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segregation in Saccharomyces cerevisiac. Mol Cell Biol 10, 6742-6754; Kihara, A., Noda,
T., Ishihara, N., and Ohsumi, Y. (2001). Two distinct Vps34 phosphatidylinositol 3-kinase
complexes function in autophagy and carboxypeptidase Y sorting in Saccharomyces

25  cerevisiae. J Cell Biol 152, 519-530). PtdIns3P is required for the initiation of autophagy,
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chloroquine is a blocker of lysosomes, it will be interesting to see if specific inhibitors
25  targeting different steps of autophagy process also have the same effect in enhancing the
effect of chemotherapies in cell-based assays and animal models.

In addition, autophagy has also been shown to play an important role in mediating
cellular damage induced by acute pancreatitis. Autodigestion of the pancreas by its own
prematurely activated digestive proteases is thought to be an important event in the onset of

30  acute pancreatitis. A conditional knockout mouse that lacks the autophagy-related (Atg)
gene Atg5 in the pancreatic acinar cells has shown significantly reduced severity of acute
pancreatitis induced by cerulein (Ohmuraya, M., and Yamamura, K. (2008). Autophagy and
acute pancreatitis: a novel autophagy theory for trypsinogen activation. Autophagy 4, 1060-



One aspect of the invention relates to a conpounds of formula I: R2R3

RIN1 /"

RLYNR | or a pharnaceutically acceptable salt, biologically

active newvabholimes22sol vate, hydrate, prodrug, enanti omePCOMUS3EIONETESONES

t her eof ,

wherein nis 0, 1, 2, 3 or 4; 20Y is -C(Rl)= or -Ns Ris

-H, lower alkyl, -NO2, -OH -NH2, -NH(lower alkyl), -N(lower alkyl)2, or

| ower al ky®y2); TRk aiu&phmgge@@ntﬂerﬂet@mmél@cfﬁeeﬁnfpancreamm ueltsdjmtiizatmn dfhe
group consi st.

%R'mﬁ%né? @1%1% Inh@i@rs of att@phagyzs%x %Y@Fd%@?“%ﬂt B51) tﬁ'HSIaﬁwcs 81 over

al kyl ),
al kyl ),

| ower

Q((dt@wcrgaltlﬁgr oal kyl), -S(=0)(lower alkyl), S(=0)2(!ower alkyl)

and -C(=0)0(I ower al kyl
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Further, srnal? molecule inhibitors are important tools in exploring the cellular
mechanisms in mammalian cells. However, the only available small molecule inhibitor of
autophagy is 3-methyladenine (3-MA), which has a working concentration of about 10 mM
and is highly non-specific. Therefore, there is an urgent need to develop highly specific
small molecule tools that can be used to facilitate the studies of autophagy in mammalian
cells.

SUMMARY

The invention relates to in part to compounds that are inhibitors of autophagy,
compositions comprising such compounds, and methods of using such compounds and
compositions.

One aspect of the invention relates to a compounds of formula I:

R2 R3
R! X N
R1
| NNy
G G
R! Y N R

|

or a pharmaceutically acceptable salt, biologically active metabolite, solvate, hydrate,
prodrug, enantiomer or stercoisomer thereof, wherein

nis0,1,2,3 or4;

Y is -C(R")= or -N=;

R is -H, lower alkyl, -NO,, -OH, -NH,, -NH(lower alkyl), -N(lower alkyl),, or lower
alkynyl;

R' is independently selected for each occurrence from the group consisting of -H,
-F, -Cl, -Br, -1, -NO,, -OH, -NH,, -NH(lower alkyl), -N(lower alkyl),, -CH3, -CF3, -
C(=0O)(lower alkyl), -CN, -O(lower alkyl), -O(lower fluoroalkyl), -S(=O)(lower alkyl),
-S(=0),(lower alkyl) and -C(=0)O(lower alkyl);

R’ and R” are independently selected from the group consisting of -H, lower alkyl,

lower fluoroalkyl, lower alkynyl and lower hydroxyalkyl;

15



R2 and R3 are independently selected fromthe group consisting of -H | ower
al kyl, lower fluoroal kyl, |ower alkynyl and | ower hydroxyal kyl ; WO
2011/ 011520Ram/0ws2010/ 042759 X is -0-, -S, -N(H) -, -N(Pomars2@loloyi7s9 ,
-CH2-, -CH2CH2-, -CH2CH2CH2-. CH2CH2CH2CH2-, - CH2CH2CH2CH2CH2- or
- CH2CH2CH2CH2CH2CH2-; and Z i s phenyl, pyridyl, vinyl, norphinyl,
phenant hr ol i nyIX is RQpRSHyN(H FuN(lovwar altkghz o il t, RCHZOHY-1:Cla(cH 6p1+.0nal | y
substitute i or bstitutents sele f t he group
consi st i ni BrCHGEoue PG PGSl S sar yrCh G Bk Y ber
f1 uoroal koxy, 7Kg phddyl, pyBEyl, vinyl, in{/10 AKGY, napNH(1, oneyl @l kyl ),

s ol pyEL gl v R IR napfiey . SR

-N(I ower al kyl) 2, ene di oxy. "Anot her aspect of the

i nvent i onbengioft]thsazoly | zandraptioaal busubstithted ovihowictar omore owhstitugémysdestesbiipound of
f la | h t i I bl I bi ical | td
008 ! o ROHIRE R 2o SRS LB h a6 PSP BB

t hereof , andCQnBr,or, -NOL, SoRbAsIRRGEUINEAbIVYr ARFIGPNUWr GRK ), €CE,, adligPIe Or in

conbi nati on with another therapeutic agent. Such pharmaceuti cal
conposi t i BgdydEnetdiexyi nventi on can be administered in accordance with a

met hod of the iA‘ﬁX&l@{ gs%%ctoo%ﬁﬂgé ﬁ@év{t%n%la{%@g& %ﬁflarfh EQﬁfcglp@ﬁﬂggit{oﬁ%%&ﬁﬂs&gLr

treatnent or preventi onditrons an sorders re 0 cancer
pancr eat i b sompdAdalf iemmAs pect phhrmdreuticaligntésprubicedaitt Bioldgically mediveod of
treating or preventing c ncerugrancreatitis or di sease caused by an

i nt rat®l| Mmesdoltst sdvEn, hydeiih Predrng caaHOmm o8 pierrgisemer therasgiand ong opgwge

t her eof aPB a@&ﬁféﬁlilfgdc!e%taﬁlfefc?ﬁ{ehéf Q1AERH I cRbi RNt R Ehdt PRI LAHS _or
pharmaceuti cal conpositions of the 1 nvention. BRI EF DESCRI PTI OF THE

FI GURES 2@g‘dnguSecthh_aHhaIea§ca;l coimgentiofsiafdlid immergfonaas iralatimmmdteredlie i nhi bi t or
o Ut ohagt BP0 OGS DASE, SCLSEN, M SLACLIE SN0 Bt i e
cel I (b), wsfpent SHRERINYN BEEoriRldns Gfd disdRRrRlafdab RaftPbeFaRatitis.

15 Another aspect of the invention relates to a method of treating or preventing cancer,
pancreatitis or disease caused by an intracellular pathogen, comprising administering to a
subject in need thereof a therapeutically effective amount of one or more compounds or
pharmaceutical compositions of the invention.

BRIEF DESCRIPTION OF THE FIGURES

20 Figure 1 relates to identification of a small molecule inhibitor of autophagy by an
image-based screen. A, structure of MBCQ. B, Quantitative analysis of LC3-GFP spot
number per cell (a), spot size per cell (b), spot intensity per cell (¢). The data are expressed
as % of control vehicle treated cells. H4-LC3 cells were seeded in 96 well-plates and
incubated with vehicle control (1% DMSO), 0.2uM rapamycin with or without 10uM

25  MBCQ for indicated time, fixed with 4% paraformaldehyde and stained with 4,6-
diamidino-2-phenylindole (DAPI, 3ug/ml). Images of 1000 cells for each compound
treatment were analyzed by ArrayScan HCS 4.0 Reader with a 20x objective (Cellomics,
Pittsburgh, Pennsylvania).

Figure 2 depicts results relating to MBCQ inhibition of autophagy induced by

30  starvation. Quantitative measurement of LC3-GFP spot number per cell (a), spot size per
cell (b) and spot intensity per cell (¢) using HCS and expressed as % of control. 3-MA
(10mM) or wortmannin (0.1uM) were used as a positive control.

Figure 3 depicts electron microscopy analysis of the effect of MBCQ on autophagy.
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i nhibit cell
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MTT assay. C, cells were collected for western blotting using anti-LC3 antibody. a-tubulin

was used as a control. D-F, Bax/bak DKO cells were treated with spautin (10uM) or

25  indicated concentration, in the presence of or absent etoposide (8M) for 8h or indicated
time. D, Cell survival as demonstrated by images and E, MTT assay. F, Cells were
collected for western blotting using anti-LC3 antibody. a-tubulin was used as a control.

Figure 8 depicts results showing that MBCQ and C43 (spautin) reduce FY VE-RFP

spots, but have no effect on the protein levels of FYVE-RFP. H4-FYVE cells were treated

30  with DMSO (0.1%), MBCQ (10 uM) or C43 (spautin) (10uM) for indicated time. A, The
images were analyzed by fluorescence microscopy and quantified by HCS after fixing in
4% paraformaldehyde and stained with 4,6-diamidino-2-phenylindole (DAPI, 3 pg/mL).
Images of 1000 cells for each compound treatment were analyzed by ArrayScan HCS 4.0



25i ndi cated concentration, in the presence of or absent etoposide (804) for
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25  (PI, 40 pg/mL) and treated with RNase enzyme (200 pg/mL) solution for 30min in dark.
Cell cycle profile and possible apoptotic death were statistics analyzed by flow cytometer.
Figure 12 depicts the results showing of experiments showing that spautin does not
induce apoptosis in non-cancer cells. A-B, MDCK cells were treated with DMSO (1%o) and
spautin at indicated concentration in DMEM with or without glucose for 24h. Cell survival
30  as demonstrated by images (A) and MTT assay (B). C-D, Hs578Bst cells were treated with
DMSO (1%o) and C43 as indicated concentration in DMEM with or without glucose for
24h. Cell survival as demonstrated by images (C) and MTT assay (D).
Figure 13 depicts results showing the effect of MBCQ and derivatives in vivo. (A)
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SD. The i magess WefcSadificdanahyr eflcrufit NGt idjcecaby et thepahcrefdflaoiRneante
m croscope for visual inspection. The experinents were repeated three tines

