norpholinyl, oxopiperidinyl, oxopyrrolidinyl,
pi perazi nyl, piperidinyl, pyrrolidinyl, quinicludinyl, thionorpholinyl,

t et r ahydrwpyeonamphssand 25t et r ahydr of uranyl . The het er ocyekcylusgoionp®29f t he
invention are substituted with 0, 1, 2, 3, 4 or 5 substituents

i ndependently selected fromthe group consisting of alkyl, alkenyl,

al kynyl , hal o, hal oal kyl, fluoroal kyl, hydroxy, alkoxy, alkyenyl oxy,

aIkynyloxymﬁmﬁob@uymwyhﬁ@mykhgmﬂﬁmpwnhmmokkwlhﬁhmﬂ]ﬁbﬂymbbtﬂproalkyloxy,
sul f hydry], kyl thi g, _hal o | t hio, al kyl t hi al kyenyl t hi o,
Syt e ¥ ot usras R pbayy st g gl L e oty
fluroral k)(l'k%k'ycfa%bhkzl héﬂoﬁﬁ’ce %rc%%d‘n?ﬂﬂuord%lﬁ&&%’a{r%ﬂﬁ Wénylo%zl;‘e%bﬁ%ﬂ' fonyl,

hal oal koxysul T onyl | 'ur or al koxysul yl oxysul f
al kynyl oxy&unylowarmhaﬁwldad:wly oxsmaﬂwahkﬂceabmdf,low ﬂybl@alldquashonyloxy,

hal oal kyl syl fi fl | kyl sul finyl  al I finyl . alkynyl sul finyl,
o koxybul Fitep e hamdanih S rF bl o BRI b P gyt Y
2011/ 09451415B<£J kﬁ%%gﬂ&%&%&ﬁﬁﬁﬁyl&yyﬁw&ﬂmﬂony@wmwa%X§w11fdn9wxy,

am nosul finyl, Tor yl car bonyl , " hal oal kyl car bonyl

f 1 uor oal kﬁu@aﬁlb@ﬁyﬁowlq@h9lk@aylbwlfontépm r@W@amMWfonyf%ybailxxlsulﬁnyloxy,
:: tgﬁgfi; g@gérﬁg%lsﬁ‘l? %‘ K 0x %‘ik %ﬁ[@g I))fy, %ﬁﬁ%ﬁg}gﬁﬂ% &gf’a )ég}l’ylsulﬁnyloxy,

yny car

hal oal kyl elabbmm@mxy, fuhluak@@lskmn@afx@pﬂyﬂomwoxyﬁaﬁh@l@xy CAkdg oy N finyloxy,
alkyn¥lcarbonylox al ky Isulfonéjox hal oal kyl sul f ony| oxy

F1 ur ot &l kFIK¥EYIPBYY B0 Vo pIRERSLEDY DB ANHRY. arifi. AR ﬁoa}ﬁly pipsulfinyl,

hal oal kox f I f I XY,

Al kynyl oxg ot SR, S, P R I S Y LS A

f 1 uroral ko tblthrwlh@mycycaﬁ@mm tﬁrdufghmyladwcneahdqynyxb gumbthmelneyy,
alkoxysulfinyl ha | koxysul finyl oxy,. flurqral sulf

al kenyl oxysul fi ﬁ%e %?%ﬁmgP ﬁ&@é%é§b#¥?ﬂ ?ﬁ“déﬁﬁﬁ §§WF gﬁén“%n1no
am do, amh§esy %%M{ave @tnf'eﬁk(? oH¢ hitld¥tn at%M?t'ﬂfbu RiviHih tha - ﬁ&ero@?@?ﬂﬂbﬁw is
phosphoryl, silyl, silyloxy, and any of sa|§ substiuents bound to t'h

het er bi:ycbwndgpcﬁlumpatrmt@n@ﬁyaﬂ?\eatel&wt@tn@ areingtop ifauds. pyrmesdidinl- bﬂh)plperldm-l The
term " N-hetf eroc 1" .as ,u ed her. is a subset of .heteroc

Het i med nal BITRraAd 3 TSR E PR kR R SRR B SRR PR R 6t he
N-het er OCH@J ;?!ﬂrod[mzl]@dt% jzlS AJs&bfﬁUﬂfé Heféréd@z@lyﬂ)gfo% §, tH@NeﬁeYeroB%Bﬂ SERIPE @f thee
exanpl es inc e pyrrolidin-]|- peridin- , pi perazin-|

hexahydr opiyeRtRTHIA sulbsylrutedmrtb ﬁol i 2n3l § or s sqbsgtm%%zméﬁ@ﬁn@nw salﬁ@teé from the
t |yl
ez ash e 5 Sl 5 Ay T8, N RGEYAL YL Sh Ry ehngore

subst 20 ueulll@enyml@pemg}ﬁylbky caﬂioeszdlgeldxi rmferéchelﬂdsm hal@@lﬂlékﬁtﬂubﬁba@fyl@i}kyl
al kenyl , al kynyl , hal q, hal oal kyl, fl uoroal ky

20al kyenyPdilydrsd) allgvihie,hploaliqrithios @epwwthh@#@w@r OXK‘dﬁylthl?raﬂugaW 3%,
f l'uor oal kﬁ]!kgw @4' ﬁalhé'aﬁgﬂéulfsoﬁlwffﬂh}&hl@gls@ﬁ&ﬂ@lJﬂ)’én%rﬁhﬁon;tll HRyRAJhENI O,

al kyenyl t oni c
alkoxysulfonyl haloalkoxysulfonyl, fluroralkoxysulfonyl, alkenyloxysulfonyl,

alkynyloxysulfony, aminosulfonyl, sulfinic acid, alkylsulfinyl, haloalkylsulfinyl,

25  fluroralkylsulfinyl, alkenylsulfinyl, alkynylsulfinyl, alkoxysulfinyl, haloalkoxysulfinyl,
fluroralkoxysulfinyl, alkenyloxysulfinyl, alkynyloxysulfiny, aminosulfinyl, formyl,
alkylcarbonyl, haloalkylcarbonyl, fluoroalkylcarbonyl, alkenylcarbonyl, alkynylcarbonyl,
carboxy, alkoxycarbonyl, haloalkoxycarbonyl, fluoroalkoxycarbonyl, alkenyloxycarbonyl,
alkynyloxycarbonyl, alkylcarbonyloxy, haloalkylcarbonyloxy, fluoroalkylcarbonyloxy,

30  alkenylcarbonyloxy, alkynylcarbonyloxy, alkylsulfonyloxy, haloalkylsulfonyloxy,
fluroralkylsulfonyloxy, alkenylsulfonyloxy, alkynylsulfonyloxy, haloalkoxysulfonyloxy,
fluroralkoxysulfonyloxy, alkenyloxysulfonyloxy, alkynyloxysulfonyloxy, alkylsulfinyloxy,
haloalkylsulfinyloxy, fluroralkylsulfinyloxy, alkenylsulfinyloxy, alkynylsulfinyloxy,
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al kyl sul fonyl, hal oal kyl sul fonyl, fluroral kyl sul fonyl, al kenyl sul fonyl,

al kynyl sul fonyl , al koxysul fonyl, hal oal koxysul fonyl, fluroral koxysul fonyl,
al kenyl oxwyeubficnyi4s al kynyl oxysul fony, am nosul fonyl, swecfriusee 1maeiodg

al kyl sul finyl, hal oal kyl sul finyl, 25fluroral kyl sul finyl, alkenylsulfinyl,
al kynyl sul finyl, al koxysul finyl, hal oal koxysul finyl, fluroral koxysulfinyl,
al kenyl oxysul finyl, al kynyl oxysul finy, am nosulfinyl, fornyl,

al kyl car balﬂtykysutfaiydmdykydtloaikh;qmylﬂnyfdxgrpﬂmatdﬂydmmllﬁnyﬂpky, aAlkdogtoxlyadfibgoyy,,

L it ol KO P BH bk BRIy S Bor IO ARy RSB S pinosulfinyl,
al kyl car bopighoiiko, BAUQBhWHERL Q%Xﬂw §,jlf3h L&ﬁl&ﬁﬁkxkéﬂd%"y%@@éﬁh%‘b(stltuents

30al kenyl car bonyl oxy, al kynyl°car bony nyl oxy, halo

al kyl sul f bowrddaryhe N+h¢temocadclw Igmﬂpftblrwgbw alkalelnempll@u K¢.ormttbxigne).

al kynyl sul f ony alkox Ifon fluroral ko | f onyl ox

a1 konyd oxysul oy A3 S RORTLB e basot Gk S ot Sy

hal oal kyl ?tﬂu bl rlyll:@fsargrcfulpybpﬂ@ et iéntivh @4 be a%ﬂf@fan %%sftﬂuﬂé’d RKH.1, 2, 3, 4
al kynyl sul'finyl oxy WO 2011/ 094545PCT/ US2011/ 022929 alkoxysulflnyloxy,
hal oal kox%@suhsﬁweassyndeppma@ﬂmsw@@@@ frpmi thy Beswy copsirEmyafeolipdalkanayl oxy,

al kynyl oxysul f,i fin sulfonyl
A AR fiX% + Y Ha}ﬂ) %Yoalkytl ﬂ‘uo%’é yole{ycf%ﬁ;}é;g %Wx¥,| alky%ﬁ‘gf% aﬁﬁy@}rﬂr

si |yl oxy, cabdcyarwom hsatddyslymw ﬁal@lkcs(ybﬂu@dam(pmtaasunﬁm@tygranmiq;I group

thrOUﬂ? an alkylene noi ety (e. ylene). 5The term"aryl," as used
her ei F0 mehplgalky @n@wnﬁﬂﬁﬂﬁnoﬁ%ﬁﬁ?ﬁ@@odﬂkﬁhﬁm¥h§@ﬁync@?6&@9’$W@n&¥yl groups
of the pr i t t 4 or 5
ubst 1 € e o R Y Y O o i siondly

al kenyl , hilkylkytysulfahyd, flinatabladxdyydlforfyl, uteaglok ydul fohyld nldyyyloaysatfayy,

| k | | S b | gxy, | k
e oK L SR oy AP IS B Ko o
al kyenyl th'k@mylﬁllﬁﬁ( rlyélk ﬁsulﬁﬁ‘;l'lf QEb)Fysﬁfﬁn L hallokbk& Wiy, |ﬂur81%h&ﬁ%ﬂb{h§§1l fonyl,

fluroral kyl sul fony Kenyl sul f onyl , Yny sul Tonyl”,” al koxysul f onyl ,
hal oal%ox 91§am§flowulﬁnfyl wHomalokpsuy By, fannmsu fmykémymﬂxa}bﬂmrbnwl
al kynyl ox

| | k | f]
hal oal kyl @P?l ?ﬁk‘?fffbo?ﬁf @?Srgf‘%%@f’@u%wygﬁg ?ﬂﬂ’ s x%?lﬁ’%n&! ﬁ%}b??i‘%m finyl,
al koxysul hikByycarioakDahleakpsidaitoiyl, flubltdalixat 4B s Wikdn! ?lﬁx;ycarbonyl

15al kenyl oxysul fi nyl, alkynyloxysulflny am nosul finy

al kyl car bahynyloxedaghenyl p&aw@ﬂmlexm waélailwbwﬁ@m@uoroalméaqghoeakozmy|

al kynyl car|

fl uor oal k(%i%g a%%%‘ﬁ@ﬂwm‘é’%l oxy dny#ylSﬁFig' "5@%@%@@9‘%@“’%

al kyl z@r bﬁngdrﬂkylsulft&iymcadykylkewlﬁﬂfmmptmxy, alkyriytyudfehiyk ¢ aiahmaiox9sxtfonyloxy,
al kenyl car bony| oxy, alkynylcarbonyloxy, al kyl su] fon

hal oal kyl SurorgkoneRifonyioy. aﬂ%?ﬂpmugfaw ery 1yl Oéwﬁ%ﬁlgvéew dhylpdfiyyloxy,
21 Koyl o R DR s L Sy SR B B
hal oal ky! slisbkysolfinykoxy, hdtlualb«))eyskmnsldxm ﬂyﬂomﬂyquaﬂﬂlﬁayﬂpks Ldllidnlﬂdxgm;lﬁnyloxy,
Pl ur of ar KBKYETPRISHIrGIS” ARy b G g1 oS, SRR inesuiingley
ani nosil f kb0, A Bho SRR, phRTHASAUANYIL loxe MI0SYoF At lsubstiuents
bound to the heterocyclyl group through an alkylene moiety (e.g. methylene).
The term "arylene," is art-recognized, and as used herein pertains to a bidentate
moiety obtained by removing two hydrogen atoms of an aryl ring, as defined above.
The term "arylalkyl" or "aralkyl" as used herein means an aryl group, as defined
30  herein, appended to the parent molecular moiety through an alkyl group, as defined herein.
Representative examples of aralkyl include, but are not limited to, benzyl, 2-phenylethyl, 3-
phenylpropyl, and 2-naphth-2-ylethyl.

The term "biaryl,” as used herein means an aryl-substituted aryl, an aryl-substituted
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25cyano, nitro, azido, phosphinyl, phosphoryl, silyl, silyloxy, and any of
sai d substiuents bound to the heterocyclyl group through an al kyl ene noi ety
(e.g. nmetWwol2en@)p4s4s The term "arylene,” is art-recogorasd)iiand2as used
herein pertains to a bidentate noiety obtained by renoving two hydrogen
atonms of an aryl ring, as defined above. The term "arylal kyl" or "aral kyl"
as used herein neans an aryl group, as defined 30 herein, appended to the
parent nohectsy, anh&ite’oyryl hmtmtiginecba’rybcbﬂwhetegbmpsum&tud@ifhelmdarblb twehicrein aryl

Representatjve exa al kyl _include, but a 0, .benzyl,
2- phenyl ef“Pfi/]Pe crgary, rﬂ}ldﬁ&% ereifyy Represeiiitivis-caagp ﬁmﬁfudeﬁh@ ?ch'%Ylar yl "
as used hgge 4__@ﬁ@g@hagbggﬁhl2pbst|tuted aryl, an aryl-substituted WO
2011/ 094545PCT/ US2011/ eteroaryl, a heteroaryl-substituted aryl or a

het eroaryl -s u b§h¢: tamne'ticterstagrlbay yded hatear micmdaragdmaiwdiﬂgeswetﬁmariytluéing, lag

defi ne her epresent tive S J.ncl ude \ hen)

PR R R SRR M o R o K SR A T TR
aromatic [dagtgm%m%{eedmoml duch Wehing erbl@&ygéipbr Lulfiirt B6r f1@pod¥® BPGMIiﬂ%atwn
bicyclic and tricyclic rings, é have to 12 atoms Including at | east one

het er oat owhichsbpuldgiohbe eengincd @ﬁxl}lg’élﬁg ﬂéﬁr scen¢ elihis mmntlpur wm@9 Yof

exenplifi n d e scope of
this |nveﬁ%hgﬁsﬂn&pﬁq%o?ﬁﬁ&ugéﬁzePE%P%BEP%P%% %%E]’B%% h%%P ’benzofurany
benzoxaz ObM{zotlﬁe&i’\mlﬁJ echadtyikzolple baoRadiaiodg ofuydnyl, ﬁﬁﬁki’a@bryll aﬂﬁﬂaybpyrldlnyl

benzoxadlazolé ranyl, i m dazolyl |n1dazop ridinyl, 10|ndonI
i ndol {thy| Indofy ,azaéﬁlwl IP%PWMWW}QIIHY dyoxazdy y}sothilasze% |1a%lrn}ﬂ linyl,

| ,
oyt azoly) Do RAHR Khrin AL pr P e Y PR BRI, 1
{)%I’ azgl o[ Bytelgi, pyrrohs{liBmg;byrlrf]ldmyhlpymzb}ommdtmh ﬁhld[lwﬂ,,quﬁltdlmyplqyinl,azdlh]yhzO| yl,
I ophen rorn ZO I a ) I.enyl,
L oot puBisY ke o BTeRyT. (g nab e fap b RRgeeifs b ¢ ne
i nvent i Ontlﬁérﬁor%ﬁ&ﬁ%ﬁtﬂrlta%l?%r‘%&planﬁ The hgteroitryldgr&[ps%f wﬁtféﬁtféﬁ%es

i ndependent |y selected fromthe ¢group consisting of alkyl, alkenyl,
al kynyd , hdisttutdsavisaklsl2, 374 oof sdiskigents iydbpondentiabilostyd framkthe aydupxy

| kynyl b | i t | | oal fl | kyl oxy,
2ul T hyar yFonsiRg R N R PR RS, I PRy DR TN 5,
al kynyl t ha@yersb:fyo Blk?nfl@kjﬂ,caﬁio& diglak{ %Yérocﬁ@ll@éy k¥lbslitbt riwbroalkylo?/ 5
ony

fluroral kyl sul f onyl kenyl sul f onyl , Xnylsulfonyl 20al koxysu

hal oal kox?ﬁﬂlyﬂaﬁyalkylfhl%rf@mlhyé%% iﬂlth@ﬁ&klylt i) #lkyigrydesps alkyayihio, sulfonic acid,

al kynyl ox i C u

hal oal kyl }é{%% 5%’1 el H{I{?%Py hl“@% fsglf‘?‘lé’ind}‘?en?ﬂ’ J;;ﬁ ?Md( Aul Siomib £ i nyl |
al koxysul ﬁlkﬁyﬂfs,ulfbﬁﬂ'lpﬁdlkﬂkg’;@lshlﬁd)ﬂjmﬂurﬁﬂaﬂi’o&pailfdﬁyyalﬂeﬁylﬁxﬂfs,ulfonyl
alkenyloxysulflnyl al ky nylogysulf ny, am nosu

al kyl car bahkynylorsuiany¢hisessEagy, Surhl”l%raelé» %&;ylélélﬁabfrymwloa%m@@rﬁwbar bonyl ,
al kynyl cagpppyikylsulfinyl, alkenylsulfinyl, alkynylsulfinyl, alkoxysulfinyl, haloalkoxysulfinyl,

fluroralkoxysulfinyl, alkenyloxysulfinyl, alkynyloxysulfiny, aminosulfinyl, formyl,
alkylcarbonyl, haloalkylcarbonyl, fluoroalkylcarbonyl, alkenylcarbonyl, alkynylcarbonyl,
25  carboxy, alkoxycarbonyl, haloalkoxycarbonyl, fluoroalkoxycarbonyl, alkenyloxycarbonyl,
alkynyloxycarbonyl, alkylcarbonyloxy, haloalkylcarbonyloxy, fluoroalkylcarbonyloxy,
alkenylcarbonyloxy, alkynylcarbonyloxy, alkylsulfonyloxy, haloalkylsulfonyloxy,
fluroralkylsulfonyloxy, alkenylsulfonyloxy, alkynylsulfonyloxy, haloalkoxysulfonyloxy,
fluroralkoxysulfonyloxy, alkenyloxysulfonyloxy, alkynyloxysulfonyloxy, alkylsulfinyloxy,
30  haloalkylsulfinyloxy, fluroralkylsulfinyloxy, alkenylsulfinyloxy, alkynylsulfinyloxy,
alkoxysulfinyloxy, haloalkoxysulfinyloxy, fluroralkoxysulfinyloxy, alkenyloxysulfinyloxy,

alkynyloxysulfinyloxy, aminosulfinyloxy, amino, amido, aminosulfonyl, aminosulfinyl,
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25car boxy, al koxycar bonyl, hal oal koxycarbonyl, fl uoroal koxycarbonyl,
al kenyl oxycar bonyl , al kynyl oxycar bonyl, al kyl car bonyl oxy,

hal oal kylwanrbowmpksagy, fl uoroal kyl car bonyl oxy, al kenyl carborigkaip22929
al kynyl car bonyl oxy, al kyl sul fonyl oxy, hal oal kyl sul f onyl oxy,
fluroral kyl sul fonyl oxy, al kenyl sul fonyl oxy, al kynyl sul f onyl oxy,

hal oal koxysul f onyl oxy, fl uroral koxysul fonyl oxy, al kenyl oxysul fonyl oxy,

al kynyl oxygambf winy| mid/q phbdwﬁrgah,lp‘hiosphooydysily:’b,(l;lﬂalo&yadﬂd;dnstdfﬁaidyhbpityaﬁnts
fluroral k Isulfln | kenyl sul finylo Isulfln ony,

al koxysul %‘)P/%‘EF%W%IHPF%% %@X?{? e&)/ éﬁ’ Fnyl oxy,

al kenyl oxysul f'THé‘{e?%y'het%H%Yﬂé‘ﬁeoxﬂé%Hl &b%@ayand%u@m%r&h%hmt o &M no,

am do, ami nosul fonyl, amn nosul finyl, 2011/ 094545PCT/ US2011/ 022929
cyano, ni bideptateznaiety @itwsghbynsemovpleosywHodydgen sidmyd of adidterbaylrin@nd dafimedof
sai d subsituents bound to the heteroaryl gr oup through an al kyl ene noi ety
(e.q. tﬁ??@ne) The term "heteroarylene,” is art-recogni zed, and

as used herei nTREt ”'Béteid&r;ﬂalﬁlyﬂ@ﬂtl@ét@foﬂi{all?/{l'yasmééihél@ﬂl RYank QRS T WO
hydrogen atons of a heteroaryl rin as defined 5above The term

" het er oar gefackyereinrappensicd rt@ﬁxeanlal@ylr mOé@§ul9é awide tapughnasealkylgrow es defined,  as

def ! ned_ "RGEhT RAPRENGH: LauhRS FHLER:TRASEHL AL B Blohol Nfa R, Agahic
group, as ine erein Epresent eroar Ial¥

i ncl ude, qunamﬁlﬂmmzhhﬁmtxybaﬂm,pyr|d|n3 ylnethyl and 2- (thlen 2- yI)ethyI.
10The term “hal o* or 'halogegn’ neans - or -F. The term

halog?kyl" neahg“%WfQMQyPrd@&&ﬁn"5§mﬁéﬁ;ﬂ@% h@Féfn wherein at | east one
hydrogen is re@ggﬁfﬁfﬂhﬁg Phﬁé AYGH al F ﬁhﬁ?%ﬁﬂ %%&n;ﬁ &%ﬁﬁﬁniﬁf&%@

exanpl es of hal |nc but ar Timte orone
2- f | uor oehidrbgert is Iréplmdcwr&t ehlydlogqmeaﬂ @d’ﬂm&d Iheleith ychreH&dtative exarnples of

2-chl or o- opentyl . 15Th term"fluoroal k al k roup, as

et i ned_nBHGHRY vl RSty aemof ity ablewgn%{ﬁ}él ¥ éB‘PHFgB’?WBH oripines, The

erﬁ]"hydb&ﬁyﬂmﬁ&ﬁﬂﬁeguh§6ﬁbﬂ)ﬂg@ﬁﬁm@ Ryt OH group. The term "al koxy" as used
herein means an al kyi group, as deflneg>herein @ﬁppended to the parent

mol ecld ar noi eflfe tehmd‘lﬁlghr®ikyd)’i<lylg@m aatabml gRer esdainad hersine xdweystiesll tic

20al koxy [ n¢l ude, i.mted to, nethoxy, ethoxy, propoxy,
2- propoxyb %ﬁg%ine?@F?efﬁﬂﬁé§9“nﬁ%ntyIoxy, and hexyl oxy. The terns

"al kyenyl oxy”, Thaldamny@exy" as'tad heeychydma -Opgidup het erocycl yl oxy” are
| i kewi se defi ned. The tern1 "hal oal koxy" as used herei n nmeans an

al koxy group, Abe tremi'alkaxrierseisad howbreransan alledgroupnes defiedberiin, spneaptdiced
wth a haltoot%g Bareﬁtsmgﬁfcﬁlgregm{E%; &fr&gh%%%x?%&mltgﬁﬂ \‘fgepresentatlve examples of

20  alkoxy include, but are not limited to, methoxy, ethoxy, propoxy, 2-propoxy, butoxy, tert-

2% <6

butoxy, pentyloxy, and hexyloxy. The terms “alkyenyloxy”, “alkynyloxy”,
“carbocyclyloxy”, and “heterocyclyloxy” are likewise defined.
The term "haloalkoxy" as used herein means an alkoxy group, as defined herein,
wherein at least one hydrogen is replaced with a halogen, as defined herein. Representative
25  examples of haloalkoxy include, but are not limited to, chloromethoxy, 2-fluoroethoxy,
trifluoromethoxy, and pentafluoroethoxy. The term “fluoroalkyloxy” is likewise defined.
The term "aryloxy” as used herein means an aryl group, as defined herein, appended
to the parent molecular moiety through an oxygen. The term "heteroaryloxy” as used
herein means a heteroaryl group, as defined herein, appended to the parent molecular
30  moiety through an oxygen. The terms “heteroaryloxy” is likewise defined.
The term "arylalkoxy" or "arylalkyloxy" as used herein means an arylalkyl group, as

defined herein, appended to the parent molecular moiety through an oxygen. The term

"heteroarylalkoxy" is likewise defined. Representative examples of aryloxy and
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25exanpl es of hal oal koxy include, but are not limted to, chloronethoxy,
2-fluoroethoxy, trifluoronethoxy, and pentafl uoroethoxy. The term

"fl uor oalwpl2oxyiv4s4s | i kewi se defined. The term "aryl oxy'PCaaisosied21vey ei n
means an aryl group, as defined herein, appended to the parent nol ecul ar
noi ety through an oxygen. The term "heteroaryl oxy" as used herein neans a
het eroaryl group, as defined herein, appended to the parent nol ecul ar 30
noi ety thhenghnaﬂkmxymemdeIhem&emnﬁnﬂméhgQeﬂﬂmbpkm,hhah@hkéwhﬁemdehﬂnéd

The term"™ | kox tar as used herein nmeans an aryl al kyl
group, asP #é&ﬁ% é%%f% dinge ¥ ¢h®¥ar ent nol ecul ar nmi ety t hr ough

an oxygen. TheTh@féfﬁ‘n”Qﬁﬁ?}{/@”%f@thﬁp)%Xusécﬁhérélﬁ?ﬂéaﬁ?adﬁfl pRfh, Representat i ve
exanpl es of aryl oxy and 2011/094545PCT/U82011/0229 et er oaryl al koxy

i ncl ude, but aile tromn "kikylthed as nyedhephih orcophamatkytegrongx ps defined hereln

AR T T

"al kyl t hi @1k Bﬁloliﬁ&ﬁ'deh@ﬁtedr@ nBEAARe B hclhyithio, 3tHURiIo, BSt- Elﬁ 1lt1ﬂ6chnfaqlre@y1ﬂuo
5appended to the parent nol ecul ar noi ety t hr ou h a sul Represent ati ve

exanpl es &he g [ pfdkylﬂn@ d8uongakkylkhie”, “aikwenyﬁ ied “alﬁiﬁmﬂWlQ hi o, ethylthio,
tert-butylt bl%%cyc%ﬂﬂm # ?%Q gl.yﬁht er, ny t o&flﬁgat hi o

"quoroakaI eny carbocyclylthio", and
"het erocycl yl t Thet er@r"erjlﬂhl@é’vus%@ecﬁl@d‘rblﬂ@ﬁbans an aryl gro'ﬁbﬁastcﬁﬁlﬁb('{ Bérgint Bppendéd
used hereln means an aryl grou as deflned herein, appended 10 to the

par ent0 npfoibe paicnhmpleeylar mpisty r. Hipectrar lﬁﬁt@rﬁwléh@arlg/hﬂfq%@ is

| i kewi se dgtined. The term' aryIaIkyIthlo or "aral kylthi o" as used
herein nmeans an aryl al kyl group, as defined herein, appended to the parent
nol ecul ar noi effye tdmd‘agzlhalhyitlﬁoﬂ dnjvaralﬁ'ﬁélid"msruséd\b&remmaplsah kpylldlkyl@tours

i kewi se de 15The t quon as used herein refers to -S(=0)2-
group. Thé %eefn}lﬁg ‘hetsin: GRp a&iﬁd eagreaﬁ@aleﬁ%%mﬁleﬂé?%whta& Sugﬁnoﬁ The

term "al kyhSatbiQnyilylthd® ivaRdviRe&itgmeans an al kyl group, as def i ned
herei n, appended to the parent nol ecul ar noiety through a sul fonyl group,

as dets ned herEhﬁwﬂﬂébu@@eﬁf@ﬂmméh@m&m@ﬁmsﬁoﬁCa®kyE®upfonyI i ncl ude, but
are not limt eﬁlhé Borm & al?grllg gc1fd’o nsy used herein refers to -S(=0),0H.

The term "alkylsulfonyl" as used herein means an alkyl group, as defined herein,
appended to the parent molecular moiety through a sulfonyl group, as defined herein.
Representative examples of alkylsulfonyl include, but are not limited to, methylsulfonyl

20 and ethylsulfonyl. The terms “haloalkylsulfonyl”, “fluroralkylsulfonyl”, “alkenylsulfonyl”,
“alkynylsulfonyl”, “carbocyclylsulfonyl”, “heterocyclylsulfonyl”, “arylsulfonyl”,
“aralkylsulfonyl”, “heteroarylsulfonyl” and “heteroaralkylsulfonyl” are likewise defined.

The term "alkoxysulfonyl" as used herein means an alkoxy group, as defined herein,
appended to the parent molecular moiety through a sulfonyl group, as defined herein.

25  Representative examples of alkoxysulfonyl include, but are not limited to,
methoxysulfonyl, ethoxysulfonyl and propoxysulfonyl. The terms “haloalkoxysulfonyl”,
“fluroralkoxysulfonyl”, “alkenyloxysulfonyl”, “alkynyloxysulfonyl”,
“carbocyclyloxysulfonyl”, “heterocyclyloxysulfonyl”, “aryloxysulfonyl”,
“aralkyloxysulfonyl”, “heteroaryloxysulfonyl” and “heteroaralkyloxysulfonyl” are likewise

30  defined.

The terms triflyl, tosyl, mesyl, and nonaflyl are art-recognized and refer to
trifluoromethanesulfonyl, p-toluenesulfonyl, methanesulfonyl, and

nonafluorobutanesulfonyl groups, respectively. The terms triflate, tosylate, mesylate, and
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20and et hyl sul fonyl. The terns "hal oal kyl sul fonyl ™, "fluroral kyl sul fonyl"
"al kenyl sul fonyl ", "al kynyl sul fonyl", "carbocyclyl sul fonyl"

"het er ocywbybswidksanyl *, "aryl sul fonyl ™, "aral kyl sul f onylPCT/US2011/022929

"het eroaryl sul fonyl "™ and "heteroaral kyl sul fonyl™ are |ikew se defined. The
term "al koxysul fonyl " as used herein nmeans an al koxy group, as defined
herein, appended to the parent nol ecular noiety through a sul fonyl group,
as def i nedoiedhei arc a25Repnesé nhdtdfsrao mmmbmsthaﬁesalfmgsﬂérf pmylherietsallfmdm but

oo o L e B JEANect L P SLICRSU Lone AT PLSEPIZHL Lo

, 2l keny! o oo Rk c0nta1ﬁ|s§ﬁd'@ﬂ)%¥1se'éfaécﬁg¥lkl "car bocycl yl oxysul f onyl "
"het erocycl yl oxysul fonyl ", yl oxysul fonyl "aral kyl oxysul f onyl "

"het er oar yl oxy3$h¢ femmy‘lamlmdlfbtlt;é’t’ wmdd&btcyﬂ mxyrzsmnfatmniw eraaipeas dafend bercin,
30def i ned rs tri and nonaflyl are

art-r eggogﬂli’%eélﬂe%tﬁc}ﬁ? B?YSW %leflfl?rf%ﬁlg];yotﬁ'@‘%{’iggﬁeggﬁg?% p t ol uenesul fonyl ,
met hanesul f onyirhe el ‘R@Ifial 1 URLORLk 38 FeefsaH VS gm % Vs ¥re adhe
terms triflate, tosylate, nesylate, and WD 2011/ E4 1/022929

nonaf | at edefinedzabeve g ogforpéarouns The Fm( éulﬁnICfalchraémdris@rﬁ@gmfmrtate ester,
p-tol ueneg g(? Qfte ester, net hanesul fonate ester, and
nonaf | uor o Anesul fonate ester functional groups and nol ecul es t hat

contain sai d gradpsm “ofFPREEH ¥eh YO- group. The term "am nosul fonyl" as
used her ein means an amno group, as defined herein, 5appended to the
par ent0 ol ecul Ape F?é‘mePVbPWloﬁbﬁseé heain gysgms ab'eruQ) AWt er m " sul fi nyl" as

used herein refrﬁé&r&o‘t}ﬁ§éar93n%l’g£ﬁ#?dhec'llé g ls o as 4 egﬁigr as defined above

for sulfonyl groups I nic acl ein refers to -
S(=0) OH. The t &hetchaxXyYormydT esrsed heralnlﬁeargmecp:O)H)gprt erm "carbonyl" as

used herein ne p. The term"thio ed .herein
nmeans a - C(=S) %EE;F%‘EPpC'(k’r‘%T O V&a’sflé mmé%eaﬂ%laal%gl: Wgr?éé?ﬁé f‘éfs hegging) H
group. Theyd-808 f %h&‘}fiu%ﬁ\tr ReRY1ar 1ﬁ§1eﬂﬁtﬁ%u@ﬁraedaﬂ>oﬁ§ﬁél§u1?rhs abkydd B QHP, as
defined herein, appended to the parént nol ecul ar” noi ety through a carbonyl

groupls as delfeswéquh@pcgnples of alkylcarbonyl include, but are not limited to, acetyl, 1-
oxopropyl, 2,2-dimethyl-1-oxopropyl, 1-oxobutyl, and 1-oxopentyl. The terms
“haloalkylcarbonyl”, “fluoroalkylcarbonyl”, “alkenylcarbonyl”, “alkynylcarbonyl”,
“carbocyclylcarbonyl”, “heterocyclylcarbonyl”, “arylcarbonyl”, “aralkylcarbonyl”,
“heteroarylcarbonyl”, and “heteroaralkylcarbonyl” are likewise defined.

20 The term "carboxy" as used herein means a -CO,H group.

The term "alkoxycarbonyl" as used herein means an alkoxy group, as defined
herein, appended to the parent molecular moiety through a carbonyl group, as defined
herein. Representative examples of alkoxycarbonyl include, but are not limited to,
methoxycarbonyl, ethoxycarbonyl, and tert-butoxycarbonyl. The terms

25  “haloalkoxycarbonyl”, “fluoroalkoxycarbonyl”, “alkenyloxycarbonyl”,
“alkynyloxycarbonyl”, “carbocyclyloxycarbonyl”, “heterocyclyloxycarbonyl”,
“aryloxycarbonyl”, “aralkyloxycarbonyl”, “heteroaryloxycarbonyl”, and
“heteroaralkyloxycarbonyl” are likewise defined.