Fi gure 15Wgepinchlettinpamlyss pying pated.Ghiand apdduudia (ay 2 genteobl. | ity to inhibit
and Curtur ed i Fu 3L MBCHIAR IR A UF LR ERHSHhD, 18 Ll ED
24h, and HHAENC3 tolBdvast kéedpd inyd®@woRipEatasnthdsuftinred dn Wietpresence of compounds in

ol T ebf edaUoRst 3hCAnFyBoizh S HEaNd bt SV b HORBEAn R B 4l | oni s,
Pi ttsburgh, 1@9%% hed f;[iﬁ’c)olg @Algﬁg‘?ktglgﬁﬁeﬂn%e@&ﬁﬁ @Jeaé';%bglegéﬁ) Wiftm @r‘rﬁ%&%ﬁr for

aut ophagy. T ecto I'cation was to acquire an
anal yze t HES HFesdafwidra dpt olpectoti(Gellonhigadhtsbofghl @eMsyblahw) faymARIc h

conpound eat nent .. wer yzed to .obtain avera | | nunber r field,
[ Ubr ece e el JOr e are T e THkE Sy gl el PoteEiEB S0aRa Bhany ci n
ver e usedyasufRgahbyiBredndRAslyEd M@ ORI Pler %ﬁtﬁﬁﬂﬁﬁéﬂ. Yiahyes oFNB0PEEIREDE ages of
changes of LC3-GFP were calculated by dividing with that of DMSO treated

sanpl &%5. Eshirompenndrizertmaaisweronaalyred toiobldit axesagemel lmpmbenpet f8Bl, The i mages
were al sognal yped using.a Y0, 204K OLESRAPCH HRRA10/ 042759, convent] onal

f1 uor escent® c?o%pcop'é P%r vit§0al ?ﬁs%ggrt? on. experi s W%?él

repeat ed héfagie bi pRStveRio@HOE rébedlBpiyC The paserthgesof chpes bMEO3- GRFhOWweNg t hat
spautin pronotes the degradation of Beclinl through proteasomal pathway. A,

293T cel | salglpted by dnadiae math thpttaf BMPP-tmatqd samplasgEach trpatragnt gvas dpge in

aga 1 onal 050 BRRTTRT GeBE ey s Db oA PR w6,
MGL322({ SpMuorcddracerilidrodcppatoe visnel smieaby. Ztd crycrivasite wordaepédtédifragsinng anti -

GFP. B, 293T cells were transfected with G-P-Beclinl d HA- Ub.expression
vect ors. Tvventylg“ﬁﬁllslﬁiﬁﬂfc§l\é{$f:§éecr1’(étl‘qu edpgegpr np HE%FQ%‘H&)@W treat ed

Wi th M5 13200KacsPadtdaltula® ECso, H4-LC3 cells were seeded in 96 well-plates and cultured in
the presence of compounds in different concentration for 24h, and then fixed with
polyformate and stained with 4,6-diamidino-2-phenylindole (DAPI, 3 pg/ml). Images data

25  were collected with an ArrayScan HCS 4.0 Reader with a 20x objective (Cellomics,
Pittsburgh, Pennsylvania) for DAPI labeled nuclei and GFP-LC3, a marker for autophagy.
The Spot Detector Bio-Application was used to acquire and analyze the images after
optimization. Images of 1000 cells for each compound treatment were analyzed to obtain
average cell number per field, fluorescence spot number, area and intensity per cell. DMSO

30  and rapamycin were used as negative or positive control, respectively. The percentages of
changes of LC3-GFP were calculated by dividing with that of DMSO treated samples. Each

treatment was done in triplicate for mean and SD. The images were also analyzed using a
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10 24 hours. The cell |ysates were i mmunoprecipitated wth anti-G-P

anti body and the i mmunoconpl exes were anal yzed by western blotting using
anti - HA awOi2body1528i gure 17 depicts the results of expePCERAISRGL0/042759
denonstrating the effect of si RNA knockdown of USP3, USP10, USP13, USP16
and USP18 on the stability of selected autophagy proteins. H4 cells were

t ransf ect e<dmmh1ﬁ<b‘nail Adoeatoade sildrRbMASpE tor vidahinspaotion.rldatesperibenvis tararr@paatgdci n
(0.2 ILL sgstauti n (101AM for 4 hrs, and non-target siRNA (N. T. siRNA)
was used ive control. The cell lysates were harvested and anal yzed
by western b' OFigu?® 16 Aep@ts bRt bi cfebihRadi BswiRashdd :pQutfrlfg[Srohﬁﬁ‘es'tﬁ@' cat ed
proteins. Anti-a-tubulin was used as | oading contro igure 18 depicts

t he resul tiegradation oé Beptimlt thraghwneteasamahppthway . %,1288T colls wr:rlal‘tmn%cﬂech odthdown

el s wer ETEARRTRaTda T P RaruiReions BRae R ire Boongh Bilfindtblielog vi th
rapamyci nc&&p&nhhmancaﬁdﬁmwz%r( DHOASDA 1% Mﬂch@ouMmsipamaﬁ(I@m)echﬁNA (N

T. si RNA) was used as negative control. The cell |ysates were harvested and
anal yzed O\WnddstNEh3H (M) dge gelf higates e analyged bwe&tgmstﬁ@fémg%mg@mlt he

i ndi cat ed ORehdsp

Figure 19G%gp¥3b éﬁg&%aeg %&?&#éde%xmgr%}lfﬁ;% élﬁzglrlr%ﬁﬂ\tratl ﬁ&g{,{% ¥8ct of
si RNA k no&“kw}ﬁmmfoof hdﬂfﬁPsfterlrﬁPfkﬁhsfédSBﬂ 3he tiSRNocre tLiShtS wairhd\/IBe ap bﬂkpa@ﬁn tdre
stabiljity of P53, gells were transfected with the indicated sjiRNAs (3
for edh e&byursnd h@ Felhbstewvers RapaRptecipipdovith M-6EF antibpdy aaddhonvso (1%
was used ; ggﬁj@ ted and

anal yzed %?/m\%é&s@gﬁ%%ﬁgﬁ?{%ﬂagj&g? ng%gﬁﬁ blgjgéﬁéantl Eaglé‘@ﬁ& aﬁ%% i ndi cat ed
ant i body. Antl Figure b Uldepictsdise weselth caf&xbcmderrtgdmmtsﬂatmg the effect df S'Q&NA 20

de ctst sIt st I t hat A GEP- U
o Uspr 5 Ressiran ELSm S BN TR CSRE S B5P et Bt S SR t et 1 n
spaut i n-t ﬁ&@f;l@éég PRROLUAQUNSRERATHMSRAIUARIER A Slrboas RITT b iavar o
transfected w th GFP- USP10 (| ane 1-4), Mc-USP13 (lane 2-4), MG 132 (I|ane
3-4) &nd/ mthsrmamcm (QJanM)AD)r spapitia (ﬂ@/}d‘di ﬁ0§4v1’.€$ @ndmmajgﬁttesd?dﬁm(h{ ddsiRiNA)
anti GFP anti ho an es_\were ana stern bI ot with
the i nai caredoie AEgu)  Cari T B SR EFE VR IR PR el -elRS e, <
denmonst r abloftghet Batg (EJe&E]-aUﬁE’dcﬁesﬁdib@cﬁE%ﬁﬁ@ indidatedpib@idsndeed-tublet aas uaad
that the interaction was inhibited in spautin-treated cells. 293T cells
wer e t ranaf bediag coapttdls.-GFP- Beclinl (1 ane 1), GFP-Beclinl and Fl agUSP10

| ane2- 4 | as I h or
\(NI t hout ?spgut i %ﬂg%%sfl? dﬂ%}gm? %érjfe %lt§ &gf}%&éﬁ%t%ésrg?@% glje%rf#rh ncj(\)%}%ig%‘pl tated
w t h 20t i kfgdRdewh iobdP3, USP10, USP13, USP16 and USP18 on the stability of USP proteins.

H4 cells were transfected with indicated siRNAs for 72 hrs or treated with rapamycin (0.2
uM) or spautin (10uM) for 4 hrs, and non-target siRNA (N. T. siRNA) was used as
negative control. The cell lysates were harvested and analyzed by western blotting using
(Left): antibodies specific for the indicated proteins. Anti-o-tubulin was used as loading
25  controls.
Figure 19 depicts the results of experiments demonstrating the effect of siRNA
knockdown of USP3, USP10, USP13, USP16, USP18 and Beclinl on the stability of P53.
H4 cells were transfected with the indicated siRNAs (3 for each USP) and treated with
Rapamycin (0.2 uM) for 4 hrs and DMSO (1%) was used as a negative control. The cell
30  lysates were harvested and analyzed by western blotting using: anti-p53 antibody or other
indicated antibody. Anti-a-tubulin was used as loading controls.
Figure 20 depicts the results of experiments demonstrating that GFP-USP10 and

Myc-USP13 could indeed interact and that the interaction was inhibited in spautin-treated

12



10 and the i munoconpl exes were anal yzed by western blotting using
anti-Flag anti body. Figure 22 depicts the results of experinents
denonst r avoregiittai22f | ag- USP10 and GFP- Becl i nl coul d i ndeeu/useaienars9 and
that the interaction was little effected in spautintreated cells. 293T
cells were transfected with GFP-Beclinl (lane 1), GFP-Beclinl and MycUSP13
(1 ane2- 4) cglsagfB tisclisowert2rahesfigctsd wiithdGlRRAASR 1 0i(tahe M3),3Ay¢-1BPIBI(Mhe Ri4)h or

wi thout 1 tin (10 ILIM for 4h, the cell |ysates were . . . .
ninopr Xl Ll i yaniakvaeith b o s Fasies Vae imHIGBRSIRIREL g haie
anal yzed By pugab&dylardl (Qé IrhAdndtR) @QWefé\Mﬁllfz@%/E?%XteﬁFﬂ)@%ﬁh%% ifgRhecls a
1H NWVR spectra of "A9. Figure 24 depicts a 1H NWR spectra of A30. Figure 25

depi ct s aathoVR spectra of A36. 20DETAI LED DESCRI PTI ON Aut ophagy, a

cellular catabglic cess,.. pl a important role.in, pronoti cell
survival under s BREESEp BedB e SRS reorut gl BELRER B8 endent
turnover OfFPLBEdiACbhldliRdccd dmstatt dhenhs thOmtdr@&oalvwaagGnhibiidy fispinam-@éated

aut ophagy has been proposed as a possi bl e new cancer therapy. 25ln an

i mage- basedllss 2PE selloversinpieptsd adilh) @ R-Bgelint Ging 1 bICEuBegind gnd FAag-aut ophagy

i nhibi t . Lt od " . i o Cficati
of NBCQ | YShT? Fratr gt b noft, ERRHEL RRIMGRE! (1T Bk TRARLS ©85°"
i nhi bits sutuaplia@yMyifeiitathd E€HAyatesatxatimduBofécipitatedvith has€iFraagibpdy | t

certain instances herein C43 is referred to as, "spautin" (Specific and
Pot ent0 AUR Wﬁg@n}uaﬂ?qmlew.qu%ﬁlilaiﬁqdmwwe@@t%&wmm-@ﬁg 8oibdyut 30 nm

have al so beenFPgBﬁQéQ%gpic s the restilfs d&%ﬁ%&ﬁrﬁ%m H&ﬁ&isﬂa{iﬁ% fﬂa‘?ﬁé%’-@%@l@g MBCQ
and spautin can pronote the degradation of Vps34 conpfexes (e.g., the type
|11 Ptdl n&FPkBerdiné coadphdeed imembtdndghBeled inhst dMpoB 4vas 150g civoskeinppadnet |

Pt dl ns3P, i i for th f. V) oo Lt .
2011/ 011555Red FUET0) 3 et Famirsd i b L BRAG Al canei GEP ifostiel ane Mg

degr adat i PO} _(Mﬂﬁﬁ) PRRIUIE R 2 R ufse elBdieswRY Mqu@yaiocsws itk RGthBLOt ease
conpl ex whi ch includes USP3, USP10, USP13, USP16 and USP18. The mechani sm

by whizh spratini(h0 iMhifen 4hs theuged dhsitpp Wase pnopoemecipigated with enti&khantidody upt i on
of a deubl Gt AALLOGRIANEIRTe SOUPLPhy G bRing st AOMYSandoddyat 1S
Figure 23 depicts a 'H NMR spectra of A9.
Figure 24 depicts a 'H NMR spectra of A30.
Figure 25 depicts a 'H NMR spectra of A36.
20 DETAILED DESCRIPTION
Autophagy, a cellular catabolic process, plays an important role in promoting cell
survival under metabolic stress condition by mediating lysosomal-dependent turnover of
intracellular constituents for recycling. Inhibition of autophagy has been proposed as a
possible new cancer therapy.

25 In an image-based screen for small molecule regulators of autophagy, an autophagy
inhibitor, MBCQ, was identified. Extensive medicinal chemistry modification of MBCQ
identified new derivatives, such as C43. It is disclosed that C43 inhibits autophagy with an
ICso of about 0.8 uM in cell-based assays. It certain instances herein C43 is referred to as
“spautin” (Specific and Potent AUtophagy Inhibitor). Derivatives of C43 with ICs, of

30  about 30 nM have also been prepared.

In addition, herein is disclosed that MBCQ and spautin can promote the degradation
of Vps34 complexes (e.g., the type III PtdIns3 kinase complex involving
Beclinl/Vps34/p150, whose product, PtdIns3P, is required for the onset of autophagy). It is
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5 involved in regulating the turnover of Vps34 conplexes in manmalian
cells. Further, it is disclosed herein that spautin is largely

non- cyt otwi2eliuts2enduces apopt osi s of a subset of cancecTaskéw/owrder
starvation condition. Furthernore, it is disclosed herein that spautin

i nhi bits autophagy in vivo in an aninmal nodel of pancreatitis. Definitions
10For confiethice dsepsaiahstaibingutitnatidn @mpb dogredhtion of Mps3pearnplicxatis oagulagodagpd es,
and appen cl.ains are collected here. All iNLLi 0 S i ned and
osd” her of i B D FearecoBa hiEh st eohSPo b KRS VPl frent <

i ncor por aU%@lP))’ Th@ﬁf%&l@dﬁ%n bARM@sp@eitt MdbYts ﬁﬁ@ﬁhé@ﬁs Bfopbl&l 1tesih Re e Ry MB.
The articles "a" and "an" are used herein to refer to one or to nore than
one (i.e. distuptiogafa Ideléésqumn@)llg@o‘tem ogn@&ﬁmncloétngdb‘-}Pel@tandﬂJ SP@ thattis cl e. By
way of exanp n or_nore tha one el enent.
Tho oht as BBy LB i oA EREPE S BB Sl the. ol ai s,

shoul d be undergiiadit {sdis@ayRd hetcih@at autd@ishargly doneyedtexie rbtlslna@ce@onj oi ned,
.e., elenents that are conjunctlvely present in sone cases and

d| sj unct i YRAPJOSHY Hserbsgt f saricer calasader starvation eongiten efrsicsmercsit e&:ﬂlwlmd
“and/ or” ﬁ%"sfﬁltﬂatbs a&%%h%&tﬁgfﬂhgtrl&gg,ﬁn%mn aﬂ%mn?aﬂ mddeF?q%angf%ﬁm?J more” of

t he el enen SO C ment's may resent ot her
than the Blefinktivns specifically identified by the "and/ or" cl ause, whet her
related or unrelated to those el enments sp C|f|callfy |dent|f|ed Thus, as a

non-1 i ti ng eﬁamﬂn@emanqeetetaéh@émt BmPIRY al/ta? spgeifiGyian xa@alesrandonj unct i on
w th open
p aﬁﬂtﬁﬁgd Lig %%?@ol?é&@&atﬁfey b d ﬁbﬁkg a? §étheigheh ed I{érﬁ E?r;sec.ien

enbodi ment’,” to A on option u |ng el enent s ot er t

anot her eddmdnare IdbﬁmtlonsBdeﬁnmym(mptdoomabﬁty mcndowade by edfeneet, ancﬁoﬂmdintanan A ;
in yet another enfbg to both A and B (optionally including other

el ement s)megltlegso t dt} '@% herein in the specification and in the

cl ai s, straubdicRe “WnARS shoaf ised Ravm tt)hefeﬁmer&a@hﬁge fidn 0Add/ONto as
defi ned above For exanpl e, when separating itens 30in a list, "or" or

"and/ bT" shgidt ohe qfrtlneegrpma@dalanmﬁepﬁ@euaﬁm usByway of examplaean elimeston of at
| east one but al so |n nor e than one, of a nunber or |ist of

el enent s, e Onepet??m% more%a Pn%?llgtn thiisted items. Onl y ternms clearly

indicated to t e pmﬁtd‘aarnworm@hs@sh aﬁhrytherspe@ﬁ'c'at@h an@Xadklcyai@ehehld beor
when used in the clalms "consi stin "wll refer to the WO

2011/ 011522dctpessonemo £ithgribedy lpi%tmeleﬂe@&&twryoe% igl elpmentsghatargunber
or list of, h&‘éi”%@@l re{eﬂt 9806 hses LRE d} ﬁ[n'alve?? %egézti‘f& ‘8%&&&8&%%@# onl y be

|nterprete as I ndrcatl ng EXC|USIV6 alterna e., one or

but npd belchichtswhed varletadad” houtdEbaenefruekialthissamnd fishistudlr., &ené e rhhﬁ:t’ "

WI(”)I gﬁ 8]; e'('jof etereg?eggsaq%];pgnjomed %ﬁgrtellgmgnr‘gse rng; optto%o rgIbsetpllrens%nteostﬁe(:‘irr‘}flaltnatlhle y of,
elements 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

25  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
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

30 inalist, “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,
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
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5shall have its ordinary neaning as used in the field of patent |aw As
used herein in the specification and in the clains, the phrase "at | east
one," in weferience2to a list of one or nore el enents, sihrouiu$2de/0u27d€r st ood
to mean at | east one el enent selected fromany one or nore of the elenents
in the list of elenents, but not necessarily including at | east one of each
and ever yirelwmoantf esax&kyi dniecddnhant bt s hedbavi driishoff demds.i Bit gontrakltieamenh Sodnd not

excl udi ng an onbi of elements j.n the list of elenents. This
a9 8Rea SRR DA R ot Erveaes Radi b Ratits St RES Bt “5PRer Menan
the el emepins: GRS bbthaf W e ﬁ@wdre& b%rmsfotﬂ bRcIhdI€ity, s8dh Rf<cqh&Merfns o0 Whi ch

the phrase "at | east one refers, whether related or unrelated to those
el enent's Sedgiohe efT by “cxdetht drfciafd. “Gonsssting sssentialy-off vhdnmuped iatp Ickims,at

| east pne ,of d B- (o ui val ent "at .| east, one of A or B," or,
15equi€al§ﬁg]VWQQ§Oqgggyngﬁgggﬁsﬂﬁ§68f%rﬁﬁaOfggﬁﬁlgWer in one enbodi nent,
to at |east onasudRth@&ialih yhel spedifichitivg 4B i€ tHetaimo e phiasdvi dt fealorB, Pihes ent
(and optionally including el enents other than E i n anot her enbodrnent to

at | east rﬁf@ren@dpuadwapf 9ng ienergickegoniss shauihbe wiferstad igimepnrbleastangsent (and
N
optional I y.|fag éé conafﬁrﬁqﬁ%sﬁ? (g;frﬂ&re Jripne %entkﬂl%@f&s anﬁ%ﬂ%‘e%ﬁp jyjrent, to

at | east one, nor e n one east 20one,
optional | yeaemhudinnmdmgrae ldabradnemfeaclﬁar(daa'vdr}ommanabwﬁ&aml lischidngittah fiey

el ements):. etc It shoul.d al so be understood that, unl ss clearly

i ndi c& edhﬁtd)fteﬁ-‘éﬂeélb‘rﬁnrdé‘r%exq?ﬁ*ﬁ”é&?/mh%%%ﬂ%“%]{s 3? memepisin s lishat clemertyde mor e

than one sjg Qleﬂfntl%ﬁtalso a'ﬂﬁw@ hoe Eleﬁfen{s (hﬁﬁﬁal%r b%%r;%en@’ Bthtepﬁlaﬁ%e{lﬁgmérﬁs not

necessarily limte e order or acts of e met hod
are recit s;mbmfﬁﬁllyr idenefied withs), thahstwef Ielenmlts tn vitheh gpebidse (‘fatleecshowdﬁ’avérs al |

transrtlon e suc onpr.ising," "Ln arr "

“havi ng. - OgRRY TR U gt GRNGEeersbeaHiAy oL edior 2+ BV the 11 ke
are to bej; SlafRk, 2 1BR: BREHE KAHEB” (b, equwmemrgeaﬁr e84 bhclo A ob Bl GOt
limted to. Only the transitional phrases “consisting of' and " onsrstrng

essentd al kquivdlenthhil leapieonglod deahddr B gin tdfers donereanwdimeniaio aptﬂa@tsa@s,,

respectivel orth the 30 nite t tent e Manual of
ot ot Exainels BRLE iR bhbiE A dibhd B R & SRl e | ffen” or each
expr essi oBlen@n@ otheltheyil B); M ardtheaBfhbbligndnt, k@ at 16lke Bné, lopassdllySinslRl@gitad once

in any structure, is intended to be |ndependent of its definition elsewhere
in the safienongRtwifleno Agreszot@ng pmswﬁwmogeremmwertthm A); ipget

under st Oogn&tﬁ'éa}temb%ldﬁﬁéﬂt, t4 ta't f%gst o?lre op%BEﬁ;! ﬁlUftﬁﬂlg%&}% alnncﬁlel;'gf'\gn(f enqea{s{m licit

20  one, optionally including more than one, B (and optionally including other elements); etc.