The term "alkylcarbonyloxy" as used herein means an alkylcarbonyl group, as

30  defined herein, appended to the parent molecular moiety through an oxygen atom.
Representative examples of alkylcarbonyloxy include, but are not limited to, acetyloxy,

ethylcarbonyloxy, and tert-butylcarbonyloxy. The terms “haloalkylcarbonyloxy”,

2% <6 2% <6

“fluoroalkylcarbonyloxy”, “alkenylcarbonyloxy”, “alkynylcarbonyloxy”,
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15Represent ati ve exanpl es of al kyl carbonyl include, but are not limted to,
acetyl, 1- oxopropyl, 2,2-dinethyl-1-oxopropyl, 1-oxobutyl, and

1- oxopentwb.20fli®434er ns " hal oal kyl car bonyl ", "fl uor oal kylpcardseenylo32929

"al kenyl carbonyl ", "al kynyl carbonyl ", "carbocyclyl carbonyl ",

"het erocycl yl carbonyl ", "aryl carbonyl", "aral kyl carbonyl ",

"het eroaryl carbonyl ", and "heteroaral kyl carbonyl” are |ikew se defined.
20The terhmﬁmawb@kmﬂxmskmyed%hmnﬁpdyhnﬂmmybxyCfﬁﬁkgﬂﬁmgbxyhe term

"al koxycar bo as used herein ns an_ al kox fined herein,
appended t%aﬂ%ka@mﬁﬁy o P e Gt harf@u&ﬁte a&ﬂﬁ?ﬂﬁﬂ@? ﬁ%ﬁ FC as
defined hgraiie qRgRyesent ati ve exanpl es of al koxycarbonyl include, but are
not limted to, nethoxycarbonyl, ethoxycarbonyl, and tert-butoxycarbonyl.
The ternms 25" hah@&mmdh%w&mhbmbeY’Mmmawh@athwaanbbnymhbnylgnupﬁm

| kenyl | b :
et or ey AR eabny et BT RN kg moi i LSRG A BBRD 1 e
" het er oar ydr@X YRabARMKhIfony@Xy ", TR I§Isal i) 163 C edIRaul foR1BxY 1 kewi se

defined. The term "al ky| car onyl oxy" "as used herei n neans” an alkylcarbonyl

group, as @bymédsulieamlonEr. é‘pﬁbowbém@aylpéy ﬁ‘éetpwcéﬂvlsmf@@dqﬁmr noi ety

t hr ough an, 9 t gm. rese f bV, ahkylcarbonyloxy
i ncl ude, bd?ﬁégggﬁ%p'rEnﬁggﬁuﬁ]Rﬁ&%%ty(%%égpkyﬁ apbbnyloxy, and

tert- but yt Wrbﬁﬂﬂdy@&}fonﬂlbﬁy t éhaff@a&@@s@l&hﬁ&d;@ar lfﬂ).myﬂaﬁéoyysulfonyloxy”,
“f 1l uoroal kyl car bonyl oxy" alken%ﬁgarbon | oxy", "al kynyl car bonyl oxy", WO
2011/ Ybasi8kemlogseion 982 gllomyfasyeyftony Oefar,b@hrypﬁx@yloxysulfonyloxy :

heterocyc {y 5 o hOXy" ,
"heteroary %%?%;C%@P%}Lsgﬁ?{nylo é gar a}ng%}éggr B%Wl&y ﬁl‘%rB@(Q?Sr: kew se
def i ned. ﬂmanbawmxyaﬂﬁkaubfam@1Mmgbmaﬁwusgdﬂﬁmwkmy”neans an al kyl sul f onyl
group, as 5 defined herein, a nded to th ar ent nDIec nnlet rough
an oxygen at ot ey G s R SefPRcAyNBynd SR Wil%ﬁmth rﬂﬁh | oxy",
" al kenyl syt &Rt both & thy Hﬂh@?&fs%’é’ n@éﬁendentﬁ%%ﬁﬁ@é’c?%ﬁh §ﬁﬁsftlﬁfé}tﬂs%§bécbed
"het erocycl yl sul fonyl oxy", "aryls ' oxy", ™aral kyl sul f onyl oxy",

"het etdar {toguhé gr{ylp@yoymstlnglﬂﬂﬁaéfy@,dra@amlsﬂudrmigzyloadymyl alkynyl, carbocyclyl,

2? Ik g ﬁl/ |k 8 %}E{J?H'ngej/ X ';alky ;%%%gbvg%?#lg%r éhgyi(cgrbonyp haloalkylcarbonyl,
"car bocyc hﬁbm&?wafwayﬂ @Pk)énylcarb@ﬁﬁ r@@i@hdﬁkws ehitBydIA¥dbonyl,

'aryloxysulfony oxy aralkyloxysulfon lOXY heteroaryloxysulfonyloxy
and " het eheaiosy’ylcasopayll ayksarhonyl aralkylcartmyl theromarghepmbonyds used her ei n

refers tons N A AR LEUHESUART HENGR LASEERlnISESLD o WRcfboltc! N of

t he hydrogens ar S selected 15from
t he g2@UPhedBgEStoghed fare’:\ﬂewbed ‘iﬂah @ﬂ. hlk‘ylene fgtwpr(aﬁfokml a, rirg WRidl kcontaink ytiwy | |
car bocyclyl, heterocyclyl ary het er pary het er oar al kyl ,

al kyl car bBIpEeR pEIsRypEwE %@ngiles lmlmlﬁ Baﬁ ¥y P@’alﬂfﬁﬁ?ﬁ/‘lo meihylamAear bony! |

alkynylcag gyl f@pbonyl , heterocyclyl carbonyl, arylcarbonyl,
aralkyIcarﬁ%ny#nmheteroarQMcarnbonyl heteroaralkylcarbonyl and t he sufonyl

and sul finyl gﬁhupxmdehnméﬁmam@ymxmnnnmmeanbmmh)gﬁumyﬂdo@mnﬁui@gﬁther are
replaced with a (g h élene g& ]%to f ﬂg)mfich contains the
ni £ ogen) “PReAATCieahs BFVAnBReHB Relhieratel s BUPTE e not 11 m ted to
net hybam no, aggt yrAMcPiho" a0 ds HERGR W A z!ﬂfC—N group.
The term "nitro" as used herein means a -NO; group.
The term “azido” as used herein means a -Nj group.
The term "phosphinyl” as used herein includes -PH3 and substituted derivatives
thereof wherein one, two or three of the hydrogens are independently replaced with
30  substituents selected from the group consisting of alkyl, haloalkyl, fluoroalkyl, alkenyl,
alkynyl, carbocyclyl, heterocyclyl, aryl, aralkyl, heteroaryl, heteroaralkyl, alkoxy,
haloalkoxy, fluoroalkyloxy, alkenyloxy, alkynyloxy, carbocyclyloxy, heterocyclyloxy,

aryloxy, aralkyloxy, heteroaryloxy, heteroaralkyloxy, and amino.
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The term "am do" as used herein neans an am no group, as defined herein,
appended to the parent nolecular noiety through a carbonyl. 25The term
"cyano" asousaddEsei n nmeans a -Cl\1l group. The term "niptma/S2@3/oe®ed herein
means a -NO2 group. The term "azi do" as used herein means a - N3 group.

The term "phosphinyl" as used herein includes -PH3 and substituted
derivatives thereof wherein one, two or three of the hydrogens are

i ndependent |y ﬂ"h@teaméiphwmlbry%mmw hteenteters &l -@CH@ IO My and dubstitgtedu p

consi sting of alkyl oal k I | ken yl, ¢ clyl,
ot o ooy clotvands thereal BhRgin Snsior GPHLRS FsbErb AP R s AT Bl oy’
1 uor oal kyl@tyonal kegh 8 12 U R Kin SRR IR DBLETIORKELY! 0%

aryl oxy, aral kyl oxy, heteroaryl oxy, heteroaradlkyl oxy, and

2011/0945&E§ﬁﬁﬂtﬁﬁ@m@bmzzaﬂ&W€béEHﬂ;mwmphd@pmmwwlhdawau@edzﬂbne;n refers to

-P(=0 b d t th f th of th
MAMRCEARRR [ A W IR AR TGRS SR S AN o e S
group conaﬂymyngragéymlykuéteroa@ﬂ&@ hytkroafdlkg%gahkd/hmm@l kenyl, al kynyl,

car bocycl yl', heterocycf |, yl, aral kyl, heteroaryl, heteroaralkyl

al koxy, 5hal oaﬂh@t@m "15113)[/1 ua@useréwet@uymcmd%ﬁy&o@d suistipEag dwyatwes théreof
car bocycl yJ n oxl‘eek% 8P%Péeyo'f?ﬁ<é/hya%g’eﬁ18>é¥e 1n§ép%uf%/ntl¥)§r¥%1a&%t Vit O%rbgt Ridhts

heteroaral *and erei n incl udes

H3Si - andsesletbéd frbmtaﬁcyl devdatiatl] Vesodlkel el@ény/hmr:ﬁiym @rtdcy ¢ heterdchelge angl t he
hy dro?ens are independent]ly replaced with subsitutuents selected from

al kyl 10 hapghivkyheterearyly ﬁ%h%%oar%m&ﬁprese&mtkwmpkéﬂ%e%rwt Wakvér ocycl yi |
aryl, 10a e exanpl es
el ude 1 et r B SIAR ATBCLAR R e SRR PRTHEIANS) exam
tert- butyhqumomyhsﬂKMWSQEBSAZ{ﬁmmahyMHyDeﬁmpyhmyhﬁmsﬁbﬂ(TIPS) and
[2-(trinmethyls et h The ter si |yl ax as used
her ei n neans a&ggF%@’ &gﬂ%y §yﬁE$?ﬁ%Hnﬁ%@é§Hyl?9“%6551 egﬂ?ﬁé par ent
mol ecul e Eﬁ&ﬁ&&b&ﬁﬁe9%¥Bﬁﬁo@&ﬁgﬂnééihﬁl E€¥iopfions Me, Et, Ph, Tf, Nf

Ts, and Ms represent nethyl, ethyl,” phenyl, trifluoronethanesulfonyl,
nonafl%orobutaﬁbsmmﬁgwymmmdﬂ@dﬁﬂ@mé&dedhywuhMbrﬂﬁﬁwah@@ﬁWf@ﬁwﬂph@bd

e e B SOTISHST A BT TR g 1L 20 by
each vol upRtthedu@nyIOksspetivelly. A BB ContreiEnsive Yist dfthS abtrstiatichstuiRk&dby Y
present ed01lrgra]1n1% ctllgrtr)llls(tas oefngréilglggdskﬁ} l?lntg? Euscl appears in the first issue of each volume of the
Journal of Organic Chemistry; this list is typically presented in a table entitled Standard
20 List of Abbreviations.

As used herein, the term “administering” means providing a pharmaceutical agent or
composition to a subject, and includes, but is not limited to, administering by a medical
professional and self-administering.

As used herein, the phrases “neurodegenerative disorder” and “neurodegencrative

25  disease” refers to a wide range of diseases and/or disorders of the central and peripheral
nervous system, such as neuropathologies, and includes but is not limited to, Parkinson’s
disease, Alzheimer’s disease (AD), amyotrophic lateral sclerosis (ALS), denervation
atrophy, otosclerosis, stroke, dementia, multiple sclerosis, Huntington’s disease,
encephalopathy associated with acquired immunodeficiency disease (AIDS), and other

30  diseases associated with neuronal cell toxicity and cell death.

As used herein, the phrase "pharmaceutically acceptable" refers to those agents,
compounds, materials, compositions, and/or dosage forms which are, within the scope of

sound medical judgment, suitable for use in contact with the tissues of human beings and
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20 List of Abbreviations. As used herein, the term "adm ni stering"
means provi ding a pharmaceutical agent or conposition to a subject, and
i ncl udes,wbubniiv®4sist |imted to, adm nistering by a nedipcaluspoiofoe®z9 onal
and sel f-adm nistering. As used herein, the phrases "neurodegenerative
di sorder” and "neurodegenerative 25di sease"” refers to a wi de range of

di seases and/or disorders of the central and peripheral nervous system
such as nenimapayitiodud gk@ssivatodiditycirtithéen ulierdis raspdnsk ) aridtied ptablerPar ki nson' s
di sease, Al zheinmer's di sease D), a rophi.c .|.ateral sclerosis (ALS),
denervat i 69" “raHBﬁﬁonH{l%’éEIiaEer‘%g’%feaégag?ﬁ(eet?éon&éﬂ%ﬂﬂaﬁ?' mul tiple sclerosis,
Hunti ngt on' s _dhs a3aPherGACARAAQLYYmASIACHALEAMAID AT hefhs o

i mrunodefi ci ency di sease (AIDS), and ot her 30di seases assoclated with

neur onal pmrtnat@»tic@lilst-yccapdbkcehdtéldzéa¢dmposition or Ashigkeshiches eiliquid dresoptir ase
"phar naceuyt.i cal.l y acceptabl e" refers tp .those agent onpounds, materials,
compost 11 JHE: QUG cbehgs ParftimuRind RGP ERBHEES Sound
nedi cal | ua@FBRing anliskaddt@n bas o%ﬁﬁ, dripoSisit Ghe Vhdyh td HiRdtidr SBdaaSo0forieEN
bei ngs and WO 2011/ (%94545PCT/ US2011/ 022929 ani mal s wi t hout excessive

t oxi ci ty, therhody aEreincaragn ravsyibe "resspigblsein the seshef bopnpbpapstiie wahiha ethen on,
conmmensur at i 0 I nefit/risk.rati.o. e J n

i ase. ~pAifedltrho ot ARRAARL SpIRBER L Rt Bl F5imd RAm{IEL Bt ekl
phar maceutihivhl day saee appidihacamicelly-adccp@blpagidrs @olude: VBRugirs, susuah as a
liquid or solid 5filler, diluent, excipient, or solvent encapsul ating

mat er 11, 13058 2e95¢ AEHICFIPENG) irrches segbrstsonystaish 25e APt BB or gan, or

portion o bagdy: gﬁ‘% her i ]ﬁg%rh arrier
must be " geclfclg%teé e't'S (Iiegwt e ’s%rcllslgg o? %%?%Bbegg%tgp % %Iﬁlngg\ng’te?%?%gﬂ ot her d

i ngr edi entdlubdsctabetatcofpbatieed tapatantht (5)myalt; i(@Ougldtm; {Healpatd) exdipiciBe)re
exanpl es of materials which can serve as pharmceutical |l.y-accept abl e
carriers ?Wéu%&8?03(%115“65%ﬁwpﬁi%shwa%esi@%)&@ﬁo@g ,abP‘ii‘EB’s‘él{z&Htﬁo@G%‘f@i»e_; (2)
starches, sgH6RcAGI, GaheJiPbA: 8MEoRPERER $IyBEATGiL; (30) glfédléf ke&Eas ROSY1EES
derivatives, such as sodi um carboxynet hyl cellul ose, ethyl cellul ose and

cel | ulbsegheel: atlg polys)s, pwhde ebdctinagaymhirhannite) andepalyeti@ynagdyedli (12) ( 7)

talc; (8 i pi ent but d i.t (9 ils,
such as. peSra gt i SeyEefs BRuBT T Rugk: B ER Py BRERL eI b o1
corn oi |l aRdn&aRaMoRIde and &%i_ﬂlﬁrﬁ%@h@xi@?@l@? afpime e@] @B o8t 60¢ vafet1)

pol yol s, such as glycerin, sorbitol, mannitol and pol yet hyl ene gl ycol; (12)

esters, sllch istonsg &%ime;ﬂlghR@gaﬁwOéutm (193 gthar eleolial 3R0ApHDufteneg)soltipnsr i ng
2961 S BTSN RO ALHILZU PSR s Bl
sol ut 2®n; sibkBhcstdmyplopddan pabrmac2@jcapfdriufationed sol utions; (21) pol yesters,
POy car bonat e A Pher . 2 DSt e mnactuticaify Aecontable st rei2ns 1§ e P2t ! Pl @
relatively non-toxic, inorganic and organic salts of compounds.
As used herein, the phrase “proteinopathy” refers to any disease associated with the
accumulation and/or aggregation of abnormal or misfolded proteins. Though
25  proteinopathies are frequently neurodegenerative diseases, proteinopathies also include
diseases of other tissues, including the liver, muscle and heart, and include some cancers.
As used herein, the term “subject” means a human or non-human animal selected
for treatment or therapy.
As used herein, the phrase “subject suspected of having” means a subject exhibiting
30  one or more clinical indicators of a disease or condition. In certain embodiments, the
disease or condition is cancer, a neurodegenerative disorder or pancreatitis.

As used herein, the phrase “subject in need thereof” means a subject identified as in

need of a therapy or treatment of the invention.

-28 -



20 substances enpl oyed in pharmaceutical formulations. As used
herein, the phrase "pharnaceutically-acceptable salts"” refers to the

rel ati velwonon/maesssc, i norgani c and organic salts of comrpoWsd®.1/022929 As
used herein, the phrase "proteinopathy” refers to any di sease associ at ed

wi th the accunul ati on and/ or aggregation of abnormal or m sfol ded proteins.
Though 25pr ot ei nopathies are frequently neurodegenerative di seases,

pr ot ei nopat hi edsakabhdraial thd@hdiss ethsepewaic afcherrefersteadscal ionsystahningffettan
liver, nuscle and heart, and .include sorr.ew%a}rl: ers. used t}gr ein,

, As
the term “&H3spirticylatiy mammalsand org gartiq UMRRS cawst by B3¢ Hr 1DF eat nent

or ther aPYhrases “therape%cﬂ@eé?f&ﬁcéﬁrﬁouﬂth EndPURSBve SHOURE e fReEIRE 8f an
havi ng" neans a subject éxhibiting 30one or nore clinical indicators of a

di sease onganotici piodncesisnme alesisddrefiabindit heasit assubtfopubitieeasecllsr Acondition i s

cancer, a_.neurodegen tive disorder or pancreatitis. As used heyein,
the pit aolRETaTGHY 7 Shectnd il Pliies REaREM S i peet husamdreoe Retrihce
of a therapyl @syttal TRt atQf rehddRablobemifit@Rk ratQpplicable to any treatment. For _

2011/ 094545PCT/ US2011/ 022929 As used herein, the phrase "therapeutic

ef fect" refappetcsrtain|agenid ugad is ylae mpthedweef the prasentamyontips may be amifistercd
mammal s, and y ticular u nt.... The phrases

"t herapeuﬁ %:%1%91%/1-%% a'?ﬁéocutnl(f\v%e& 8%17%%% %n%blgggieﬁérﬁgéﬁgnﬁﬁfébl%oasﬁ C}t?he anount
of an agettatiddat. produces sone desired effect in at |east a sub-popul ation

of cells. A5 ther%a({)eut_i cally effective anount includes an anount of an
agent 19 hat pr odsded keip. e sirmedropties| 2 discass 8t ebicchPF dEqatige” asyiedonabl e

benefit/r hiés%t@{]gougg@og@ é[f(h%mn L Qs AW rFL SR %f&tinggfee sggﬁmb%’phﬁﬁiééc%{lﬁca?gem s

used in t he present 1nvention’ may mnistered 1n a

suf f i ci entreameunt.gt,chpadlinGeaton elsoipabl, sudbahatfat 1dast mie syaipiam aptheidcsaldee t o
such treatnent. 10As used Eerei n, the term"treating" a disease in a

subj ect of 9eFreasad B PrevanEdiiom WORSHnNgy or suspected of having a di sease

refers to subj aglikfohdrfig, Sibio® e dfSremcRNGIRSRIPOLERD id 48ALMRIMund 6F T, the
adm ni stration of an agent, "such that at |east one synptom of the disease

i s dety eatwohuby L, pl.dVlehY ¥, Vi.ovilwerds¥Hilng. As used herein, "any
of the aforepenti d,.conpounds” is any conpound of 15formula I, 11, 111,
v, v, vi IRy 1?rsa(ﬁ3?s9|1§|_ | nhi bi tors of Uspl4 One aspect of the invention

relates to a compayndt sBRE asenti@trchesft0amehpolnd RBpresented by formula I:
R1

o
A-N
\G$Z

|
20  or a pharmaceutically acceptable salt, solvate, hydrate, prodrug, chemically-protected form,
enantiomer or stereoisomer thereof;, wherein, independently for each occurrence,
A is aryl, heteroaryl, carbocyclyl, heterocyclyl, or biaryl;
R' is hydrogen, alkyl, haloalkyl, fluoroalkyl, lower alkyoxy, halo or trifluoromethyl;
G is -N= or -C(R*)=;
25 Z is =C(R®)-, =C(R?)- or =N-;
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| 20or a pharnmaceutically acceptable salt, solvate, hydrate, prodrug,
chem cally-protected form enantioner or stereoi soner thereof; wherein,

I ndependewol2g1fousseach occurrence, A is aryl, heteroarylPcTaseiooymbyl ,
heterocyclyl, or biaryl; R is hydrogen, alkyl, haloal kyl, fluoroalkyl,

| ower al kyoxy, halo or trifluoronmethyl; Gis -N=or -C(R2)=; 25Z is
=C(R8)-, =C(R2)- or =N-; WO 2011/ 094545PCT/ US2011/ 022929 R2 is hydrogen,

al kyl , hal oal kRF js Hyldusgeoadlkyll halbaiiwglr flabroykiorly Jovbmladkymky,thaild owoifloominieyhy];
"Lin. J'rjj R/R or, when Gis -C(R2)= and Z is =C(R2) - thetwoR2taken
together areRl R o Xis RO O0-R9 Y 5or heteroaryl; Y i 3’;3434
-CH2(N-heterocyclyl), -CH2NH(CH2)" NH(al kyl ),

or, when G is -C(R*)= and Z is =C(R?)-, the two R” taken together are Rm Rm ,
g oo’ g oo

Lhw el (e The s
N—N ;

R 10 R10 , R']O , R’IO , R10 or

R9
|

H
.R® _N. _N. _OH .O.
) N N~ "R? N~ "R® N © q
. Y 1&%\( “{LY “{LY 1&%\( HI{\Y
XIS‘LLL%L 9 9 9 9 9
O-R®

5 H%Y or heteroaryl;

Y is -CH,NR’R", -CH,(N-heterocyclyl), -CH,NH(CH,),NH(alkyl),
-CH,NH(CH3)nN(alkyl),, -CH,NH(CH2)n(N-heterocyclyl), -CH,N(alkyl)(CH,),NH(alkyl),
-CH,N(alkyl)(CH;),N(alkyl),, -CH,N(alkyl)(CH2),(N-heterocyclyl),
-CH,NH(CHy,),O(alkyl), -CH,N(alkyl)(CH,),O(alkyl), -NR*R*, -NR’NR°R’, -NR’(N-

10 heterocyclyl), or -N-heterocyclyl;

nisl, 2,3 or4,

R’ is hydrogen, alkyl, substituted alkyl, alkoxyalkyl, haloalkyl, fluoroalkyl, aryl,
aralkyl, heteroaryl, or heteroaralkyl;

R” is hydrogen, alkyl, substituted alkyl, alkoxyalkyl, haloalkyl, fluoroalkyl, aryl,

15  aralkyl, heteroaryl, or heteroaralkyl;

R’ is hydrogen, alkyl, substituted alkyl, alkoxyalkyl, haloalkyl, fluoroalkyl, aryl,
aralkyl, heteroaryl, or heteroaralkyl;

R’ is hydrogen, alkyl, substituted alkyl, alkoxyalkyl, haloalkyl, fluoroalkyl, aryl,
aralkyl, heteroaryl, or heteroaralkyl;

20 R’ is hydrogen, alkyl, substituted alkyl, alkoxyalkyl, haloalkyl, fluoroalkyl, aryl,
aralkyl, heteroaryl, or heteroaralkyl;

R® is hydrogen, alkyl, substituted alkyl, alkoxyalkyl, haloalkyl, fluoroalkyl, aryl,
aralkyl, heteroaryl, or heteroaralkyl;

R’ is alkyl; or two R’ taken together with the nitrogen to which they are bound are

25  an N-heterocyclyl group; and
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CH2NH( CH2) "N( al ky1) 2, -CH2NH(CH2) " (N- heterocycl y1),
- CH2N( al kyl ) (CH2) "NH( al kyl'), CH2N(al kyl ) (CH2) "N(al ky1) 2,

- CH2N( al kyb)20GHRY48l het er ocycl y1), CH2NH( CH2) " O( alPky1Us2011/022929
-CH2N(al kyl' ) (CH2) "0(al kyl ), -NR3R4, -NRS5NR6R7, -NR5(NlOheterocyclyl), or
-N-heterocyclyl; nis 1, 2, 3 or 4; R3 is hydrogen, alkyl,
substituted al k I, alkoxyalkyl hanaIkyI fluoroal kyl, aryl, aralkyl

het eroaryl, or efshydmgai lkalidyl, haloalkyl ﬂuoroaﬂldyl; aikjm@r ml@exyallall}d;allo, substi t ut ed

al kyl , al koxyal k h oalk uor o, . ar ar al k het er 0 ryI or
heteroaraFEﬁ%ﬂnﬂgLy ﬁ?’ﬁ&g@ﬁﬁmg 1ho Pi@%@ﬁﬂp P&@V“m%?% yalkyl,
hanaIkyImmﬁkﬁgﬁquKyhmﬂﬁgmykmgﬂalkyI heteroaryl, or heteroaral kyl ;

R6 i s hydrogen, "al kyl ituted al kyl, al koxyal kyl, hal oal kyl,

f1 uoroal kyl , ahytertagr ethbgdimentet the pmse;ﬂt 1n@ntibneteéa1wuoailnkyolf the2@@rEmiestidnedr ogen,

o Ko " RobbLE S GRS e el hyopS g

substituted al kyl, aJ&oxyaIkyI hal oal kyl , fl uoroal kyl, aryI ar al kyl ,

het eroaryl, or het raIkyI R9 is alkyl; or two RO taken
toget her i theg ni hEv paungd 25an N-heterocyclyl
group; an 4%0 2%11/09454 73ﬁH%QT% %592&6 RHR)FS*?% hydr ogen, al kyl,

hal oal kyl, fI| ubraalaky¢mbalikyxythe arckax yacktion rdiatoto any iof thearfaretchtyéned
sul f ox neth ulfon nm na, 1€r ocyc , 1 noal Kyl ,
o doal kyFompgurkisTaey BRy vEM PR 4 AT LRGP G RISREE § ne

present invention rel@tes to any of the aforenentioned 5conpounds, provided
that when A is 4-fhugtophenyl, R is nethyl, Gis -C(R2)=, R2 is o nethyl,

X1s Y ethyl, Xis and Y is -CHy(4-methylpiperidin-1-yl), Z is not =C(H)- (i.e., C100).
10 In certain embodiments, the present invention relates to any of the aforementioned
0O

compounds, provided that when A is 4-chlorophenyl, R' is methyl, G is -N=, X is ILL%LY
and Y is -NH, Z is not =N- (i.e., C121).
In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein G is -N=.
15 In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein G is -C(R*)=.
In certain embodiments, the present invention relates to any of the aforementioned

compounds, wherein the compound is represented by formula II:

20 1
or is a pharmaceutically acceptable salt, solvate, hydrate, prodrug, chemically-protected

form, enantiomer or stercoisomer thereof.
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and Y is -CH2(piperidin-1-y1), Zis not =C(H)-. In certain

enbodi nents, the present invention relates to any of the aforenentioned
conmpoundswopnovivgtad t hat when A is 4-net hyl phenyl, R i ecmraisbyili/021929 s
-C(R2)=, R is O nethyl, Xis Y and Y is -CH2(4-nethyl piperidin-1-y1), Z
is not =C(H)- (i.e., C100). 10lIn certain enbodi nents, the present
invention relates to any of the aforenentioned O conpounds, provided that
when A i s 4- chiAaothphaspytt,of Rhie ingenthhylates @ & sompbyndtepresandl By fosmulNHPL: Z i s
not =N- (i.e., Cl121). In certain(fnbodinents, the present invention
relates to any of the aforenentioned coffpoupds, wherein Gis -N=. 15In
certain enbodi nents, the present invgg&'o relates to any of the

af orenenti oned conpounds, wherein Gi's R2) =. In certain

enbodi nents, the present invention relafes to any of the aforenentioned
conpounds, wherein the conpound is represented by formula Il: RL AANy.--Z
R2 11}

or a pharmaceutically acceptable salt, solvate, hydrate, prodrug, chemically-protected form,
5  enantiomer or sterecoisomer thereof; wherein, independently for each occurrence,
A is aryl, heteroaryl, carbocyclyl, heterocyclyl, or biaryl;
Z is =C(R?- or =N-;
R’ is hydrogen, alkyl, haloalkyl, fluoroalkyl, lower alkyoxy, halo or trifluoromethyl;

g, o T o g o
R1OwR1o N>\_/27R10 R1°—<\ 4/2—R10
N
or, R? and X taken togetherare R R R R0 RO
Yy o S ST
N\ R10 N />_R10 v"""-J‘P’J
NA%? YN R1°—<\ ,>—R10
10 R10 , R10 or N—N :
9
R® H E OH 0
0 N’ N™ R® N” "R® N~ W’ "RY
. Y HI%LY %Y H'%LY “{LY H‘{kv
XlleL%L , , , , , ,
R9
J. 0-R°

Y
11% or heteroaryl;

Y is -CH,NR’R", -CH,(N-heterocyclyl), -CH,NH(CH,),NH(alkyl),
-CH,NH(CH3)nN(alkyl),, -CH,NH(CH2)n(N-heterocyclyl), -CH,N(alkyl)(CH,),NH(alkyl),
15  -CH;N(alkyl)(CH;),N(alkyl),, -CH,N(alkyl)(CH,)n(N-heterocyclyl),
-CH,NH(CH,),O(alkyl), -CH,N(alkyl)(CH,),O(alkyl), -NR*R*, -NR’NR°R’, -NR’(N-
heterocyclyl), or -N-heterocyclyl;
nisl, 2,3 or4,
R’ is hydrogen, alkyl, substituted alkyl, alkoxyalkyl, haloalkyl, fluoroalkyl, aryl,
20  aralkyl, heteroaryl, or heteroaralkyl;
R” is hydrogen, alkyl, substituted alkyl, alkoxyalkyl, haloalkyl, fluoroalkyl, aryl,
aralkyl, heteroaryl, or heteroaralkyl;
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201l or is a pharnmaceutically acceptable salt, solvate, hydrate, prodrug,
chem cally-protected form enantionmer or stereoi soner thereof. WO

2011/ 094546RCT/0982811/ 022929 Anot her aspect of the invercirars2eeloadsees to a
conpound represented by formula I11: O AN\--Ir Xez O III or a
pharmaceutically acceptable salt, solvate, hydrate, prodrug,

chem cally-protected form 5enantioner or stereoisoner thereof; wherein,

i ndependent | y ROis lededpeacakylr arbsgtutod dllsyl arlydxyatiel dnaikyl,, floasdiodyaily| |
nal oal kol Sisbdiela Ryt of hdsirelikyoxy, hal o or Lriflueromethyl . N
pc- 14" it % - Pi | RN;g iRdrdden iRy INBsQtuRidticy1 Rl RoRyalkyl, a0, GRiobd )1 Oy 0
aralkyl, heteroaryl, or heteroaralkyl;
5 R’ is hydrogen, alkyl, substituted alkyl, alkoxyalkyl, haloalkyl, fluoroalkyl, aryl,
aralkyl, heteroaryl, or heteroaralkyl;
R’ is alkyl; or two R’ taken together with the nitrogen to which they are bound are
an N-heterocyclyl group; and
R'%is hydrogen, alkyl, haloalkyl, fluoroalkyl, alkyoxy, alkoxyalkyl, halo,
10 trifluoromethyl, sulfoxymethyl, sulfonamido, amino, amido, N-heterocyclyl, aminoalkyl,
amidoalkyl, or N-hetrocyclylalkyl.
In certain embodiments, the present invention relates to any of the aforementioned
compounds, provided that the compound is not C12.
In certain embodiments, the present invention relates to any of the aforementioned
15  compounds, provided that the compound is not C31.

Another aspect of the invention relates to a compound represented by formula IV:

OR11
A N.
T a

I

v

S

or a pharmaceutically acceptable salt, solvate, hydrate, prodrug, chemically-protected form,
20  enantiomer or stereoisomer thereof; wherein, independently for each occurrence,
A is aryl, heteroaryl, carbocyclyl, heterocyclyl, or biaryl; and
R'! is hydrogen, alkyl, alkylcarbonyl, aralkyl, haloalkyl, fluoroalkyl, alkoxyalkyl,
trifluoromethyl, or silyl.
In certain embodiments, the present invention relates to any of the aforementioned

25  compounds, provided that the compound is not C73.
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"ibt sr(

Nii-R19 \\ i-N or heteroaryl; Y is -CH2NR3R4,

-CH2(N-heterocyclyl), -CH2NH(CH2)"NH(al kyl ), CH2NH( CH2) " N( al ky1) 2,

- CH2NH( CHeD20N/dvet4er ocycl y1), - CH2N(al kyl ) (CH2) " NH( al kyIPXT/US2011/022929

15- CH2N( al kyl ) (CH2) "N(al ky1) 2, -CH2N(al kyl) (CH2)" (N-heterocyclyl),
CH2NH( CH2) "0( al kyl'), -CH2N(al kyl) (CH2)"0(al kyl), -NR3R4, -NR5NR6R7,

- NR5( Nhet erocyclyl), or -N-heterocyclyl; nis 1, 2, 3 or 4, R3

i s hydrogen, alkygther spbsitdfithut ideralionytlatealtk oxympbuyld, reprabanadddyl forthliladv-oal kyl ,
aryl, 20aral kyl, heteroaryl, or heteroaralkylA R4 is hydrogen, alkyl,
substituted al kyl, al koxyal kyl, hanaIKyRmsifuoroalkyl aryl, aral kyl,

het eroaryl, or heteroaralkyl WO 201809k
hydr ogen, C

aryl, aral kyl, heteroaryl or hetero
substituted al kyl, alkoxyalkyl, h&l!d

5PCT/ US2011/ 022929 R5 is
al kyl', hal oal kyl', fluoroal kyl,
o R6 is hydrogen al kyl,
yIs, fluoroal kyl, aryl, aralkyl,

al kyl, substituted al kyRX

heteroaryl, or heteroaral kyl; 5R7 is daen al kyl , substltuted aIkyI
al koxyal kyl , hal oal kyl, fl uoroal kyl, arxz ar al kyl , heteroaryl or
het er oar al kyl ;

10

15

20

25

or a pharmaceutically acceptable salt, solvate, hydrate, prodrug, chemically-protected form,
enantiomer or stereoisomer thereof;, wherein, independently for each occurrence,
A is aryl, heteroaryl, carbocyclyl, heterocyclyl, or biaryl;
2 is hydrogen or alkyl; and
" is hydrogen, alkyl, alkenyl, alkynyl, halo, haloalkyl, fluoroalkyl, hydroxy,
alkoxy, alkyenyloxy, alkynyloxy, carbocyclyloxy, heterocyclyloxy, haloalkoxy,
fluoroalkyloxy, formyl, alkylcarbonyl, haloalkylcarbonyl, fluoroalkylcarbonyl,
alkenylcarbonyl, alkynylcarbonyl, carboxy, alkoxycarbonyl, haloalkoxycarbonyl,
fluoroalkoxycarbonyl, alkenyloxycarbonyl, alkynyloxycarbonyl, alkylcarbonyloxy,
haloalkylcarbonyloxy, fluoroalkylcarbonyloxy, alkenylcarbonyloxy, alkynylcarbonyloxy,
sulfoxymethyl, sulfonamido, amino, amido, azido, aminosulfonyl, aminosulfinyl, cyano,
nitro, phosphinyl, phosphoryl, silyl, silyloxy, and any of said substiuents bound through a
methylene or ethylene moiety; or one or two instances of R™, and the carbon to which it is
bound, taken together are -N=.
In certain embodiments, the present invention relates to any of the aforementioned
compounds, provided that the compound is not C106.

Another aspect of the invention relates to a compound represented by formula VI:

or a pharmaceutically acceptable salt, solvate, hydrate, prodrug, chemically-protected form,
enantiomer or stereoisomer thereof;, wherein, independently for each occurrence,
A is aryl, heteroaryl, carbocyclyl, heterocyclyl, or biaryl;
R' is hydrogen, alkyl, haloalkyl, fluoroalkyl, lower alkyoxy, halo or trifluoromethyl;
' is hydrogen or X;
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RO is alkyl; or two RO taken together with the nitrogen to which they are
bound are an N-heterocyclyl group; and R16 is hydrogen, al kyl, hal oal kyl,

f | uor oal kyb,20aldeyzaxy, al koxyal kyl, hal o, 10 trifl uor omerbylus2eualotmdzy et hyl ,
sul f onam do, am no, am do, N-heterocyclyl, am noal kyl, am doal kyl, or

N- hetrocycl yl al kyl . In certain enbodi nents, the present invention
relates to any of the aforenentioned conpounds, provided that the conpound

is not Cl2. In certain e Wirent s, thejprBsent invention
relates to any of the aforementi orR¥d#X15 Rﬁbunﬂ@ﬁégzgvﬁﬂ%d that the
conpound is not C31. Another aspect o he i nventi el ates to a conpound
represent ed bybéthrRitlltakenogd®Ryr, Adl , R°. RN\ ar . .R%; R® .amN IV or a

phar maceuti cal Ly; accept abl alt, so|vate, hydrate, prodrug,

phenicalIy-proké@@é&aggﬁhﬁﬁQEéW§WFﬁGhﬁ?y%Pa@t@ﬂ%ﬂk@o ro@#%%@%@PX%herein

i ndepende Qltkbyy,fa‘fl{yeﬁﬁlﬁgir,%@ﬁ@[d%@?@arb&&bEI_I(@("}I%heteﬁa@§&§l‘8§f,ﬂaloaﬂ@)&g0 cyclyl,
yl; and "“I's al kyl, a

het erocycl yl ,” or “biar ydr ogen, yl car bonyl ,
aral kyl , Hadwalkigldxy, fofmpk, ebiyloptbonal, kabeylkly keytbonyly flfibneekkyleatbopyl, or silyl.

In certai engod'nent tﬂg resent invention relates to any of the
af or ernt MEFEAC SR BOrIBNUS ST by es ek PHRO B E e crs o
2011/ 0945436631k R %ﬁ(%ﬁylﬁﬁ?éalﬂlﬁfnyﬁ,%ﬂ%&lo&&?érb@lfﬁl,rh\ﬂgﬂ&dr%hyﬂﬁiy@t es to a
conmpound represented by fornula V: R12 A R13 J/
haloalkylcarbonyloxy, fluoroalkylcarbonyloxy, alkenylcarbonyloxy, alkynylcarbonyloxy,
sulfoxymethyl, sulfonamido, amino, amido, azido, aminosulfonyl, aminosulfinyl, cyano,
nitro, phosphinyl, phosphoryl, silyl, silyloxy, and any of said substiuents bound through a
10  methylene or ethylene moiety; or one or two instances of R'?, and the carbon to which it is
bound, taken together are N.
In certain embodiments, the present invention relates to any of the aforementioned

compounds, provided that the compound is not C118.