It should also be understood that, unless clearly indicated to the contrary, in any
methods claimed herein that include more than one step or act, the order of the steps or acts
of the method is not necessarily limited to the order in which the steps or acts of the method
are recited.

25 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,”
“composed of,” and the like are to be understood to be open-ended, i.¢., 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
30  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
more than once in any structure, is intended to be independent of its definition elsewhere in

the same structure.
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provi so that such substitution is in accordance with permtted val ence of
the substituted atom and the substituent, and that the substitution results
in a stabWveeuompeizad, e.g., a conpound whi ch does not spomitaa@003$17§9 under go
transformation such as by rearrangenent, 5cyclization, elimnation, or

ot her reaction. The term"substituted" is also contenplated to include al
per m ssi bl e substillthieamtisrswbd oliag dnibstitmoopbaridsbstitutedawith b ad laspthetimptitie

per m ssi bl e subtlt ents.include a lic and cyclic, ed .and

Db anehoBo BBty T aBSH BB A et vttt Salsacorr SHmpred

substi t ueplbs Aid A€ GARtiRIROIRPIALGC shbdiFionabil® iShBableldRpband, R ude, for
exanmpl e, those 10 descri béd herein bel ow. The perm ssible substituents may

be one or coropeindrvhichhdossaie smntadueoliseby eiderdoransfpymepen such agbyaedrengempaunds.
For pu posici of1 thhs |anlvent| %31 . ﬁ het eroatons such as nitrogen may have
hydr ogen SUDERT L EHPEERE Y ° eﬁy PHi ssi bl e substituents of organic

conpounds descrhbesmheikiutdriic ms§ @bmtélwlatda&o Vied @RCISp @i kb mgm@ﬂg efrs.
This invention is not intended to be limted in any nmanner by the

per mi ssi bPeanssapPendredn 8 beradssprchithe peyrpesiine substisnts iggiedcicy plig end
substitue ?g&lcaﬂﬁnéﬂéﬁﬁﬁa‘hﬁﬁran&f%ﬁr @arﬂ@c&ﬁﬁgan({ IQertergég;'ﬂBl a%mi'mc %ndt [gonaf‘on?a[tlc

substi uen en a to an roups
l'isted bekubstituedisodbamnich@inpohrdsy rlﬁuprama"slajsnmehesmlﬁd&afor&&umplecafobons

(i Si X carbons or less For . ex rrpl e "lower alkyl" refers to an al kyl
groupi%onfi%ﬁCﬁb pryhereig belgy %u'%ep@Z@lFf'é‘rb?) B%l@%tsmawbﬁ.%lepﬁwm? Eﬂetsme or

chem cal ffe?é?{?tfér a@gf‘og!rﬁf%"ﬁr &dgﬁbﬁ?@éﬁ%ﬂ& éﬁs'l véflohOglbC Tabl e of

t he El errent S, i on y an ysics, 67th Ed.
1986- 87, hetsnod@rrmueln as nitrogen mhyeha\esrhydf@gewhbsmmmamlr‘nrahy pblamlsmbler cycl ic

hydrocarbo .adi cal. cont ai ni n romi t to 10 carbon
o ReselBiRS B ofBle ey ik hefich wbish Sty afbvedaisty SRR od o,
met hyl,  ehioatomdP MY invektRR-iP hoA¥lend &t tlélﬁeﬂlmlt&ieiﬁ aﬁ%‘hiélnneﬂ b%)QhQidéﬂﬂlsmble
tert-butyl, n- pentyl, isopentyl, neopentyl, 2-met hyl cycl opent yl,
and 11i:ycsldiséwn@torﬁytganmrv@mp@nndS' fWher Galeloy morﬁeaf@stltanntaaﬁcyndwted,éhweone or

nor e hydr Qgens are re d fI upr i nes. The term "al kyoxy"
nmeans an a W’F Xamlﬁ%’ g%vH Sui?ﬁtuéentts noi ety through an 30 oxygen. The

term"fl uoroal lrﬁeqe'i»mrrwva”azhfeh upp@labékw ar§f TR Boupdlidtel bdewpadienés thed ety
through an oxygen. Selected Autophagy | nhibitors One aspect of the

i nvent i onthegragneeontanslessdhbervan cabpese@st stk aybomsprigsy. [For exgmple “lower

2011/ 0115 gl%?f‘ﬂ;/eféﬁztg 1 aﬂé@ é?o%p containing 1-6 carbons.

20 For purposes of this invention, the chemical elements are identified in accordance
with the Periodic Table of the Elements, CAS version, Handbook of Chemistry and
Physics, 67th Ed., 1986-87, inside cover.

The term "alkyl" means an aliphatic or cyclic hydrocarbon radical containing from 1
to 20, 1 to 15, or 1 to 10 carbon atoms. Representative examples of alkyl include, but are

25  not limited to, methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, n-
pentyl, isopentyl, neopentyl, n-hexyl, 2-methylcyclopentyl, and 1-cyclohexylethyl. The
term "fluoroalkyl" means an alkyl wherein one or more hydrogens are replaced with
fluorines.

The term "alkyoxy" means an alkyl group bound to the parent moiety through an

30  oxygen. The term "fluoroalkoxy" means a fluoroalkyl group bound to the parent moiety
through an oxygen.

Selected Autophagy Inhibitors

One aspect of the invention relates to a compound represented by formula I:
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R1 1 RIYNR I or a pharnaceutically acceptable salt, biologically active
netabolite, solvate, hydrate, prodrug, enantioner or stereoisoner thereof,
wherei n Swoi2811M11L2 2, 3 or 4; Y is -C(Rl)= or -N=; R i CTHS201000¢2752l kyl ,
-CH3, lower fluoroal kyl, -CH2F, -CHF2, -CF3, -NO2, -OH, NH2, -NH(Iower

al kyl), -N(lower alkyl)2, or |ower alkynyl; R1 is independently
sel ected for each occurrence fromthe grok cqﬁ§| sting of -H 10-F, -d,
-Br, -1, -NO2, -OH -NH2, -NH(lower alkyl), SN(|ower al kyl)2, -CH3, -CF3, -

C(=0)(l ower alkyl), -CN, -0(lower akkyl), x<0(lI r fluoroal kyl),

-S(=0) (| ower al kyl), S(=0)2(Iower al kyl) |and -C(]:O)O(I ower al kyl);

R2 and R3 are independently select he group consisting of -H | ower
al kyl, | ower fluoroal kyl, |ower faydr oxyal kyl ; 15X is -0-, -S-,
-N(H) -, -N(lower alkyl)-, -CH2-, 2CH2CH2-. CH2CH2CH2CHZ2-

- CH2CH2CH2CH2CH2- or - CH2CH2CH2 - Z is phenyl, pyridyl,
vinyl, norphinyl, phenanthrol Rhyl, HWapht hiyT, firyl or benzo[d]thiazol yi;
and optionally substituted with one or rore substitutents selected fromthe
group consisting of -CH3, |lower alkyl, fluoroal kyl, -OCH3, -0CF3, |ower

f | uor oal koxyphatthabeuticlly accBptablelsalt, Hﬂﬂﬁgichl@mmivahrkajmowe, sdliFfte ovyelratal kyl ),
-N( I ower aI }a{% -CF3, and 3, 4- h di oxy In certain

enmbodi menP?! SHQWEWPB?{&F%’ISQ@E’% F’E?O P(‘g}‘%?mthe af orenent i oned conpounds
and atgendant def¢ni bi 9ps4; provided that the conpound is not

Y is -C(R")= or -N=;
R is -H, lower alkyl, -CH3, lower fluoroalkyl, -CH,F, -CHF,, -CF3, -NO,, -OH,
-NH;, -NH(lower alkyl), -N(lower alkyl),, or lower alkynyl;
R' is independently selected for each occurrence from the group consisting of -H,
10  -F,-Cl, -Br, -1, -NO,, -OH, -NH,, -NH(lower alkyl), -N(lower alkyl),, -CHj3, -CF3, -
C(=0O)(lower alkyl), -CN, -O(lower alkyl), -O(lower fluoroalkyl), -S(=O)(lower alkyl),
-S(=0),(lower alkyl) and -C(=0)O(lower alkyl);
R’ and R are independently selected from the group consisting of -H, lower alkyl,
lower fluoroalkyl, lower alkynyl and hydroxyalkyl;
15 X is -O-, -S-, -N(H)-, -N(lower alkyl)-, -CH,-, -CH,CH,-, -CH,CH,CH,-.
-CH,CH,CH,CH,-, -CH,CH,CH,CH,CH;- or -CH,CH,CH,CH,CH,CH,-; and
Z is phenyl, pyridyl, vinyl, morphinyl, phenanthrolinyl, naphthyl, furyl or
benzo[d]thiazolyl; and optionally substituted with one or more substitutents selected from
the group consisting of -CHj;, lower alkyl, fluoroalkyl, -OCHj3, -OCF3, lower fluoroalkoxy,
20  -F, -Cl, -Br, -1, -NO,, lower alkyoxy, -NH(lower alkyl), -N(lower alkyl),, -CF3, and 3,4-
methylene dioxy.
In certain embodiments, the invention relates to any of the aforementioned

compounds and attendant definitions, provided that the compound is not

el
HN/\@O> HN
cl Sy g F "
> P o
N or N , wherein J is Cl, OCHF,,
25 OCHZCH}, OCHZCF}, O(CHZ)ZCH}, OCH(CHg)z, O(CH2)3CH3, or O(cyclopentyl).
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25 OCH2CH3, OCH2CF3, 0(CH2)2CH3, OCH(CH3)2, O0(CH2)3CH3, or O(cycl opentyl).
WO 2011/ 011522PCT/ US2010/ 042759 In certain enbodi nents, the invention
rel at es twoany/w@iszzhe af orenmenti oned conpounds and att erd&rus2aefHiaTse i ons,
wherein nis 0. In certain enbodinents, the invention relates to any of the
af orenenti oned conpounds and attendant definitions, wherein nis 1. In
certai n enbodi recirin ¢rhisodimeenttho mveetiat ektd¢sdo any obHthe tabemtroerent i oned
conmpounds and 5 tte(sdant de({ei nitions, vvher.e'bn nis.2. In.certain. .
enbodi menfITPIHES FRY RTRIGH GeEPLIAY WRFTERY BP- {Theer@ibrBhetinreiddc dbiiptthds

and at t endafts @ehl Bt tHoISe MBS R opbind: anki Rt Rl Al BIRRANAERIS, istihe
invention relates'to any of the aforenentioned conpounds and attendant

def i ni ti ohseerighre¢rabadiments, the invention relates|tn age pf thie pfaeoaioned cempeyrsls and
invention relates.tq.any of the aforenentiopned 10compounds and attendant
ot i1 1 oRLTARHERERRioR ety 31 T CHERN ¢ RRGERP S RS L R bRE

i nvent i onof @k af@smbfioddY cOhpdilirls ahehedRphi QfaticnoPRtedS iand Iatéendant
definitions, wherein Yis - In certain enbodi nents, the