Another aspect of the invention relates to a compound represented by formula VII:
0]

S
r

vil

15

or a pharmaceutically acceptable salt, solvate, hydrate, prodrug, chemically-protected form,
enantiomer or stereoisomer thereof;, wherein, independently for each occurrence,
A is aryl, heteroaryl, carbocyclyl, heterocyclyl, or biaryl; and

20 Y is -CH,NRR*, -CH,(N-heterocyclyl), -CH,NH(CH,),NH(alkyl),
-CH,NH(CH,),N(alkyl),, -CH,NH(CH,)n(N-heterocyclyl), -CH,N(alkyl)(CH,),NH(alkyl),
-CH,N(alkyl)(CH;),N(alkyl),, -CH,N(alkyl)(CH2),(N-heterocyclyl),
-CH,NH(CH,),O(alkyl), -CH,N(alkyl)(CH,),O(alkyl), -NR’R*, -NR’NR°R’ or -NR’(N-
heterocyclyl).

25 In certain embodiments, the present invention relates to any of the aforementioned
compounds, provided that the compound is not C133.

Another aspect of the invention relates to a compound represented by formula VIII:
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Vv or a pharmaceutically acceptable salt, solvate, hydrate, prodrug,
chem cally-protected form 5enantioner or stereoisoner thereof; wherein,
i ndependewol2g1foousseach occurrence, A is aryl, heteroarylPCcTaseiooymbyl ,
het erocyclyl, or biaryl; R12 is hydrogen or alkyl; and R13 is

hydr ogen, al kyl, al kenyl, al kynyl, halo, haloal kyl, fluoroal kyl, hydroxy,
al koxy, al kyenyl oxy, al kynyl oxy, carbocyclyl oxy, heterocyclyl oxy,

hal oal koxy, 10fl uoroal kyl oxy, fornyl, @Nkyl carbonyl, hal oal kyl car bonyl ,
fl uor oal kyl car bonyl , al kenyl car bony._al kymyl.car bonyl, carboxy,

al koxycar bonyl , hal oal koxycar bonyl , oal’koxycar bonyl ,

al kenyl oxycar bonyl , al kynyl oxycar bony al kyl car bonyl oxy,

hal oal kyl car bonyl oxy, fl uoroal kyl carbogdyl oxy, al kenyl carbonyl oxy,

al kynyl car bonyl oxy, sul foxynethyl, sulfonam do, am no, am do, azido,

am nosul fonyl, am nosul finyl, cyano, 1¥Ihitro, phosphinyl, phosphoryl,

silyl, silyloxy, and of said substiuents bound throu a t hyl ene or
athyl ene. Hbt BEmaE AL aerfBle rToaRebs RE Seag ottt b ROl Rh i ¢
i s bound, chaligMet 898EREKoRERheRGE; wherein, thdbpefddnaly ToldeRALARRNSe, t he present
invention relates to any of the aforenmentioned conpounds, provided that the
conpound i s no# i€206. hexamargt, kaboexphd chetgpeydhd, drviamtiiand rel ates to a
conmpound represent ed, by for aVl: RL Rl4 A-N R15 R15 VI or a
pharnaceuticalﬁy]5§¥%E¥36F3ﬁgglt, sol vate, hydrate, prodrug,

chemi cal | y- pr olieedrach EBbdBimensthé progént divehtion BVitsDIFRINY ol ecePbremohes RN,

i ndependently for each occurrence, 25A is aryl, heteroaryl, carbocyclyl,

het er ocycFgnpowsds.girayided they the sompewskisnot @131 | hal oal kyl, fl uor oal kyl ,

| over al kyoxy, hh@e!r&mpémﬁcydufn!eﬁ'tg,rtﬂgﬁfe@é(ﬂt inv3hflorh ?elem{sdtro%gﬁ R He dforementioned

10 compounds, wherein A is aryl or heteroaryl.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein A is phenyl, pyridin-2-yl, pyridin-3-yl or pyrimidin-2-yl, optionally
substituted with 1, 2, 3, 4 or 5 substituents independently selected from the group consisting
of alkyl, alkenyl, alkynyl, halo, haloalkyl, fluoroalkyl, hydroxy, alkoxy, alkyenyloxy,

15  alkynyloxy, carbocyclyloxy, heterocyclyloxy, haloalkoxy, fluoroalkyloxy, formyl,
alkylcarbonyl, haloalkylcarbonyl, fluoroalkylcarbonyl, alkenylcarbonyl, alkynylcarbonyl,
carboxy, alkoxycarbonyl, haloalkoxycarbonyl, fluoroalkoxycarbonyl, alkenyloxycarbonyl,
alkynyloxycarbonyl, alkylcarbonyloxy, haloalkylcarbonyloxy, fluoroalkylcarbonyloxy,
alkenylcarbonyloxy, alkynylcarbonyloxy, sulfoxymethyl, sulfonamido, amino, amido,

20  azido, aminosulfonyl, aminosulfinyl, cyano, nitro, phosphinyl, phosphoryl, silyl, silyloxy,
and any of said substiuents bound to the phenyl, pyridin-2yl, pyridin-3-yl or pyrimidin-2-yl
through a methylene or ethylene moiety.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein A is phenyl, optionally substituted with 1, 2, 3, 4 or 5 substituents

25  independently selected from the group consisting of alkyl, halo, haloalkyl, fluoroalkyl,
hydroxy, alkoxy, haloalkoxy, fluoroalkyloxy, amino, azido, cyano, and nitro.

In certain embodiments, the present invention relates to any of the aforementioned

compounds, wherein A is§ : :

In certain embodiments, the present invention relates to any of the aforementioned
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WO 2011/ 094545PCT/ US2011/ 022929 bot h R15, taken together,

ar eR13R130r R13R13; and R13 is hydrogen, al kyl, alkenyl, alkynyl,
hal o, halwal2kyloo4d4suor oal kyl , hydroxy, al koxy, al kyenyl exy/usaditypensboxy,
car bocycl yl oxy, heterocyclyl oxy, hal oal koxy, fluoroal kyl oxy, formnyl,

al kyl car bonyl , hal oal kyl carbonyl, fluoroal kyl carbonyl, 5al kenyl car bonyl ,
al kynyl car bonyl, carboxy, al koxycarbonyl, hal oal koxycarbonyl,

f | uor oal kooypamdenyhereial K spheoxysobstiany in thaltky pysitey Gathbenpdtituted) with a

21 Koy cantoRNB eI A BERbBn Py eyt agRatElleiiioo, am no

am do, azh f%ﬁ&?uﬂlaﬁ&aﬂb[&y ﬁﬁbﬂ&gﬁ& Jx‘fythmoCé%?d}Pc e!EHot L& niggosphi nyl
phosphoryl yl oxy,” and any sal d substiuents bound through a 10

met hyl ene or elmgdr@neenfmcbmyms,dhe prmemﬂnwemom riddtentoewy of ttRl@orcaedtierned

carbon to which it is bound, taken together gre N In certain

enbodi nents, the present |nwant|on rel ates t® any of g he aforementioned
conmpounds, prOV|ded that th : 5 t 8. An r aspect of the
invention relates to a conpew B¢ , or l: 015 VIl or a
phar meg eutorapdungs,acieegh abls 2 .2 h t@,: pr ug,

chem cal | y-protected form. enan |oner or st.ereoi soner tEereof wher ei n,

i ndependent |y Fbser@irembrdimentafe preacntdnvgpijpn r @Setp&aw thecakprispeptionad,

het er ocyc ;

- CH2NH( &%ﬂl&ﬁ?l I ]%}rré{lh A H%)QGEE My t%ﬁﬁ%é e 3 - BADONK( §§Jb@ﬁ%‘ dg}%)tclzlyacl y1),
- CH2N( al kyubs(i@a) Selkited ﬁ'yin)the giohp NoBdiking)of @H@) 'h‘al(aalhkly)au@l, fluoroalkyl,

- GH2N(al kgyargxy, ahgoxyhh oal 0 h}im)oalkyloxy, amino, azido cyano, and nitro.

10 In certain embodiments, the present invention relates to any of the aforementioned

Cl o— F
compounds, WhereinAis§ :< é :< é :< mé :< )

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein A is phenyl substituted in the four position (para substituted) with a
substitutent selected from the group consisting of alkyl, halo, haloalkyl, fluoroalkyl,
15  hydroxy, alkoxy, haloalkoxy, fluoroalkyloxy, amino, azido, cyano, and nitro.

In certain embodiments, the present invention relates to any of the aforementioned

%< >—CI %< >— %(: >—O/ %(: >—F
compounds, wherein A is

N/ CF,CF
§ < > \é < >_ %< >_ %< >_ §_< »—CF,CF;

20 In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein A is phenyl substituted in the two and four positions with substitutents
independently selected from the group consisting of alkyl, halo, haloalkyl, fluoroalkyl,

hydroxy, alkoxy, haloalkoxy, fluoroalkyloxy, amino, azido, cyano, and nitro.
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CH2NH( CH2) "0O(al kyl ), -CH2N(al kyl) (CH2)"0(al kyl), -NR3R4, -NRS5NR6R7 or

- NR5( Nhet erocycl yl). 25In certain enbodi nents, the present invention

rel ates twoany/missshe af orenenti oned conpounds, provi deactrhmsboitife2seonpound
is not C133. Another aspect of the invention relates to a conpound
represented by fornula VII1: WD 2011/ 094545PCT/ US2011/ 022929 CN 0 VI
or a pharmaceutically acceptable salt, solvate, hydrate, prodrug,
cheni cal | y- pr olrectriath érobodimemasthe prosent diivesatien exdateotweiny ofi @rceddremehtsreidn,

i ndependently for each occur ence 5A |s aryl, heteroaryl, carbocyclyl,

het er ocycl yl, or biaryl; |s hydo en or al kyl. In certain

enbodi nents, the present C!:_any of the aforenentioned

conmpounds ﬁ@%ﬁgquﬁgﬁyxﬁ oun 13 In certain
s

enbodi nmen resent Invention réiates to any of the aforenentioned 10
conmpounds, \Ahehewmaﬁn ¢rBb@fimkntorthé pteem armehnon relates forang @ff thai dforemeatdnEnt s,
the present invention relates to_any of the aforenentiogned conpounds,

wher ei n ASPBPYRERmVhergip A iinyriding?-yl, WPP’%F;”H sybsfifutgd Hbghﬁfwrcn%lt@nwlth a

opti onal Iy isHRSH dehrd Mirh th 1 £ ASIRRb! A Agpdent |y
selected ron1tﬁe group conglr?%%% 3 ?E ?’§ F@eny éﬁkynyﬁ g%lo

hal gal ky: h}lrdrbmxaraﬁaa!{xkzyha,loatﬂy@Tyoﬂyoro;\]k:ymxlykarainbyﬁndd @xgml,okal;&bhﬂtrpnlyl oxyI
car bocycl yl oxy. heteroc 0X al oal. kox uor oal ky or
al kyl car bony| . MhEFg ?&9‘?@%5%%@ PRPTBIBANEYH Bty O fiecifyierisp

alkynylcarbonyl car boxy, ar bonyl , hal oal koxycar bonyl ,
quoroaIkoxycarbonyI alke%yH%§§§aﬁbonyl,
compounds, wherein A is — :
In certain embodiments, the present invention relates to any of the aforementioned
10 compounds, wherein A is pyrimidin-2-yl, optionally substituted in the four position with a
substituent selected from the group consisting of alkyl, halo, haloalkyl, fluoroalkyl,
hydroxy, alkoxy, haloalkoxy, fluoroalkyloxy, amino, azido, cyano, and nitro.

In certain embodiments, the present invention relates to any of the aforementioned
N

aia
N= :

15 In certain embodiments, the present invention relates to any of the aforementioned

compounds, wherein A is

compounds, wherein A is biaryl.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein A is 4-(phenyl)phen-1-yl or 4-(2-pyridinyl)phen-1-yl, optionally
substituted with 1, 2, 3, 4 or 5 substituents independently selected from the group consisting

20  of alkyl, halo, haloalkyl, fluoroalkyl, hydroxy, alkoxy, haloalkoxy, fluoroalkyloxy, amino,
azido, cyano, and nitro.

In certain embodiments, the present invention relates to any of the aforementioned

OO FO~D
compounds, wherein A is or N—" .

In certain embodiments, the present invention relates to any of the aforementioned
25 compounds, wherein R' is hydrogen.
In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein R' is alkyl.

In certain embodiments, the present invention relates to any of the aforementioned
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al kynyl oxycar bonyl , al kyl car bonyl oxy, hal oal kyl car bonyl oxy,
f1 uoroal kyl carbonyl oxy, al kenyl carbonyl oxy, al kynyl car bonyl oxy,
sul f oxymawbybi1/m4sonam do, am no, am do, 20azi do, am neswluseonyl022929

am nosul f

any of said substi uents bound to the phenyl

inyl, cyano, nitro, phosphinyl, phosphoryl, silyl, silyloxy,

pyrimdin-2-yl through a nethylene or ethylene noiety. In certain
enbodlnentmnpmhﬂ&pmbsenﬂ(nmhﬁnﬂkpm relates to any of the aforenentloned

conpounds,

and

pyridin-2yl, pyridin-3-yl or

wherein A IS@E? X Btlonall sub tituted ﬁnth 1 3, 4 or 5
substituents 281 fiBHETA Suhe BraEt HiPhET YroQpmEe Q}es%f?rﬁaleafﬁoraqdkw
hal o, haIgﬁhﬁﬁbﬂsRMRQ&quKyhumgg@§pxy al koxy, hal oal koxy, quoroaIkonxy

am no, az

ido, cyano, and nitro. |Ih certain enbodi nents, the present

i nvention rel atregertam anbomemthﬁhapwsemnant)meoblﬁwtp@mmw thevencaicntigneds | n
certai n enbodi nents ipresent invention relates to any of the

afore ntF%ﬂ@%PE%Ey%ﬁTTﬁbéﬁgﬁgﬁ%T/U82011/022929 conpounds, wherein Ais
phenyl substi t yf @gtaiferhbsifbis AR bk ilwRhtifiPrdatbsiol ahztoeeﬂe abieteationed

substi t ut

ent selected frgmthe group consisting of al

azi do,

hal o, hal oal kyl ,
quoroaIk9¢mpﬁyﬂﬁdwyﬂ@aﬂkd&bﬂoﬁ@m@hlkoxy, quoroaIkonxy, ani no,

cyano, - and ni t o e fh GRELAND S ROBIER Syenlile  RLESENL LPYE AR hBY ALeS tO

any of the aforenen
i nvent i oncémpaings, wierainR 'af flidrenatigil.ement i oned conpounds,

phenyl substituted in the three position (meta substituted) with a

ent sbl eElEUCRPUINENS. the BIFSCIH ARENEPT FiRteT tognK Of t ther?é@r@meﬁtaq’rts‘él kyl ,

subst 19 ut

fl uoroal kyl, P&MQEQ%<ﬂﬂﬁ@@%¥&hﬂhaloalkoxy’ fl uoroal kyl oxy, am no, azido

cyano, and n enbodi ments, the present invention relates

to any of

15

20

25

30

tro In certal
t he &f oremeahbati@dntS]tBe present invention relates to any of the aforementioned

compounds, wherein R' is haloethyl.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein R' is fluoroethyl.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein R? is hydrogen.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein R is alkyl.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein R” is methyl.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein R*is ethyl.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein R' is hydrogen; and R* is hydrogen.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein R' is alkyl; and R” is alkyl.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein R' is methyl; and R* is methyl.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein R' is ethyl; and R” is ethyl.

In certain embodiments, the present invention relates to any of the aforementioned

compounds, wherein Z is =C(R®)-; and R® is hydrogen.
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conmpounds, wherein Ais In certain enbodi nents, the present invention
relates to any of the aforenentioned conpounds, wherein A is phenyl

subst i t utwo 20n/mst our position (para substituted) w tirca/usodgtoriont ent
selected fromthe group consisting of alkyl, halo, haloal kyl, fluoroalkyl,
15hydr oxy, al koxy, hal oal koxy, fl uoroal kyl oxy, am no, azido, cyano, and
nitro. In certain enbodi nents, the present invention relates to any of the
af orenent i oned IIQéHmimﬁnlb@jimeletﬂiIhd 'pfesﬁtt spvehtien pol@setotaniy Y drtafornmeetiateds t o

any of the af orerre %d %ggﬁund ]i‘tn A is phenyl substituted in the
two and f GAURPYBE ’t‘?’ %m Br s’tai & dhilky ndependent |y sel ected fromthe
group consi sti ﬁgc&{alrﬁérhwdlm%k Ghe pakaakKhtiod %éﬂ&é%'a‘ﬁ%ﬂof tﬂyﬂéﬁﬁﬁénnéﬂelﬂoxy

hal oal koxy, fluoroal kyl oxy, ami no, azido, cyano, and

2011/ 09456@%@82@1161@02219?% In certain errbodl rrents the pr esent
invention relate e, af or eqentl ned conp ndi er ei N\ dyS
pyridih-2-yl, ifb Wa?ql B%tﬁ %P@ae ACRECY BUFCH8ARY 06 o mg™ iohe
5substituent selected fromthe® group consisting of aI kyl, hal o, hal oal kyl,
fl uor oal kyI hydr oxy, al ko al oal koxy, fluoroal kyl oxy, am no, azido,
cyano, gorﬂ?&{ngs WIELrGRRE R N wembodi ments, the present invention relates to
any of th orenentioned Cl conpounds, V\/nerel n Ais In certain

enbodi nent s, t hecqtags@nbodimeetsttho presalt atvestivordatys ofany o€ thafadoementoreded
10conpounds, wherein Ais pyrim gl n-2-yl, optionally substituted in the
four position wth a N’

. . Y
compounds, wherein X is IH%L :

In certain embodiments, the present invention relates to any of the aforementioned

Rg
|

N N
N/ \Rg N/ \Rg
10 compounds, wherein X is or

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein X is heteroaryl.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein X is pyrrolo[1,2-a]pyrazin-3-yl.

15 In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein R’ is alkyl. In certain embodiments, the present invention relates to
any of the aforementioned compounds, wherein R’ is methyl.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein Y is -CH,NR’R*,

20 In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein Y is -CH,NR’R*; and R*is hydrogen.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein Y is -CH,NR’R*; and R is alkyl. In certain embodiments, the present
invention relates to any of the aforementioned compounds, wherein Y is -CHZNR3R4; and

25  R%is hydrogen.

In certain embodiments, the present invention relates to any of the aforementioned

compounds, wherein Y is -CH,NR’R*; and R* is alkyl.
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substituent selected fromthe group consisting of alkyl, halo, hal oal kyl,
fluoroal kyl, hydroxy, al koxy, hal oal koxy, fluoroal kyl oxy, am no, azido,
cyano, amaionniwm4s4sn certai n enbodi ments, the present i meenise@n/oembates to

any of the aforenentioned 15l n certain enbodi nents, the present
I nvention relates to any of the aforenenti oned conpounds, wherein Ais
biaryl. In certain enbodinents, the present invention relates to any of the

af or enent i onedlrcampougrdisqdimbes ahe pisérs idvehpbre rofdtyploany b yhik adorementioned

4- (2-pyridinyl)phen-1-yl, . optjo jy bstitute ith 1, 2, 3, 4 or 5
subst i tueﬁ?rgg‘?‘g‘i@ép‘gtﬂf‘ﬂ%‘ﬁﬁ? Eﬁ@@?ﬁ i 1%ﬂé°’i;}’laﬂi¥y consi sting 20of alkyl,
hal o, hal oal kyly cdra4PERBddidbnts h}igf)f@ééht 11?&1659513’ relaﬁ@é t%aa|n§%¥he de)ﬂéﬁlreﬁ%ﬂ@dl oxy,

am no, azido, cyano, and nitro. In, certain enmbodinents, the present
i nvent i oncmrep@tnds, wierainyy of- thNRaRoBeMdrmdanctl&nxs@ﬂﬂds wherein A isON

In certain enb nts resent ent | ates t

f or erint | oned ETROHIBbAERGEF BletReeliny Gy of 1 Hofinehfhed
enbodi rren&&%&hﬁs RYIRSEALY isNCENNROR’; rRéI@alﬁﬂ bed RhY Diylt he af orenenti oned
conmpounds, erein R is alkyl. In certain enbodi rrents t he present

Cnvention rel alfbeertain ﬁh@d@mel@tﬁ éhgp@ﬁ@mepgmwlatmo any of the aforementioned
2011/ 094545PCT LS20EHi032 22 L LREPRURIS, nyIgI Mk sSulgL aplkv! -

In certain embodiments, the present invention relates to any of the aforementioned
10 compounds, wherein Y is -CH,NR’R"; R? is alkyl; and R" is alkoxyalkyl.

In certain embodiments, the present invention relates to any of the aforementioned

n— J(J

compounds, wherein Y is %/N_ %/ ) %/ %/ %/ , QN{,

\N HN4>7 \N4>7 HN \N HN O/
AT P o P
DO O PO

15 In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein Y is -CH,(N-heterocyclyl), which is optionally substituted with one,
two, three, four or five substituents independently selected from the group consisting of
alkyl, haloalkyl, fluoroalkyl, halo, hydroxyl, alkoxy, haloalkoxy, fluoroalkoxy, amino and
nitro.

20 In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein Y is -CHy(piperidin-1-yl), -CHy(piperazin-1-yl),
-CHz(hexahydropyrimidin-1-yl), -CHa(morpholin-1-yl) or -CH,(1,3-oxazinan-3-yl), which
is optionally substituted with one, two, three, four or five substituents independently
selected from the group consisting of alkyl, haloalkyl, fluoroalkyl, halo, hydroxyl, alkoxy,

25  haloalkoxy, fluoroalkoxy, amino and nitro.

In certain embodiments, the present invention relates to any of the aforementioned

compounds, wherein Y is -CHy(piperidin-1-yl) or -CHy(piperazin-1-yl), which is optionally
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In certain enbodi nents, the present invention relates to any of the

af orenenti oned conpounds, wherein R is fluoroal kyl. In certain
enbodi nenwe,2otie4qasesent i nvention relates to any of thecafusce@menioeoned 5
conpounds, wherein R is nethyl. In certain enbodi nents, the present
invention relates to any of the aforenentioned conpounds, wherein R is
hal onet hyl . In certain enbodi nents, the present invention relates to
any of thsulafioteheitl bnm edo cthrgppfondsy fivheibetitocrk iﬂdepéﬂdmﬂtmﬁtdﬂgd frorh@hen

certain enbodi nents, rel ates
af or ement PENBECLBHS iR ERDivh TRorkdt b 1 arovo SRt gy
enbodlnenh§m©5mgxynﬁﬁﬁggndHM%nt|on relates to any of the af orenment i oned

compounds, wherein R is hal oethyl . In certain enbodi nents, the
pr esent |nventhnnﬂmetan@shm@manyepﬁmmhemamnomnﬁMtabnmmOiﬂmeﬁw@undsmxmhere|n
R is fluoroethyl. In certain enbodi nents, the present i nvention
relates to any of the aforenenii oned und erei i s Jydrogen.

In certain enbodi nents, the ngEFnt (ﬁzgﬁ? tes to a of Jt he

af or ement i oned conpounds di nent s,

t he present invention rela%gy' of the rene one npounds

wher ei i R2ormpounds,hylhercin Y is ¢ | n cer in enbod ments,¢the present i,nvention
relates to any of the aforenentloned conpounds, mhereln R2 |set %
In certain enbodinents, the present |nvent|on ates to any of %e

aforenentlog§?;g5 cgnp unda{iﬁ%ere n dr gen an ydrogen
In certai nb di Jrent.s he\,presen ven i 0 te t he
aforenentgﬁned c unds%_m#erel is akk %_&y In
certain egbodi rengs, the present i nventio relate to any of the

af orenenti oned conmpounds, wherein R is nethyl; and R2 i$ nmethyl. ’30In
certain enbodinents t he present ventlom reIates to any of the

af orenent i oned unds|>>wher ei is et and i s et hyP-CFs In
certain enbodi nts pres |nvent relat 0 any { he
aforenentlo ed npou ds whe ﬁl Zis\= R8 is ogen.

oXe
> %O %’ %’ OO

In certain embodiments, the present invention relates to any of the aforementioned
10 compounds, wherein Y is -CH,NH(CH;),NH(alkyl), -CH,NH(CH;),N(alkyl),,
-CH,NH(CH3)nN(alkylene), -CH,N(alkyl)(CH»),NH(alkyl), -CH,;N(alkyl)(CH;),N(alkyl),
or -CH,N(alkyl)(CH2),N(alkylene).

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein Y is -CH,NH(CH3;),0O(alkyl) or -CH,N(alkyl)(CH2),O(alkyl).
15 In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein n is 1.
In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein n is 2.
In certain embodiments, the present invention relates to any of the aforementioned

20  compounds, wherein n is 3.
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WO 2011/ 094545PCT/ US2011/ 022929 In certain enbodi nents, the present

I nvention relates to any of the aforenentioned conpounds, wherein Z is

=C( R8) - ; wodoRAissal kyl . I n certain enbodi nent s, PCnaASpI1@®eIIR9

i nvention relates to any of the aforenentioned conpounds, wherein Z is =N-.
5In certain enbodi nents, the present invention relates to any of the

af orenenti oned 0 conpounds, wherein X is In certain enbodi nents, the
present i nvent ioeertagél @hBslimontartiic pfesth énvahoore mated oraag oRtheNforcorpaeds,
wherein X is In certai.n enhodi nents, the present invention relates to any

of the af 6YBRARHENOHMECRS 1§ N N. RO In certain enbodi nents, the
present I nvent {PRrfa6l é}hﬁ‘&dlﬁl@nt@r}}ie Bifes&ﬂ?m%‘h%r?f@a%é t%r!l‘ﬁ? o@ﬁ{épﬁ&%ﬂr%nnc‘!ﬂ%%r ein X
is heteroaryl. I'n certaln enbodi nents, the present i nvention rel ates

to any of the aforenentioned corrpo ds wher ei ra) Xis

pyrrol o[ 1, 2- a] pyrazi n- 3-yl ﬂ_n/?en\t ai,n ®pbédinents, the present invention
I oned cc%r_rg,ounds V\/nerel n RO is alkyl. In

relates to any of the aforeée_n
cerian UMY AL RESET Tnuept on fefates 1o amy of (e
enbodi jrents, t hecq@faﬁsmlbodlmsﬁa tthe pres @it atveatibmradatys ofant o€ thaf doenentidreded
compounds cor‘x“l’{g‘fl{n%'s "wherdin Y 5 KRR

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein Y is -NR’R*; and R is hydrogen.

In certain embodiments, the present invention relates to any of the aforementioned

10 compounds, wherein Y is -NR’R”; and R? is alkyl.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein Y is -NR’R*; and R*is hydrogen.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein Y is -NR’R*; and R* is alkyl.

15 In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein Y is -NR’R*, R? is hydrogen; and R* is alkyl.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein Y is -NR’R*; R? is hydrogen; and R” is hydrogen. In certain
embodiments, the present invention relates to any of the aforementioned compounds,

20  wherein Y is -NR’R*; R? is alkyl; and R*is alkyl.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein Y is -NR’NR°R” or -NR’(N-heterocyclyl).

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein Y is -NR’NR°R’; and R’ is hydrogen.

25 In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein Y is -NR’NR°R’; and R’ is alkyl.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein Y is -NR’NR’R’; and R, R® and R’ are, independently, hydrogen or
alkyl.

30 In certain embodiments, the present invention relates to any of the aforementioned

compounds, wherein Y is -NR’(N-heterocyclyl); and R’ is hydrogen.
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20l n certain enbodi nents, the present invention relates to any of the
af orenenti oned conpounds, wherein Y is -CH2ZNR3R4; and R3 ishydrogen.

I n certaiwoenhoduswnt s, the present invention rel ates tecarg2af/orives
af orenmenti oned conpounds, wherein Y is -CH2NR3R4; and R3 is alkyl. In
certain enbodi ments, the present invention relates to any of the

af orenenti oned conpounds, wherein Y is -CH2ZNR3R4; and 25R4i s hydrogen.
I n certain enbodiament snbddimcpts etheptesém\imhﬁmmrdlabsatbasytoﬁtl&r@for@ﬁlehﬁmled

af orenmenti oned conpound rein Yis nd R4 is alkyl. WO
3071/ 06454SPOISDBELY 038R (N-ReterarS el G dginents, the present
invention rel ajpgrath @rﬁyocﬁﬁleﬁtgech@fafé%mehﬂ&?%l@c% ng%%themgﬁeﬁfeﬁu%e'ds

- CH2NR3R4; and R4 i s al koxyal kyl I'n certain enbodi nents, the present
invention relates to any of the af orenenti oned conpounds/ wherein Y is

- CH2NR3R4; R3 i s hydrogen; an isI. | n\certafn ®mbodi nents, the
present invention relates to af or ti qney,_conpounds, wherein Y
is -CH2NR3R4; R3 is al kyl; % aI kyl ,\]'n cer%gi,\p enbodi ments, the
present |nvent n rhel at &3 he aforegpent i conmpounds, wherein Y
i s - CH2NRSRAPORES % eﬁ?ﬂr 03 and R4 | s al koxyal 1. I'n certain

enbodi yent s, t hecd@faﬁs&ﬁﬁodlmuﬁ@tth@pre@@itaﬁ@@u&@r@ws ©fant, e tiRf H6.0ARAMiIdRAed 10
conmpounds, wherein Y is -CH2NR3R4; R3 is alkyl; and R4 is al koxyal kyl. In

certain enbodi nents, the present invention relates to anRy

, 10
af or ement i oned \ 7 R
compounds, wherein Z is =C(R2)-' and the two R” taken together are R R™ |
T r“’d r"'J
N R10 R10_<\ R10 N R10 />_R10 V],"LJJJ\‘
N >N R10—<\ ,>—R1°
R1O R10 R'IO R']O R10 or N—N )

2 2 2

In certain embodiments, the present invention relates to any of the aforementioned

T o
R10wR10

compounds, wherein Z is =C(R%)-; and the two R? taken together are ~ R'® R

%J\M‘ 10 1042"11"\‘“ 10
N>\_/2*R R }\ljR

In certain embodiments, the present invention relates to any of the aforementioned

Ty WY
R10 \ / R'IO

compounds, wherein Z is =C(R%)-; and the two R” taken together are  R'®  R™

In certain embodiments, the present invention relates to any of the aforementioned

"‘% Ly
/ R'l 0
compounds, wherein Z is =C(R*)-; and the two R” taken together are Rm R
15 In certain embodiments, the present invention relates to any of the aforementioned
T o
R10‘<\ / R10
N
compounds, wherein Z is =C(R*)-; and the two R” taken together are RO
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HN-O N-O HN-0-0 or 15In certain enbodi ments, the present invention
relates to any of the aforenentioned conpounds, wherein Y is

- CH2( N- hawenoriywksst) , which is optionally substituted wpch/usee,/02009 t hree,
four or five substituents independently selected fromthe group consisting
of al kyl, hal oal kyl, fluoroal kyl, hal o, hydroxyl, al koxy, hal oal koxy,

fl uoroal koxy, amno and nitro. 20In certain enbodi nents, the present

i nventi on rel alrecertamm anyodifenthehaprsanemtenooe cklaenpang ds thevdiermentiohads

:?ff (P12, Somaoudeis whcstin K SE Brde Ry g o) Muarley LSSt uamopoa iyl ™+

optional | y,gs¥padfidibaenyd. t h one, two, three, four or five substituents
i ndependent|y sel ected fromthe group consi sting of alkyl, haloal kyl,
f1 uoroal kyl , hai aertafyembodynental tho pyeser Sinahtiar kabatys tofany of el dfmmenmnqcio and

t ertan ments, t.he pr.es en on.re esto any of
The ai br eRUBPTBHSGY RO AR ke wing: a8 el fosSrbhmbsy s, © ="
- CH2( pi per@Zdoatk %n‘ ok N- hé’bfucg}tlylaﬂ(y@pt ionally WD 2011/ 094545PCT/ U82011/ 022929

substituted with one, three, four or five substituents independently
sel ected from Irheertgﬂbﬂpb@bmemg,tthﬁ gresent anveption rriatestolapy of thepdersaickionednhal o,

hydr oxyl , {;(%15? )%s Vp&rg%ﬂmﬁ n{ |g§8rha?4 loﬂfﬁﬁfe{e%@ rapland nitro. In certain

enbodi nmen present i nv nre ‘of the aforenentioned /
NO 1 In certain embodiments, the present invention relates to any of the aforementioned

10  compounds, wherein R' is hydrogen, chloro or piperidin-1-yl.
p ydrog p1p y

In certain embodiments, the present invention relates to any of the aforementioned

compounds, wherein R is hydrogen or N-heterocyelylalkyl.
p ydrog yclylalky

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein R'? is hydrogen or piperidin-1-ylmethyl.

15 In certain embodiments, the present invention relates to any of the aforementioned
p y
compounds, wherein R'? is hydrogen or alkyl.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein R'? is hydrogen.

In certain embodiments, the present invention relates to any of the aforementioned

20  compounds, wherein R" is hydrogen or alkyl.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein R'" is hydrogen.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein R'' is methyl.

25 In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein R'? is hydrogen.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein R' is methyl. In certain embodiments, the present invention relates to
any of the aforementioned compounds, wherein R is hydrogen.

30 In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein exactly one R'?, and the carbon to which it is bound, is -N=.

In certain embodiments, the present invention relates to any of the aforementioned

compounds, wherein R'* is hydrogen.
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/ 5 conpounds, wherein Y is 15 CF3 1/1 1 555 7 / 5171 5 7 \ N-0-0-CF3
,»,NEN 555 0 0/ 171 7 -11 ) 1-N'" ) 55 5 or\ \

10

WO 2011/094545 PCT/US2011/022929

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein R'* is X. In certain embodiments, the present invention relates to any
of the aforementioned compounds, wherein Z is =C(R?)-; the two R” taken together are
R'IO \ / R10

R R' :and R" is hydrogen, halo or N-heterocyclyl.
In certain embodiments, the present invention relates to any of the aforementioned

v/‘%ﬁﬂ 10
N\ / R

compounds, wherein Z is =C(R?)-; the two R? taken together are R R™®  and R" s
hydrogen or N-heterocyclylalkyl.
Another aspect of the invention relates to a compound, or a pharmaceutically

acceptable salt, solvate, hydrate, prodrug, chemically-protected form, enantiomer or

0
;j)‘\/ N~
~
F—< >—N
—
stereoisomer thereof, selected from the group consisting of
2.0 i
I
pUAe ~O~C
SogNgY
;])‘\/ N ;]/“\/ N~
~ I
F N F N
— —
@] \ 0O H
&N@ y
~ ~I
F—< >—N F—< >—N
— —
o o |
;])‘\/ N \( ;j/“\/ N~
~ T
F—< >—N F—< >—N
— —
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In certain enbodi nents, the present invention relates to any of the

af orenenti oned 10 conpounds, wherein Y is -CH2NH( CH2) "NH( al kyl ),

- CH2NH( CHRD"2bl(12d9k34%) 25 - CH2NH( CH2) " N( al kyl ene) , PCT/US2011/022929

- CH2N(al kyl') (CH2) "NH( al kyl ), -CH2N(al kyl) (CH2)"N(al kyl1)2 or
-CH2N(al kyl ) (CH2) "N(al kyl ene). In certain enbodi nents, the present
invention relates to any of the aforenentioned conpounds, wherein Y is
- CH2NH( CH2) "0(al kyl) o O(abkyly. 15In certain

C;I—Izﬂ al kyl)(CH2)"
enbodi nent s, he pnese ion relates, tolamNai~t he af orenenti oned
conpounds ¢ s 1. d |‘1 a
i nvention re at£s any of the af ohenggnti

enbodi nents, the present
In certain enbodi

ed conpounds, wherein n is 2.
nts, the present invent/ion relates to any of the

af orenenti oned 20 compounds, wherein nis 3. WD

2011/ 094545PCT/ US2Q11/%922%P9 In certalnoenb di nents, the present

i nvention rel.\gs t unds, wherein n is 4.