Y is -CQ(H)=.
i nvent i oncMBdMEast o AMENEen FECHIDENE 98 Hic AorsaIcEBoRsd FREDOBRdS At i RNt
definitio wher e ' N=. 15l n certain enbodi nents, the invention
rel ates tgé%nr%; ofg}thﬁreeﬁa gsr{émenti oned conpounds and attendant definitions,
wherein R is - h cdraircanbalimeeisirbdinventicn retdas tb aueof ihonforemattemetio any of
the af orenenti oned conpounds and attendant definitions, wherein Ris |ower
al kyl 1&r pyRRIUNdS g tignggnt defipitiogs.tdicieiB pbisdf-ents, the invention rel ates

to any of the %{_{%Hrﬁi@é’iﬁﬁ&l%?ﬁgn@,%@ %mw&% ahy ?ﬂfﬁ@!&?or%@ﬁtiﬁn%hons,

wherein Ris - n certain I ments, e invention relates to
any of theorapamdsend attandantclefpoionsisvienen at se@ddt definitions, wherein Ris

-CH2F, -CHF2 or -CF3.In certain, enbodinen the ipyention relates to any

of the af or et FEHELCBAEBGNGSNH LI TE o d6Y PRITERBHST MRS n at only
one R i scoibounds 684 hidndaerRadiBAwherdiR®R dsONention relates to 25 any of
t he af orementi oned conpounds and attendant definitions, wherein only two Ri

are -1H. I n ceht edridireerboaiiimenis.sthe trveniionastat¢ssn ane phthe sfaremeanijongd t he

af orenenti oned co und nd.att endant .definjtions, wherein only three R
are -H. Iﬁo%l%?lfngis %P(g%%@?%e%{igmp%é’va}}eﬁ?}%n 1?6#11' relates to any of the

af or enent i onedix@maolddsoAmIntal the iedntiord@fatdith a8y 6 thaha&rembntadnel east one R

is -NH, -d, -N&, -1, or -
compounds and attendant definitions, wherein R is lower alkyl or lower fluoroalkyl.
In certain embodiments, the invention relates to any of the aforementioned
20  compounds and attendant definitions, wherein R is -CHs.

In certain embodiments, the invention relates to any of the aforementioned
compounds and attendant definitions, wherein R is -CH,F, -CHF; or -CF3.In certain
embodiments, the invention relates to any of the aforementioned compounds and attendant
definitions, wherein at only one R' is -H. In certain embodiments, the invention relates to

25 any of the aforementioned compounds and attendant definitions, wherein only two R' are -
H. In certain embodiments, the invention relates to any of the aforementioned compounds
and attendant definitions, wherein only three R' are -H.

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

compounds and attendant definitions, wherein at least one R' is -NH,, -Cl, -NO,, -1, or -
30 OMe. In certain embodiments, the invention relates to any of the aforementioned
compounds and attendant definitions, wherein at one R' is -NH,, -Cl, -NO, -1, or -OMe;

and at least two R! are -H.
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30 Ove. In certain enbodi nents, the invention relates to any of the

af orenenti oned conpounds and attendant definitions, wherein at one R is
-NH2, -Clwo-2naa11s2e, or -OMe; and at least two R are - BCTMS2010/042759

2011/ 011522PCT/ US2010/ 042759 In certain enbodi ments, the invention rel ates
to any of the aforenentioned conpounds and attendant definitions, wherein
R2 is -CH3. | nlcerta emlmﬁ)mdiltmhe syvettien ichyerto iaoy of e af@smeticary of the

af orenenti oned co at t endant .d fi.ni iops, wherein is -H In
o o B R AR B e AR oBh bteif B 1 1 s A b B + o
conpounds ARk fepRcad ngsf ihe 'a?dr@ﬂﬂ@nﬁdﬂ%@ tEhPolRdls lafd BtdidaxyRiikmlons, | n

certain enbodi ments, the invention relates to any of the aforenentioned

conmpounds whaimR snbiaht catiefii embadimentsithe aienticearelages-tory of thecer t ai n

enbodi t he. i nvention rel t ..0f the afageenention conmpounds
onaat{ entipheraiieniy SoroEmel fafhfhod @E¥ioghs WRed R R SAR L nc et he

i nventi on r el atiegertath @iboddinchiehd thvah@irereRids toRARF o ORREsBESntasdd at t endant
definitions, wherein R3 is hydroxyal kyl . In certain enbodi nents, the

i nvent i oncerapeinds apdatipglangfdefinigios, o*rléaﬁ@nﬁ ohddc Bryssianoambasdments éh@lant
defini ti Oﬂﬁie?tm {eﬁa't& tgz%nﬁl 8¥ ﬂlg_ligorer?l idRad cgrnEb Cﬁd@ afi§ Eﬁéf Qnt cfggﬂﬂ orﬁ's:'nt s, the
orene

invention re to any t e ntro oun tendant
definiti omerevmg?‘ Bi-HL. Rchrsun bt eRs, thSln’Vbhtlo'ltﬁﬂefht@&bhﬁy of éwbodi ments, the
invention relates t t he af orement j oned corrpoglnds and endant
defintqi oﬁ@re%’éﬁoé?‘ﬁ%@li’%md@and a@ndantheﬁﬂmons N( HARR & 9"-3’ aﬁ‘ry CH2-. In

certain enbodi feaysi, LhSodiRYRY ttheﬂw%ﬁﬂlvﬁl%ﬁtésqoaﬁyop{h puleALATRREN! | oned

conpounds and atten initlions erein ower
al kyl)-. btompamdaamd amdmcdelmtrrbﬁnﬂ],ons veheirein @At rHyx ak?alias H.dn aeryainf t he

af or enent i o unds ttendant Odefinit wher e H) -.
" cer tai HOBHBBUNRERE <1 P8 e of s meb SRy ol PG gri Rt ohed
conpounds dgdtist g,@g@mRﬁﬁanhﬁdRhfs,_}ymerel nnisOor 1, Xis -N(H-; R
is-H R3is -H and Ris -H In certain enbodiments, the invention rel at es

to anys of the hf@ﬂr@nﬂemqumdntwb@moumrem tatanjenﬂtd@ntaquemﬁmnqnued)ns wher ein

Zis 4-pyrid ) stltutdvm stlt
sel ected f§'0 oﬁ?lfnﬁ at? nd}é%tnse?s oty Vot OWET ﬁ?‘f&gr %J(? e(%rao

OCH3, - OCEBI,-.I IQV@’r’talftﬂ dﬂﬁfo@ﬁhéﬁ@%)ﬁhe 1nFentr0@|relateBl’co ami of thé\@rerh@iﬁi@hecw ky oxy,
-NH(l ower al kyl), N(Ilower alkyl)2, -CF3, and 3, 4-nethyl ene dioxy.
certain ereppRuRdhead attgndantleBationn ‘wherein &sist By (Hnypr oN (19W§r %lkﬂber%ﬁﬁ@ﬁt%ed

embodiments, the invention relates to any of the aforementioned compounds and attendant
20  definitions, wherein X is -N(H)-.
In certain embodiments, the invention relates to any of the aforementioned
compounds and attendant definitions, wherein nis 0 or 1; X is -N(H)-; R?is -H; R* is -H;
and R is -H.
In certain embodiments, the invention relates to any of the aforementioned
25  compounds and attendant definitions, wherein Z is 4-pyridyl optionally substituted with one
or more substitutents selected from the group consisting of -CH3, lower alkyl, fluoroalkyl,
-OCH3s, -OCF;3, lower fluoroalkoxy, -F, -Cl, -Br, -1, -NO,, lower alkyoxy, -NH(lower alkyl),
-N(lower alkyl),, -CF3, and 3,4-methylene dioxy.
In certain embodiments, the invention relates to any of the aforementioned
30  compounds and attendant definitions, wherein Z is morphinyl optionally substituted with
one or more substitutents selected from the group consisting of -CHs, lower alkyl,
fluoroalkyl, -OCH3, -OCF3, lower fluoroalkoxy, -F, -Cl, -Br, -1, -NO,, lower alkyoxy,
-NH(lower alkyl), -N(lower alkyl),, -CF3, and 3,4-methylene dioxy.
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30 conpounds and attendant definitions, wherein Z is norphinyl optionally
substituted with one or nore substitutents selected fromthe group

consi sti nyoab1vi@H? | ower al kyl, fluoroal kyl, -OCH3, -O0EGE3/UShawe®r2759
fluoroal koxy, -F, -d, -Br, -1, -NO2, |ower aI kyoxy, NH(lower al kyl),
-N(I ower al ky1) 2, CFS and 3, 4- met hyl ene di oxy. WO

2011/ 011522PCT. mﬁzﬁﬂlﬂérﬁu@ﬁﬁ@ms the mvbmtlcuerreimsrto anpofiiheefdrsmettivmed nvent i on

relates to an f ot eafore ntione d nd attendant defi.nitions,
wherein zoeEpounds ad st YRR GIEN PR IR ¢ Ind- TniarPrsione Y Subsiiated ik 90t ent s
sel ect ed §f QBtd BsEHLRHR sERBSH %hﬂ@le%froup%msﬂlﬂg"@fr Cqug!(MIWVGI' Blk&lprfl%fdﬁ}ﬂyl
-OCH3, -0CF3, |ower fluoroal koxy, ower alk

- NH( | ower (aCkIy,l pCPBle(VIGDﬁlJewroallkkm)E,, -CIGBS, - Iampzslwemumiqen&moma
certai ne i NV nrelates to any of the aforerrentloned
corrpouﬁdsng %{té{ﬁ@'ﬁba' ﬁ? gkll?g evﬁﬁ%’fel n Zis 1-naphthyl or 2-napthyl
optional Iy subgd ¢etrtahe@lnwcﬁﬂﬂe@t@ &he [nveﬁtﬁ(fh RUAS!th aby 6Nths a&ﬁbﬁ@ﬁtﬁﬂleﬂr om t he
group consi sting of -CHS, | ower al k yl, fluoroal k%l 0CF3, | ower

f1 uor oal kesypounds andpttendgpt deﬁmtlonmazheml@\zelﬁ Lapy x{/or %oamhxllm@nalbn kyl ),
- N(I ower @%ﬁfﬂ%&i w1t1§g orarﬂgre%’uﬂ tﬂﬁtte{?% ls&@&e&’?rgﬁtge §¥oulp co£§1§tﬁlg]c§fab lower

enbodi nmen e |nven Pon relat oremnen hpo unds

and att endigt, fidefdatkiyl,i-OG3H;, VOEF gilowet ﬂuﬁrdaﬁmg[ 4] t@l, 2oL, BN@4, lower alkyoxy,

benzo£ d]t hi azol 6-y1 optional lli‘ Bubsti tuted with one or nore substitutents
4

sel ect®d tNGHPYREAGYIHUD (oBisE thB:f, angpg-metgyienc dioky |, £l uor oal kyl ,
- QCH3, - 0CF3, H’Wanf c%rﬂ%d?ﬁk s m'v%ntio'nQdatesEB any bf the%!@ﬁ' pugr al kyoxy
y13’ IS,