In certaiIF -@v nt op relates to any of the

af orenenti oned®A N _ W Y isOr 5In certain enbodi nents,

the present invention relates to any of tHe aforenentioned conpounds,

wherein Y is - NR3R4. In certain e --d;nents, he present invention

relates to any of the gforenentioned corfpourids Lg@éggin Y is -NR3R4; and R3

i shydr ogen. i Nk he“present invention relates

to any of th or * mhereln Yis -NR3R4; and R3 is

al kyl . F C i n enbodi ments; " the/ present invention relates to any

of the aforenentioged conmpounds, where
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In certain enbodi nents, the present invention relates to any of the
af orenenti oned conpounds, wherein Y is -NR3R4; and R4 is alkyl. 15In
certain ewbadimmmiss, the present invention relates to amgTafs2a4th®22929
af orenenti oned conpounds, wherein Y is -NR3R4; R3 is hydrogen; and R4 is

al kyl . In certain enbodi nents, the present invention relates to any

of the aforenentioned conpounds, wherein Y is -NR3R4; R3 is hydr ogen; and

R4 is hydrogen. In certa n di mar}ts, th@ pr'@ |nvent|or®rel s to
\ iNs - NR3R4; | kyl ;

any of the aforenent\on cRapounds

and R4 is aék ~1n certal thee 'nventlon

rel ates t6%%n t f orenent i yned ounds, whe ¢ - NRSNR6R7 or
-NR5( N- het erocycl y1)/ In certain/enbodi nents, the pfesent invention
relates to any of the aforenent’i oned conpounds, wherein Y is - NR5SNR6R7; and
R5 is hydr ogen. 25l nxerty@aly) enbodi ments, thbe p ent invention relates to
any of t h&af or e ijoned npounds, wh -NR5NR6R7; and R5 is

al kyl . ﬁ ai n enbodé n esent invention relates to any
of the afor d conpounds$, is -NR5SNR6R7; and R5, R6 and R7
are, independentl hydr ogen or al kyl . In certain enbodi nents, the
present invention relates to any of the aforenentioned conpounds, wherein Y

is -NR5(N-heterocyclyl)o agg:}& |(§ hydr ogeng \/@

2011/ 094545PCT/ US201.1/ I n cert @ n redgodi nents, the present

i nvention Brrel ny of the a' ned conpounds, wherein Y is

- NR5( N- heter o yly='and R5 is a ertain enbodi nents, the present
invention relates t

any of the aforenentioned and
0
fF »
\
F N
—
5 Another aspect of the invention relates to a compound, or a pharmaceutically

acceptable salt, solvate, hydrate, prodrug, chemically-protected form, enantiomer or

O

stereoisomer thereof, selected from the group consisting of

N
O oo
0
N F N
s~ O
and
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5In certain enbodi nents, the present invention relates to any of the

af orenent i oned conpounds, wherein Zis =C(R2)-; and the two R2 taken

t oget her woeRi1109054R1 In certain enbodi nents, the pregemtus2onAIRDN
relates to any of the aforenentioned conpounds, wherein Zis =C(R2)-;
and the two R2 taken together areR1 0 Rl )11"ssj Ro RoRoO 'I'LL
PPS' S RI0/ RL RL O In certain enbodi nents, the present invention rel ates
to any of the ahothermespbctarfeltt invention relates to a compound, or a pharmaceutically

acceptable salt, solvate, hydrate, prodrug, chemically-protected form, enantiomer or

O
N
C S
/
stereoisomer thereof, of the following formula

Another aspect of the invention relates to a compound, or a pharmaceutically

5  acceptable salt, solvate, hydrate, prodrug, chemically-protected form, enantiomer or

Another aspect of the invention relates to a compound, or a pharmaceutically

stereoisomer thereof, of the following formula

acceptable salt, solvate, hydrate, prodrug, chemically-protected form, enantiomer or

0
;j)\VN
=~
O
—
stereoisomer thereof, selected from the group consisting of

-

Cl
10

d 5
N N’

\ /

\

<>5> s

O
N
?ﬁ“ e
o’\\l O'\\l\/\o/
" N&O aYs
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pr's’ conpounds, wherein Zis =C(R2)-; and the two R2 taken together
areR 1 0 RL In certain enbodi nents, the present invention relates to any of
t he af or ewenbilcmesdsN,' / '1/11- PPP Y conpounds, wherei nPETIUS261C0RBP9 ; and
the two R2 taken together are R 1wo 151 n certain enbodi nents, the present
invention relates to any of the aforenentioned J Pri R104R1 O compounds,
wherein Zis =C(R2)-; and the two R2 taken together areRlL 0 WO

2011/ 094545PCT/ US2011/ 0229 In certain enbodi nents, the present
invention relates tjo agy of the aforenmentioRed unds, wherein R is

hydr ogen, aI/v h N | uor oal k al IkyI hal o or
trifluorow"<QﬂB> N In certain 'ﬂé’ﬁ}“r‘/
rel ates to any=0f tfe af orenenti oned 5&oimpo s, wherein RI i s hydrogen

the p |nvention
am no, am do, N—heterocyclyl am noal kyl , am doal kyl, or .

N- hetrocycl yl al kyl . In certain enbodrnents the present i nvention
relates to any of the i oned conpounds, er i's hydrogen
hal o or hﬁ&gﬂ‘i‘§gy o wpa<::>e—

O
N ;j)VN
I
O
—
and ; wherein W is

methyl, fluoro, chloro, nitro, methoxy, ethoxy, -SO,NH, or -C(=0O)NH,.
Another aspect of the invention relates to a compound, or a pharmaceutically

10 acceptable salt, solvate, hydrate, prodrug, chemically-protected form, enantiomer or

-50 -



In certain enbodi nents, the present invention relates to any of the
af orenenti oned 10conpounds, wherein R is hydrogen, chloro or

pi peri di rwb-2911/094545 In certain enbodi nents, the presemCTiUsz@ntR2?R9 r el at es
to any of the aforenentioned conpounds, wherein R is hydrogen or
N- het er ocycl yl al kyl . In certain enbodi nents, the present invention

relates to any of the aforenentioned conpounds, wherein R is hydrogen or
pi peridin-l-ylnmethyl. 15ln certain enbodi nments, the present igvenrtien
i shydrogen or
\r.

relates to any of the aforenentioned conpounds, wherein R
al kyl . In certain enbodi nents, the present | e
of the aforenentioned conpounds, wherein R is hydroye#. );N I n
certain epibrdisoRit therdofigcRted € tha\enip @hsiseh@bes to any/of the :
af orementi oned 20 conpounds, wherein RH s hé\grogen or al I n

. kyl .
certai n efbeuihBhisalkyl.{Bop.«8lome, NitiRuanethesy. £ éIae§O@]8Haﬁ§/'()€/(FQ)NHZ-
af orenenti oned sk e i e
enbodi nents, t H{e:géglr%e}gée]ﬁ?oql nve %ﬂ?t |h§ R@rgge tig%éﬂ?rggezﬂgs t8 FY k?g h{a%f ag%hn%iﬁ??noe r(11 ed
conpounds compamels,nvikirbinsviedih W is @&hnpl. cert ai n enbodi nents, the present

invention relates to an f the aforenenti aned,compound erein Rl2 is
hydr og%an. in ‘F%aéb?f{l%‘? e HEREY ,m‘teﬁlémbl?eé%t%% ainﬁx?zﬁ%ey\%?ife%fﬁé?% to

any of thg,RpARTRMdONSh eGP W irowherein R12 is methyl. In certain
enbodi nents, the present invention relates to any of the aforenentioned
conpounds, whekhedartaRl@nbadimyals.ahenres@0limveoson wilaiceiobogioftistadoretricatigreds ent
invention relates to am(7Y of .the.aforenentioned conpounds, wherein exactly

one R13, SHAPYRES ISR WYEHIVER SHOPs bound, is - Ne. In certain

enbodi nent s, t REcdaBS@AbodiMKRR th® Prek&lt M Ratib®reddtYs ©fany e tiRf M6eARAtdrRAed
conmpounds, wherein R14 is hydrogen. WO 2011/ 094545PCT/ US2011/ 022929

In cetqai porepdyds.nkarein whsecipMesetitroi nvention rel ates to any of the

af or ement | Onedh{: é)e%ﬁ}u adi el?trs,ethg' %%%ﬁliévexﬁmll pelaﬁ?sr ‘E[oacllnn 0?%0&&%%%5&%%?1@
present invention relates to any B thé ' of enent 1 oned conmpounds, erein Z
i's =C(R2) compdiidrdbWwohdrdintwiticedin Wogahb@ioxyare R1L RIR1

In certain embodiments, the present invention relates to any of the aforementioned

el ates”t o any

compounds, wherein wherein W is ethoxy.
15 In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein wherein W is -SO;NH,.
In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein wherein W is -C(=O)NH,.
Another aspect of the invention relates to a compound, or a pharmaceutically

20  acceptable salt, solvate, hydrate, prodrug, chemically-protected form, enantiomer or
0

W ‘@’NM NH,
stereoisomer thereof, selected from the group consisting of NN ;
wherein W is alkyl, fluoro, chloro, nitro, methoxy, ethoxy, -SO,NH; or -C(=O)NH,.

In certain embodiments, the present invention relates to any of the aforementioned
compounds, wherein wherein W is chloro.

25 Another aspect of the invention relates to a compound, or a pharmaceutically
acceptable salt, solvate, hydrate, prodrug, chemically-protected form, enantiomer or

stereoisomer thereof, selected from the group consisting of
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; and Rmis hydrogen, halo or N-heterocyclyl. 5In certain enbodi nents,
present invention relates to any of the aforenentioned )% ssjj Nl/ R o
conpoundswowhermisisZ i s =C(R2)-; the two R2 taken toget lrem/ise@ 18294 ;
R is hydrogen or N-heterocyclylalkyl. Anot her aspect of the
invention relates to a conpound, or a pharnmaceutically acceptable salt,
sol vate, hydrate, prodrug, chem cally-protected form enantioner or O
N..,./ 10stereoisoner thereof | ect ed fron1th%)gr consi sting of
5Anot her aspect of the i nvent | on rel ates to ognd,) or a
pharnaceu/ IIy agcep oIv p odr ug,
chemi cal | FN enantl 0 r [ sorrer thereof, selected
fromthe grg p comsi styng of MD 2011 8454 CT/U82011/022929
CF3CF, < > ;:')\/ > < > ;])\/
O O
N N N
I I
T O
=N
@] 0]
/X N CIGN D
=N — —
’ and
O
N
3
N3@N _
5
Another aspect of the invention relates to a compound, or a pharmaceutically
acceptable salt, solvate, hydrate, prodrug, chemically-protected form, enantiomer or
3
= N
—
stereoisomer thereof, selected from the group consisting of ,
e g I
N’N N
— —
’ ) and
s
N
S N
—
10
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Anot her aspect of the invention relates to a conpound, or a

phar maceutically acceptable salt, solvate, hydrate, prodrug,

chem cal Iwopnotmei4ssd form enantioner or stereoi soner tirerasboiiob2ohe
followi ng formul a Anot her aspect of the invention relates to a
conpound, or a pharmaceutically 5 acceptable salt, solvate, hydrate,
prodrug, chem cally-protected form enantioner or O Na stereoi soner

t her eof , of t hdnbthkt mspieﬁg)fftlmerimméraioﬁrrellatmﬁo aspapbuncf ot Hphdrmuenitically r el at es

to a corrpound r t| caII cceptabl e salt, solvate, hydrate,
prodr ug, éﬂﬁaég SF‘@ %%?V&Eee 4 g AGTRICH ibéPméf‘rc ed foggy enantiorher of

2011/ 094545PCT/ US2011/ 022929 stere0| sonmer thereof, selggl ﬁd fro@e group
consi sting of wherein Wis alkyl, fluoro, chloro, nitro, mefNhox t hoxy,

- SO2NH2 or - C(=0) NH2. In certain enbodi nent he vention
relates to any of the aforenentioned conpounds, rein Wis
nmethyl. 5In certain enbodi nents, the present invent=0n rgtates to any of

t he af or esterebisomedthcmupoalded fiunetheigrowhamsisting/i s f | uoro. | nagért ain
enbodi nents, the present ir@ti on relates to any of the aforenmentioned

conpounds, wherein V\,heroai n{Wiis chl oro. In certain enbodi nents,

t he present i nventi | aiN to any of the aforenentioned 10 conpounds,
wherein P | tro. In certain enbodi nents, the present
i nvention reI S %Nny of the aforenentioned conpounds, wherein wherein W
i s nmethoxy.

5 Another aspect of the invention relates to a compound, or a pharmaceutically

acceptable salt, solvate, hydrate, prodrug, chemically-protected form, enantiomer or

¥
N
—~
O
—
stereoisomer thereof, selected from the group consisting of ,

Y
=" N = N
Cl N Cl N
— = —

and
Many of the compounds of the invention may be provided as salts with
10 pharmaceutically compatible counterions (i.e., pharmaceutically acceptable salts). A
“pharmaceutically acceptable salt” means any non-toxic salt that, upon administration to a
recipient, is capable of providing, either directly or indirectly, a compound or a prodrug of a
compound of this invention. A “pharmaceutically acceptable counterion” is an ionic
portion of a salt that is not toxic when released from the salt upon administration to a
15  recipient. Pharmaceutically compatible salts may be formed with many acids, including but
not limited to hydrochloric, sulfuric, acetic, lactic, tartaric, malic, succinic, etc. Salts tend
to be more soluble in aqueous or other protonic solvents than are the corresponding free
base forms.
Acids commonly employed to form pharmaceutically acceptable salts include
20  inorganic acids such as hydrogen bisulfide, hydrochloric, hydrobromic, hydroiodic, sulfuric

and phosphoric acid, as well as organic acids such as para-toluenesulfonic, salicylic,
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In certain enbodi nents, the present invention relates to any of the
af orenenti oned conpounds, wherein wherein Wis ethoxy. 15ln certain
enbodi nenwe,2o0tie4fasesent i nvention relates to any of thecafuscempniseoned

conpounds, wherein wherein Wis - SO2NH2. In certain enbodi nents, the
present invention relates to any of the aforenenti oned conpounds, wherein
wherein Wis -C(=0)NH2. Anot her aspect of the invention rel ates
to a conpautade, tﬁtartari@hacdr’ai«:ema]etrabbwliz(fumaciepgladajndac ghlcuronsglfaatie, hydr at e,
prodrug, chem call olt ecte f ntlorre or 0 Wstereoi soner thereof,
sel ected # lfh@e‘éﬁlg‘?ﬁb WY HSt OBfCN enzpesulfpricelRfIGAPRAIGPRIYT | | uor o,

chloro, nptRphBRiINAKNYIc, BAIBEXY, sucé%NH%‘l@'BenzglC'Q*)ﬂdgtlc acid, andlrBla@r tai n

enbodi nment s, the present invention rélatés to any of the aforenentioned
conpounds mowxgmceand Qx@@neamdsl\limsh plrowocutizBlnatchirblasplécthupinciude sulfatent i on

relate to a pha al | table salt, solvate,

hydr at e BYTSHIﬁff’gg gfﬁ“fec%ﬁlﬁ? %PE p%gﬁﬁn%og%}y %S’HBIFOSBE &t er eoi somer

t her eof HokgHatd, e tLpheihatd Peiophosplatef chloriddoromide, iodide, acetate,

2011/ 094545%6%/&%6%2011/ 02292 gjh Hﬂl Wﬂngt h%r aspect of the invention relates

to a conpbignidnatss decapprde.reapeilate.canilste.detrage.dprbatyatet capsde\hgp@nodie.dr at e,
prodrug, 8%%931&‘&' Ax)éla%, %a%: e ; sﬂc%'ir@te,%&&%t'e,osgggcagt)e, ml\lsgrweﬂngleafe, f)uwyne-lA-

dioate, hexyne-1,6-dioate, benzoate, chlorobenzoate, methylbenzoate, dinitrobenzoate,

10 hydroxybenzoate, methoxybenzoate, phthalate, terephathalate, sulfonate, xylenesulfonate,
phenylacetate, phenylpropionate, phenylbutyrate, citrate, lactate, .beta.-hydroxybutyrate,
glycolate, maleate, tartrate, methanesulfonate, propanesulfonate, naphthalene-1-sulfonate,
naphthalene-2-sulfonate, mandelate and the like salts. Pharmaceutically acceptable acid
addition salts include those formed with mineral acids such as hydrochloric acid and

15  hydrobromic acid, and those formed with organic acids such as maleic acid.

Suitable bases for forming pharmaceutically acceptable salts with acidic functional
groups include, but are not limited to, hydroxides of alkali metals such as sodium,
potassium, and lithium; hydroxides of alkaline earth metal such as calcium and magnesium;
hydroxides of other metals, such as aluminum and zinc; ammonia, and organic amines, such

20  as unsubstituted or hydroxy-substituted mono-, di-, or trialkylamines; dicyclohexylamine;
tributyl amine; pyridine; N-methyl,N-ethylamine; diethylamine; triethylamine; mono-, bis-,
or tris-(2-hydroxy-lower alkyl amines), such as mono-, bis-, or tris-(2-hydroxyethyl)amine,
2-hydroxy-tert-butylamine, or tris-(hydroxymethyl)methylamine, N,N-di-lower alkyl-N-
(hydroxy lower alkyl)-amines, such as N,N-dimethyl-N-(2-hydroxyethyl)amine, or tri-(2-

25  hydroxyethyl)amine; N-methyl-D-glucamine; and amino acids such as arginine, lysine, and
the like.

Certain compounds of the invention and their salts may exist in more than one
crystal form and the present invention includes each crystal form and mixtures thereof.

Certain compounds of the invention and their salts may also exist in the form of

30  solvates, for example hydrates, and the present invention includes each solvate and
mixtures thereof.

Certain compounds of the invention may contain one or more chiral centers, and

exist in different optically active forms. When compounds of the invention contain one
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N r 5Anot her aspect of the invention relates to a conpound, or a
phar maceutically acceptable salt, solvate, hydrate, prodrug,
chem cal Iwoponotmei4sed form enantioner or CI N Cl st ereoipsorseottjoereof ,
selected fromthe group consisting of Nr Many of the conpounds of the
I nvention may be provided as salts with 10pharnmaceutically conpatible
counterions (i.e., pharmaceutically acceptable salts). A "pharnmaceutically
accept abl ehisd ctritenyganongoyndonxidt ox tveo s@intiombat fortnsand debprodeat inatitam to a

t her. direct or indirectly

(r:g(r:r;)gljﬁgt g Uéiebﬁgtglr)ehgn g{mﬁgr & diﬁirﬁ gs B#GIEaHP%mFlﬁv%’r‘? a%Ff‘CGIRm'IBH‘éWﬁ%cE]Eﬁ ically
accept abl @ndﬁ%ﬂfeﬁ‘srﬂl%nbe #c30138d bP HefhoR®khd o tPtho skAldd ih AL art, %rné?(tamtp@(l‘)f when

rel eased fromthe salt upon admnistration to a 15 reci pi ent
Phar rraceufortmtlblyOEdlmateobbmelseBeﬂS whagh ivey boseradated, for mcampleabyds, | ncI udi ng
but no rtaric, malic,

et o tblofifealif AN of disSrerivomehie GBS Gt cnBisk SR b o ot &

sol vents tdpamta, eoﬁe&@mgw be sReAdiZAfod, rg@@h@@ﬁl@)rﬂl@ﬁiﬂﬁohrﬁﬁétggragl@}"m@bﬂve
enpl oyed to form pharmaceutically acceptabl e salts include 20i norganic

aci ds’ suckragdomgidmsganntismadvifhdw crapdeseminseifie reagpat Sresamele emyml@%du c,
sulfuric gﬁgl U(Px?gtq ho(%rglag li u1d r. 11 1dV§1|r$m§t8gr%{39§§‘ﬂll a ch11%ll gI?VlISO'ﬂ%Qng Yor example

par a- t ol uéneés oni ¢,
on a chiral support for exarnple sﬂlca with a bound chiral ligand or in the presence of a

10 chiral solvent. It will be appreciated that where the desired enantiomer is converted into
another chemical entity by one of the separation procedures described above, a further step
may be used to liberate the desired enantiomeric form. Alternatively, specific enantiomers
may be synthesized by asymmetric synthesis using optically active reagents, substrates,
catalysts or solvents, or by converting one enantiomer into the other by asymmetric

15  transformation.

When a compound of the invention contains more than one chiral center, it may
exist in diastercoisomeric forms. The diastereoisomeric compounds may be separated by
methods known to those skilled in the art, for example chromatography or crystallization
and the individual enantiomers may be separated as described above. The present invention

20  includes each diastereoisomer of compounds of the invention and mixtures thercof.

Certain compounds of the invention may exist in different tautomeric forms or as
different geometric isomers, and the present invention includes each tautomer and/or
geometric isomer of compounds of the invention and mixtures thereof.

Certain compounds of the invention may exist in different stable conformational

25  forms which may be separable. Torsional asymmetry due to restricted rotation about an
asymmetric single bond, for example because of steric hindrance or ring strain, may permit
separation of different conformers. The present invention includes each conformational
isomer of compounds of the invention and mixtures thereof.

Certain compounds of the invention may exist in zwitterionic form and the present

30  invention includes each zwitterionic form of compounds of the invention and mixtures
thereof.

The present invention also includes pro-drugs. As used herein the term "pro-drug”

refers to an agent which is converted into the parent drug in vivo by some physiological
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WO 2011/ 094545PCT/ US2011/ 022929 tartaric, bitartaric, ascorbic, naleic,
besylic, fumaric, gluconic, glucuronic, formc, glutamc, nethanesulfonic,
et hanesulwonboy/olsaszenesul fonic, lactic, oxalic, parabrecopiseonyioz2sks oni c,
carbonic, succinic, citric, benzoic and acetic acid, and related inorganic
and organi c acids. Such pharmaceutically acceptable salts thus include

sul fate, 5pyrosulfate, bisulfate, sulfite, bisulfite, phosphate,

nonohydr oglempbhdgpdake(c.glj hyddagemdleagpiratight tordteghiyaisphatepH py cophosptoat e,
chl oride, ,bromd i Qdi de, acetate, propi te, decanoat.e, .capryl ate,
acryl ate, the ﬁlﬁ?dg‘?mg &bl Prerfiies ainmgReRl frchiiuatesons: tbra: Loy et e,
mal onat e, «/4Geh BEhRistSURE! AL %areﬁ?@tﬁg.af[ﬁeyﬁfd %ﬁtan@@'b%%ﬁ]@aivai@éﬂléfﬂfoél 4-

di oate, hexyne-1, 6-dioate, benzoate, chloro enzoat e, met hyl benzoat e,

di ni t r obendromisration whydrsshelperenddiug,is nelt Adkyhedrrg atag alsohahalmpreyed

terephat hal.at.e, sulfonate, .xyl enesul fonate henyl acet at e .

phenyl br obt BRlRe™ THRERFOBIHG STEPO g thy BAFNy s AR S mplsaighut yr at e,
gl ycol at ejimi@ti®alo€a ptativgalieuld Beh Ranpsuld SMB pres@tt dRRABSAMVhORA i@ is _

napht hal ene-| - sul f onat e, napht hal ene- 2-sul fonate, mnmandel ate and the |ike

sal ts. Phadmimisared eadn spterddeppebiagddp dacaldigtetrapamétal eeropsyeealigecmbigse f or med

al'ts. Phadmabued exti s o egroistoodearhnse for
those T or nairear 14 shamy & b GRATU ok GnEh & RO R RIROREF AR o' pises

for form sgbphaicrmeiiestice ¢alidethacgephaklvaataablubilwy idbaeficihc Fronkidsdngt groups
i nclude, but are not limted to, hydroxides of alkali netals such as
sodi ub{ pBYAEY ¥pSEH PraprIties. thar GRMPpe o BEor e Ms bsImeieiwieersgluble that e such as

cal ci um agIROAGS! HEkpYENRLAERNA oL OGm RIALS oPHEMAS ALHTHAKTHAN

zinc; ammoni a, and orgahi c am such 20as unsubstitut
hydr oxy- sullss hataxt kigherdae! pf dial bioavaitabilay kah aind westatediray.c Adkhexdrhianstmagon,

tributyl am ne; pyridine;. met hyl , N-et hyl am ne;. di et hyl am pe; .

tri ot hyl affeod &ﬁo@qzwa;@aﬁy(ﬂr CF%’%C%@%%@&Q@@%IW@ 'Qﬁw}e i ity blaoen as
mono-, Dbi §rygsfE tris-(2-hydroxyethyl)am ne, 2-hydroxy-tert-butylam ne, or
tris-(hydroxynethyl)nethylam ne, N, N-di-Iower alkyl-Nhydroxy | ower

al kyl }5 am nes, Eseroplagspm;dagh ur@nrwdavage(@lehgajth@xw@smynéiagfme,acidrattdrSiuclq 2- 25

hydr oxyet m.ne; N-pet hyl - D-gl ucam ne; an no _aci.ds.such .as arginine,
st e A REIE kst EEnith st I on e S hDanT T R aT st [
may exi st [iitcies rb&ailic QBRI subititdits feQf MAOLH Hen RORGEMAt donvRiN 4 Qiibdgicudes
each crystal formand m xtures thereof Certain conmpounds of the invention

and t hei r agg) vBergythe freghedrpgen is ienl#rsd oy -6k)a8od dCedtioglkanesrloesagiyyle

ther cof - CPESIRRERET by EHAR, DR EER PRER IR AR TU RS

chi r a0 cenfoaissalkandatongloximettyf iaifrom 3t to Gadathonagsmyd-f or ns. When
conpounds of the_ invention contajn one WD 2011/ 094545PCT/ US2011/ 022929
chiral ceflExychandgrpeiibavang emidfoAgonatemnytemr@yrbr ns and t he

resent | I i : t] hxtures of enantioners,
p ngaﬁqo@g%;gg@%%g £ORY b BB oS TING

such as r antiomers may be ‘resol ved by nethods known
to those &ikddyeabbmyljanenamethyf loavirex@opl3go Bycaftlmmmadmoni -@F- di ast er eoi soneri c

salts whi ((:aqkong%arggnﬁ)earr)r%lrlo teﬁgll hE];,V?II:lg r)o(r%rg)tloel’o c%}/bon atoms, 3-phthalidyl, 4-

25  crotonolactonyl, gamma-butyrolacton-4-yl, di-N,N-(C;-C,)alkylamino(C,-Cs)alkyl (such
as p-dimethylaminoethyl), carbamoyl-(C;-C;)alkyl, N,N-di(C,-C;)-alkylcarbamoyl-(C;-
C,)alkyl and piperidino-, pyrrolidino- or morpholino(C,-Cs)alkyl.

Other exemplary pro-drugs release an alcohol or amine of a compound of the

invention wherein the free hydrogen of a hydroxyl or amine substituent is replaced by

30  (C;-Ce)alkanoyloxymethyl, 1-((C;-Cs)alkanoyloxy)ethyl, 1-methyl-1-((C;-
Ce)alkanoyloxy)ethyl, (C;-Cs)alkoxycarbonyl-oxymethyl, N-(C;-Cs)alkoxycarbonylamino-
methyl, succinoyl, (C;-Cs)alkanoyl, a-amino(C;-Cj4)alkanoyl, arylactyl and a.-aminoacyl, or

a-aminoacyl-a-aminoacyl wherein said a-aminoacyl moieties are independently any of the
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5crystallization; formation of diastereoisoneric derivatives or conpl exes
whi ch may be separated, for exanple, by crystallization, gas-liquid or

i quid chworratiogusphy; sel ective reaction of one enanti ®rErUSeiio22R9
enanti omer -specific reagent, for exanple enzymatic esterification; or
gas-liquid or liquid chromatography in a chiral environnment, for exanple on
a chiral support for exanple silica wwth a bound chiral ligand or in the
presence ofturlli@chirria [savhmentids fdundiih prdie@napP@¢OHY £ 6P (CHED(Cm&yaktleor
desired enanti roi onverted into another chem cal_ entity by one of the
separ at i oﬂ@ﬁw@@ﬁawﬁca@&éew@% Jedmegt Pﬁﬁhﬁfwﬁr%tf@ﬁ tﬁ%berﬁ gk o
liberate thgomlgpatted enantioneric form Alternatively, specific enantioners

may be synthesized by asymmetric synthesis using optically active reagents,
substrates, caflht phiase ‘rotsdingegrosp” asrusbdhgromveeans hgnpmaryenbstttianewhicht o t he

ot her by asynmetrjc .15transf tion. en onpound af the

nventT on DR APHETHERGEHa Bheoan ira Gamierd dhagRal R Nrptaions

di ast er eoEgQHPIcS 6f §uRh FBoteckh %i’b@ﬁtiﬁd‘l@&)d SNEHT CarbsxyPe URids, sigyethas separ at ed
by net hods known to those skilled in the art, for exanple chronmatography or

crystal | i glaphddh anddcetile apghetols @b aldebyrenend ketpaesnepppiseivelsp dhgdishl efs

descri bed o)V h r t, i ntion i ) h,di ast.er egj.sonmer of
conpoundsp%$x¥§%ggﬁléﬁ?ﬁ%ﬁggﬁgB%%%%ﬁggga?ﬁggg%?eﬁéégﬁg?ﬁq%§§6%ﬁ%8éwﬁf t he

i nvent i onGreypsexiBLanin Sthirhésey, efftedt;antloNeENEw Yook ©90y. Betudidifferenst tgeometri c
isoners, and the present invention includes each tautonmer and/or geonetric
i somet0 of MYERHELLNIPOYNdS 3e IfchydedyiBnn Bkdcons@ifhisdnyonliPRof . Certain

compounds of L fife (e BhiditaiyroR & ol Ak Li&f t‘f‘e@&n,jéegﬁiexﬁ 1§ ALERId ANl

25f ornms whi ch may separa rsional asynmetr to restricted
rotati on athahtonarnr agyerattivecfusctioglabgloapdare hostea@xdfipmamdedabiechemicl eri ¢

hi ndrance or .ring strain, ermt separation.of different conforners.
The preseﬁ?c?WVeﬁ??Bﬂ“?ﬁ%ﬂ%gggggé%wbgﬁ rﬂﬁ%ﬁﬂﬂ%gqﬂﬁ) e]ifF‘IO"VE?cf'ﬁﬁounds of
the i nveni],QeedandndtkinWrssH)t Heh8Pbe convenient drRlc§idible &W‘ﬂ%gﬁriﬂf, ahdBr

i nvention na% exist inzwtterionic formand the present i nventi on

i ncl uttes & thejactier ¢apmionnfl or acladmicdhpotedtsddbrnihe i nventi on and mi xt ures

t her eof éhe gr%sent iqve ion al so includes. proo-dr gs. As used herein
e Cor m pr o- B Guesiient h e SiduR S A O R S et SRS o o
drug in VidaetivyfusethaP s p Ot cGrl oMb R WitodPABARRETH A 28Rkl QPP thechemi cal

process (e.g., a prodrug on being brought to the physiological pHis
conver t edProaiccting gerawi madbaiciy vebrusyallyFng-sybspgsc seepovitbeutisylstantialgcause, in

some situgkd , - ' t .01 r f ug.

They may. etiE ARAIRY oPR FRALE:, RoRE A E pbl Ry DR IS ORMED 1

par en20 dr 8gnth&sin@t. Grddicandro v utg, Welgy,alo90), hay erdteqive\dumsialidit Synthesis

pharnacoIQPicaI conpasi tions qver thegParent druq. An exanpl e, w thout

li nitatiohl- @remankt - Witsg3indididonsdobn VleysnfAdons. 10RY- present invention

wherein it is agnlabHieheddak 123% bé pidEectdd R afl iy -0 drafilchicf at

transmttal across g&EéFIQheng%%% mﬁ%rebmafér séﬁﬁggfgtfgié ngt

benefi ci a(-,O(l’:(aO)Rhém‘r dxhmipke, mataetkimﬂtjlcedie_t;ﬁ Hrwldylobm;zldryb(dimmhmdnmy lorc acid

once 1nsi grletylt Jgr?phcerelglllme\‘[\ﬁ]ﬁ)r eeth\e,\l':{;jl El ?rrimgtglyﬁltgrll olrtt}i)ul[yﬁdil%?eﬁle;lslig}l gtlh'er; E{r gl_l gcr:elfl s have
25  ester ((OC(=0)CHj3,-OAc).

For example, an aldehyde or ketone group may be protected as an acetal or ketal,
respectively, in which the carbonyl group (C(=0)) is converted to a diether (C(OR),), by
reaction with, for example, a primary alcohol. The aldehyde or ketone group is readily
regenerated by hydrolysis using a large excess of water in the presence of acid.

30 For example, an amine group may be protected, for example, as an amide (-
NRC(=0O)R) or a urethane (-NRC(=0)OR), for example, as: a methyl amide (-
NHC(=0)CH3); a benzyloxy amide (-NHC(=0)OCH,CcHsNHCbz); as a t-butoxy amide (-

NHC(=0)OC(CHs)3;,-NHBoc); a 2-biphenyl-2-propoxy amide (-
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10 many useful properties. For exanple, a pro-drug nay be nore water
soluble than the ultimate drug, thereby facilitating intravenous

adm ni st raoi2on/is4she drug. A pro-drug may al so have a rcghmseoli@ymbke of or al
bio availability than the ultimte drug. After adm nistration, the prodrug
is enzymatically or chemically cleaved to deliver the ultimate drug in the
bl ood or tissue. 15Exenplary pro-drugs upon cl eavage rel ease the

cor r espondtiH=Dnee(@di )’ HyadHsNId Boty e 0D yflnabdnglreshery dnoidoi MNHIFresé )daes6-0f

t he conmpounds of this inv ion inclyde but are not limte car boxylic
aci d subsmﬂjtoefmf% aguide 5@&%@2@,3? 3-igedhy I(Yﬁ%%ﬁeah%ra}dﬁﬁéﬁﬁaq%m ic
aci d) VmeQQ',Z‘-'trchfor(f)étﬁﬁoﬁY %%Q&{Nc%;tﬁr& Rl afradyBYy ﬁ@ideﬁé‘-}}lhﬁlAiﬂék), as a2-

(C2- C12) al kanoyl oxynet h 1- (al kanoyl oxy) et
1- met hyl - (pheaylkafoylothyloxgtamitc GANIPsee)f orom Siitablekdswde Bonyd® anioes, as a

al koxygcar bonyl px t.hyl having from3 to 6 carbon atons, 1-

(al kox@cap%r%ﬁ%&@?%lt hyl having from4 to 7 carbon atonms, 1-nethyl-1-
(al koxycar bony FexsRagiphd/la cBabok Pl 4di@BroRp infayBocRbReRd @t @Bster or an amide, for
N( al koxycar bonyl ) am nonet hyl having from3 to 9 carbon atons,

1- (N al kosyeeairbawya havy hesfast mirbutiibestaiga metdl gsterp on o metrybamidst ons,

3-pht halidyl, 4- t I 0 - |. -5 ,
G N NG C2) Pl ST BB ey SRR b B GRAI sl 3 ¢
car banoy b3yt Bagctihdeydr, anNcbashiddohetlSA etttk KFICEBNBEIEYICHY. C2) al kyl and

pi peri dino-, pyrrolidino- ar norpholino(C2-C3)al kyl. O her exenplary
pr o- dtigs Pharmaceutisal Gomppdliony ani ne of a conpound of the invention
wherein the freg

f - ¥ ttyent <ks. replaced by
300G - 08) al kangy Smat TP g e S A Bt £
C6) al kanoVlspiy)latdny laspecCihdGik snk oxyatambmoyide ophamabdepkically acceptable
N- ( Cl- C6) al koxycar bgnyl am nonet hyl , succi nayl, (G -C6)al kanoyl ,

a- ani no( d@@(}%@@éﬁ@p% C%@rrsa&tl}%@a%mcgfyéﬁﬁ%&% §9F1,0u5tr3ff%ne or H%re_ of the

a-am noacyél’f\}%lﬁ‘l% NORFKEd ¥RRE ElofmaRtd té‘%é%l'iﬂr%ﬁﬁdﬂe JAM&E pRsmdkEutidadgpendent |y
any of the 2011/ 094545PCT/ US2011/ 022929 natural Iy occurri ng L-am no

aci ds1¥ oungepablsroatrairn@dditiveg))andidy dilueniy. On(aDpiBicr Gyetl thy rpontpof kycosyl (t he

radi cal resulting from detachnent .of the. hydroxyl.of the, heni acetal ,,of a
o bonyar Thaytomhy oMb REATR Bhetf b bR pistlyen aRa PR BRI o ar y
substi t ueptepiaBicCharrRs MlEsh aorRtRARTihiglclad iﬁ%@ﬁhhétﬁ)nf\kﬁlﬂ%ﬂh@ﬁ@éenﬁr oup from

undesi red chem cal transformations. Exanples of such protecting groups
i ncl ude eSpPeiugctHfc thetiapinihys incledes gequesiialyyimattprooys afd sebegkePsco-and acet al s

o e B G TR TP el B
G OUpPS0 | NHArfiyaideni Sy e dietsis St @nidlole disapMiak&ywhddethc Yatiskiquck8dpoudds ect ed

forms of the 10 inventive conpounds are included within the scope of this
i nvent i on2dipiestered.m " cheni cal | y protected form" as used herein, pertains

to a compound Q dghtHd NG bIBK e G TUNGIhARAl g LIRS 8k P ot ect ed

from undesirabl e m cal reactions, are 1 n the
pr ot ect edimyventiomomey bé megpcaillygdprnfidatsd fderadvniatsatenma séletorquich &lempguerdongp) . | t

I A SERTE SO N LA O

25  non-aqueous solutions or suspensions), tablets, e.g., those targeted for buccal, sublingual,
and systemic absorption, boluses, powders, granules, pastes for application to the tongue;
(2) parenteral administration, for example, by subcutaneous, intramuscular, intravenous or
epidural injection as, for example, a sterile solution or suspension, or sustained-release
formulation; (3) topical application, for example, as a cream, ointment, or a controlled-

30  release patch or spray applied to the skin; (4) intravaginally or intrarectally, for example, as
a pessary, cream or foam; (5) sublingually; (6) ocularly; (7) transdermally; or (8) nasally.