-NH( | ower al ky ower a , ene dioxy.In
certain endnommelsmsd atltdmdamtrdﬁﬁnttions; wielraih &sis ﬂom@@ﬂneﬁzoﬂ-ﬁ@l@f beenvbdithionéd

ds_and tt t whe Z | opt |
cubbt tur 63T apRenBReT o b ane BT afonbstQuficeiBien i MR ituptisine
consi sti ngf afpy, %r al@\rﬁtuo%a}w ddfmpt@@w%werf%f&um;%clﬁﬁ Cl,OBELL, -NO,,
fl uor oal koxy, - , lower al kyoxy, - I’—I(Iower al kyl ),

20- N( I pwetover l@&kypzy -Nﬁ(B)weaﬁthQ; M@mvenwlﬂefrh)e &iFexa)nd 3,4-methyllenectiertyalinn

embodi ment S I’%he cﬂveeﬂ‘gl re]mr enf?l nrelatest r% fft % T %r ?ma tcI %nedn(i: rraounds
and att enS3HE 8“1]9? TR wherdt Fne e y8 AT RgeBtione R ﬁ’y\l 3patn| onal |y
subst i t ut geertiufticBARioAE, WRMEin T PhiityIopnbRlL eshe&&aéd f)vﬁtﬁrﬁnb ben@ioup

consi sting of -CH3, |ower alkyl, fluoroalk , -0CF3, | ower

f 1 uor oal kesbptitutqnts sefgcted_fgpm the grouwswrlag\e¥ (?ahlwwv al%ﬂw%koér Qfiyl ),
-N(1 1 t
(1 over ghky l(?vrer fﬁFﬁ?an?d}g{y%d QE%P?FN e&gb?éryalkyd&gg &) £ | ment s,

the invention’rel ates ntione ds a ’attendant
def i n2@ i ons(lowtredllely, +CHisarfll 4-nisthyferiesdiet(.H) -; and Z i s phenyl optionally
substi t ut ed vmth one or re suPstitutent sel ected fraqmthe, gr

up
consi sting of 10 ¢SHEIN ¢IRRRGIMENIRFAC IPVERARTLIGHaESH 1O an ¢ alqyeipantiqnsger
f1 uor oal ka?w 0 nli_is an(gattend‘%{t dieﬁhltlonb\l%ere?lg hQysTo "11] Mﬁpheﬁh@pﬁ%&ﬁlyal kyl),

- N( | ower yl ene di oxy
substltuted Wlth one or more substitutents selected from the group consisting of -CH3, lower
alkyl, fluoroalkyl, -OCH3, -OCF3, lower fluoroalkoxy, -F, -Cl, -Br, -I, -NO,, lower alkyoxy,
25  -NH(lower alkyl), -N(lower alkyl),, -CF3, and 3,4-methylene dioxy.

In certain embodiments, the invention relates to any of the aforementioned
compounds and attendant definitions, wherein n is 0 or 1; X is -N(H)-; and Z is phenyl
optionally substituted with one or more substitutents selected from the group consisting of -
CHjs, lower alkyl, fluoroalkyl, -OCHj;, -OCF;, lower fluoroalkoxy, -F, -Cl, -Br, -1, -NO,,

30 lower alkyoxy, -NH(lower alkyl), -N(lower alkyl),, -CF3, and 3,4-methylene dioxy.

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

compounds and attendant definitions, wherein nis 0 or 1; X is -N(H)-; R?is -H; R* is -H;

and Z is phenyl optionally substituted with one or more substitutents selected from the

20



In certain enbodi nents, the invention relates to any of the aforenentioned
conpounds and attendant definitions, wherein nis 0 or 1; Xis -N(H-; R2
is -H R3woO20t112ad Z i s phenyl optionally substitutedP@rfus2an®42959 nor e
substitutents selected fromthe WD 2011/011522PCT/ US2010/ 042759 group
consisting of -CH3, |ower alkyl, fluoroalkyl, -OCH3, -0CF3, | ower

f | uor oal kgropp cefsistingl of -€Bg,, lowkr, alkiNOBnoroelkgl, -QCKYy0CF 35 Nk flueroakkoky,l-F,

he | nventrlofPY a 3G w STl S PGS SrnShr N OHie JEORp O e ahd at  ondant

definitiopggthyMiRriggdy. n is 0 or 1; Xis -N(H-; RRis -H R3is -H Ris -H

and Z is phenyl optionally substituted with one or nore substitutents

sel ect ed from therigrmempbatmsitstthegnvehtionGieBites| toway obithkyforemenfomed| kyl |
-OCH3, . -0CF3, lawer,fl uaroal kox) E, -G, =Br, <l. \ o2 .oneral kyoxy,
TN er S Ropne g SRR f R, e ish gt 4 3¢ AOTTIRIE R B3 H e

aspect of it e ahdYa0pheyl bpicrbR$ sidtituit&PRRRBAlof BPFemBRite@niYclbociglom | | :
R IN YNR Il or a pharmaceutically acceptable salt, biologically active

met abol i t Bic aseneansisting et 4if, loyras iy fluermil o HorOSFelevrrdbivsralkarer eof ,
e 1ol AR B o 0n. Budf piftionf RS, BHIRAGN(er Fk .-, LA#SL- 21 1

-CH3, |ower
methylene dioxy.

10 One aspect of the invention relates to a compound represented by formula II:

R1

I

or a pharmaceutically acceptable salt, biologically active metabolite, solvate, hydrate,
prodrug, enantiomer or stercoisomer thereof, wherein
15 nis0,1,2,3 or4;
Y is -C(R")= or -N=;
R is -H, lower alkyl, -CH3, lower fluoroalkyl, -CH,F, -CHF,, or -CFs;
R' is independently selected for each occurrence from the group consisting of -H, -
CHs, -F, -Cl, -Br, -I or -NO3;
20 R” and R are independently selected from the group consisting of -H, -CHs,
-CH,CHjs;, -CH,CH,CHj3 or -CH(CH3)y;
R*, R’ and R® are independently selected from the group consisting of -H, -CHs,
-CF;, -OCHa;, -OCF;, -F, -Cl, -Br or -I; and
R® and R’ are independently selected from the group consisting of -H, -CHs, -CF3,
25  -OCHs;, -OCFs, -F, -Cl, -Bror -I; or R® and R taken together are -OCH,0-.
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R1 is independently selected for each occurrence fromthe group consisting
of -H - CH3, -F, -d, -Br, -1 or -NO2; 20R2 and R3 are independently

sel ected Woamltﬂhﬁzgroup consisting of -H, -CH3, CH2CH3pPCT@S2@6ACI439 or
-CH(CH3)2; R4, R5 and R8 are independently selected fromthe group
consisting of -H, -CH3, CF3, -OCH3, -0CF3, -F, -d, -Br or -1; and

R6 and R7 are imdependebddimeste]tbe irvdntionomldtdsao gnpupthe afisementiogiedf - H, - CH3,
-CF3, 25- - 0CF 0 and R7 taken together are
- OCH20- . C‘W@’%ﬂiﬁ@ii%%é?’t%ﬁﬁ@%%’@%ﬂ’éﬁ‘ée}%thm thECofRowkY§ 3 erbod: mont s, the

invention relates to any of the aforenentioged conpounds and attendant
definitions, provided that the corrpounCI Cl O In certain

enbodi nents, theyjmreptiprorel ates tg @ he af orenmenti oned 5conpounds
and attenq::ftnt def|>/\/n ein n S 0. In certain enbodi ments, the
inventionTe 3 o the r ti oned conpounds and attendant
definitions, egh n is 1. enbodi nents, the invention rel ates

to any of t he af o'Nenentl onecbrconpound% and attendant definiti ons, wherein n
is 2. In certalj nvent | at e of the

L or enent | onea mesHar SR, P8 iy N sPis 6 ik S ke e ioned s |

certain 1lGophieds aRNDbtEondhit@ichiRiRAL, vetierignas @S It @cr@ﬂyerﬁlf)odlﬂﬂ@nt@ftﬁé efRptidroned
conmpounds and attendant definitions, wherein nis In certain

embodi mentaates teany o) din dfesmeationedsomponnds v attnla,daaf defaviéonsi wheigincoigounds
and att enﬂ?&trtaﬂte&hﬁ'dcﬁﬁtgﬁ'@, thRERSh K1 o %&) the aforementioned compounds and

attendant definitions, wherein n is 2. In certain embodiments, the invention relates to any
of the aforementioned compounds and attendant definitions, wherein n is 3. In certain

10 embodiments, the invention relates to any of the aforementioned compounds and attendant
definitions, wherein n is 4.

In certain embodiments, the invention relates to any of the aforementioned
compounds and attendant definitions, wherein Y is -C(R")=.

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

15  compounds and attendant definitions, wherein Y is -C(H)=.

In certain embodiments, the invention relates to any of the aforementioned
compounds and attendant definitions, wherein R is -N=.

In certain embodiments, the invention relates to any of the aforementioned
compounds and attendant definitions, wherein R is -H.

20 In certain embodiments, the invention relates to any of the aforementioned
compounds and attendant definitions, wherein R is lower alkyl or lower fluoroalkyl.

In certain embodiments, the invention relates to any of the aforementioned
compounds and attendant definitions, wherein R is -CHs.

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

25  compounds and attendant definitions, wherein R is -CH,F, -CHF, or -CF3.

In certain embodiments, the invention relates to any of the aforementioned
compounds and attendant definitions, wherein R'is -F. In certain embodiments, the
invention relates to any of the aforementioned compounds and attendant definitions,
wherein R is -Cl. In certain embodiments, the invention relates to any of the

30  aforementioned compounds and attendant definitions, wherein R' is -Br. In certain
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In certain enbodi nents, the invention relates to any of the aforenentioned

15conmpounds and attendant definitions, wherein Y is -C(H)-=. I n
certain ewbadivmami2g, the invention relates to any of thecCafusc@npmt7soned
conpounds and attendant definitions, wherein Ris -N=. In certain

enbodi nents, the invention relates to any of the aforenentioned conpounds
and att enehaht)didnhtsnihb iimrmtiomk@atai o aRyio$ therorzﬁientimmdtcampoem:smnﬂmHam(kmt t he
i nvention,r Iates &Qf af ore tione ounds, and attetgant
def i ni ti oASTMIGARS, ¥ ﬁret-@ slsl -buldrcerpigym “P?}%e ef’inu t’é’é}lr ies g ﬁnyc%trr] Qi n
embodi MeNfKrerhdiRioh8Y ESHhpARRIS BAPHRI AR RNYitihs, t\xheraﬁ R ). gRRErtHRMPOUNdS
and attendant definitions, wherein Ris -CH3.” In certain enbodi nents, the

i nvent i onembpditsstst the amgenbbn rehascafocmg o tei a(fmedle%@tm&mumdsn@mdatt@@mant

defini%LOE%mﬁ ere -EEE -CHF2 or -CF3. In certain

enbodi € gHt oﬁ Pates to any of the aforementioned conpounds
and attendant ﬁeédrfam ¢rARSdimehts) tBé thvBhtidrSretdtes th Ang 6f thalaforembRding@nt s, the
invention relates to any of t he aforenentloned conpounds and attendant

def i ni ti oA@MPeYAEp andhatindpry deginitiops, vehareiRiR, ietHh ol Geeimsembademenindhe i on
Ijg:‘ ?n?ts i gﬁlsvgﬁw lfelatt&%?al%%’ 8%%%%%%@@?%?%8% gﬁ%@é@ ‘%@1{9&0 10/ 042759

enbodi mentvéercirhR? mn@EBLCﬁnCHgIQ}QQHbﬁHany(mﬂ«ngzah@e&nanhmod@ﬁmeoﬂﬁounds
and attendant def|n|t|ons wher. ei n a In certain e di ments, the

i nvent on!VentTElAes ARy gf the ﬁ@ramema% Pplaaeﬁldéa ailsndantdedingiongndant
definitioggercRFRI-EHR s -NOG2. In certain enbodlnents the invention
relates to any of the *af or enent i oned conmpounds and at t endant 5definitions,
wherein R is h@%ﬁmﬂwmb@hmamﬂthﬂhﬂdﬂMHﬂKﬁﬁaMh@nynﬁémmﬁﬂmnmﬁkwtés to any of

the aforenentio ed o) ds .and att.endant .d tions erein -H.
| cor t ot o BROas A R AR BRSNS R e B GRS oot | omed
conpounds;RRgkicH Iteﬁ'a@éteta tanp 8f inRiatdrOMsntionde "c@rhﬁmff%s lafid adilant d@ﬂ%@ld%s

-CH2CH2CH3 or -CH(CH3)2.  In certain enbodi nents, the 10 i nvention rel ates
to anys of WthhlenaRotseﬁéiat-CHnGHs,c@ﬂrbGHnGHs andCR{GRDd dnteetaihienibodionsts, Wieer ei n

b TR AL M TN T R
certain eqha@nngnﬁsc}ghe invention relates to any of the af or enent i oned
conpounds and attendant definitions,

In certain embodiments, the invention relates to any of the aforementioned
compounds and attendant definitions, wherein R*is -H. In certain embodiments, the

20  invention relates to any of the aforementioned compounds and attendant definitions,
wherein R* is -F. In certain embodiments, the invention relates to any of the
aforementioned compounds and attendant definitions, wherein R* is -Cl. In certain
embodiments, the invention relates to any of the aforementioned compounds and attendant
definitions, wherein R* is -CH;. In certain embodiments, the invention relates to any of the

25  aforementioned compounds and attendant definitions, wherein R* is -OCHs.

In certain embodiments, the invention relates to any of the aforementioned
compounds and attendant definitions, wherein R’is -H. In certain embodiments, the
invention relates to any of the aforementioned compounds and attendant definitions,
wherein R’ is -F. In certain embodiments, the invention relates to any of the

30  aforementioned compounds and attendant definitions, wherein R’ is -CL. In certain
embodiments, the invention relates to any of the aforementioned compounds and attendant

definitions, wherein R’ is -CHj. In certain embodiments, the invention relates to any of the

aforementioned compounds and attendant definitions, wherein R’ is -OCHa.
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15 wherein R3 is -CH3, -CH2CH3, -CH2CH2CH3 or -CH(CH3)2. In certain

enbodi nents, the invention relates to any of the aforenentioned conpounds
and attemsarpiidaiszai ti ons, wherein R3 is -CH3. |In certaiPoTarsbadionnt s, the
invention relates to any of the aforenenti oned conpounds and attendant
definitions, wherein R4 is -H 1In certain enbodinents, the 20 invention
relates to anylméertaheeratbmﬁmmmthehezdnmmewe aandf @it taéorcimottiched i ni ti ons,

wherein R4 is - certai p_enbodi nen tion relates .to any of

the. af or cHuRbBHE AN e REARRE S VBAIAR Sk hi ot O dhdR6FREiRa 1o - O
In certai BnBsRARILhIEIL Savchil6n IMEND! B of BlBifSR nicRHGN c%lpbﬁﬁdsaahﬁraﬁ%hht oned
conpounds and attendant definitions, wherein R4 is -CH3. In certain

embodi mentefinitios, whersiit R dis -Hellacesain emangimghts e IXENAOL relatentol anyed the

conpounds _and att endant def.i ni ertain
enbod rent Grerp Ak oRGEbRdRa: Bt G8%n URGRoR et BB SR conpounds
and att eneaet)dlﬂ@htsmh% iBRStioNRedted 1 A dfﬂledfbrehﬁnﬁ@{éd%ﬁlp@ﬁmcﬁnﬁﬂﬂhﬁant he
invention relates to an ¢ Of the aforenentioned conpounds and attendant

def i ni ti oAefinifiprss wheremsR| i -CE. Injgertaiarambiodinaerin diramensioniralatas iy amt 9ighe
relates t d e

definiti o%fsom nqmn&bg@&u%fdg%ﬁ?mﬁkh%%ggﬁgmg)le’v g%lﬁlﬂt lsatgrtrhzt(Ei ?érﬁ/ent ion

rel ates temancymmﬁtst the iafontiemestite Ooedy of ralindmcatichedtcoaipdamds aidfaitondanons,

wherein RS (s - In certain enbodinents, the invention relates tg any of
t he at®r eﬁ%fmltlmwh%wp%uﬁdg{an&l %&rtaaqaamdlasttﬁﬁht inyRationfekites tA AR 0?

W iy &%ﬁéf[( Qc{ S AR £RE fENts, the
i nventl on rel at gg %c'g an P@%ﬁdl ére?e%n?ﬁtlglnseg\}ﬂggﬁpou?ds@%mpgéttendant
def i ni ti opmbodihensi the Rovengon H,latesFt;o angzto;f theBiforementioncdrroopotuadsrand mitoatament s,

t he i nvention.rel ates.tos an fore tio ound and attendant
ESRU TS et e MR i R A G bR Ay

relates t qleaa@areatmtcttﬁd%aﬁ@b@mrahuqaamaﬁpt{eqﬁﬁtt&ﬁ Rtk Eodant, defini tions,
wherein R6 is -F. In certain enbodinents, the invention relates to any of

t he atdrenent i bnextadoemeadiasntaritic veeiintaretatebed iany of GrgforamentisingdRe is - O .
In certain_enbho entl n_r.elate of the nment i oned
conpounds an%ount(a? at% nd%llg[fqehn 1°6tisY emﬁtleerelmné%Pakgn OlgFtheﬁ Hec @&?%8

embodi ments, t hecdrmmeahbwmwls atha&wte@namela@és th taﬁy af oeef®ehtaiRdd conpounds
and attendant 10definiti ons, wherein IS . In certain enbodi nents,

t he i nvent9mBpoundp at@%ttqnéa@ré?ﬁaﬂmhéNW@n &néhtH oﬁe@lccﬁméulndg cai@nat t endant
def i
efini tiopg, oéﬁ’ﬁl%p{%' ﬁe'ﬁﬁ%e'nﬁon gl_'%es ok 9%&4}%‘ éto%g@gﬁég%%t {ogwaﬁﬁbfé a@ﬁ%ﬁ%}id“ Bns.

relates to any o aror enent I oned conmpoun
wher e2 RécefirsitiorCHBerelmREBI-Hai N enbodi ment's, the invention relates to any

of the aforenenti oned conpounds and attendant defi |t|? V\,her in R6 is
~0CF3. 15In cef SArRsmbRATREMpsthe fysntion e ‘?Séﬂ aP7éP QTBm t he

af or enent bﬁﬂ?&{m%’gﬂ@%@ﬁaﬁﬂgﬁﬁftfoﬁQQMelﬂ?{fg'1§'H' ons, wher ein R_6 and _R?

t akent oget are - I'n certain enbodi nents, the invention

rel ates to anyOaof aspivet afftbe ewemﬂmm@desdomoumdsnchnd a@harmvdamttcaﬂgﬁfcwptabbns
wherein R7 j |nents t he i nvention

.-H. -F, -d, -
o ates. t ot fiptbhicdluaciii iRl Rotbtss: CREGTH a8 ARSI AT SefeD ot

e

of \N

25  thereof, selected from the group consisting of
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20definitions, wherein R7 is -H. In certain enbodi nents, the
invention relates to any of the aforenentioned conpounds and attendant

definiti one,20imaie2n R8 is -H One aspect of thePCmusSee0om75€] at es
to a conmpound, or a pharmaceutically acceptable salt, biologically active
netabolite, solvate, hydrate, prodrug, enantioner or stereoisoner WO
2011/ 011522PCT/ USZQI0ANPARFF2 H eutical | yyec€cepthabl e salt,

bi ol ogi cald i _activ =@- ife | vat e, rat e, od ug, antiomer or

st er eoi soner eotN Oln I "NenDodi Frent e N nvEnt i®@n rel ates
to any of the ntioned co and attend nitions, wherein
the conpound is an autophagy °i nhibitor; and the ECso of the autophagy

inhibitor is | ess thanfFabout 100 nM In certain enbodi nents, the invention

relates to any one Qf jflhe aforenentioned 10 compounds, wherein the conpound
i nhi bits aut ophady” wi n 1Cso htNhan about H /\©\
cl SN F SN g ON SN cl
@

N/) , N/) ,
HN/\C[F HN/\© HN/\©\
N/) 9 N/) 9 N/) 9
CHs
HN/\© HN/\/\© HN)\©
cl Y cl SN O,N Sy
N/) , N/) , N/) ,

CHs CH, CH,
HN/_\© HN)\© HN/\©
OzN\@N cl \n CI\@N
5 N/) , N/) N/)
e
HN)\©\ HN/_\©\ HN 0
OzN\@N i OzN\@N - OuN \n
N/) , N/) , N/)
HN/\©:CF3 HN/\©\ HN/\C[N\>
@N cl F\@N cl F\C(KN S
N/) , N/) , N/) ,
of CHs
HN/\/©/ HN/\/©\F HN/\/©/
F F