As set out above, in certain embodiments, agents of the invention may be

compounds containing a basic functional group, such as amino or alkylamino, and are, thus,

-58 -



By protecting a reactive functional group, reactions involving other
unprotected reactive functional groups can be perforned, w thout affecting
t he prot ewpediigmweup; the protecting group nay be renovescTaseallog2oen a
subsequent step, without substantially affecting the remai nder of the

nol ecul e. See, for exanple, Protective Goups in Organic 20Synthesis (T.
Green and P. Wits, Wley, 1991), and Protective Goups in Organic Synthesis
(T. G eencagndlchaf Mhtiag pBarchakdlitichlbyracchbptablcWalte withptiaiBoesytich89Ayceptable  For

CXarmle) Ry LR TSR L ot 60, 85, 08ty S i 5
(di phenyl %hﬂﬁb%rin%?r&c@ést, ¥t thidulghRNEPHIBELYL) 08 Bﬁﬁ%eé(ﬁg%rgqgg_%ﬁ%gg Iyl or

t-butyl di met hylsil ether;, or 7an acetyl 25ester (-0C(=( : \
For exanplimyentam ialigdlpedesoforieritne syrablegorgayc beinprganecicet] and isahitiag dtcal  or

ketal , tively, in which th bony| C(=Q)). i ted t
di et het ' ( eRCRp IRy S O ROt B PR T S Py B ol - The
al dehyde gydrkbloalige, Gik@tdRhloSidé, 8athieybise 88 ehaldichiitRd ks va]disib bede,| ar ge

atl
excess of water in tEe presence of acid. 30For exanple, an am ne group nmay
be pr ot ecpanitaioppteeeignisiueate, Henzngtca Fcte, PhospRaic-pRpteopitigteymalchign Bimarate,

g.;riN(I}g( ?9&&@0%6&@%@%&@%@? ;m%gﬂget, gi{{ga %@;‘Eo;%l%ée(mla&glﬂ%n:a@, %?aﬁryqsutfﬁﬂ)%yeoxy

NHC( =0) 0C4Uts3ha thoNHBAGYe, f@ cRaldpehBoigkcRalpt OPoXPrafhaRufical SWR", J. Pharm.
2011/ 094545PCT/ US2011/ 022929 NHC( =0) 0C( CH3) 2C6H4C6H5NHBoc), as a
9-f1 ubl en§¢ln@@3l¥d>?9/- am de (-NHFnoc), as a 6- nitroveratryl oxy am de

(- NHNvoc), as I i | i (- )
2 2011 chi or oo ol ooty L R Vo AL i PEREAE TR % 1 o).
as a 2- (pheryticial homykix atlisydrapugtcaniryg emmohlids edis;of dire, composindd, algl dramases
(e.g., cyclic amnes), as a 5nitroxide raqi cal . . Tgﬁr exanple, a

car boxy! i BONE ediip Oﬁﬁvr@éucp%‘iseﬁoéax%l’ &rUsk cpveptiongh ngpiryis sakisy
exanpl e, aRludR tREB A IvEBESH in@ghnibHEYS siRBS hy didcRBEAY IhyBRIbBSmicOfulfritEt hy!

am de. For exanple, a throl group may be protectéd as a thioether
(- SR) I5 f osulésnzipgrbesplasic, mitre ang thetlikicpatdibe saltsrpreparatommirgraneaddd sugh her
(- SCH2NH

=0) CH3). 10 Pharnmaceut.i cal . ositions_ . . .The invention
br ovi deb BITLF nRCRIIPICC S e RBOSP U ORerS BT SIS, P FiF S et n one
aspect, t heldk, dgeRiymade) bh&iy1ReaY, dasmpBEimRee licsalid, yuldasentabl e
conpositions which conprise a therapeutically-effective anmount of one or
nore of t AeCteohpiond Sumess tolpeneselbue matknesi] fmed cthepe divelfonig.ixabhe or nore

phar naceugsioﬁlqlélhé( aﬁg@&cl%t able carriers (additives) and/or diluents. In
anot her aspect, ’'the agents of the

20 In other cases, the compounds of the present invention may be compounds
containing one or more acidic functional groups and, thus, are capable of forming
pharmaceutically-acceptable salts with pharmaceutically-acceptable bases. These salts can
likewise be prepared in situ in the administration vehicle or the dosage form manufacturing
process, or by separately reacting the purified compound in its free acid form with a

25  suitable base, such as the hydroxide, carbonate or bicarbonate of a pharmaceutically-
acceptable metal cation, with ammonia, or with a pharmaceutically-acceptable organic
primary, secondary or tertiary amine. Representative alkali or alkaline earth salts include
the lithium, sodium, potassium, calcium, magnesium, and aluminum salts and the like.
Representative organic amines useful for the formation of base addition salts include

30  cthylamine, diethylamine, ethylenediamine, ethanolamine, diethanolamine, piperazine and
the like (see, for example, Berge et al., supra).

Wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate and

magnesium stearate, as well as coloring agents, release agents, coating agents, sweetening,
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i nvention can be adm nistered as such, or admnistered in mxtures with
phar maceutically acceptable carriers and can also be admnistered in

conj unct iwo 2dttde4asher agents. Conjunctive therapy thuspcmalsoae®22929
sequential, sinultaneous and separate, or co- administration of one or nore
conpound of the invention, wherein the therapeutic effects of 20 the first
adm ni stered has not entirely di sappeared when the subsequent conpound is
adm ni st efledbring and peamilesagenisepresarvaiateanhd feloawlantsiven pabopesuittiic dic
conpositions of .the present invention may be specially fornul ated for

adm ni st r SYPBEMSsol id or liquid form including those adapted for the

followi ng: (1) gL {Jleﬁg%ﬁﬂrﬁ%&&bﬁ& adc ta@%%ﬁ%ﬁdarﬂi ﬁl@ﬁlﬁgs(ﬂ)%&%&b@é
25non- aqueous sol utions or suspensions), tab e.g. , those targeted for

buccal , sauhiiqugmtasl suchrid asgosbieatid, ams&mmqomydmmhlmeusnhumybmutf@nessodgmnul es,

astes for atign to 2 nteral,a stratio for
o, By PRl et Sufifiint G b R0 bR BR MBI oL ot on
as, for epaﬁﬁda&» batyﬁatt&m}ldemg@his&uemmo 5&?]@%@%@%Xyﬁﬂue§1@%8mqgc1ﬂﬁﬁ ease
fornulatlon (3) topical Ellcatlon for exanple, as a cream ointnent, or

a cont r ol Pepyl Bilets, é@b@rtwp ¢robnd WA$eaw G3éaletaé Chﬂ@“@(@%ﬁnw(%h as citric

'( g; r g\l;glg: %éghl %{ﬁlxl ene %nql% ?e](f}ag%et% a{:%cttp‘%ﬁﬁgp rgl’tolaﬁ%rtgrlg ggl?%gh% n%l %%%0 Enc{ Oam

set out abweMi&e in certain enbodlnents agents of the |nvent|on nay be
conmpounds contalnlng a basic functional up, such as am no or al kyl am no,

ro
and at®, thus, ‘?/@WMWG@Q%@SP@?P@SE@P{%WZQWOBMHQ@T@JT@HY@ ARG

phar maceu ds.
Those. sal FosBE IHEERRARLER frepfel by thl ol b e RIS o e
dosage f ormpumruffeittaingedicpt whedsan be ccbrhbmacgmth ascapmramaeertaém:pnodnceod a
purified conpound o the invention in |t base f th a Ult |l e
organi o of RGN H%Wl%va%(rf*&p? SR Bie he Bederreaient e ©
subsequengys Mlhfshﬁﬁéﬂ OThe ﬁﬁ&[&%ﬁ@&%hﬂﬁe&@ﬁﬂ@hlbﬁl s&wskec&nktﬁnéw\sdftggrc%eﬂe
hydrochl ori de, sulfate, bisulfate, phosphate, nitrate, acetate, valerate,

ol eat & pmamrtalatoaom@uc@airsm@e dosage &iren wiblegenomily beltlat waoant gfiosedeat which
tosyl at e, chtra e ? e funarate succinate, tartrate, napthylate,
nesyl at e, pﬁﬂﬂ%?ﬁ’B?gﬂ%{@e1ﬁ Sct obi onat e, and Iaurylsulphonate salts and t he

like (see, foriexMi @nbdRmesaf fodhulalid® 7 he pRABHITEC@ILh G8MpSaHstan” |
Pharm 10Sci . 66:1-19). The harnaceutlcally accept ab e salts of t he

subj ect BRI EICiudeg ut R ému@d\t@rwr:bd@zftﬂ% hipesdnecssaiiqesc Srmyumeganttar y
anmmoni um 3%' e Q %1d§ Q%d@ﬁ%%‘ﬂfé%ﬁ icfs. @ g, r{)g'ri_fg?epsoaﬂl ﬁ%ya%hgc[r?c% ] q][d%%l ag@ roqanl ¢

aci ds. For~éxanp conven |oﬁal oxXic s S eri ved

from2mor Q&l]jr@seﬁﬁlhdéntfblﬂc lin a&tdity eihbedihenisden afbyaicnbioasd formslatibuirdnders
15sul fam ¢, phosphoric, nitric, and the |like; and the salts prepared from
or gani c a8¥@§b§ﬁ6ﬁﬂ%%e%é@¥¢efﬂﬁﬁ@ﬁpﬁﬁpﬁﬂn@ﬂc0|nlc glycolic, stearic,

| actic, malic, ]\/]ﬁeﬁ{c}dgl’olfﬁregﬁhﬁ%{h%se ﬁ%ﬂl’éﬁbﬁ or% %1&181’1% &E}ﬁic&deﬁﬂ%%&ﬁﬁ' eic,

phenylacetic, utam c enz an
bringing into association a compound of the present 1nvent10n with the carrier and,

optionally, one or more accessory ingredients.

25 Liquid dosage forms for oral administration of the compounds of the invention
include pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions,
syrups and elixirs. In addition to the active ingredient, the liquid dosage forms may contain
inert diluents commonly used in the art, such as, for example, water or other solvents,
solubilizing agents and emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl

30  carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene
glycol, oils (in particular, cottonseed, groundnut, corn, germ, olive, castor and sesame oils),
glycerol, tetrahydrofuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and

mixtures thereof.

- 60 -



acet oxybenzoic, fumaric, toluenesulfonic, nethanesul fonic, ethane

di sul fonic, oxalic, isothionic, and the like. 20l n other cases, the
conpoundswofotime4fasesent i nvention may be conpounds contarnisa@1on®29r nore
acidic functional groups and, thus, are capable of formng

pharmaceutical | y-acceptabl e salts with pharmaceutical |l y-acceptabl e bases.
These salts can |ikew se be prepared in situ in the admnistration vehicle
or the dosage Besidesnmaentitidednts, ithegorpr @ogssitions chyalseipatidt eljyvieaaichng t he
purified conpound in its.free acid formwth a 25sui bable base,. such as the
hydr oxi de VR RSP TS ipat b adre BT HRSEERG AV SUEEPFabl e net al

cation, Whid,AFE0REBresCivatidd dbctsphar maceuti cal | y-acceptabl e organic
primary, secondary or tertiary am ne. Representative alkali or alkaline

earth salts i nShspdesiomeid addiiamtp tboditiymcomppowslsi may cedhivisuspendmgnesiteim  and
al um num salts and. t

For mat ] on of O HeR kPN AT C DA A RO SOARY KRG OB a A Fal e

et hyl enediaekNicr RhaEaI Rfose dl@hhanohah i oxide PRhaHi e CagaRdgdrad! i ke
(see, for exanple, Berge et al., supra). Wetting agents, enulsifiers and
| ubri cant gagasaeth. el BEdiresibergf.yl sul fate and nagnesi um stearate, as wel |

as coloring ag t el e . nts, | S ) enl

o117 0o4540pey Dbl 55854l rS}lﬁ%‘?%%OE %5%9?%%“%5&?%%2%@&% F%esgeé\gyaotfi ves
and ant i oxapdars scacledis, pilBQtabRtPIRBREYSs (1ding hElacaBP 08414, uonsly skx@sPheBacatia
pharmaceutical | y- accept abl e anti oxi dants . include: (1) water sol uble

ant i oki daft $agaginth), R/WHYEHANHCH BT #p 2 $Q) W Gf e HHRANSIOR B AR ARICOUD RN RAR

bi sul f at e, ;3801 Ha({)ﬂxilé, t2Bh SHlihdvtfer &%&%ﬁw fdui®eRiichh&: ds! alﬁ%aiéﬁ%} syrup,

oi | -sol ubfl% ant | ants, such as ascorbyl palmtate, butylate
hydr oxyanosad ms(iBidApsinp at yeat tede, Bydr axged ainudesl{d8HiL) or sueost mdacapnppyl

gal | at e, al pha-tocopherol, d the like; and (3) netal chel ati agents,
such as cfi¢ flcasaph W@tﬂl}aﬂaaﬁ_gfeﬁ et ﬁaec'htcemaaale@P%edaf@rlam(:%@w{}t L& brtol
tartaric gehfoundPsRNREicht AfkftiorPlidntdd8vd inkfedich® TR bR &t thePResOft t he

conpounds of the invention may be presented in unit dosage formand may be
prepated myeaimgn mey hlsobe adininikerodns i holubeclentuarpdr pdste macy. The anount of

2"si mgl e Gosaglh 1R O0my o GRRBRAT Lt S REHsEn [ERYE Fuitel and
the parti gillsadrag@ed oo dens %Tdﬂhl%% aAd teNike), ke /MY MgrédieGd nvseediWigh 6t @nt
whi ch can be conbined with a carrier 15 material to produce a single dosage
f or m wi | | mgehelkaampseubealihageeptablgearrirs, sueh agediunagiirals op disdleews phosphate,
therapeut Lu?d/glf a[n?rcotf'the following: (1) fillers or extenders, such as starches, lactose, sucrose,
20  glucose, mannitol, and/or silicic acid; (2) binders, such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia; (3)
humectants, such as glycerol; (4) disintegrating agents, such as agar-agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate; (5)
solution retarding agents, such as paraffin; (6) absorption accelerators, such as quaternary
25  ammonium compounds; (7) wetting agents, such as, for example, cetyl alcohol, glycerol
monostearate, and non-ionic surfactants; (8) absorbents, such as kaolin and bentonite clay;
(9) lubricants, such a talc, calcium stearate, magnesium stearate, solid polyethylene glycols,
sodium lauryl sulfate, and mixtures thereof; and (10) coloring agents. In the case of
capsules, tablets and pills, the pharmaceutical compositions may also comprise buffering
30  agents. Solid compositions of a similar type may also be employed as fillers in soft and
hard-shelled gelatin capsules using such excipients as lactose or milk sugars, as well as high
molecular weight polyethylene glycols and the like.

A tablet may be made by compression or molding, optionally with one or more
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In certain enbodi nents, a fornulation of the present invention conprises an
exci pient, including, but not limted to, cyclodextrins, |iposones, mcelle
form ng ayenbs/0ves4g., bile acids, and polyneric carrier CTAISg0L1/0pByest er s
and pol yanhydri des; and an agent of 20 the present invention. In certain
enbodi nents, an aforenmentioned fornul ation renders orally bioavailable a
agent of the present invention. Met hods of preparing these

formul ati amsssmry mgnidsits. | Corspressed itetb(tétmdmﬂab@rqiamd winglirinduegi(fog ckaryde,
associatioq und of tqgrg | nvention g&th t he carrler and,
optional | ¢ a%%gr rpppgonylnshy ?@’ tsincB S INERt; RFCHERLYSE forms for
oral adnmi afsﬁﬁé%%ﬂt%rf&arh €, &%MH&% g@;tcom@of YOI sbaiGhHASboxymethyl

phar maceutically acceptable emul sions,” mcroemul sions, sol utions,
suspensi opd]ulesy), uplsfacamtlerb px dispersihg agezmh Mocbdﬁdttebhetsen@cha medq b}gmehﬂu@wm,a t he

d.d f t | t d t t,
A RO AR TS A R R A T R N

enuIS|f|eﬂ§um§uch as ethyl al cohol, isopropyl alcohol, ethyl 30carbonate,
ethyl acetate, benz al cohol , benzyl benzoat e, propylene gl ycol ,

1,3-butyl ene ng%tﬂbYetﬂauan@ ofhicnsqbigrdosagg farms @%tth@ @h@@@aeutgﬁbmmmmon&@f the
germ ol | él%Sen‘%%?veﬁ 101‘?'1 it %S%”%eegléa Qule g%ﬁ%%r granu r%%y Qg?o&%w B% é‘éo‘%é’J‘SJ

pol yet hyl ene " gl'ycol's ’an aci rs "of ®sor

thereof  ¥ap2@d WihObadbRGHA B! iuidh?a% Qa&rlc coatmgB@ﬁd desr caings atll llstﬁdil\t/ﬁ in t he
oral conpositions can also include adjuvants such as wetting agents,

emul si9yi Hiy PRaEmasquedemyalget's, Theevetiaky formalptdisags tq:btlomerﬂyw or
per fum “9c&ﬂfBllB&?éiée{s‘é%?fth\é%cﬁg@ E?edle%'ﬂﬁfé?&ﬁ LORS, fol & X ét Abx ﬁro??ﬁneaﬂg}a' ve

conmpounds, may contain suspending agents sas, for
i sost ear ybelhﬂcmahmw&ylrgquypnmemhplpemdestblbbileslodd ml@dsespmﬁlet anheelmlsamsn

m crocrystal line.cellulos al um num net ahydr oxi bent.onite, ar - agar
and 1 agaBRHIN: TAREPHTSAGAE STIERaP Bt EOD oG BV Or me Pepent - on

sui tabl e fRmuPhd RPN} Skald QN dBY-dBedT PhéBad 86 E@eﬁﬁz&ﬁ%ﬁ WRsampRChet s,
pills, tablets, |ozenges (using a flavored basis, usually Sucrose and

acaci & ;oﬁltratlpaglarcagh npactgoawdensing giltan of bs incorpoating sgemlmnmems imthe

suspenst o qu S Or eou S a -1 n ter or
et o1 e B e R ofion oRs wBENERN B bl 8 ol R ol el e
(using ansteAR'ihjcBRBER mEkieh idgcdRkady beforthe USRS dofpolitiofs! Mk SRo dptoRgigci a)
and/ or as nouth washes and the |like, each containing a predeterm ned anount

of a conpéQm@ln@Panﬁéng)@&e@@rﬂndm%’ebﬁ freomposiion that theyirlgasdhestiveA conpound
of the pr ﬁl%?&flenjf(% 813{1(537%1] pqgfefre?lylaﬁyﬁrq a%grteﬁg %Hloﬁto?rﬂ?e ga@&o@lte@ﬁﬂléf Slfr'act?l ectuary

or paste.
20  optionally, in a delayed manner. Examples of embedding compositions which can be used

include polymeric substances and waxes. The active ingredient can also be in micro-
encapsulated form, if appropriate, with one or more of the above-described excipients.
Formulations of the pharmaceutical compositions of the invention for rectal or

vaginal administration may be presented as a suppository, which may be prepared by

25  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.

30 Formulations of the present invention which are suitable for vaginal administration
also include pessaries, tampons, creams, gels, pastes, foams or spray formulations

containing such carriers as are known in the art to be appropriate.
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In solid dosage forns of the invention for oral adm nistration (capsules,
tablets, pills, dragees, powlers, granules and the like), the active

i ngredi erwoizs1mioxsd wi th one or nore pharnmaceuti cal | y- aeceptsabli@2mayri ers,
such as sodiumcitrate or dical cium phosphate, and/or any of the foll ow ng:
(1) fillers or extenders, such as starches, |actose, sucrose, 20gl ucose,
mannitol, and/or silicic acid; (2) binders, such as, for exanple,

car boxynet hyl cBlobagedsens @k dicrtapies, orgmh&adei*mal guladigigiratydn quardompodmh ef thiuucr ose
and/ or acaci a; (3), humectants, such as erol éﬁ? dISI tlng agents,

such as a§aFraRyaP Cu apey ?F?éQF%?é’rP&{“énenbsoP S B P, %? 10%% »gi ni ¢
acid, cer b@tbﬁbssahh'lﬁ?a‘iaﬁr‘l%s ﬁ{%dacﬁ%jbd%ﬂib&ﬁﬁﬁw&mx%élmégs%@rilé’ébﬂd?ﬁ&rs%ﬂﬂa
agents, such as paraffin; (6) absorption accelerators, such guat er nary
25ammmoni uphaorpoticaldy- ao{C?))taW@tqamfg agentlsanyspresereatives, dvmffensammrepeltaatsyl
alcohqi g%y erol nonost earate, and non-ionic surfactants; (8) absorbents,
such ab kXTI RNF W9REShite clay; (9) lubricants, such a talc, calcium
stearate, nagnesé bMHAERAALESS, cﬁ@hisdma‘imeﬁmdo@mn gh yealtisn tsakidave | aur y!

sul fate, and mixtures thereof; and (1 coloring agents. In the case of
capsul es, cerapPudof &g inyientien, el“ﬁélepﬁafff @éa@m@éa%mas@biqﬁatsngﬂwxaﬂ,so
conpri se f ri S £ e may al so
be enp|oygﬁa§§1f¥%F§3§%§&1 b%3%§ﬂ%8V$éhﬁ¥%h ??ﬁﬁééﬁgh%§§ using such

exci pi ent ser@sdnitedcdibge agid, ﬂ?ﬂd dﬁd&ﬁgﬁfﬁde asmigliles ﬂt‘erélifgh nol ecul ar wei ght

pol yet hyl ene glycols and the like. A tablet may be made by conpression or
nol di HY, opt i oRAVASS @Y PPIBYIECAPCORFHE In wﬂm@/wmymf hepipYantepp929
accessory i.eqt t p der (for
el o ¥ T e S Ry T RGP Bl Bl T O

di | uent, pﬁgmmnkquMenodnﬁﬂMﬁﬂgﬁaﬁke@ﬂmmnamaﬁmhgmcmmddmnmmﬂ@wnhmgiycolate

or cross-1linked sodi um car box th | | ul ose r e- ac ive

di sper si n§USRYBHY Projtsylaris: Sﬂiﬁ%ﬁ%’-@ 0ft9 yHRed %Bés @5%@6 PR ¢ abl e
machi ne ahﬂh5&95&mo&th§bg@ﬂgg&fﬂbﬁgﬁpound moi stened with an inert |iquid
di | uent. he tablets, and other solid dosage forns of the

phar mbTeut i cal Toospugiat paselss bhve the apgdebahentegyeimrovdingseotioldel diliagoed,a
capsul es, ranul es tj opal e scaqred or ed with
cont | ngs SoaraieRE e B eafiitiol bORT IS e SRE 2 sBrTREE el | Known
in 10 thedpbsvineee dish&ding the (BrhdundGn Bic fproﬁ%?%éd[t&ﬁ{ Absdphiéh Eantdratsd so as
to prOV|de slow or controlled rel ease of the active ingredient therein

usi ng, f orlsekanpiddo ingyense Beiwpsfi the corppound|acigisp e skin. v ispf prdpdet ¢ans to
provi de t f i

and/ or n1§§8§§‘%¥ggye§%%§§8“?&% §£%fmﬁﬁ@%% veﬁ%?%%(%g§&§ﬁ§§y%é0&§§%%ﬁgted
for ramldnf@b@@ﬁﬁrm@ugmn@ﬁteeze dried. They may be sterilized by for
exanple, 15filtration throug a bacteria-retaining filter,

i ncor por ati ng SPBHRIMis fornuians seyie RItAEN S opeH &S, §91@F19m8ea@dh¢ ak%@rﬁpﬂéq tions
whi ch can, Qﬁ ?ﬁﬁglg%glFQmﬁﬁﬁﬁthosefq&gug%mﬁgge other sterile injectable

medi um i mmedi ately be e use conpositions nmay al so optionally
conpain_opacifthgwagﬂhmbammdmnmmsbéﬂmﬁmamﬂmnmoﬁdﬂtﬁmpﬁhmkxﬂhdmnmﬁhﬂm&e t he

active ingredient(s) onl o rential l a cer ortlon of the
gast r oi nt ESPPIRE OFPALEOTC B‘?.Hni BHEJ QannHO%YIHW@?Bﬁl ‘?‘.ﬁé?n BLENS| es of

embedgl nopRAFROSIH:LONIcWHIOR Al REIHAEAULAR! HIRnRRYER RN RRGER, and
Waxes. The active I ngre di ent can al so N mcCro- encapsu at ed orm If

appr opr i aswspensiary ongeutsionsperestatle ph@dqbwhedu@@scber treonseixvgepingmstsrile

injectable solutions or dispersions just prior to use, which may contain sugars, alcohols,

antioxidants, buffers, bacteriostats, solutes which render the formulation isotonic with the
blood of the intended recipient or suspending or thickening agents.

30 Examples of suitable aqueous and nonaqueous carriers which may be employed in
the pharmaceutical compositions of the invention include water, ethanol, polyols (such as
glycerol, propylene glycol, polyethylene glycol, and the like), and suitable mixtures thereof,

vegetable oils, such as olive oil, and injectable organic esters, such as ethyl oleate. Proper
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Formul ati ons of the pharmaceutical conpositions of the invention for rectal
or vaginal adm nistration may be presented as a suppository, which nay be
prepar ed W9 28H/095¢5Nng one or nore conpounds of the inverCirars2eibzoone or
nore suitable nonirritating excipients or carriers conprising, for exanple,
cocoa butter, polyethylene glycol, a suppository wax or a salicylate, and
which is solid at roomtenperature, but liquid at body tenperature and,

t her ef or efluiditlylcambé maimaihék forendamploby vagiseall ceatingtnyaterids, setleaslecithie, tgct i ve

conmpound. _30Farmul ati ans of .the present.inventiqn.which are sujtable for
vagi nal aH‘r‘ﬁfﬂ‘P‘%tFPaaI%CF&gﬂbﬂ ST C PESERF E85° %?thﬁ%?ﬁs’@ﬁlg%be B¥l ng :
pastes, foafkiQks spray fornulations containing such carriers as are known
in the art to be appropriate. WD 2011/ 094545PCT/ US2011/ 022929 Dosage forns
for the topi caln sma ¢aaers deondat togaetong gtercdfccoof aodrug, it rdesatde wfslowhits

i nvention jnclude powler sprays, ointments, pastes, creans, lotions,

gel's, ol BN §5Lhedrus PombiusH et or ohRuT el LR oo LG T be m xed
under st ehédotnpiORed tyl BB S st i uid DAHEIRERLS T G MtAMinA6CAREPROS BAEFASavingnd
with any preservatives, buffers, or propellants 5 which may be required.

The oi nt neearsvatergsetublity c Taa sage ahebsgantion e hecding Hicn depends gapn itdrpte of an
active co nd of . this. .inventi excl pi . ni and veget abl e
fats, oi|gggﬁ%@%EWhﬁgfﬁﬁPgnggy9%%?86@8%?ﬁé@%%% %%fgggﬁ%ﬁgég%gerivatives,

pol yet hyl amerrgtiyel9) delayzd labsopitsh, oftepir@itrabg-addidisteicd dagi drmtigh@ompilstadnc

oxi de, or m xtures thereof. 10Powders and sprays can contain, in addition to
a conﬁbunhyéﬁﬂﬂﬁmg(Fﬁv@ﬁ?¢8&ﬂmékﬁgH}%hR%V@%@ﬁ-as | actose, talc, silicic

aci d, al uni numyanaxid hakoRUILal by fRHER: AN ARLYA ARBOVEIhe s

m xtures of these substances. Sprays tan a y contaln custonmary
pr opel | antempaundh irasiodédradabld podymbryg dndcar fadyisctaleepolpilyadolide. Dependsig drut ed

hydr ocar bgns, .su as but ane and propane, 15Transdeyrnmal patches, have fhe
added ad_vﬂwtra _Oﬁc?mg%w A SR AETERear teiiey Fgpbm SRBAI. bF _ractﬁg% _
present 'Hﬂ%ﬂ%k%ﬁcﬁﬁb%nghﬂﬁﬁzE§Hﬁ@k§%§@g@rB@H&ﬁwﬁ%ﬁn&ﬁ¥5@Q@n@ﬂ¢9'SSO|V'ng

or dispersing the conmpound in the proper nedium Absorption enhancers can
al so be up@dgqrﬁloaﬁctﬁbas@qlﬂ@nmydmde@f Ddpet inmaeppdimiormelatiess arpelse piaparctby r at e
of such fl ux cantBe controll ed 2% ei t her Providin a ra% coq%rollkn
menbrane 57 APLPE g P HBOWIHE SRR IR SAYSIHEF chmppile gth ey tisste.

Opht hal mi ¢ f or pub@plaBMRrmEMEoR dHniRE: agp Ve ki, inG@ltidh af \Get@itindd Riséd &€,

are also contenplated as being wwthin the scope of this invention.
Phar maceut#éas peenepiéssiinglodisg.diut nef lemited tonehoaricad stabd iy at basly tpaperaties. al

gg%m; E ' %{0%8?%%§gcgén§§ ot (Fe1eHR] oxERTRAY ffimaf adshe 1 nvention in

20 The preparations of the present invention may be given orally, parenterally,
topically, or rectally. They are of course given in forms suitable for each administration
route. For example, they are administered in tablets or capsule form, by injection,
inhalation, eye lotion, ointment, suppository, administration by injection, infusion or
inhalation; topical by lotion or ointment; and rectal by suppositories.

25 Regardless of the route of administration selected, the compounds of the present
invention, which may be used in a suitable hydrated form, and/or the pharmaceutical
compositions of the present invention, are formulated into pharmaceutically-acceptable
dosage forms by conventional methods known to those of skill in the art.

Therapeutic Methods of the Invention

30 The present invention further provides novel therapeutic methods of treating
proteinopathies and other diseases for which enhanced protein breakdown may be
therapeutic, including neurodegenerative diseases, comprising administering to a subject,

(e.g., a subject in need thereof), an effective amount of a compound of the invention.
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25phar maceutical | y-acceptabl e sterile isotonic agueous or nonaqueous

sol utions, dispersions, suspensions or emulsions, or sterile powders which
may be rewonsti/iui4ed into sterile injectabl e solutions ecTdiss@ensisens j ust
prior to use, which may contain sugars, alcohols, antioxidants, buffers,
bacteriostats, solutes which render the fornulation isotonic with the bl ood
of the intended recipient or suspending or thickening agents. 30Exanpl es of
sui t abl e aqueodssubjedt morad)theots negrinéleds foviixamphay stilgeamdodyedeem t he

phar maceut,j cal conpositions of the jnvention inc|ude ter, ethapol,
pol yol s ( 4138ROs5 Wgﬁfcwtﬂn}opﬁ&aw RH e@tw@wﬁs bso grs%tﬁ#dgﬁé)ratﬂ?eaﬁtﬁy,and t he

like), and it ARIRcr tKiHa 88 bi Gt 89 tory M6 URL BB iBuQirksimeiCh as olive oil,
and injectabl e organic esters, such as ethyl oleate. Proper WO

2011/ 094545PCTIusaRie 2PGR Préskuti idi¢ngion amnyde used fit ta¢at edly pfotainapathypl e, by

t he usg of. coatin teri.al such. as |ecithin, . th i nt,enance of the
oqui rod Bartnir B efB e R RR GG, W St nBY S S ReEt

sur f act ant&ebrNB-SAFRIE @ §pathﬁ_r@t[@e$aﬁgﬁioﬁrc@1h@ ntRdoeffrRmtdiRhsd (dgug, it is
desirable to sl ow the 5absorption of the dr%gg rom subcut aneous or

i nt r anuschewne ppgnedeiny ancephilapaiay kyeu, 4aewnisldtdilead dscashgaan (geutafeldtqui d

suspensi o - talli 0 rp eri [ RY.:RQQ t.ar

zoi ubi 11 £y Sttt BRSSO E G e 1B BRERTEEE s e

of di ssol wubpathieh (£, frdnfotémpéral dayendiapa tlcinon dideysd, progsdsgige aistatucysik al | i ne

form Alternativelé, del ayed absorption of a parenterally-admnistered drug
%pa

form 14 apdlenprrtcrbepah dugpradionsispnfpisgreral abepdrasneigtione raptsmppirl kabapi |
hi cl e. .Ni ) . , i NG: MsCr: |
venl cl e d?ge%lﬁra{lml,gaﬁ%%@oghlg@ﬁ%l gc%rgﬁ%?g etlgg'g) a%(fséca%, %Iﬂﬂlaphﬁﬁgﬁ@%fg&ﬁfd, e

matrices o e subj onpounds 1 n e polynmers su
pol yl act i @emjinl Pghigh dbindeia, Depditadi rgrebral héreomixtgeovidf ardyloglosie (etdndiogy , and

t he natur e particul.ar pal yorer enployed, the rate of drug re] ease can
be._cont r o ALASEx Aleaesiah: %%gﬁ%moaaﬁ&saﬁéﬁhwé aht fg}%tr%nw&ﬂot e Sem"e_

15pol y( or thassit ahSloidbk, _@%M&g&h&&rm Sfyloi RO A Rn§RtRRIseryhbeTNMhRkdsons are
al so prepared by éntrapping the drug in’liposones of m croénul sions which
are cbhpateikenegial kmiybdgosis, 8padl amy sy, Y\pbHramylleitlooh A podvrangileidosigent s

R St TR A
ef f i ci encyiatysERingfloidelisas@usibOBbS tyo Fulsﬁa'tmalcaﬁﬁam., me@Tingy pryepiar at i ons

of the present invention may be given ora Y,‘parenterally, topically, or
rectal | y. carpi@gmay eardipc aisigh graylgidesks, pipifast prolastinerap| hergdgprydaiéige corneal

adm ni stragj 0 . h 1] y ets or
capsul e fgiﬁgggicﬁﬁﬁgggﬂgﬁg%?ﬁﬁgﬁ%F%B§¥nggéﬂiotlgﬂﬁﬁg§ﬁgﬁéﬁp%ﬁngpository,
adm n2Gt r akctoderrinyaniygidedis, paimonatyslveslagroiciiadsadbdadmogehRpueatl alyloispt i on or
ointrment; and rectal by suppositories. 25Regardl ess of .the route_ of

admi ni st r 881HAl welcalanagoid pwstieoipresiadckds cqlhdsgsesaitical illness myopathy, von

Hippel-Lindau disease, spinocerebellar ataxia 1, Angelman syndrome, giant axon
neuropathy, inclusion body myopathy with Paget disease of bone and frontotemporal
dementia (IBMPFD).

25 In some embodiments, the subject pharmaceutical compositions of the present
invention will incorporate the substance or substances to be delivered in an amount
sufficient to deliver to a patient a therapeutically effective amount of an incorporated
therapeutic agent or other material as part of a prophylactic or therapeutic treatment. The
desired concentration of the active agent will depend on absorption, inactivation, and

30  excretion rates of the drug as well as the delivery rate of the compound. It is to be noted
that dosage values may also vary with the severity of the condition to be alleviated. It is to
be further understood that for any particular subject, specific dosage regimens should be

adjusted over time according to the individual need and the professional judgment of the
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i nvention, which may be used in a suitable hydrated form and/or the

phar maceuti cal conpositions of the present invention, are fornulated into
phar mmcewocallop4mscept abl e dosage forns by conventi onalpCcraisbads2i9n0wn t 0
those of skill in the art. Therapeutic Methods of the Invention 30The
present invention further provides novel therapeutic nethods of treating

pr ot ei nopat hi es and ot her di seases for which enhanced protein breakdown may
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adnlnlsterln ubj ect ject in dth eof) an effective
anount of 4% wﬁb@m (Gl b, B G TP o 0ny DeiSBAR T Ts011) 09205 A
subj ect in neegut hdy g%fﬂmubje@tla%eﬁ miPbe EXARAE) by’are%ilgic%% Hhadigs been

di agnosed with a profei nopathy or a subject who hds been treated for a

pr ot ei nopadntwmrzitMB uﬂthagtgsmtberct:}sarmpiatth@maelrmmplasmﬁrcameotrytlaro((trrmc) pnévi ous
treat The ds, of the i nvention na t any

br ot el hopliyss BRebsPUS Mg S B me PR TR e RuatE e Og

limted tgayMezb&. MEsagesios BRRescAEMORT RN idduddMhbei tﬂaﬂﬂ&hﬁé&ﬁ@é’bové@hh@@'
gangl i on ceFI degeneratlon prion diseases (e.g. bovine spongiform

encephal ofutGiyax aadrAUCEPA and efthet dowresycsl deaidaragner smallcovauesfos thosg ak ob

di sease, gga ﬁ%pn Straussl er - Schei nker syndrone, fatal famlial insomia)
t auopat hi %1 front ot enporal denentia, Al zheiner's disease, progressive
supr anucl ear mqaaias&osag@retzel@ obaralctidepgralidndin the pivrebesipiodladonipobisions of
degeneratlon) frontenporal |obar degeneration, anyotraqphic |ateral

scl er b&j sth lmﬁﬁmf@rw lzz,e YRTSE£8 @S tq QN ag amsyupnt @fsthe agherbgradicptapdich 8 Dani sh

denenti a, I

coonsi L BTSSR A ERE DA BRARICLREARpIE R A ot SRS oh.
neuropothyndsmdebﬁwhmmmeaﬁmlaﬁﬂbnf@ﬂ&j&xksenmimnmath|es AL anyl oi dosi' s, AA
anyl oi dosi s, e II bet e ortic, nedial a dosi.s

anyl oi dosi s, Aﬁﬁwe%ﬁ S egel PRALRANGY HEST Ofofjf‘%{ﬂlisllP%h“ﬁgﬁﬁr %i dosi s of

the Fini SQctIvY@%ftﬂeYﬁa?ﬁMﬂ@r R0 &ﬁﬂ&fédsthe frbiat 'oFQ&ﬁﬂuMbﬁ"tﬁi@ﬁfn% ofdi al ysis
anyl oi dosi s, T nclusion ny05|t|s nyorat y, cataracts, medullary thyroid

car ci hormadrowmistiation.ahe raéﬂ o tegiod os imsfabplisroiof equpamcmllla@t)mmomd bdeg edi t ary

| attice corn aI stroph eous Lichen anyl oi dos corn

| act of er r PRGN uRBON et PR LERRSHR stieE AEtks RmRyRe: ke S iy

al veol ar @dSIﬁbl@hﬂi&ﬁWﬁh t&%@ﬁ&%%&pbﬂﬁ@émﬁlﬁy&@lt& a%%emxn%lg‘iﬁﬁ%bﬁ(ﬁhol@rrw oi d,
cystic fibrosis, sickle cell disease, critical ness nyopat hy, von

H ppel - Li eensiel dicaldnans prégyinesiécat bistary af thatasiend bzmgm@ﬂn@mi 1§s¢rfa¢t@rr$éwelb| ant

axon neur I body nyopathy wi th Paget di sease of bone and
frontoten%%?g XH%%%%F#% %ﬂBNPFD). 251 n sone enbodi nents, the subject

phar negeut i cal Agshypieiintdr @o®rigdridniewvpigageintry skill in the art can readily determine

and prescribe the effective amount of the pharmaceutical composition required. For

example, the physician or veterinarian could prescribe and/or administer doses of the agents

of the invention employed in the pharmaceutical composition at levels lower than that

required in order to achieve the desired therapeutic effect and gradually increase the dosage
25  until the desired effect is achieved.

In general, a suitable daily dose of an agent of the invention will be that amount of
the agent which is the lowest dose effective to produce a therapeutic effect. Such an
effective dose will generally depend upon the factors described above.

If desired, the effective daily dose of the agent may be administered as two, three,

30  four, five, six or more sub-doses administered separately at appropriate intervals throughout
the day, optionally, in unit dosage forms.

The precise time of administration and amount of any particular agent that will yield

the most effective treatment in a given patient will depend upon the activity,
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invention will incorporate the substance or substances to be delivered in
an anount sufficient to deliver to a patient a therapeutically effective
anmount ofwenoimoeespor at ed t herapeuti c agent or ot her matremiusbolas:past of a
prophylactic or therapeutic treatnment. The desired concentration of the
active agent wll depend on absorption, inactivation, and 30excretion rates
of the drug as well as the delivery rate of the conpound. It is to be noted
t hat dosagkarmakelasctivayand|tsanvadabylityidffa pabltecubeaeeritt physifoldgien] comtdiidn afitht o be
alleviated. . It .isl 0 be further undersiood that for .aqy E@r.ti cul ar subj ect,
speci fic BYRGENFlRdinEERs SSholifcaspePa it e sorra! Phy e sediaing to the

i ndi vi duag d-aRd b Q%i%@%@@g%‘aﬂﬁ%pd d‘fgﬂé@&rﬁoﬂi rdl€of %inis,tration, and the

2011/ 094545PCT/ US2011/ 022929 person adm ni stering or supervising the

adni ni st r Ak¢.ohhoguiddmes preposed haeis. mafylyi wsatl tyoptaoist thy traattherdee. get er mi ned

' i -t killed i he .art ... . .The d f th

ool oct a8 BOOR b iy Pimal e i it iSRRG Sorchns

of the ag@fnhrofifie R¥aFRERatid@nEBXMNHNMEhiBFHE (RORMHEE bid ildjﬁst{ngﬂ%t alqsag@l 5
0

the area under the plasma concentration-tinme curve fromtinme infinity
(AUC (0- 4yd/ertymipg. used. Dosages for the present invention include those

h d : | ues.. - d _
resul ing 1 1| SrBreer B e AR Rt SR, € B cage

| evel s of nichgiragtone er iidgs etthe Adlsvannindhves phgtdaeeihdCahe curQsi 24-sns of 10
this invention may be varied so as to obtain an amount of the _active
i ngr et enPerifd ohll papegipoé e tistmentaippliuding supRlcHeds @ wefiElseaf i ¢ response

for a partiGiti @l iBRbAERrmubABRARAY bOBptif ifd tAHO LR RN, W thout
bei ng tox%d}: to&{aﬁg pacl?l ent . o8, Hi'ﬁgp é@?g%%gﬁddoéggeg}%\l}e%éﬁﬁhﬁ depend
upon a vamoaftyrigf. Tlecavicst mae beiperivglidable resvhluwatetiyto détetrhiac par dxtatibir agent
enpl oyed, .the route of administration, the ti of . 15adm ni strathon, t he

rate of eXBRIGYFBRMGY Wi hE M8 PHRARCE: fiibLiich SrRyalALObEPHE Enpl oyed,
the durat pQRr@g §thRe tEG BB cckQRRK HIMIS of BRIRAYBIEs AO Rt BB Aldidhs used

in conbination wth the particular compound enpl oyed, the age, sex, weight,

condi t§ onpcayemeg everhésalr teightdv gakis dnring thewaly ahd gheoroyeyfthreenqgudhs thercafei ng

treat ed, %Ed i ke factorﬁ,mell rnom? in the nediqﬁl arts. ZSA Eﬁys'cian or

vet eri nar i AFERA Y GOBTHCHTT SFVERT MOMDS Of RETRre S AN ARGTYm L £BY FORY and

prescri bepéihg agffiedidnst amatapy &r HuRfinPhAHBERU, €6 cx@MPRO® the @molRYi T ed.

For exanple, the physician or veterinarian could prescribe and/or

adni ni st epf ¢ksabadmpinistaied augktattie dine o admpNsiatipe magbsineads dapad amfbese

phar naceuﬁéeg%hatgoqlgposi tion at levels lower than that required in order to
€

achi eve t esired therapeutic effect and gradually increase the dosage
25unt 20 the deStaaadereiigdic ihBiadhiievadaller dosages which are less than the optimum

dose of the compound. Thereafter, the dosage may be increased by small increments until
the optimum therapeutic effect is attained. In addition, the combined use an agent that
modulates an autotrophy-associated gene product and a second agent, e.g. another agent
useful for the treatment of the autophagy-related disease, may reduce the required dosage

25  for any individual agent because the onset and duration of effect of the different compounds
and/or agents may be complimentary.

One aspect of the invention relates method of inhibiting the deubiquitination activity
of a Usp14 protein comprising contacting the Usp14 protein with any one of the
aforementioned compounds (including IU1), or a pharmaceutically acceptable salt, solvate,

30  hydrate, prodrug, chemically-protected form, enantiomer or stercoisomer thereof.

Another aspect of the invention relates to a method of enhancing protein

degradation by a proteasome in a cell comprising contacting the cell with any one of the

aforementioned compounds (including IU1), or a pharmaceutically acceptable salt, solvate,
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In general, a suitable daily dose of an agent of the invention will be that
anount of the agent which is the | owest dose effective to produce a

t her apeutwo 2efifmet4s Such an effective dose wi |l general pgTdsp@Enad229pon t he
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pr edet er mipoagifbirrescephislopghd kdds, renitztQpdakadddisedbd, vadpe drsutafeldtiiekob
treatnent,  including s%fplenents,-annunts, times of adm nistration and

f or mul &t i BlcasgeyeBERHLITRuUsEer-Abe kel g diomne fdal familial gsgmnigy fRnipgmnastl ng.
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t ypi cal | yfrosotemipong laltar tdhgerertioof fréempovakblobarf degomdridory aswotraphit herralpy, and
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therapy anfdSHEn T WABieP™ s Sﬁ&rﬁ@Héa?Pﬁl_é%ﬁ?%ﬂt%a’ #ﬂf@ﬁl&ﬁ@aﬂéﬁﬁwﬁm}%ue f or
several NRGLHSar CeRYRDhHRG Bage Wit arRy181d0LIRIN Qi HnEea PRRID, bekificAdikyREcal

| ength of therapy for humans.” Adjustnents, for exanple, to the anount(s) of

agent 1 adnfamistleanexdoidntic neuropashy.iseeilofyseiné aingloidasisoserpmypdsteicsretde based on

t hese reeval pati ons., 20Tr eat.nment be initiated with.smal | er, dosages
which ar e R RaRA FRBERH e Taeesfes, fiahic BefbLit BikERaartaf °F e
dosage maymPRiddik! A@@Hdng»yo_iam, |A ponGVemBNbidods) thhilfah@moRidodldof tHteFiaRgUt i C
effect is attained. In addition, the conbined use an agent that nodul ates
an aut ot r bieylyseryesi aandeldgendibpnegucamylailosis stilypia aaytmdosise inglusiamdiader

agent “S?hg)asii'g/gnaég%h&rc%?aw&é‘,Hne%u&J}%;%&P&?&%ﬁl&,ec'af?&ia?cdatﬁblsa%%ﬁ&doHE,Y reduce

the requir
20  pituitary prolactinoma, hereditary lattice corneal dystrophy, cutancous lichen amyloidosis,

corneal lactoferrin amyloidosis, corneal lactoferrin amyloidosis, pulmonary alveolar
proteinosis, odontogenic tumor amylois, seminal vesical amyloid, cystric fibrosis, sickle
cell disease and critical illness myopathy.

In certain embodiments, the present invention relates to any of the aforementioned

25  methods, wherein the proteinopathy is Alzheimer’s disease, frontotemporal lobar
degeneration, amyotrophic lateral sclerosis or Machado-Joseph disease.

Another aspect of the invention relates to a method of treating or preventing a
disease, for which enhanced protein breakdown may be therapeutic, in a subject comprising
administering to the subject any one of the aforementioned compounds (including IU1), or

30  apharmaceutically acceptable salt, solvate, hydrate, prodrug, chemically-protected form,
enantiomer or stereoisomer thereof, or a pharmaceutical composition thereof.

In certain embodiments, the present invention relates to any of the aforementioned

methods, wherein the disease is selected from the group consisting of von Hippel-Lindau
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25for any individual agent because the onset and duration of effect of the
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t he i nvenwoaniv®ksases net hod of inhibiting the deubi qui cmatsc@n/o2ae9 vity of
a Uspl4 protein conprising contacting the Uspl4 protein with any one of the
af orenenti oned conpounds (including IUl), or a pharmaceutically acceptable
salt, solvate, 30 hydrate, prodrug, chem cally-protected form enantioner

or st er eoidsearesspitvecedéllar ataxia Watgebmanaspdmimao iahhaxanmeeruipathy, meluaioas to a

net hod of . enhanci rotein degradati on a proteasone i.n I

conpri si n§° yolﬁyawnl%h&tﬁﬁégﬁéiﬂaeg%% 0.%9n<£ﬁ@nt8%mméa?£€@%%ﬂ§i@ﬁ@ conpounds
(i ncluding | ULk, @kr &pRBayr rﬂi‘i’éﬁ%ﬂtf&'rb%e@@&@Hieﬁ@d%f%ﬁhéncir%%r&%ﬁ&me WO

2011/ 094545PCT/ U82011/p022929 hydrate, prodrug, chem cally-protected form

enant i onefunstioss {rer Bbj b nempitidhieg adhinisteringAn thdraibjcaspaoineaff thdafoinmangionédn

compr 1 51 nioBafirr et dfing 108 prErGiipReat ey “3ada Bk S ReOfRt: B Sned
conmpounds pfddigd, UBdrhidallyplotecid Brid/@anBeatt dr&adrédisarseriradd 6r $al t, sol vate,
5hydrate, prodrug, chemcally-protected form enantiomer or stereoisoner

t hereof pharmppeutispk eanposiopdiaieait s, the present invention relates to any

of the aforenenti t S. erej he i i I from
t he group cons%ltgf) ?1%5958?& ,ﬂt}glﬂeelihﬁlog %8@%&3505%g{e@{eoﬁie%?ac%éiagilnﬁelgiaﬁaggﬁnggopat hy,
retinal ganglTomM48el htag@geies aibjd@ncomdimdedrsipaginkas meesnbrphdlyamaioiyhe

kuru, Creutzfeldt-Jakob di sease, variant Creutzfeldt-Jakob 10dj sease,
Ger st Minn2lormarfioned compergidsiiagludipa db bher a pharmaceulieplly ageepiablsmaltesolvate,

frontote t] : i ' i r i ear
”Hf&x@ﬂebgggﬁ{gaglgegglg%llﬁgﬁoféf%{edsfoﬂh,se%ﬁﬁt?oql&lo?g{e‘?e% o¥er FHEREANYS

pal sy, cortico ront ot’enpor al | obar degenerati on,
f r ont enpopldrmachaircaldepegmesitiat iticmgofamyot r ophi ¢ | ateral scl erosi s,

Huntington's djsease, fam.lial British.denentia, Famli al ni sh denenti a,
her edi tary cer SbfaRIHERGHIREEE i PiesSHGrHoL ity few&m?é)e%%ﬁ@ﬁgﬁl%}e
Al exander pgiR@aseherdinls@dishibjabt i Miheh. foldted RRES ARG RY ProfabdResy st em ¢

anyl oi dosi s, serpi nopat hi es, AL anyl oi dosis, AA anyloidosis, type Il
di abet®s, aort ileriepdisabctand/thoiinicsiien regpo Al isalaied piretossiomes Apdlackany| oi dosi s,

0Al V anyl oi dosi fam/li | 0i dosi s of. the Finish .. lysozyne
Ay of dost SRR R AR Uk bRERERESe Bt Mg 8l BBL) SR8 e SRR B oy
nyosi ti s/ gy apat fy,suR@labaghim. MRdeHiialhbbiii@idthe protéd3emBs oChE dvagtiat ri al
anyl oi dosi s, 20pituitary prolactinoma, hereditary lattice corneal

dyst r ophyarediamabuspoicasRsvesasen os dugIRB or Bwine afotfasemey. eyudhpreifgosicdosi s,
corneal | got obeh I, &@mﬁ&m&iﬁdaﬁw PR, POy ?Jclé%g‘? ai?cgge*ﬂ%r.”?ﬁé groteasomes
odont ogeni c’tunor anyl ol s, “sem nal” vesical” anylord, cystric TiDbrosrs,

si ckl 20 cebf thdiiseaten ardiseful, tfocedanipld, hessthadoptddigening for specificrinkiditdBiof
enbodi ments, the present invention relates to an e af orenenti oned

0 any of th
25met hods Usikerenior seampplss gfgepionplPatant AppHestipgrPusligntoaad® 2048 6t @npor al
| obar deggnendthPhooBkild QPted @ iffi@kniiler oS s or Machado- Joseph

di sease.
In certain embodiments, the proteasomes of the invention include enzymatically

inactive Uch37. Uch37 can be rendered inactive through any method known in the art,

25  including, for example, through mutation of its enzymatic site, through treatment with a
Uch37 specific inhibitor, or through treatment with a non-specific deubiquitinase inhibitor
(e.g., through treatment with ubiquitin-vinylsulfone). Treatment of Uch37 with ubiquitin-
vinylsulfone results in the generation of vinylsulfone-Uch37 adducts, which are inactive for
deubiquitinase activity.

30 Another aspect of the invention relates to methods of generating proteasomes of the
invention. Such methods may include steps of purifying a proteasome lacking Usp14 but
comprising Uch37, treating the purified proteasome with a deubiquitinase inhibitor, and/or

reconstituting the purified proteasome with enzymatically active Usp14.
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Anot her aspect of the invention relates to a nethod of treating or
preventing a di sease, for which enhanced protein breakdown may be

t her apeutwo,20im9as4subj ect conpri sing adm nistering to tireTaisbpieor29any one
of the aforenentioned conpounds (including IUl), or 30a pharnaceutically
acceptabl e salt, solvate, hydrate, prodrug, chem cally-protected form
enanti oner or stereoi soner thereof, or a pharmaceutical conposition thereof
I n certain enbBdiifieatios of thegprpteesent lackine bsp Bhbutebapasing @Jchdy caf bd dame

af orenenti aned net hods, ein the disease is selected fromthe group
consi st i n§>'d# a%?’r“‘iallg%ﬂ%?&,‘\@f %‘Hﬁ*{}‘ m\f\%’ 311 %@‘4‘% TERBPEII0PSHY W sease,
Spi nocer eQﬁin'i@-rpu?itﬁ%& IR mla FYARGOE TR 1i5Y R OPress&d ﬁ‘i’BHfiféngd"lﬁ%rﬁﬁ at¥ cells

i ncl usi on body nyopathy with Paget disease of bone and frontotenporal
denenti a ¢4rBMPFE)d andribe brtcasspesciffioity phefi¢dwehNcomAvalimegsoscocan et hod of

enhanci ng_pr.ot easonme functi.on i ubj ect rising admnistering to the
subj ec aﬂ&dBﬂeepr(?%af%es ?%?%Hfﬁéﬂ@’gc tglﬁﬁlcﬁiﬁg@( including 1UL), or a
phar maceut i cal hyyageant Bbh®r sbititor 841 BeAlsed ihthd maltiRods R @ iHgention, including
chem cal | %/Jgr otected form enantionmer or stereoisoner thereof, or a

ic

phar maceulicedl speeisashibitens andaprrepecific deubjpdingse inhdpiee fe.of ubipdtinnyent i on

relates to. g 1z d of increasing degradation of Tau, TDP-43 or ataxin-3 in
; vinylsu 6(3. C . .

a subj ect anprl si’ng adm nistering to the subject any one of the

10af or ment i onedhe actheWps § e isided @ tetlnstitae the phRisvare vt ilkdhvantias capbabl e
salt, solvyate, hydrate, prodrug, chem call @pr otected form enantioner or
st er el sofféf anyetERRle sgpce nuding deiexaamle. dsppb Rt iighiremamagnmalian cell gy

certain e@gﬁhﬁﬁiﬁligﬁ}gggﬁg%gm invention relates to any of the

af or ement 1 one in said subject is human.|sol ated
Reconstitut ed RnotheassprefiixGartmdion ralsee td metifods bsdreeneryt foomhitetoat & t 0

i sol at ed of easones that. |ack enzymati lly active Uch37, but compris

enzymat i c&i*P @49 SRR P YIS N ESCRI O r%%%@ﬁs@’v@%orbéoww%h@pwaﬁ F@”t%

or gani sm , k&it &Shhcna aﬁ&h%@@ﬁ&t&ﬁ?aﬁ&&&ﬁﬁﬂﬂg%h@fh&’fh%tésw&ﬂ bpm are
u

manmmal i an pr ot easonmes, such as human or nurine proteasones. Such
pr ot edsonsdhittsythe devbajuitinioy whthecsabstiatg. nact i ve Uch37 or may | ack Uch37

| her. Th ot &, 0 of the i i | . f. le, i
met hods of st DSRPALTREIOLdeT reieb Py r e Sf ofief feelity g iS¢ "
| nt er nat i gnaduifdBleeRdthdR PFdreahinpR, MUl thmadnhddindéats, ARS{b4tFR3 & Auplddas eby

incorporated by reference inits entirety. In certain enbodinents, the
pr ot easontPOBET thids dpigetablicgficr ¢ledvade b aLgwhiaisiarseyand/or is an ubiquitin-

dependant proteasome substrate (e.g, Ub-AMC). In other certain embodiments,

20  deubuquitination of the substrate is demonstrated by inhibition of substrate degradation.

Another aspect of the invention relates to a kit comprising the isolated proteasome
of the invention, instructions of use, and/or a Usp14 substrate. In some embodiments the
Usp14 substrate is Ub-AMC and/or polyubiquitinated cyclin B.
EXAMPLES

25 The invention now being generally described, it will be more readily understood by
reference to the following, which is included merely for purposes of illustration of certain
aspects and embodiments of the present invention, and is not intended to limit the
invention.
Example 1 -- Synthesis of Inhibitors

30 Figure 29 depicts one approach to the preparation of pyrroles of the invention. By
forming a 1,3-diazole, instead of a pyrrole, similar diazole componds may be prepared. By
varying the ring substitution on aryl amine 1a, or substituting an alkyl amine, heteroaryl

amine, aralkyl amine, etc., a wide variety of compounds may be prepared. Likewise,
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i nactive Uch37. Uch37 can be rendered inactive through any nmethod known in
the art, 25including, for exanple, through nmutation of its enzymatic site,

t hrough tweabnmmtsssi t h a Uch37 specific inhibitor, or tircoaskoiinemtarent

Wi th a non-specific deubiquitinase inhibitor (e.g., through treatnment with
ubi qui tin-vinylsulfone). Treatnent of Uch37 with ubiquitinvinylsulfone
results in the generation of vinylsulfone-Uch37 adducts, which are inactive
for deubi gampouiad ke may be iréagtcd30Anohimaberadpacicoydfiles keprionide ntwida vardtab€s t o
met hods of generatin roteasones of the invention. Such t hods_nma

[ ncl ude s ERPROBKS p ERITRSHE é’r?i‘ggt‘r&é&%‘ﬁ%“PP RE FMESHTROHS SEOHBH B a7,
treating LR, pyUaLd bg&wproteasone with a deubiquitinase inhibitor, and/or
reconstituting the purified proteasome with enzymatically active Uspld. WO
2011/ 094545PCTSyshegis b0 2-2H2bloPaphdnyt)a2,b-shimethylpy role ¢l @afomexthmakilag Uspl4s

but coumpri.sj) h37 .can, he e i any. suitabl t.hod kno in.the
ort . RO LRt s AR, A oEE AR DR SRR TR P e D 2k 0
cel I 1ine°t iat] ioupr 188 s@sertilBHiaagapohfdanhd the rElguchd Surfid dyssiligssed and
the proteasones affinity purified wth NeutrAvidin agarose resin to 5

produce pfdtEasdrRatpgeRrbhg aspha(1B ¥ & ol di®liste- Uchl7. Any suitable

Uch37 inhibito . ' h t ' j [ di ng
Uen37 speci f1 o TRARr PoY Rtk G b pen Ol e B PR ARIETE
ubi qui ti nghaylle.uiTd @areution of AICI; (7TV&g,a6000 MendUsinli4 2tdiet]otosthse@G 0trol) was
reconstitute the proteasones of the_inventjion can be 10 from any suitable

f
sour c& i Adeddidd§; %1% PO Axampl @t 0 Usp The pesrltmgapixiure s sifsstvar PAReand or
reconbi “ag&%e}‘l 9% QEEH o#’?cggé‘.‘p %,_30.0 mﬁ‘{&ig?f’iug-acﬁ&ﬁgfoefﬂfané {S‘B hiy&wdconrfel at es

to net hod screeni ng nhi bitors pl4 conprising providing a
pr ot easonecacfiort nétumewesstthanyatadita chéam ¢enieeatpredbe oweandipolred ibt@ste-conpound

and a Uspl4 substrat and determ nin e r the test_c und 15i nhibits
the deubi Y&t (HE-n Tl mew_es%ﬁrra%teg with dtlcrﬁﬁeafaﬁaa? fk%aﬁ;rxrgﬁ, dicd mer
substr at el\/fg%r(‘)&%d?gﬁﬁé& 6&1 sificd BALmAI hEmA 1Y, r2phy tBCQi‘!?eefé, |3)B7‘g5, WM )/ 9 & Ul table

met hod. For  exanp in certain enbodi ments, 'the substrate’is coupled to a
reporter that Byndhesieof kipl-€4-ghlogopldnavfalimgthylpjandli-3ryll+2-ppseidzlettian-1i s an

ubi qui ti nde dant t ea ubstrate (e.g,.Ub-AMC) . I n other rtain
embod eS¢ (HodBaUteeRE Fonar O fune) fed el b sishec) Armdg

i nhi bi ti oRcc@dniGUOSDMAL pwaegidadat (23Mmg, 0.33 mnAIPt ARér 1R te@fto kdFRixifovent i on
relates to a kit conprising the isolated proteasone of the invention,

i nst ruct i dheyrothe gysturaay enncentiasgshandshotasidae avas disselypd inediplaromsthanc (He
LopL, LR MM AR g ROV LOSIELHEIAT B ffeOmES 20T
by 20 chromatography to give 1 (83 mg, yield: 83.8%). LC/MS: 331.1 (M+1)". 1HNMR
(CDCls, 300 MHz): 7.45-7.49 (2H, dd), 7.10-7.13 (2H, dd), 6.39 (2H, ds), 3.56(2H, s),
2.53-2.56 (4H, m), 2.30 (3H, s), 1.98 (3H, s), 1.62-1.70 (4H, m), 1.44-1.49 (2H, m).
Example 2 -- Usp14 Mediates Substrate Deubiquitination
To test whether Usp14 is a potent inhibitor of human proteasomes, a purification
25  procedure was developed to generate proteasomes that lack detectible levels of
deubiquitinase Usp14 (modified from Wang et al., (2007), Biochemistry, 46, 3553-3565).
Briefly, human proteasomes were affinity-purified on a large scale from a stable HEK293
cell line harboring HTBH-tagged hRpnl11. The cells were Dounce-homogenized in lysis
buffer (50 mM NaH,PO4 [pH 7.5], 100 mM NacCl, 10% glycerol, 5 mM MgCl,, 0.5% NP-
30 40,5 mM ATP, and 1 mM DTT) containing protease inhibitors. Lysates were cleared, then
incubated with NeutrAvidin agarose resin (Thermo Scientific) overnight at 4 °C. The beads

were then washed with excess lysis buffer followed by the wash buffer (50 mM Tris-HCl
[pH 7.5], 1 mM MgCl; and 1 mM ATP). For VS-proteasomes, 1 to 1.5 uM of Ub-VS
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reference to the follow ng, which is included nerely for purposes of
illustration of certain aspects and enbodi nents of the present invention,
and is novoizntigmaad to [imt the invention. Exanple 1 - PCcByusthiese®20f

I nhi bitors 30Fi gure 29 depicts one approach to the preparation of pyrroles
of the invention. By formng a 1, 3-di azole, instead of a pyrrole, simlar
di azol e conponds may be prepared. By varying the ring substitution on aryl
an ne | a, (BosteuB®thdml wagadand & thy lresimameinciteter 030y C fan? he Reaidadldyb-Vam ne,

etc., a wide vari of ., conpaoun w.se, WO
2011/ og45>¥§ﬁ»@ﬁ}qy§§f’9§wé@gé ﬂwgt? an@p%@f? P?% @wf(%rt%sa number of
nucl eophi bﬁﬁea"s@m@sr @t‘ﬂecé%t@d %ﬁlﬁhé’ ﬁédd@“oy c@cav TRQHS @‘EV Iﬁ%fé%e' (gﬁ?snfré'éen)

procedures corresponding t he compolunds shown Tn Fi'gure 29 are pfovided
bel ow. Synt hes Usmgfth1$p(otteashnmpopﬁeatgph)p@qeﬁum hhnmylppqtcasohes Perg affinitys xt ur e

Os nedt eavidapena TRt Hihc nf R Exhoa 2805 iR on O 38Eh i acditre ™

resi due wasg mmsutfcbﬁﬁnm/g %l dté C@ubRuitiias € TERITRR 80 APiiMed By weyt@m! Slofdsindoh 9,
yield: 89.8 nt hesi s_of

2- chl orlo int/%:BPM@tﬂ%ﬁloﬁdWyaﬁ)lem@S diige A q@hﬁrlrﬁarressegnwelbt)hahe puriidere (I e).
T 0..0 50 mL
s 160ty baP T e ARSI 67 Bashs TR ok oheal FRUTHELOFRR, L0 ™

stirred fdéutﬁ@umlamngradnaegd@dt édmlcabesmﬁeuéﬂsﬁ)my mfhltinced (bg‘w trJ:Zn@ thd Qréledyomik with
1, 2-di chl or oet hane (50 ni reacti on mx was then warned to

room l‘érrpé'?lﬁ’tlﬁlﬁe"m}d?u@nﬁébb \é%df aﬂcﬁﬁ ﬂéd(ztoﬂ@ol\li‘tcgel\}\@t‘@r’ 8( P6+-H092). ¥ReVHi xt ure
was extr a

ar 1 cd g tebBaditi FBEUARG htBpiiingadiers A i CYSImMBEE B0, oo
15Synt hesirsthokctive site of thlol protease class deublqultlnating enzymes. As demonstrated in

1-[1- 4-c | oro y1l dj rrol - erld t han- 1- gne 1).
To[a gol ut tedff %Qltioﬁi?fﬁﬂ’ {de %%f#rg tea&ﬂlae% %Pé‘fﬂ%vﬁ& {Cﬁﬁ Y HECtivs % mml())
in acet ongfchi? sdoﬁJéQ fH?rﬂthh%ﬂldd’e@ec'tJblégghm 0.33 mmol ). After being heated

to reflux for lhour, the m xture was concentrated and the residue was
di ssol¥ed in dlmcbﬂd@rforwntra‘rmﬁu(f@@embmm&hpw ouzymes @S T-Weptib@B( T andl ) dri ed

o, yi o at BBR B et 64 M FRR T IR AR i a7 e
(2H, dd), W%rel@o‘zfn:hgﬂ 2EundoDDsH ré’a%hédz@% t616)8, artl &§ledklon Was ivdedd dvérhighéH,
m, 2.30 (3H , 98 (3H, s), 1.62-1.70 (4H, m, 1.44-1.49 (2H, m.

Exanpl e 2with H’Tr@e@lti ra@@stersnﬁgtum Gelbetest duanthapvesicdn PBStcestainipet her
Uspl4d i's Bro%ﬁtsg ﬂlthlﬂl{&m Qldt l%edqt}(y ﬂ'é%rbrggsoﬁ%%sc?eg?e% ly?at&%érfe 11¥C%B5t85' with

20  GST Sepharose 4B resin (GE Healthcare) at 4°C for 1 h, and subsequently washed with
excess PBS, followed by PBS containing 100 mM NaCl. The GST moiety was removed by
thrombin in the cleavage buffer (50 mM Tris-HCI [pH 8.0], 150 mM NaCl, 2.5 mM CaCl,,

and 0.1% 2-mercaptoethanol) for 3 h at room temperature. GST-tagged Usp14 proteins for
proteasome binding assays were cluted before thrombin cleavage using elution buffer (10
25  mM reduced glutathione in 50 mM Tris-HCI [pH 8.0]).

The inhibited “VS-proteasomes” described above, which lack endogenous
deubiquitination activity due to Ub-VS treatment, were successfully reconstituted with
recombinant Usp14 (Figure 2). An Ub-AMC hydrolysis assay was performed with 1 nM of
Ub-VS treated human proteasome (VS-Proteasome) alone, 400nM of Usp14 alone, or VS-

30  proteasome that had been reconstituted with 4 or 40 nM of recombinant Usp14 protein. As
has been described above, the deubiquitination activity of the VS-proteasome was almost
completely inhibited (Figure 3). In contrast, the reconstituted Usp14/VS proteasome
demonstrated substantial deubiquitination activity (Figure 3). In fact, the Usp14/VS
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25procedure was devel oped to generate proteasones that |ack detectible

| evel s of deubi quitinase Uspl4 (nodified fromWang et al., (2007),

Bi ochem swoyp114B4543553- 3565). Briefly, human prot easonme®CuAS2011/022929
affinity-purified on a |large scale froma stable HEK293 cell |ine harboring
HTBH-t agged hRpnl 1. The cells were Dounce-honogeni zed in lysis buffer (50
mM NaH2PO4 [pH 7.5], 100 mM NaCl, 10% gl ycerol, 5 mM MyCl12, 0.5% NP- 30 40,
5 mM ATP, patchsdmeribmdistracaransiOfHfolyl ipcrebeas €/b- AM O hydimb/zirgyesat s ovee tieat

o o es, e TR A e el D e SR i S
fol l owed Ry 4:hf1cvasRiht ﬁﬁotéaggrilgjgﬂl"i-ﬁéﬂe%r@%eug?%ﬁ@v%saﬁalmswgg&c@é@%f 1

ATP). For VS-proteasones, , I M of
2011/ 094545PGTHUER00 be3alk9R8@l. ( Bost on Bi ochen) was added to the resin and

i ncubated at 3 h. Residual Ub-VS d i ng, t he. bead
wiih ol heast  3BCHEEVE S VAN s SuaR T BES LU Btb st s am
t he beadshPyhcGhema@itod Us19%rdiedoriciotdtdket. TBLAKTIRRNolylS b WshM/¥S

prot easone purification procedure, Human proteasones were affinity-
Spuri fi edPfotessermchiRpiiad-tieag sreanstituied sfithpEKovgaeuntsof Bynldfvwasanorairest

pr ot easones_I acki .4 .contai Qi . Laui tin was
Cont |+ medoy AL PEP SR Sl R b S S P  5 e

(Fi gure | thearfitinilyBof WgHpeoit the @totdasorhbes @piofimatlyus plé- f ree prot easone (al so
descri bed _as 26S proteasones) retained high | evels of deubiquitinating

activiQy EH&?‘P&“O?JT'JJW&‘HIPP@J%rP§PEﬂa9°mﬁW€ﬂrﬁéﬂtiﬂ}/ treating the proteasone
wi t h 10ubi qui t irRs Wienyl - al - Riol.,
B 694-1009) . VB YL oh i PoShy Rl KR biiinalc SaBRta S gy im0
adduct s wugihg tér @y dagiadaticacisshyl \woas thd ubiquitinedepetdanepwitdasorod sulisirate

prot ease class. deubi quiti natjng y . As denonstr at in Figure 1B,
addi ti on B?lvkﬁlﬂ%nefa_ %@H}Eﬁ SUBRSHIES T¥ Bisys ?@&ﬂmn@n@ﬁﬁﬁm 91%}4;@&%41 i ve
VSUch37 ageiafshah PrafbiiBmeh t nih] codBlifaE S v e ol odidl yREAS ind RivE ERBIAL €
pure, reconbinant Uspl4 enzyne, GST-Uspl4d (W and Cl14A variants) was

expr essed(GOmM). Tlod ¢atalyticaly Rssize Uap 2sqdDEINese ebdags whoUsglen§ | 142ulwhieles wer e
grown at 37 .C until 0D600.reached 0.6 to, 0, 8, .and expressi on,was, j nduced
overni aht SOt S kiR tsh P2 S afitvedis &b i BBfod RaFES) Rl RE-bBE o i «
PBS cont aUgh NMDardl 0§Rasel 4nhirbiabRis bddo R¥S @shnialkhgRsaRHRS %FilgimeZ)C lgar ed

| ysates were incubated with 20 GST Sepharose 4B resi nO%C;E Healt hcare) at 4C

for 1 h, demornetedduEiursSvidsdgtrangly ithieisste pasaddtion|od@iselingy, Wik the

cont ai ni ng_.100Q. i et (Ml e

ol cavage Birear YubRirer 1y S TRy iOoLaRat P tackiet B B GEGRE g

0. 1% 26 neCoapiaeiduion by thoictide Bit@inutamo mdi@ng el thy ebiquesd chag gadmigp 14
proteins for praoteasonme_ binding assays were el uted before thronbin cleavage

usi ng el gL Prikrtypq §/spbt irqudigd derdUen Idisanhibgine af praseasemcrepadpicon. [ pH

8.0]). Indeed, extensive trimming of the ubiquitin groups from cyclin B was evident by

immunoblot analysis in the samples containing wild-type Usp14, but was nearly eliminated

when catalytically inactive Usp14 was used (Figure 5).

25 An effect of Usp14 on Tau degradation in human cells was observed in the human
cell line, HEK293. Tau was coexpressed with exogenous wild-type or catalytically inactive
Usp14 and Tau protein levels were determined by western blot. Expression of wild-type
Usp14, but not enzymatically inactive Usp14, stabilized Tau in the human cell line (Figure
6). In fact, expression of enzymatically inactive Usp14 in HEK293 cells resulted in

30 accelerated Tau degradation (Figure 6B). This dominant negative effect likely reflects the
displacement of endogenous, wild-type Usp14 from the proteasome. This hypothesis was
confirmed using a mutant form of Usp14 that lacks the N-terminal UBL domain (Usp14-

AUBL). The N-terminal UBL domain (Figure 6A) is the principal proteasome-binding site
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The i nhi bited "VS-proteasones" described above, which | ack endogenous
deubiquitination activity due to Ub-VS treatnent, were successfully
reconst i twoediviotdasr econbi nant Uspl4d (Figure 2). An Ub- AMI/USRainobyps9 s assay
was performed with 1 nM of Ub-VS treated human proteasone (VS-Proteasone)
al one, 400nM of Uspl4 al one, or VS- 30 proteasone that had been
reconstituted with 4 or 40 nM of reconbi nant Uspl4 protein. As has been
descri bedombiyii. DbeticteofthgUiBL aatuand detdomityntebgitive ciSetdFoduea®pone was

al nost compl. et.el i nhi bited (Figure 3) ont r ast he reconstituted
Uspl 4NS pHisietas a@ﬁ%ﬁ@“ﬂ?alff@wgggaﬁwgﬁ@f%tﬁ%ﬁﬁaamwagﬁf Lactivity

(Figure 3). InThagfort foif (YEPLADS 14O bl &%ﬁ%ﬁgﬁ&ﬂ%%ﬁé&%@a‘%@

pr ot easonme denonstrated an 800-fold Increase In hydrol yzi ng activity
over that emresssd)frameﬂRb@ptimt BtlorejupFiigul exd)(exditiisietw tra tbﬂNyﬂ@&nmal activity

of Uspl4d i |ncr b 0 eX|n with th r ot easo re, the
Ub- AVES as Wi B ot i B3 S Eaaluidohaty GyPics' Ga7 rappansa. isthe

Ub- AMC assmmsaluﬁgar@l@&ﬂ 1tiRe ﬁi@%ﬂa@ﬁwﬁhﬁdﬁbﬂ%hﬁﬁn@&f 1AMGsipdg ol ysi s by
t he reconstituted Uspl4-proteasonme conpl exes. Ub- AMC @%lﬁr ol ysis by Uspl 4NS

pr ot easoneghibitegka mnwéwgate\@cﬁ%m erul aistopitity ndiFHL l(llﬁggrecﬁA)Ug@lm Was
d I
g;)n![ L?; eas gg\(%lggts ﬁlaP%rs#) glaty%eryn%'fﬂaﬁgetné O]%H{Bgtoiéf Pﬁﬂ ] Bhtzongls Iﬂﬁ tﬂlgs ul'ts

denbn he “af easone

appr oxi nap@ss;blmynwhplﬂOSIEisaumte b3nd protdagoide, Ibnhmhﬂdeshd:’watie@mm&mae@tsadﬁtl on
The effect of Uspl4 on the degradation of ubiquitinated substrates was
exanm Hed @n“sthﬁ&déﬁZYrﬁat%aW@Yd’ég?aa?ﬂﬁlelbé“rfh%%@d%urﬁgl) ‘ng the ubi quitin-dependant

pr ot easonﬁng%E gtﬁﬁ)ggﬁicmmlgwrg bpgg%jlt cyclin B (Ubn-ClnB). In these

experiments I ncubat e h human proteasones (4 nM,
cont ai ni ng ei t Asrdembhselratgdubooe, othainatfimmglat tyleiprtaeatsbme bydppa4 iHa k60 nM) . The

catalytical ly inacti.v used in these s was 14-C114 whi ch
contai ns EEHHOVISGR f e Uogiﬁ%ﬂ%gwwpgw YREPAEAR, ifﬁ?r forat® 81T ot abl v,
both wi | dlde)iﬁﬁrl B R A e bR bt Gh A&k ﬁlg?ibtlh‘f:outgﬁplk’c's@l%eﬁ RordfalTROER|1E an

prot easomes (Figure 2). As dermpnstrated in Figire 5 Uspl4d strongly
i nhi blis Uhlelﬁtjmgt’oatdsstwﬁrpe@ﬁormy@mlng BS-mhichspnmdsacaosiimeedsiittereqombmantof Uspl4

showed |i h| bi t or he I ck of inhibition of Ubl- 20 C nB
degr adat i E)sti %/ aésaé'c?&“é@e@? %2\9[%}? ndi cates that the ubiquitin chain
trimmng activicbypefindddle %M@@lekmrlésp 19/2680Hhibabnf iR B8 4sRldo®-olith®plategn Of
pr ot easone de radatl on. Indeed, extensive trimmng of the ubiquitin groups

from cycl imduligets. Batadupecsppg V‘f@ﬁﬁﬁ%b}o@ st 4rspaye WWW@@W @Qﬁl a| ni ng
| d- Iy
Uspia was e B e Rehy SRGREGler LEMPALER OERe SRt 22 WErd B 1

cel | s20vas agtbAesréedni ahdtwiere enEorearit lcoduitéte THEKIOR:. quEﬁmlﬁ@&rﬁpxﬁmﬂs gmsed with
exogenous w ld-type or catalytically inactive Usp and Tau rot e| n.levels
vere det ePWﬁé@%@Mﬁe@?@PW%‘P%? 12 B&@ﬁ@s@rsmﬁeréfeseﬁd| far ﬂlgﬁﬁéhleg B1AMG amingyt

enzy it g Yyt BAGIhKS P Lne PRI LA FRlhd ARG PUFRArGEL Anai fe (Figure
6). In fact, ression of enzy matlc y I hactive cels
resul t ed (Elgl.’ﬂ(é S@Célfehmbﬁﬁﬂmmpimgdadwﬂymd ir{ ﬁﬁ@ﬂglethﬁﬁyghpﬂﬂucseedpzﬂlmaﬂ’e

negative effect |i kel e e di spl acenent of endogenous, wld-type
Usp14 frohc{e H’gedp?sotf‘?al Orsﬂ%t@ prot hesi s was confirnmed using a nutant
formef Uspld fhaliel t%%e%tfff?@o 6&fd§‘tﬁh@kpé€ﬁkaﬁ9 E@ilﬂte(dl@@lﬂ‘oum%)not The

N-term nal UBL domain gure he princi pal proteasone-binding site
WD 2011/ 094848 m@blmaaspllambm t&m 2% bn;zrompemreiswmﬁe ofuntérecreiBied agaiestwat ed

o equi o8 BTG E B e dine BT F P Bk Bl G e p1a”
i's an endogpnPbig ndsibAotE@ tbged ¥@ibikinasHat[ 1L@-fluorophenyl)-2,5-dimethlypyrrol-3-
yl]-2-pyrrolidin-1-ylethanone (IU1, Figure 9) was selected for further analysis.
30  Example S -- Specific Inhibition of Usp14 by 1U1
Additional studies were performed on the specific Usp14 inhibitor IU1 (Figure 10).

To serve as a negative control, a compound that is structurally similar to IU1, termed
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expressed from nRNA that |acks a junctional exon (exon 4) between the
N-term nal 5ubiquitin-like domain of Uspl4 and its catalytic domain (WI son
et al., (WR0QB)/09Mas. Genet., 32, 420-425; Figure 6A). Lipke/usbe1/022929
catalytically inactive nutant of Uspl4, Uspl4-SF exhibited a dom nant
negative effect on Tau stability in HEK293 cells (Figure 6A). This suggests
that Uspl4-SF nay be an endogenous inhibitor of Uspl4. Consistent with this
possi bi | i W1 WsipigtsSHB) whizhldect wothinhibiit Mpl@mmﬁime (RiphicKOBY) beentiahck t ype

enzynme, it is not .10actiyvate z y proteasone binding (Figure
7). Exarrpl’@t?!'?‘some &mectipr (fdgyng 'O§5Fy6‘15§58f1 ﬁl%&éi As denonstrated above, chain

trimmng at theppLol &?cgt?r@ 10y f&ﬁ@%ﬁv&s%&%@%lﬂeﬁ@ylt@s&lﬁé Yts %Bﬁ*i?y {0nkiBS the

ubi qui ti n-dependent eol ytic pathway. Therefofe, 1h order to identify
enhancers a@fvﬂprocfte@ﬁ d¢té>1<ium®ttmg renzyands gfthutian ouighp s sen aeﬁlgllms 14 ratl 19C,

T coned 1 ARmlR g hale ot SRR S buttRl S 4T PR S R SR e o)

Conpounds inMgdieths GERe &@dedfd@ﬁblbﬁméﬁ@éuyﬂm Bihdlh@Rg Uh3BANYR! that Fyvr¥ 9EUNTE
plates in duplicate. Data processing was done by a robust Z-score nethod

and each eydbed %ebn@tlﬂ@bltlﬁ@ mgtesﬁimlﬁf bewndsform wh Heh3 tohpderaercollél t he
cut-off o sg falleﬁ RSl BR! ct¥v1 N ofa(ﬁlsé)g él!ija??ﬁé ﬁgﬂ;@ %fi%%clfto &%Btf%{ls%r & not

count ed. ude quenchlng conp uorescence,
312 pri W&(Edglliliet%)y\ﬁidﬁatu@gsthedﬂf 1ogpeqllﬂieml¢>hinmgn@ftheégbqﬁteamm@bomda@wa&dqulemc hers
were scored as fal se-positives and excluded fromfurther analysis (Figure
8B) . Y taelUsnl4os2 corrpounds anal yzed in the high-throughput screen, 215

were identifi egs"{’ﬁel’i gl Fmsplﬁ]&rtﬁe g%t%g&ﬂé enieb&s QA8 actiBit % ﬂo\émble

conpounds t hat speC| i bit pld but weré not genera

deubi qui t thaaHel mhthnledtusmé} a¢th&ty2ﬂyﬁnte'r&ring)Wﬂthulnd@smlﬁomawmheemmacﬁmned

agai nst a deubj qui t.i na zy e hit. conpounds t hat
ohi by t eq ThHE g AU 9P B?luwslaﬁ idh e air?ﬁvyaf Sy tod %‘EtO&B%B’FO&if#?I’inﬁase
1-11- (4- f Ldoropiany 1purdid iRt RO KRR weds m)é&lla’t@d '&}Mﬁ "réﬂoh{ﬂ}u{hn{ UXIB et Haepne

(lUl, Figure 9) was selected for further analysis. anpl e -- Specific
| nhi biii om b puspiics dsyhd Abseraddif vhdorsl coscmaegnwﬁrléllpe’rsrscﬁmﬁnFlgwetlaelUl

shect 11 KRB,k D00 L RO, IR T8, SSRNS Ry B0 © - 2
2011/ 0945é05RQ}/dﬂ$@®1§ﬁ&212e91%9u1 t b GnhibRidhureh SRBrmutidCHr UG8/ pasrcadontdl bi t

Uspl4 deubiquitinase (Figure 10B) or enhance proteasone function (Figure
10C) was &9mpleketentifi ed. The specificity of 11Ul for Uspl4d was

et e by GBS AR g SR oo g
20  complexes were treated with IU1, followed by centrifugation with a Micron-YM3 filter up
to three times. After each spin, the protein complex was tested for deubiquitinase activity.
As demonstrated in Figure 13, the activity of Usp14 returned following centrifugation,
thereby indicating that inhibition of Usp14 by IU1 is rapidly reversible. Consistent with
this observation, mass spectrometry analysis of IU1 inhibited Usp14 failed to detect any
25  covalent IU1-Usp14 adducts.

The Uspl4 inhibitory activity of IU1 was further quantified by generating two
independent 1Csy curves for Usp14/26S proteasome complexes treated with various
concentrations of [U1 for either 45 minutes (Figure 14A) or 30 minutes (Figure 14B). The
data plot of each experiment was fit into a four parameter logistic model (the Hill-slope

30  model) based on guidelines from the NIH Chemical Genomics Center. The results of these
experiments indicated that the ICsy value of U1 is 2-5 uM (Figure 14).
Using methods similar to those described in Example 3, Cyclin B was used as a

substrate to test whether IU1 influenced the trimming of ubiquitin chains by proteasome
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5despite being a potent inhibitor of proteasone-bound Uspl4, 11Ul failed to
significantly inhibit the other tested deubiquitinating enzynmes, including
Uch37. Nowe 2haw4fsgure 9E shows that 1UL does not i nhi lpct/ushe1/022929

pr ot easone- bound form of Uch37. Furthernore, 11Ul also failed to inhibit the
activity of Uspl4d that had not been | oaded onto a proteasone (Figure 9D),
indicating that UL specifically inhibits the proteasone-bound, activated

f or m 100f cddaplides. A steberatmi dhdinrtg'nmﬁingmmﬂmsubstratb elegmdxtt'emsthm z&si;anws dbispl4

activity, . |blethat LUl in ed. Us ctivit terfering
With the ws%wea? ?WSPWF@FIHE‘F‘?TB t“l Feiven S o CIPERtGa Plellil}?ﬂg{t%rs is

i nterfereWylhelBg talidehi¥ia@bn Uﬁ%ﬂo&lﬁe@ d§lg1nt1§’ if ﬂﬂ@ AR (BRARITE ) g fxam ned.

Purified hunan proteasonmes were I ncubate th reconbif nant Uspl4 either
15i n t he pro¢ssomes that ladleUsbislemere testedy HU 1 baklittlooe eneffattionrtbe rﬁﬂealswf As seen

| ndi cat niUaNgD TAE ﬁﬁ}"wc?aﬁ@&ié‘lir%@ﬂ Fy s FOR Edbed R bl P o San

i nhi bi ti oBeiqifieatin@lciBfrh®6n e Prbste £ 85 OB GBRUENSS of TRE14, however,
reversibili tyq of | U% Ii‘iﬁ;ﬁ]l hi bi tion of Usp §1)4 was next assayedmﬁ

Uspl4/ pr otleds sremag Boifp PEsteasone rcempleéaft was strangly ehanged) dsopparepyfrom the
centrif uQﬁi {re% &I\%l&gro hMe ic %{b’béiYB OH u'iltri)n & fto%§8f %ycfrgsB 'ﬁksi%éthga(:h spin,

the protern CoF qU| i nase” ac efonst r at ed
i n Fi gur eadBtiort bEI[BlCﬁolthd: prm‘/prU&pé&nd @dmma;eai réxfﬂréeavunlgﬁeﬁnmd fedgadited,

t hereby | nd| cating that inhjibition of pl4 by 1UL is rapidly reversible.
Consi ¢ enehaip fHMmigstogews! ipifas 0 th@ﬁa%%thé B%?%SBW@PPWPE’H%I af lacked Ygpi4

i nhi bi ted(ﬁ,)%ﬁ% ?al |l ed to detect any 25coval ent |Ul-Uspl4 adducts.

The Uspl4-i bitory activity of 11Ul was further quantified by generating
two i ndependentt We@ﬁﬁxt:uestedaszhbmer HJ%]pdoQﬂcﬂﬁr‘BvqnuMn@&mroﬁsqﬂs&xteslegnaéamd W th
various c naﬂg}ntrations 1 for either

t F 4
m nutes ( rREotEAggme. n%j én%hl dﬁfcr@ﬁglﬁn E;%nu li% éﬂ ll”\?\)g’fré’gi"fbe’@m#o a four
par amet er dég%gdlélbhcasﬁ?d;@is petBBndd, blic hlsQRfe r'ﬁochéf%’s%hée Qaredn@oaiy @alipnes from

the NIH Chem cal Genomics Center. The results of these experinents
i ndi cht edThaadditigreof ICHOtovraidtaasoofes that lack Usph4 hadvhg Fifept oe salsyrate degradatign ng

ubst 1 at o0t BELET RINgC REPT TR I oMR BT RS PP s BP T LT ELETR eha ns
by pr ot eagfi®soMOcadpibk QAKOROPEHAiMNEARh I 0d W Amatically inhibited substrate
degradation. The addition of IU1 stimulated the activity of Uspl4-containing proteasomes
in degrading Ub-cyclin B and inhibited ubiquitin chain trimming (Figure 16).
20  Example 6 -- Cellular Entry of IU1
The U1 experiments described above were performed in vitro. In order for IU1 to
enhance proteasome degradation in vivo, it is necessary the IU1 be able to enter cells. In
order to examine this, entry of IU1 into cells was assayed by electrospray mass
spectrometry using an Agilent series 1200 LC/6130 system with a reversed-phase Cis
25  column. TU1 was added to MEFs at 50 uM for various periods of time. Cell lysates were
colleted and ethyl acetate extraction was used to prepare mass spectrometer samples. lon
count of LC/MS traces (m/z at 301) at 0 hr, 1 hr and 24 hr are shown (Figure 17). This
assay revealed that, when added to the medium at 50 uM, IU1 reached a steady-state
concentration of ~19 uM within cells by 1 hour, and maintained approximately the same
30 level over the time course of the experiment (Figures 17 and 18). Similar results, extending
through two days, were obtained using a separate UV absorption assay (Figure 19).
Additionally, IU1 concentrations were maintained in the medium as for at least two days.

These results indicate that U1 is stable compound within both cells and standard media.
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conpl exes. To separate chain trimmng from substrate degradation, these
assays were done in the presence of proteasone inhibitors. The

ef f ecti vewes11ad4348e prot easone inhibitors is evi dencedproy/usb@iaemanul ati on
of unnodified cyclin Bin the assay (Figure 15). Wen proteasones that |ack
Uspld4 were tested, 11Ul had little or no effect on the rel ease of 5Subiquitin
chains fromcyclin B (Figure 15), which is |likely nedi ated by anot her

deubi qui t Enainiphyg7 erEnhmmcemehhef ipndlodrvoemsomRpDegrhdatippbytiid addi ti on of

Uspl4, however,. chain trimuin y the proteasone c | exes..was strongly
enhanced, as agsgﬁ@ﬁmﬁmﬁﬂ@ﬁﬁﬁe@g% C@P%?%Bﬁﬁg@ﬁ% I%Wgﬁ@%?fﬂgt he
ubi qui t | N3Le Ao frOEE iPEREIIL Myifich T thif hORL RAATDE 9PcdehtiiohP bR 1o

Uspl4/ prot easome conpl exes reverse I's effect, an 'reducedl the 10 chain
trinmng 100 pM. Spekifisilhy,lafier 3oharaof Biu ately370t egsonsionc M ellesverhat | acked

ennanchr BRGHUBLM0E>Hag: Jaat 1A aE Thr Ehakons “tn Fg¥Ra T Rofoas

descri bedrddicdadBaplegelSat ANcdnBentiativhs idbed CLABrRegK adkath 67 Tas SIRNNASvels
performed, but this time in the absence or presence of 34 uMIUl. 15The

addi ti on OfigengR21Bd prot easones that |ack Uspl4 had no effect on substrate
degradati on or i rlam ng, firm . U scrib ove,

add 1on of UsSTH pvs M Bfke BB b PRuraR koo PEGAE  ane
dramat i catdsiedi MRidY sitlarsbiddsath ehske gegdidtd above] hevad ddinbharut@fl thhidIDP-43
stinmulated the activity of Uspl4-containing proteasones in degrading,
Ub-cyetin ! npl e
b- cy & i n(Epised HnirentPeaparil fbar deecapaiian frq sy ofEPPOEs lgisra saljosish@tainpl
6 -~ Cel | yhar EREYn Uachddb-toseph dilio)lH HITRPLS e gbove were
per for rredgi(n pvilét%e g.nl naco%%ejros?pordlg%%)taoagﬁﬁgﬁtﬁ‘:enﬁ?o?gg?g% ngt?g#r adation in
vivo, it impliacdssadyxanie diddhsd)evadbieniladyelepleteddeinh sellslupooddétrebtnamxam ne

this, entry of Ul into cel]s wa ayed by el ectrospray nmass spectronetry
using an i\%gwlr&?@xg%}-i 83 ey r@@%ﬂ@@@&%ﬁﬁm ffegt wécgietﬁ%eawmagﬁa&lgnzs
col um. | ijlth%%i(ﬁ%ﬁﬁﬁﬁd&&nwgrﬁﬁ)r@tteasﬁgle%%§t{%"[e,‘GP'P'-QWCp%geﬁfé?, tRésctrbdils Cel

| ysates were colleted and ethyl acetate extraction was used to prepare nass
spect tonetnslicagathpl 185, is h@anaaluanhander pOheBbiquittemedinfed paoted0me degradaton. 1 hr
and 24 hr are shown (Figure 17). This assay, reveal ed that, en added to
fhe medium ar S o dah bip eteRas D PSRt et AT B 55w

wi thin celthgsorbyit bl RHumaataARi AbahfexidRed ?i@tﬁﬁé gdovimulge spdeagdfigamalarover
the tinme course of the experinent (Figures 17 and 18). Simlar results,

ext endi ngimplicateghn ewerietspd ageedleed Bisedsapend diborgders (Stegiaraat(@0Q9) Pagistr pt i on
assay (Fiqure.19). it v, nlU € ati r [ ined in the
medi um as gg‘g ?tlé} quedggt%' tﬁv{ggggé}gl RéIsh éos’gﬁrIg ggg ?%’SA]I&@I%I?%% 'e&%) @tf%%% is stable
conpoRmd wkidhtive taedificet@ink andrgplisitardaticcomdiof WI-3¥human embryonic fibroblasts.
2011/ 094545PCT/ US2011/022929 Exa ancenent . of

rl’{}l)le 7. -- Enh . in vivo
Prot e asonépnfﬂgr%@gt %n ! 159948@196; oskovitz et al. (2001). Methionine sulfoxide reductase
(MsrA) is a regulator of antioxidant defense and lifespan in mammals. Proc. Nat. Acad.

Sci. USA, 1981, 12920-12925.). Protein oxidation was induced by treating cells with

menadione, and oxidized species were visualized using an antibody specific for protein

25  carbonyls. Specifically, MEFs were preincubated with vehicle or 75 uM 1U1 for 4 hours
and then treated with 63 uM menadione for 45 minutes. The cells were lysed and lysates
were incubated with DNPH and immunoblotted with anti-DNPH antibody to assay for
oxidized proteins. Accumulation of oxidized proteins was reduced in cells treated with TU1
than in untreated cells (Figure 23). When proteasome inhibitor PS-341 was added together

30  with U1, the effect of IU1 was eliminated, indicating that IU1 does not prevent oxidation
reaction, but rather it enhances the proteasomal degradation of the oxidized proteins. These
data indicate that there is a Usp14-inhibited ubiquitin-dependent mechanism for the

degradation of proteins damaged by reactive oxygen species. Menadione is toxic to cells,
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To determ ne whether |1UlL could enhance proteasone function in living cells,
Tau was expressed in MEF cells, which were then treated with Ul at
concent r avoans/d®sn 25 to 100 [tM Specifically, after ®6Thmseeiz/oefo2dau and
LacZv5 expression, MEF cells were 5incubated with 0, 25, 50, 75 or 100 [tM
of TUL for 6 hours. As seen in Figure 21A, Ul reduced Tau levels at all
concentrations tested. No effect was seen on Tau nRNA | evels (Figure 21B).
Q her proted R$l trémtcitaeéudod élns taxiditycsabseantiallypn oIEKR98xdetls (Rig i) smonghyer e

al so tested. Usin m | ar t hods to thos descr be ve it
denonst r aﬁlwoﬁﬁﬁttgergﬁp%%“&“d RSP RETCTH ’r?a H&’fﬁ%ﬂé{? ?%%%rm&\é\@%ﬁ@ﬂ ation
and anyot ;Qp pé&lcédi'@h% 'ié’;llcﬁ%f%n%ﬁ&)tted L Rif: ag%n( 'hXH}dg&@b%xid@ (Mag hgdo- Joseph

di sease) and glial fibrillary acidic protein l'icated i n Al exander
di sease) wsheve)silldlCathkyUd @pﬂl@tt ¢t i mmtofelag@nﬁtﬂésplﬂmﬂtd watdectm¢Ridgor e

22A- C) e. ot her, _han 1 e or no effe e in vivo
dogr ot + SHoBR ik R ehY TapenbebSs RpBTudin Tel R L %ahp. Coc

Toget her, pidnRsi@cdlEsivel dRindPréddBxicRatssl UL is a general enhancer of the
ubi qui ti n-nmedi at ed prot easone degradati on. Oxi di zed proteins form

anot her cExampds8 pr eeﬁﬁmtw%uﬂ)hwﬂeaglatrﬂ’arph&lrat;oraﬁnd Miahilignt rol e in human
heal th. !"arm“:‘l‘hgxffgét%fﬂgf) 858 1§1bﬁ‘ nyheatt%x %@d%?gl faéasgﬁ ?(égﬁlg?pllcat ed

In a variety o age re sease and ers Protein

oxi dat i onadded ta QY. HIEK 233 fRaidil¢l.a d3dis at Mouia&%ﬂﬂﬁ&nsﬂbﬂﬁdediby adldltlén?ﬂfﬂ)
Pr ot e| n 20 oxidative nodificati ons and _replicative_ senescence of - 38

human %nb%%ﬁ@utfqlb%f% 0at?; 37-4 oA hongy oAdH 4 mOS('?F‘tlon 1Hffegts %Q@Wla%’@’k ovitz et
al . (2001}, a@ ARhg éﬁ{ﬂ’&%%ﬁ&l{% Ve s rﬁ%glew(eﬁ/%&)e thﬁlaé‘seﬁ ?&]gl J%chgerﬁfan

ant i oxi dant se an espan 1 n nma Pr oc
1981, 12986 dbg@%m)n oﬂvraam; EDP-45 nthatri- mmnm@sldlmmaﬂmbmgmamm) cells with

menadi one, and o i Ci re visuali.z an antj bo ecific
for prot eM?r%Véaﬁbﬁ ﬁ@f got ‘%a@%%%%r %\@P?VPOP@?? 1&5?%‘9 priest %%B%Sé%ddbwﬁ hicle
or 75 [i Myshll (figfire41hours and then treated with 63 [| M nenadi one for 45

m nutes. The cells were |ysed and | ysates were incubated with DNPH and
i munbbl ot t ed Wil praldetiati@NPHVERS (Bigdse 280 and 233 célbrthasbiad beadexpostdddns.

A | at f d d d 'th Ul
than 1wt et ol fEN BIgha Su Sl B MR rcobeSRece o 6/ b S s

added t oggdsherevdeohly o Hht inhlditednf i@ Gkll@hr proflifanafonedt i DD DB, ®dt nd AsHaEk i Ng
that I UL does not prevent oxidation reaction, but rather it enhances the

pr ot easontihitibe Adavrioreneentratenpiignrs ad) pFakeaitogsthernadbeheiresalts ofdhe eelk t hat
there is @mbkﬁﬁ}é‘ssh{{\&@éeh%‘a Bl ‘1‘1%1& H&ﬁ&‘?{é‘%ﬂﬂ%ﬁ S”{Eﬁl'Bﬁ{b Somufof)qru% & in
proteins danmaged by reac

degradation o i've oxy cres Ione is
t oxi c20 0 a&hingng bﬁ@}ﬂ@lﬁb&@ﬁ&@&d@@ﬂdﬂﬁﬂ%ﬂ%%ﬁ%t@ﬁd | Ul treatnment reduced
this toxicity substantially in HEK293 cells (Fig. 30), strongly supporting
the hypothesis that proteins are cEQUIVALENISetfs of oxidative damage in

cells. 1Ul The present invention provides, in part, methods for the enhancement of protein

turnover by the proteasome and the treatment of diseases involving either proteasome
substrates, upstream components of the ubiquitin-proteasome pathway, or the proteasome
25  itself. While specific embodiments of the subject invention have been discussed, the above
specification is illustrative and not restrictive. Many variations of the invention will
become apparent to those skilled in the art upon review of this specification. The appended
claims are not intended to claim all such embodiments and variations, and the full scope of
the invention should be determined by reference to the claims, along with their full scope of
30  equivalents, and the specification, along with such variations.
All publications and patents mentioned herein are hereby incorporated by reference
in their entirety as if each individual publication or patent was specifically and individually

indicated to be incorporated by reference. In case of conflict, the present application,
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al so reduced the toxicity of an unrel ated oxi di zi ng agent, hydrogen
peroxi de (data not shown). 1ULC, the UL variant that is inactive against
Uspl4, fawvbeditw4s4educe nmenadi one 5cytotoxicity (data neCcTaisecmn) 22929

| mportantly, these experinents indicate that 11Ul can pronote cell survival
during proteotoxic stress. Exanple 8 -- The Effects of 11Ul on Cellular
Proliferation and Viability The effect of UL on cell viability was
next exammehaditpyanyidefiagay hereld] wikhsotetded t o MEF, HEK293 and Hela cel | s at
various concentrations, followed by addition of 10MIT solution after 6, 12,
24 or 48 hours of ULl incubation. Effects on cell viability became apparent
at concentrations over 100 [tM well above the doses required to enhance

t he degradation of Tau, TDP-43, ataxin-3, and oxidi zed proteins (Figures
21-23). Moreover, UL did not noticeably induce apoptosis in MEF cells, as
assessed by TUNEL assay (Figure 31). 15Cell proliferation of MEFs (Figure
28) and 293 cells that had been exposed to various concentrations of |1Ul
was neasured by mcroscopy in real tine. The results of this assay reveal ed
only a slight inhibition in cellular proliferation at 120 [tM but no
apparent inhibition at | ower concentrations (Figure 28). Taken together
with the results of the cell viability assays presented above, this
indicates that 1Ul's inhibition of ubiquitin chain 20 trinmm ng by Uspl4
does not grossly conprom se cell function. EQU VALENTS The present
invention provides, in part, nethods for the enhancenent of protein
turnover by the proteasone and the treatnent of diseases involving either
prot easonme substrates, upstream conponents of the ubiquitin-proteasone

pat hway, or the proteasone 25itself Wile specific enbodi nents of the

subj ect invention have been di scussed, the above specification is
illustrative and not restrictive. Many variations of the invention wll
beconme apparent to those skilled in the art upon review of this
specification. The appended clains are not intended to claimall such
enbodi ments and variations, and the full scope of the invention should be
determ ned by reference to the clains, along with their full scope of
30equi val ents, and the specification, along with such variations. Al
publ i cations and patents nentioned herein are hereby incorporated by
reference in their entirety as if each individual publication or patent was
specifically and individually indicated to be incorporated by reference. In
case of conflict, the present application, including any definitions
herein, will control
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We claim 1.A compound represented by fornula Il1: Rl or a pharmaceutically
acceptabl e salt, solvate, hydrate, prodrug, chem cally-protected form

enant i omewoan1i1ges4soi soner thereof; wherein, independenty/userioazsho
occurrence, Ais aryl, heteroaryl, carbocyclyl, heterocyclyl, or biaryl; R

I s hydrogen, alkyl, hanaIkyI, fluoroal kyl, | ower al kyoxy, halo or
trifluoroNbidlyini: Z is =C(R8)-, =C(R2)- or =N-; R2 is hydrogen, alkyl,
haloalky qu r oal kyl | ower kyox . halo or trifluoronmethyl; \/ or, when
Zis :C( HER%H‘{???@PE%?&%W ¥ §HareRl R1L NR19 R19-' / R19 NRiu_ M
ii-R _ N RLORL9RIORIIR1Y Y , or heteroaryl;

>\(X

A-N__J
R2
1|

or a pharmaceutically acceptable salt, solvate, hydrate, prodrug, chemically-
protected form, enantiomer or sterecoisomer thereof; wherein, independently for each
occurrence,

A is aryl, heteroaryl, carbocyclyl, heterocyclyl, or biaryl;

R' is hydrogen, alkyl, haloalkyl, fluoroalkyl, lower alkyoxy, halo or trifluoromethyl;
Zis =C(R%-, =C(R?)- or =N-;

R’ is hydrogen, alkyl, haloalkyl, fluoroalkyl, lower alkyoxy, halo or trifluoromethyl;

R10 \ / R1O

or, when Z is =C(R2)- the two R? taken together are R'® RO

""vur‘“ ﬂ““
N R10 R10_<\ R10 N R10 />_R10 V],"LJJJ\‘
N >N R10—<\ ,>—R1°
R1O R10 R'IO R']O R1 or N—N .
9
RY H E OH @)
0 N’ N™ "R® N™ °R® N~ N’\
. Y H%LY %{LY “l%v H{LY “H%v
Xlsﬂﬁ% 2 2 2 2 2

0, O-R?
Y
11% , or heteroaryl;

Y is -CH,NR’R", -CH,(N-heterocyclyl), -CH,NH(CH,),NH(alkyl),
-CH,NH(CH3)nN(alkyl),, -CH,NH(CH»)n(N-heterocyclyl),
-CH,N(alkyl)(CH;),NH(alkyl), -CH,N(alkyl)(CH;),N(alkyl),, -CH-
»N(alkyl)(CH,)n(N-heterocyclyl), -CH,NH(CH,),O(alkyl),
-CH,N(alkyl)(CH,),O(alkyl), -NR’R*, -NR’NR°R” or -NR’(N-heterocyclyl);
nisl, 2,3 or4,

R’ is hydrogen, alkyl, substituted alkyl, alkoxyalkyl, haloalkyl, fluoroalkyl, aryl,
aralkyl, heteroaryl, or heteroaralkyl;

- 80 -



Y is -CH2NR3R4, -CH2(N-heterocyclyl), -CH2NH(CH2)"NH(al kyl),
CH2NH( CH2) "N(al ky1) 2, -CH2NH(CH2) " ( N- het erocycl y1),

CH2N( al kyWp(eHApiINE( al kyl ), - CH2N(al kyl ) (CH2) " N(al ky1) 2PCT/US2011/022929
-CH2N(aIkyI)(CH2)"(N—heterocycIy1), - CH2NH( CH2) " 0( al kyl ),

CHZN(al kyl') (CH2) "0(al kyl' ), -NR3R4, -NRSNR6R7 or -NR5(N-heterocyclyl); nis
1, 2, 3 or 4; R3 is hydrogen, alkyl, substituted al kyl, al koxyal kyl

hal oal kyl , f| uBf odiykydgenaaliyl, sxﬂ:rsaﬂukqdl alk}hmlkasmﬂgrﬂ,,hamalﬁyd:tfhroomﬂaﬂkgt}yl R4 is
hydr ogen, aIkyI tltuted | koxyal kyl , hal oal kyl, fl uoroal kyl,
aryl, aral kyl, Qﬁgq@5¥9¥y18F P@WH%@alkyl R5 is hydrogen al kyl ,

substituted al kyj s hydl H‘g&hf’ﬁk#ﬂ}/éubsﬁﬁkéaaél |alk$>l}}dﬁ<ry‘l)eﬂal‘délkyl aubroal B 2y |

het eroaryl, or hetéroaral k rogen,” al'Kyl, substituted a kyI
alkoxyalkyl ha@ﬂaﬂHykxoayhorbahbwmlqaxyl aral kyl, heteroaryl, or

heteroaralkyl i s, _hydr n itu ko k

hal oal kyl, fluBr ép%??endﬁgﬁ‘QHPQ?%?Vﬂkﬂe$%?®@L9$ BPnﬁgﬁﬁpgﬁﬁ%ﬁ V% R8 is
hydr ogen, aIkyhnmgmbﬁﬁyéaypdr@h&%hnmgﬂkoxyalkyI hal oal kyl , fl uoroal kyl,
aryl, aralkyl, heteroaryl, or heteroaralkyl; is alkyl; or two RO taken

together with Rhé lmdmg?geﬁkyloswqtl%ltﬁdt%@sl fﬁk@Y@Bthlah}ﬂ&%rﬂw%kﬁrwycl yl

group; and R16 oaIkyI fl uoroal kyl, al kyoxy,
al koxyal kyl , hd%ﬁym¥%%$%§%109h§%£Fa gﬁlno anldo N—heterocyclyl

am noal kyl , arrRéI@a{ydydgenpﬂky\lhﬁIHsﬁtute)d(ﬁlly;}lﬁdlkyiyall@n halodéd/1 tﬂl@'rroal\lh_;&,nar{v\l i's
4- quorophenyI i.s meth R2 is methyl, Xis and Y is

-CH2(p|per|d|nmﬁﬂﬁdﬂw“29¢§ythd3¥¥4%kyl and that when A is 4-nethyl phenyl, 0
Y R is net hyI R’ %%;ﬂeéﬁm ta dt?@&ﬁer\(vﬁ§the%g%nqgk}ﬂ¥éhgh e @blidal) . 2

is not =C( conpoun aiml eln I's ary or
heteroaryl 3 aﬂTkh&@mppﬂﬂdgmﬁxahaln1l wherein A is phenyl, pyridin-2-yl,

idin-3-yl m di | tttd th 1, 2, 3, 4 5
SRR S e SR S R A N I
al kenyl, al kynydf,cd@h&hyDaha), kldo, NLbQEB8) ! amﬂ%gl'k?P()iml@da Yor N-

alkyenyloxy, aIkynonxy, car bocycl yl oxy, heterocyclyl 6xy, hal oal koxy,
f 1 uor oal kyl oxyhetfasyalylalkyd! kyl car bonyl, hal oal kyl car bonyl ,

fl uoroal kyl carbonyl, al kenyl carbonyl, al kynyl car bonyl, carboxy, o
al koxycar bonyl , hal oal koxycar bonyl, fl uoroal koxycar bonyl ,

al kenyl oxycar bony| alky yl oxy 11H{fJ\Y

hal oal kyl car boR§Avisled th 1] Pé%ﬁ%bﬁ@33§%W§F K§%§§ﬁ§£ﬁ¥hggﬁgbﬁﬁ$8&y
al kynyl car bonyl, Y’l {(Bl pe Sgﬁ%ll),)a/%?sq%rtl gﬁiﬂ?%ﬂ {hQWhen AT DOARUIHERAL,

cyano, nitro, p osp i ny

R' is methyl, R* is methyl, X is E%Y and Y is -CHy(4-methylpiperidin-1-yl), Z
is not =C(H)-..

2. The compound of claim 1, wherein A is aryl or heteroaryl.

3. The compound of claim 1, wherein A is phenyl, pyridin-2-yl, pyridin-3-yl or
pyrimidin-2-yl, optionally substituted with 1, 2, 3, 4 or 5 substituents independently
selected from the group consisting of alkyl, alkenyl, alkynyl, halo, haloalkyl,
fluoroalkyl, hydroxy, alkoxy, alkyenyloxy, alkynyloxy, carbocyclyloxy,
heterocyclyloxy, haloalkoxy, fluoroalkyloxy, formyl, alkylcarbonyl,
haloalkylcarbonyl, fluoroalkylcarbonyl, alkenylcarbonyl, alkynylcarbonyl, carboxy,
alkoxycarbonyl, haloalkoxycarbonyl, fluoroalkoxycarbonyl, alkenyloxycarbonyl,
alkynyloxycarbonyl, alkylcarbonyloxy, haloalkylcarbonyloxy,
fluoroalkylcarbonyloxy, alkenylcarbonyloxy, alkynylcarbonyloxy, amino, amido,

azido, aminosulfonyl, aminosulfinyl, cyano, nitro, phosphinyl, phosphoryl, silyl,
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silyloxy, and any of said substiuents bound to the heterocyclyl group

t hrough a nethyl ene or ethylene noiety. 4. The conpound of claim1l, wherein
A i s phenyb2oopisanal |y substituted with 1, 2, 3, 4 or PBcIuissdiiiopmns s

i ndependently sel ected fromthe group consisting of al kyl, halo, haloalkyl,
fl uoroal kyl, hydroxy, alkoxy, hal oal koxy, fluoroal kyl oxy, am no, azido,
cyano, and nitro. 5. The conpound of claim1l, wherein Ais 6. The conpound
of claim 1, wheiydoxy,And snph@sra;d subsiisinist hetuad to thethkerdoyolyp gsiup itimougloa t ho
substi t ut ed) mntgg, subs ut ent. selected fromthe group consisting of

al kyl, halo, h8F %VF“G PERRYI , hydroxy, al koxy, hal oal koxy,

f 1 uor oal kyl OXyTh@%rﬁﬁoulﬁzdf@%qmqy%greu@ﬂqs ﬁhéﬂ’y@ optiénal R&uSQTRRY IQ&qth 2ckai m 1,
wherein Ais F 8. The conpound of claim1l erein A’is phenyl bsfltuted
in the three posh Smhstltll(en'etuade@alm@tnﬂwtled)td fmtmhagmmps:pnmmmf asledl,eltaﬂced from

al Kony. - hal oal Raeyok aBaliikpwiy: affo Pk’ (ST My A2 mhe

conmpound of clayﬁb;mumhgbeln Ais F 10. The conpound of claim1, wherein A
i s phenyl substituted in the four position (para substituted) with a

substitutent selected fromthe group cons st of al kyl, hal o, hal oal kyl,
quoroaIk |, &ﬁrox ahk QXY qa aIko&r al kyl oxy, am no, azi do,
cyano, nit € CO oun claimm ereln .

6. The compound of claim 1, wherein A is phenyl substituted in the two position

(ortho substituted) with a substitutent selected from the group consisting of alkyl,
halo, haloalkyl, fluoroalkyl, hydroxy, alkoxy, haloalkoxy, fluoroalkyloxy, amino,

azido, cyano, and nitro.

/
Cl ; 0]
7. The compound of claim 1, wherein A is % : , , % >: or
F;
8. The compound of claim 1, wherein A is phenyl substituted in the three position

(meta substituted) with a substitutent selected from the group consisting of alkyl,
halo, haloalkyl, fluoroalkyl, hydroxy, alkoxy, haloalkoxy, fluoroalkyloxy, amino,

azido cyano, and nitro.

Cl ; o0—
9. The compound of claim 1, wherein A is % :< % j or

2 2

F

283

10.  The compound of claim 1, wherein A is phenyl substituted in the four position (para
substituted) with a substitutent selected from the group consisting of alkyl, halo,
haloalkyl, fluoroalkyl, hydroxy, alkoxy, haloalkoxy, fluoroalkyloxy, amino, azido,

cyano, and nitro.
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12. The conmpound of claim1l, wherein Ais phenyl substituted in the two and
four positions with substitutents independently selected fromthe group
consi sti nyoab11adoksss, hal o, hal oal kyl, fluoroal kyl, hydr exy/usadiiox23929

hal oal koxy, fl uoroal kyl oxy, am no, azido, cyano, and nitro. 14. The
compound of claim1, wherein Ais pyridin-2-yl, optionally substituted in
the four position with a substituent selected fromthe group consi sting of

al kyl', hal o, haloalkyl, fluoroalkyl, hydrexy Ikox oalkoxy,
fl uor oal k&hoxy am no, azido, cyano,  and corrpound of
claim1l, er eilh QPIPEO“E@ Ofﬂ?émd@ﬁﬁéﬁ’ﬁuAﬁ cI aim 1, a\/\/ner ern Ais

pyrimdin-2-yl

f1 uoroal kyl , hydr s

: : . : i
cyano, and ni tro 17. The co ound of Ia| m 1, V\,her e| n Ais 1Cl 18. The
conmpound of cl w?ler e %Fbé@r @ nd of claimi,
vvhereinAis4( | Yphen 2- id ny) I-yI optionally

substituted with 1, 2 3, 4 or 5 subst’ltuents |ndépendently sel ected from

the group conskst) O al ky o dhal oal ky fl uoroal kyl, hydroxy,
al koxy, hal oal BGNE]§.| am no, .yano, and nitro. 20. The
conmpound of cl wher ei 21, NHEhg;: of any one of clains

1- 20, wherein RI is hydroge’n. 22. The corrpound of any one of clains 1-20,
R is al ky?2., h@ahoabkydundroffclaimrigathksein AZ8phéhiyésubstimondnd tlof tweranddner of
clainms 1-20, onet hyl or fluoronethyl. 24. The co und of
2ny ome of 6 aPASARIGY pbsSrBependi R Fr T o (s ebuin SISt O

alkyl, halo, haloalkyl, fluoroalkyl, hydroxy, alkoxy, haloalkoxy, fluoroalkyloxy,

amino, azido, cyano, and nitro.

Cl F
HO- HO-
13. The compound of claim 1, wherein A is or .

14.  The compound of claim 1, wherein A is pyridin-2-yl, optionally substituted in the
four position with a substituent selected from the group consisting of alkyl, halo,
haloalkyl, fluoroalkyl, hydroxy, alkoxy, haloalkoxy, fluoroalkyloxy, amino, azido,

cyano, and nitro.

N
15.  The compound of claim 1, wherein A is — :

16.  The compound of claim 1, wherein A is pyrimidin-2-yl, optionally substituted in the
four position with a substituent selected from the group consisting of alkyl, halo,

haloalkyl, fluoroalkyl, hydroxy, alkoxy, haloalkoxy, fluoroalkyloxy, amino, azido,

HD-

18.  The compound of claim 1, wherein A is biaryl.

cyano, and nitro.

17. The compound of claim 1, wherein A is
19.  The compound of claim 1, wherein A is 4-(phenyl)phen-1-yl or 4-(2-

pyridinyl)phen-1-yl, optionally substituted with 1, 2, 3, 4 or 5 substituents
independently selected from the group consisting of alkyl, halo, haloalkyl,
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25. The conmpound of any one of clains 1-20, R2 is hydrogen. 26. The
conpound of any one of clainms 1-20, R2 is al kyl, hal oal kyl or fluoroalkyl.
27. The cwopound4saf any one of clains 1-20, R2 is nethylpcThsb@amerivgd or
fluoronethyl. 28. The conpound of any one of clainms 1-20, R2 isethyl,

hal oet hyl or fluoroethyl. 29. The conpound of any one of clainms 1-20, R is
hydr ogen; and R2 is hydrogen. 30. The conpound of any one of clains 1-20,
R is alkyl; afidode2lkiyk hgtlloyl, aldxy, ilealkoxypduncbatifylaxyy amine, efide|cghms atd 20,

R is methyl; and R2 is nethyl. 32. The conpound of any one of clains 1-20,
R is ethyl; aRdR2 is ethyl. 33. The conpound of any one of cl ai ms 1-32, Z
Is =C(R8) -; and R8 i s hydrogen. 34. The crrp ; H=R(5

Zis =C(R8)-; and R8 is al kyl. 35. The cospdl
Zis =N-.286. The ceapRodnd cofimanwheren Afis €1 a

: 247 vh
and the two R2 R1I0 RRoN-N Or. 37.The conpound of any “one of clainms 1-32,
Xi s N 21.Rg The compound of any one of claims 1-20, wherein R” is hydrogen.

22.  The compound of any one of claims 1-20, R' is alkyl, haloalkyl or fluoroalkyl.

23.  The compound of any one of claims 1-20, R' is methyl, halomethyl or fluoromethyl.
24, The compound of any one of claims 1-20, R'is ethyl, haloethyl or fluorocthyl.

25.  The compound of any one of claims 1-20, R? is hydrogen.

26.  The compound of any one of claims 1-20, R? is alkyl, haloalkyl or fluoroalkyl.

27.  The compound of any one of claims 1-20, R? is methyl, halomethyl or fluoromethyl.
28.  The compound of any one of claims 1-20, R is ethyl, haloethyl or fluoroethyl.

29.  The compound of any one of claims 1-20, R' is hydrogen; and R* is hydrogen.

30.  The compound of any one of claims 1-20, R' is alkyl; and R” is alkyl.

31.  The compound of any one of claims 1-20, R' is methyl; and R? is methyl.

32.  The compound of any one of claims 1-20, R' is ethyl; and R” is ethyl.

33.  The compound of any one of claims 1-32, Z is =C(R®)-; and R® is hydrogen.

34, The compound of any one of claims 1-32, Z is =C(R®)-; and R® is alkyl.

35.  The compound of any one of claims 1-32, Z is =N-.

36.  The compound of any one of claims 1-24, wherein Z is =C(R?)-; and the two R*

o8 o, o o, o
R104€\_/2,R10 >\_/2~R1° R1°—<\ ‘27R10 N ij
N
taken togetherare R'®  R'® R® R0 R RO
7 10
N. /)—R T o8
S g W
R0 or N-N :
0O

. . Y
37.  The compound of any one of claims 1-32, X is E%L
9
N'R

Y
38.  The compound of any one of claims 1-32, X is HI%L :
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38. The compound of any one of clains 1-32, Xis N,N ON,N. 39. The
conpound of any one 40. The conpound of any one 41. The conpound of any one
42. The owopound4as any one 43. The conpound of any onepdé4/usite/oedepound of
any one 45. The conmpound of any one is alkyl. 46. The conpound of any one
alkyl. of clains of clains of clains of clains of clains of clains of
clainmse 1-32, XisO 1-39, Yis -CH2NR3R4. 1-39, Y is -CH2NR3R4; and R3 is
hydrogen. 1-39, Y is -CH2NR3R4; and R3 is alkyl. 1-39, Y is 4€H2NR3R4 and
R4i s hydrogen. 1-39, Y is -CH2NR3R4; and R4 is aIk o 1- 39, YNI% - CH2NR3R4;

R3 is hydrogen; and R4
: : Y %%QF\Y
39.  The compound of any one of claims 1-32, X is HL%L or

40.  The compound of any one of claims 1-39, Y is -CH,NR’R".

41.  The compound of any one of claims 1-39, Y is -CH,NR’R"; and R’ is hydrogen.
42. The compound of any one of claims 1-39, Y is -CH,NR’R"; and R” is alkyl.

43.  The compound of any one of claims 1-39, Y is -CH,NR’R"; and R" is hydrogen.
44. The compound of any one of claims 1-39, Y is -CH,NR’R"; and R* is alkyl.

45.  The compound of any one of claims 1-39, Y is -CH,NR’R", R? is hydrogen; and R*

is alkyl.
46. The compound of any one of claims 1-39, Y is -CH,NR’RY; R? is alkyl; and R*is
alkyl.
\
S
47. The cornpound of any one of claims 1-38, Y is , ,

N~ ;

HN \N HN4>7 \N4>7
%%%@#%EJ
OO O O

P

48.  The compound of any one of claims 1-39, Y is -CH,(N-heterocyclyl), which is
optionally substituted with one, two, three, four or five substituents independently
selected from the group consisting of alkyl, haloalkyl, fluoroalkyl, halo, hydroxyl,
alkoxy, haloalkoxy, fluoroalkoxy, amino and nitro.

49.  The compound of any one of claims 1-39, Y is -CHa(piperidin-1-yl),
-CHy(piperazin-1-yl), -CHy(hexahydropyrimidin-1-yl), -CH(morpholin-1-yl) or
-CH,(1,3-oxazinan-3-yl), which is optionally substituted with one, two, three, four
or five substituents independently selected from the group consisting of alkyl,
haloalkyl, fluoroalkyl, halo, hydroxyl, alkoxy, haloalkoxy, fluoroalkoxy, amino and

nitro.
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HN N HN/ 47.The conpound of any one of clains 1-38, Yis HN( / 1
HN-O0 1 NNO i HN-O-0/ \ O 48. The conpound of any one of clainms 1-39, Y
i s -CH2( Nwbavawmesss! y1), which is optionally substitut es#Ccmiuskoione92¢ wo,
three, four or five substituents independently selected fromthe group
consi sting of alkyl, haloal kyl, fluoroal kyl, hal o, hydroxyl, alkoxy,

hal oal koxy, fluoroal koxy, am no and nitro. 49. The conpound of any one of
clainms 1-39, YThscerpd(npigieny dndeflelyiis, 1-3CHF2{spiOpb (pagdrithn- yl) or

D o aminshy Dbk o gAY SUHBE VisE Be-five HhesRefout o,

three, four orgfi ¥1ﬁ>sﬁH1Qﬁ€s'1ﬁdé%@ﬁd%nﬂ§‘ gﬁ@&&@ ?r&tn' tHe ?quﬁ%ﬁﬁstfﬂg%ﬁalm Q;OUP

consi sting of alkyl, haloal kyl, fluoroal dr oxyl
hal oal koxy, f| bdpdyktlxgroabkyl,heloahydrakyly aikoxw\@alzaalmxy;gh@mn@ﬁ/ymmmamzzgzg
50. The corrpoungitr%f any one of clainms 1-39, Y is -CH2(piperidin-1-yl) or

O, 0
%/N %/N %/N
51.  The compound of any one of claims 1-39, Y is

SRR f‘g%@fj

Q% 3%6%(5%&%@

C§ O% (O (5 §s

or

52.  The compound of any one of claims 1-39, Y is -CH,NH(CH,),NH(alkyl),
-CH,;NH(CHj,),N(alkyl),, -CH,NH(CH;),N(alkylene),
-CH;N(alkyl)(CH;),NH(alkyl), -CH,N(alkyl)(CH;),N(alkyl), or
-CH,N(alkyl)(CHz),N(alkylene).

53.  The compound of any one of claims 1-38, Y is -CH,NH(CH,),O(alkyl) or
-CH;N(alkyl)(CH;),O(alkyl).

54.  The compound of claim 52 or 53, whereinn is 1.

55.  The compound of claim 52 or 53, wherein n is 2.
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CH2( pi perazin- 1 -y1), which is optionally substituted with one, two,
three, four or five substituents independently selected fromthe group
consi st i nyoab11adoksas, hal oal kyl, fluoroal kyl, hal o, hydr exylus2@liloo2099
hal oal koxy, fluoroal koxy, amno and nitro. 0 / 51. The conpound of any one
of claims 1-39, Yis 16 -<N) , 1515\ CF3 N , 1/ N55/ N/51i0 10 5 10
55) > 7 NN

56.  The compound of claim 52 or 53, wherein n is 3.

57.  The compound of claim 52 or 53, wherein n is 4.

/ /
N O
NN

58.  The compound of any one of claims 1-39, Y is %/ or %/

59.  The compound of any one of claims 1-39, Y is -NR’R".

60.  The compound of any one of claims 1-39, Y is -NR’R"; and R? is hydrogen.

61.  The compound of any one of claims 1-39, Y is -NR’R”; and R’ is alkyl.

62.  The compound of any one of claims 1-39, Y is -NR*R"; and R"is hydrogen.

63.  The compound of any one of claims 1-39, Y is -NR’R”; and R” is alkyl.

64.  The compound of any one of claims 1-39, Y is -NR’R”, R” is hydrogen; and R" is
alkyl.

65. The compound of any one of claims 1-39, Y is NR*R*; R* is alkyl; and R*is alkyl.

66.  The compound of any one of claims 1-39, Y is -NR’NR°R” or -NR’(N-
heterocyclyl).

67.  The compound of any one of claims 1-39, Y is -NR’NRR’; and R’ is hydrogen.

68.  The compound of any one of claims 1-39, Y is -NR’NR°R’; and R’ is alkyl.

69. The compound of any one of claims 1-39, Y is -NR°NRR’; and R’, R and R” are,
independently, hydrogen or alkyl.

70.  The compound of any one of claims 1-39, Y is -NR’(N-heterocyclyl); and R’ is
hydrogen.

71.  The compound of any one of claims 1-39, Y is -NR’(N-heterocyclyl); and R’ is

b sgj b

72. The compound of any one of claims 1-39, Y is , , or

,N:j
2
H
73. A compound, or a pharmaceutically acceptable salt, solvate, hydrate, prodrug,
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0-0-CF3 52. The conmpound of any one of clains 1-39, Y is

- CH2NH( CH2) " NH(al kyl ), CH2NH(CH2) " N(al kyl) 2, -CH2NH(CH2) " N( al kyl ene),

CH2N( al kyWp(eHapiINE( al kyl ), - CH2N(al kyl ) (CH2) " N(al ky1) 2 Pam/US2011/022929

CH2N( al kyl ) (CH2) "N( al kyl ene). 53. The conpound of any one of clains 1-38, Y
is -CH2NH(CH2) "0O(al kyl') or CH2N(al kyl ) (CH2)"0(al kyl). 54. The conpound of
claimb52 or 53, wherein nis 1. 55. The conpound of claim52 or 53, wherein
nis 2. WO 201tHDddl5pCToctdSA0i,/ AR Ber db Gterchi@noo thpoeofosobdctael fadmtie? or

53, wherein nis 3. 57. The conpound of claimb2 or 53, wherein n is 4.

M N o/ 58. The conmpound of any one of Qlagﬁi;}-Sg, Y isO 59. The
conpound of any one of clainms 1-39, i sz N - 60. The conpound of any
one of clainms 1-39, Y is -NQS nq\I i s hydrogen.

group consisting of

T
b

'l'l
pd

0 QO QP QO C
¢

T
b

-
P

-
pd

p=d
\
5
QO
¢
\
Q

n
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61. The conpound of any one of clainms 1-39, Y is -NR3R4; and R3 is al kyl.
62. The conpound of any one of clainms 1-39, Y is -NR3R4; and R4 ishydrogen.
63. The cwopound4mf any one of clains 1-39, Y is - NR3BRApcanm$2:34/0e®2al kyl .
64. The compound of any one of clainms 1-39, Y is -NR3R4; R3 is hydrogen;
and R4 is alkyl. 65. The conpound of any one of clainms 1-39, Y is -NR3R4,;
R3 is alkyl; and R4 is al kyl. 66. The conpound of any one of clains 1-39, Y
i s -NR5NR6R7 o\ - NR5( Nnet erocyclyl). 67. The conpound of any one of clains

1-39, Yis -NRS s\ hydrogen. 68. Theyco nd of any one of
clains 1-39, Y @

; and RS ps~al kyl . \69. {\ The, cgnpound of any one
of clainms 1-39, 7; aﬂfn e, i ndependently,
hydr ogen or al kyl . he conpound of any © f clains 1-39, Y is
-NR5( N-heterocyclyl); /and R5 is hydrogen. 71. /The conpound of any one of
claims 1-39, Y is -NR5(N-heterocyclyl); and RS is alkyl. - FN 73. A
conpound, or a pharmaceutically acceptable salt, ol , hydrate, prodrug,
chem cal l y-protected form gnantiQner or stergoi Spneg tﬁereof, sel ect ed

fromthe N =
é)\/ Cl N
F—< >—N
—

2

N
040 g
PO
PO 0
5040
N
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Cl and G , wherein Wis nethyl, fluoro, chloro, nitro, nethoxy, ethoxy,
-S2NH2 or -C(=0)NH2. 74. A pharnmaceutical conposition conprising a
conmpound,wonoa/pPkasmaceuti cal | y acceptabl e salt, sol vat ecThisdeanez929r odr ug,
chem cally-protected form enantioner or stereoisoner thereof, of any one
of claims 1-73, or [Ul, or a pharmaceutically acceptable salt, solvate,
hydrate, prodrug, chem cally-protected form enantioner or stereoisoner

t hereof, and a pharnaceuticaly @ac eg&?ble exci ppent 5. A nethod of

i nhi biting the deubi quithnationNacti vi of 14 prgtein conprising
contacting the Usrﬁ h With a con a pharnaceutical ly

accept abl e saIPf sQlvat e ydrate, prodrud,

enanti omer or stereoisongr thereof, of any orne of clains 1-73, or 1Ul, or a

ically-protected form
pharmaceutical ly acceptable salt, solvate, hydrate, prodrug,
chemical |l y-protected form gnantiQmer or stereoiaonﬁf;igereof 76. A net hod
in
I Cal

of enhanci ng protei nFdegr adt i y a proteasonejli cell conprising
contacting the ce it s fpound, op & ph C | y acceptable salt,
sol vat e, hydr atF, ] chenmi cal I form enantioner or

st ereoi sonmer thereof, off any one of clarms 1-/73, or IUl, or a

phar maceutically acceptable salt, solvate, hydrate, prodrug,

chemi cal l y-protected form Qpant' r or stereoisoEpr reof 77. A nethod
of treating or preventing a \projei nopathy in a\subjjectyc rising
tected form enantioner or

adm ni stering to thae\subj conmpound, mr\a utically acceptable
salt, solvate, G n‘@~ rodrug, che@iz"é
st ereoi sonmer thereof, of /any one of clains 1-73] or IUl, or a

pharmaceutically acceptable salt, solvate, hydrate, prodrug,
chem cal ly-protected form ant r or stereoiqyner ereof, or a
phar maceuti cal conpositi chaig:74. 78F The th f claim77, wherein

t he protei nopat hy gsxsel romthe up I3ting of Al zheiner's
di sease, cer esta aild angi opaf Npall ganglion cell
degeneration,. bovine spgngiform enceph pat Wy, kuru, Creutzfeldt-Jakob
di sease, variant Creutzfeldt-Jakob disease, r st mnn- St raussl er - Schei nker
syndronme, fatal famlial insomi f ront ot enpor al deqﬁzzga, Al zhei ner' s

g

di sease, progressive supranQcl elar pal sy, cortjcolasal{ degeration

front ot enporal | obar, degenerat f ront eqpor N eneration
anyot r ophi ¢ Iaw.L@d is, Hunti & S¥ase, famlial British
denmentia, Famlia ni denentia, heredift ary=cerebral henorrhage with

anyl oi dosi s (Iclandic), /CADASI L, Al exander disease, famlial anyl oidotic
neur opot hy, senile system c anyl pi dosi s, serpinopathies, AL anyl oidosis, AA
anyl oi dosis, type |l diabetes, agrtic nedial anyloidosis, ApoAl

anmyl oi dosi s, Apol | anyl oi dogi s, “AppAI V anyl oi dosi s, fami lial anyl oi dosis of
the Finish type, |ysozy afyl gydagsis, fibrinogen | gi dosi's, dialysis

anyl oi dosi s, inclysign OSitiS/W%O.i VA ts, nedullary thyroid
car ci nom, car(Warl |_lanyl oi dosi s, p| an
dystrop

rolacti noma, hereditary
| atti ce corneal , cutaneous |ichen any)oidosis, cornea
| actof errin anyl oi dosis, corneal |act’oferrin anyloidosis, pulnonary

al veol ar proteinosis, odontqggenic tunor anylois, semn si cal anyl oi d,
cystric fibrosis, sickle cefjl cﬁfsggg and critigcal {11 gig myopat hy.

T T ONE
o | o |

N N\/\O/
WO_N;D)‘\/ \O W;@;N;j)\/
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79. The nethod of claim 77, wherein the proteinopathy is Al zheiner's

di sease, frontotenporal |obar degeneration, anyotrophic |ateral sclerosis
or Machadwolos@phssdi sease. 80. A nethod of treating or pPCESRA102929

di sease, for which enhanced protein breakdown may be therapeutic, in a
subj ect conprising adm nistering to the subject a conpound, or a

phar maceutically acceptable salt, solvate, hydrate, prodrug,

chemi cal l y-protected form enaT%ZEEé?\or st ereoi sonmer thereof, of any one

of clainms 1-73, pharmaceutical |y acgeptigbl élsalt, solvate,
hydr at e, prodrug,/ \ i cted for ena r eoi somer
thereof, or a pha i conmposi ti ow Nn 4. 81. met hod of

cl ai m 80, wherein i¥ease is selected m t B& gr oup consi sting of von
Hi ppel - Li ndau di sease, gpinocerebellar,ataxia 1, /Angel man syndrome, gi ant
axon neuropat hy, inclusion @ody nyopat hy with Paget dléeaag of bone and

front ot enpor al denentla (| BNPFLY) . A nethod of énhanci prat easone
function in a sub 3 ng\‘\nl sterl o tAveS Ubj eom)ound
or a pharnaceu c- table oéolW e, prod e

r thereof, of any one
of cl ains 1 73, or UL, or a pharmaceutic¢ally acceptable salt, sol vat e,

hydrate, prodrug, chemi cally-protected form enantiomer or stlereoi soner
t hereof, or a pharmaceutical conposition of claim74. 83ﬁ2;§ﬁthod of
I

i ncreasi ng degradation \TDP-43 or ataxin-3 inQOa subj ect conprising
adm ni stering to the suby %@nﬁbuﬁd, or_a_pha uth y acceptabl e
salt, solvate, Nﬁr drug, chefi cag|Ly of\¢Cted form enantioner or
stereoisoner thereet/ o ny one of clains 3, , or a
pharmaceutical |y acceptable salt, solvate, hydrat/e, prodrug,

chem call y-protected form enantlone or stereoisoner thereoEj or a

phar maceuti cal conposition of c . 84. The net hod of \ of clains
77-83, wherein said subject i 85. An i sol § i Si
enzymatical ly |na/ i [
Uspl4. 86. The pyve

vi nyl sul fone- Uch ddu
Uspl4 is a recomnbi nant 88. The, prot easome of claim 85, wherein said
proteasome is a human proteasonme or _a nurine proteasone. 89.An isolated

pr ot easonme conprising enzyngtic LL? active Uspld apd | enzymatical l'y

active Uch37. 90. The prdf easio cl ai m 89, 14 is a
r ecombi nant prg@e N :: W
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91. The proteasone of claim89, wherein said proteasone is a human

prot easonme or a nurine proteasone. 92. A nethod of generating a proteasone
conpri si nyoenmyoyedsscal |y i nactive Uch37 and further conpciraisee1/022929
enzymatically active Uspl4d conprising: (a) purifying a proteasone |acking
Uspl4 but conprising Uch37; (b) treating said purified proteasone with a
deubi quitinase inhibitor; and (c) reconstituting said purified proteasone
with enzymatically active U%plﬁﬁiii.The met hod oQ)clai:;FZ, wherei n said
prot easone is a human prypteaso or) a nmurine protieasqne.) 94. The met hod of
claim92, wherein Nd p asone”’| acki Usp ut~corfpri sing Uch37 is
purified from I9E 93\%EN s] Aly Do¢ké€§S%TN -194. 25 95. The net hod of
claim 92, wherein $aNd dégubi quitinase i bitgr is ubiquitin- vinylsulfone.
96. The nethod of claim92, wherein said active Uspl4 is reconbinantly

produced. 97. A nmethod of screening an inhibitor of Us conpri si ng:
(a) providing a proteasone o i sing lenzymatigal |y fhactiveg Uch37 and

further conprisj en ti_\ o 1/ ng said
pr ot easone Wt@-@ﬁwou d and a Us @
whet her said testNcO nd ibits the deu

Kraje; and (c) determning
= B N
s o~ OT H

Frati on of said substrate.

2

= N = N
Cl N H Cl N H
/ /
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98. The net hod of claim 97, wherein said substrate is coupled to a reporter
that is detectable after cl eavage by a deubi quitinase. 99. The net hod of

cl ai m 98, woherwiioms4sai d substrate is Ub- AMC. 100. The netrhwodisediiobzrm 97,
wherein said substrate is an ubiquitin-dependant proteasone substrate. 101.
The net hod of cl aim 100, wherein deubuquitination of said substrate is
denonstrated by inhibition of substrate degradation. 102. The net hod of
claim 101, wherein said substrate is polyubiquitinat yclin B. 103. The
nmet hod of claim 97, wherein said proteasonme conpris vilnyl sul f one- Uch37
adducts. 104. The net hod, of olaqgigg wher ei n

ing an isol ated

protein. 105. The hod \;

pr ot easone or -nqgjﬁp—nr0| one. 1Q§- NCO

pr ot easonme of any <1 85-91, ans—-nst iZ6ns of use. 107. The kit
of claim 106 further conprising a Uspl4 substrate 108. Thedkit of claim
107, wherein said Uspl4 substr te I s Ub- AMC or pol yubiquitinated cyclin B.

i '-: ;]/K/N /
, wherein W is methyl, fluoro, chloro, nitro,

methoxy, ethoxy, -SO,NH; or -C(=0O)NH..

4 is a reconbi nant
roteasone i s a hunman

74. A pharmaceutical composition comprising a compound, or a pharmaceutically
acceptable salt, solvate, hydrate, prodrug, chemically-protected form, enantiomer or
stereoisomer thereof, of any one of claims 1-73, or IU1, or a pharmaceutically
acceptable salt, solvate, hydrate, prodrug, chemically-protected form, enantiomer or
stereoisomer thereof, and a pharmaceutically acceptable excipient.

75. A method of inhibiting the deubiquitination activity of a Usp14 protein comprising
contacting the Usp14 protein with a compound, or a pharmaceutically acceptable
salt, solvate, hydrate, prodrug, chemically-protected form, enantiomer or
stereoisomer thereof, of any one of claims 1-73, or IU1, or a pharmaceutically
acceptable salt, solvate, hydrate, prodrug, chemically-protected form, enantiomer or
stereoisomer thereof.

76. A method of enhancing protein degradation by a proteasome in a cell comprising
contacting the cell with a compound, or a pharmaceutically acceptable salt, solvate,
hydrate, prodrug, chemically-protected form, enantiomer or stereoisomer thereof, of
any one of claims 1-73, or IU1, or a pharmaceutically acceptable salt, solvate,
hydrate, prodrug, chemically-protected form, enantiomer or sterecoisomer thereof.

77. A method of treating or preventing a proteinopathy in a subject comprising
administering to the subject a compound, or a pharmaceutically acceptable salt,
solvate, hydrate, prodrug, chemically-protected form, enantiomer or stercoisomer
thereof, of any one of claims 1-73, or IU1, or a pharmaceutically acceptable salt,
solvate, hydrate, prodrug, chemically-protected form, enantiomer or stercoisomer
thereof, or a pharmaceutical composition of claim 74.

78.  The method of claim 77, wherein the proteinopathy is selected from the group

consisting of Alzheimer’s disease, cerebral f-amyloid angiopathy, retinal ganglion
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79.

80.

81.

82.

cell degeneration,. bovine spongiform encephalopathy, kuru, Creutzfeldt-Jakob
discase, variant Creutzfeldt-Jakob discase, Gerstmann-Straussler-Scheinker
syndrome, fatal familial insomnia, frontotemporal dementia, Alzheimer’s disease,
progressive supranuclear palsy, corticobasal degeration, frontotemporal lobar
degeneration, frontemporal lobar degeneration, amyotrophic lateral sclerosis,
Huntington’s disease, familial British dementia, Familial Danish dementia,
hereditary cerebral hemorrhage with amyloidosis (Iclandic), CADASIL, Alexander
disease, familial amyloidotic neuropothy, senile systemic amyloidosis,
serpinopathies, AL amyloidosis, AA amyloidosis, type Il diabetes, aortic medial
amyloidosis, ApoAl amyloidosis, Apoll amyloidosis, ApoAIV amyloidosis, familial
amyloidosis of the Finish type, lysozyme amyloidosis, fibrinogen amyloidosis,
dialysis amyloidosis, inclusion body myositis/myopathy, cataracts, medullary
thyroid carcinoma, cardiac atrial amyloidosis, pituitary prolactinoma, hereditary
lattice corneal dystrophy, cutaneous lichen amyloidosis, corneal lactoferrin
amyloidosis, corneal lactoferrin amyloidosis, pulmonary alveolar proteinosis,
odontogenic tumor amylois, seminal vesical amyloid, cystric fibrosis, sickle cell
disease and critical illness myopathy.

The method of claim 77, wherein the proteinopathy is Alzheimer’s disease,
frontotemporal lobar degeneration, amyotrophic lateral sclerosis or Machado-Joseph
disease.

A method of treating or preventing a disease, for which enhanced protein
breakdown may be therapeutic, in a subject comprising administering to the subject
a compound, or a pharmaceutically acceptable salt, solvate, hydrate, prodrug,
chemically-protected form, enantiomer or stereoisomer thereof, of any one of claims
1-73, or IU1, or a pharmaceutically acceptable salt, solvate, hydrate, prodrug,
chemically-protected form, enantiomer or stereoisomer thereof, or a pharmaceutical
composition of claim 74.

The method of claim 80, wherein the disease is selected from the group consisting
of von Hippel-Lindau disease, spinocerebellar ataxia 1, Angelman syndrome, giant
axon neuropathy, inclusion body myopathy with Paget disease of bone and
frontotemporal dementia (IBMPFD).

A method of enhancing proteasome function in a subject comprising administering

to the subject a compound, or a pharmaceutically acceptable salt, solvate, hydrate,
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&3.

&4.
85.

86.

&7.
88.

&9.

90.
91.

92.

93.

94.

prodrug, chemically-protected form, enantiomer or stereoisomer thereof, of any one
of claims 1-73, or IU1, or a pharmaceutically acceptable salt, solvate, hydrate,
prodrug, chemically-protected form, enantiomer or stereoisomer thereof, or a
pharmaceutical composition of claim 74.

A method of increasing degradation of Tau, TDP-43 or ataxin-3 in a subject
comprising administering to the subject a compound, or a pharmaceutically
acceptable salt, solvate, hydrate, prodrug, chemically-protected form, enantiomer or
stereoisomer thereof, of any one of claims 1-73, or IU1, or a pharmaceutically
acceptable salt, solvate, hydrate, prodrug, chemically-protected form, enantiomer or
stereoisomer thereof, or a pharmaceutical composition of claim 74.

The method of any one of claims 77-83, wherein said subject is human.

An isolated proteasome comprising enzymatically inactive Uch37 and further
comprising enzymatically active Usp14.

The proteasome of claim 85, wherein said proteasome comprises vinylsulfone-
Uch37 adducts.

The proteasome of claim 85, wherein said Usp14 is a recombinant protein.

The proteasome of claim 85, wherein said proteasome is a human proteasome or a
murine proteasome.

An isolated proteasome comprising enzymatically active Usp14 and lacking
enzymatically active Uch37.

The proteasome of claim 89, wherein said Usp14 is a recombinant protein.

The proteasome of claim 89, wherein said proteasome is a human proteasome or a
murine proteasome.

A method of generating a proteasome comprising enzymatically inactive Uch37 and
further comprising enzymatically active Usp14 comprising:

(a) purifying a proteasome lacking Usp14 but comprising Uch37;

(b) treating said purified proteasome with a deubiquitinase inhibitor; and

() reconstituting said purified proteasome with enzymatically active Usp14.
The method of claim 92, wherein said proteasome is a human proteasome or a
murine proteasome.

The method of claim 92, wherein said proteasome lacking Usp14 but comprising

Uch37 is purified from HEK293 cells.
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95.

96.
97.

98.

99.

100.

101.

102.
103.

104.
105.

106.

107.
108.

The method of claim 92, wherein said deubiquitinase inhibitor is ubiquitin-
vinylsulfone.

The method of claim 92, wherein said active Usp14 is recombinantly produced.
A method of screening for an inhibitor of Usp14 comprising:

(a) providing a proteasome comprising enzymatically inactive Uch37 and further
comprising enzymatically active Usp14;

(b) contacting said proteasome with a test compound and a Usp14 substrate; and
(c) determining whether said test compound inhibits the deubiquitination of said
substrate.

The method of claim 97, wherein said substrate is coupled to a reporter that is
detectable after cleavage by a deubiquitinase.

The method of claim 98, wherein said substrate is Ub-AMC.

The method of claim 97, wherein said substrate is an ubiquitin-dependant
protecasome substrate.

The method of claim 100, wherein deubuquitination of said substrate is
demonstrated by inhibition of substrate degradation.

The method of claim 101, wherein said substrate is polyubiquitinated cyclin B.
The method of claim 97, wherein said proteasome comprises vinylsulfone-Uch37
adducts.

The method of claim 97, wherein said Usp14 is a recombinant protein.

The method of claim 97, wherein said proteasome is a human proteasome or a
murine proteasome.

A kit comprising an isolated proteasome of any one of claim 85-91, and instructions
of use.

The kit of claim 106 further comprising a Usp14 substrate

The kit of claim 107, wherein said Usp14 substrate is Ub-AMC or polyubiquitinated
cyclin B.

-96 -