~N =N ~N
@ @ @
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[tM In certain enbodi ments, the invention relates to any one of the

af orenenti oned conpounds, wherein the conpound inhibits autophagy with an
| Cso of Iwexottmams2about 5 [tM In certain enbodi ments, wPrhe/uspuensizen
relates to any one of the aforenentioned conpounds, wherein the conpound
inhibits autophagy with an | Cso of |ess than about 1 15[tNl In certaln
enbodi nents, the inve relates to a neé of the afore ;
conpounds, wherein th
than about 750 RN

g 4 t
of the af ¢renent oned ceppornd ereln the (o nd nhlblts aut ophagy
with an ICSu I s than abg 00MM In certal nbgglnents t he
i nvention re o any one af orenenti on npounds, wherein

t he conpound |nh|b|ts aut ophagy with an I Cso of |ess yhan about 250°nM In
certain enbodi nments, fvent i on relatesii any one of th

conpounds, wherein th pound i nhibits gjphagy with an

than about 100 pk ¢ 1/ 011522RGJ+HS20%0 $042759 HN ertain
enbodlnen%s t he |nventkon re}ates tp any ghe gf t he &f or ementj,oned
conpounds, Nt he conpoun airN nhi bi t or t hagy; “ahd the
conmpound do t,ﬂnhlblt PDqu::EIjZQtaln enbod t he i nvention

relates to any offe of the af.orementi™ned 5 compounds, Nwhereln t he conpound
i nhi bits both autophagy and PDES the conpound hasc@n autophagy | Csg_of

bet ween about 0.001 [t and about 10 ul VI; " the ratio of t he”PDES | Cso
to the autophag t ween about 18 amd.about 50. In ce 3

enbodi nent s, éNlnventlonC%Ehates to'gny one of the afore

conpounds s nthe conpound fingp s\bot h aut ophdg 5; {he
conpound ha atg ophagy 1Cso of gu about 100. 00 |_Jand about 10

betmeen about
invention relates to any one
npound i nhi bi ot h

gy | Cso ofi~b about

of the PBES TCso toCthe

ulVI; and the*rano of the PDEj | CS§ toi"t he autophagy | C8
50 and about 100. In certaln enbodlnents th

of the aforenentioned -ounds wherein th
aut ophagy and PDE t he -ound has a
0.001 [tIVI and" bout 10 [t Mgl : and i

aut ophagy F et ween aboutf~108yartdyabouf! 1,000 158t ai n conpounds of
the inventi ig have aci dic |t//ments may e {_ag salts with
phar maceutic Naccept abl e bases~>Tha&"present | nven i ncl udes such
salts. Exanples of such salts “i ncl ude sodlunlsalts otassiumsalts, | ysi ne
salts and argi niyy ese sal t s ngy~De : ; met hods known t o
those skild ed inlthe art rtaln co ounds of invention and their
salts may e FhNnDre tian Oghie sfa form@nd the present invention
|ncludes ea sﬂal form and nlxt r eof
HN HN
F tf F i} CF,
N/ 2 i 2
HN HN
F =N F ~N Cl

=N
g / LN
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Certain conmpounds of the invention and their salts may also exist in the
form of solvates, for exanple hydrates, and the present invention includes
each sol wabeoardi13z2xt ures thereof Certain conmpounds of wPhE/USementi7en nay
contain one or nore chiral centers, and 25exist in different optically
active forns. Wien conpounds of the invention contain one chiral center,
t he conpounds exi st i @nant i oneric forge~agitfishe present invention
i ncl udes both enantio and m xtures of ¢ ioners, such as racemc
m xtures. The erant may be reseiNvetD et hods known to those skilled
in the art,_ fqr ‘\anple by forgatiQn qj di astereoi soneric salts which may
be separate or/gxanple, by 30 stalNlization; formation of

A

di astereois erivatives or *h@%es whi ch nmay be separated, for
exanple, by crystallization, gas-ltquid or |iquid chromatography; selective

reaction of one enantigmer oH;t h an enantionmeL-spgcific reagent, for gxanple
enzymatic esteri for gas-liquid or id chronmat ograp @ a
chiral environnmgpt~forxexanple WO 2 CT/USZOlO/ﬁA 9o a chira

support far exanple silica with a bound chiral |igand or "' the presence of
a chiral s SNt wll be aﬁ i q that wher & Nred enantiomer
is converte o4égother chemcadl gntigy by one of |he/sep ration
procedur es deScr Npbed“tdbove, a,furitMerNStep may be,usetNToN i berate the
desired enantioneric form ternatively, speciféﬁ enanti oners 5nay|pe

synt hesi zed by asynmet hesi s usi ng of £ |y active rea ;
substrates, catalysts ol vents, or by cogrvedting one enanti into the

ot her by asymetiNi ¢ Xrarsformation. HN Wgn a conpounéNof “XtheTi nvention
cont ai ns g ex{ bag, one chiral L[, may Cexi st Fknd{ asggr eoi Soneri c
forms. The di asft er goi soneri ¢ congoun s/way be separ af /ﬁo met hods known
to those skit\BuN\Ph the art, for examy“e oN“crystal i zation
and the individual enantionmers may be separated as descri bed above. The

present invention incly &ach di ast er eoi sgaep-@f conpounds of he-S
reof. Certai s of the invent ma)y
eric forms en“as-dir¥fer@nt geonanfit-i Sefers, and

invention and m xture

exist in differen :

the presepf i vent = t aut omrer and/ og_15.geanetric i soner of

conpounds Of] the 1 Nvention and mjxt r esNt her eof . fﬁfin conpounds of
m¢éxist indiffe Kéble conf or matN 2t orms whi ch may

be separabl e. Torsional asymmetry due to restricted rotation about an>

the inventi

asynmetric single bond|'orCF%xaan e because gf gimgric hindrance or ring
strain, may permt seion of different @ ornmers. The present

i nvention incl uggs~sacheonf or mationﬁ of conpounds of the
inventionFand m Nt ures t hereof rtain conpounds of the invention may
exist in zﬁmffz[%ﬁnic form andF gnt invention includes each
zwitterioni ¢_f nybi conpounds ofl the Lhvention and mi xtures thereof As
used herein tMe NerrftMpro-drug" refers’toan agent ,which is converted into

the 25parent drug in vivo Q*:sone physi ol ogi cal chem cal process (e.g., a
prodrug on being 3

/\/©/ “Fs
HN

SN
F N/)\/F

~
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brought to the physiological pHis converted to the desired drug fornm.
Pro-drugs are often useful because, in sone situations, they may be easier
t o adm niwODen1whizsz2t he parent drug. They may, for instamrce/ush@obizyavail abl e
by oral adm nistration whereas the parent drug is not. The prodrug may al so
have i nproved solubility in pharmacol ogi cal conpositions over 30 the parent
drug. An exanple, withgat 4Ghritation, of a pro-drug would be a conpound of
t he present invenei nit is adm nist dCa&s an ester (the
"pro-drug”) to Hacitytaré€ transmttal across cel |l menbrane where water
sol ubi i ty_i s.ho \benefi cial, but thegntT et abol i cal |y hydrol yzed to

t he carboxy aC| once inside;the cell where water solubility WO

2011/ 011522RCH ﬁ F042759 is i cidl . Pro-drugs have many usef ul
properties. For exanple, a pro-dr ~be nore water soluble than the
ultimate drug, thereby facilitating intravenous adm nistration of the drug.

A pro-drug may al so have a higher level of oral pjoaygilability than the
ultimate drug. After adm Qi stgation, the p enzymatical ly or
chemcally cleaved to d r the 5ulti mat e~drdy t he bl ood or tissue.
Exenpl ary pro-drugs.+el an am ne of ajconpound of the invention wherein
the free hydrogen™of an amne is ré M (C -C6)al kanoyl oxynet hyl ,
1-((C1- akkeaoyRaxy) et hyl , 1-neth -(():1-CG)aIkanoonxy)ethyI, (C1-
C6) al koxycarb ox;ﬂmst hyl, N (G -C6)afkoXycar bonyl am nonet hyl, succi noyl,
yIN"a-am no( C - g4q al kamoyl , arylactyl and a-am noacyl, or
a- am noacyl -a- am noacyl wherein said a-am noacyl nojeties are

i ndependently any of the naturally occurring lHNm aci ds found in

proteins, -P(0)(OH) 2, -P(0)(0(GC -Co6)alk r gl yeosyd. (the radical

resul ting from detachnent of the hydroxyl heNheni acBtal of a

car bohydrate). ~Pharnmaceutical Co i tionss\t&5Me or nore conpounds of this
i nvention can B)éleg ﬁ%ﬁ%}ne\lgntf%nn%?%ﬁr%ﬁn pati ent by t hensBlves or in

phar maceuphdgalacQ@IRPIOS hdck prablc Whieteo b fie ¥l padiviinkesholtd, Bolbite) Bgireal Jrydrab) t abl e
carriers or excipient(s) at doses to treat or aneliorate a di sease or

condi tJ oncratigRSE Py Yargoisene thererf- xt ur es of t hese conmpounds can al so be

admini ster ed g, (i Pahb&RheRE de TRl MALUEGabe i aRithhaRIghefOr mul at ed
phar maceuti cal conpositions. For exanple, one spect o e i nvention
rel at es t corppamadaard bttadhntalefipo®ing,ivaierao nipr dosipagnd is dveruagphagy admibitor; and
effective daose of a conpound of formula | or |1, or a pharmaceutically
accept abl glesFéfffP mee&P@g’B%}Hﬂ?ﬁ’%ﬂs\}ﬁsﬁ%ﬁ%ﬁ’&Bm 1@,n¥ol vate, hydrate, prodrug,

enantioner or $f &hef SARRImMERS! ROInveAith R1RLAL ARG 61 bE@L LibrarGRRLEP! €
diluent or carrier. As used herein, a therapeutically effective dose refers

to thél anwupeundf, wirecif Sioocymopoudd arhikicnguoephdgy sithfand Cerdf 1¢ss thapsabotit ith t he
prevention, or attenuatiqn of di sease or condition scri hed herein.
e quet™ g bR Lo B hdan R e P aier Shesr o Reutosd s he

i nst ant a@&h?&al_tdh,%h&@m thREcdniield ithibie RAGHALE witklah 1EQMeds ShABoGH 5
ordi nary ski inthe art, such as "Rem ngton' s Pharnaceutical Sciences,"

Mack Publ k¥hilngedain cnfbgdimagnts, By inventiestrelewh to gy, omadihe sforemnangoness of
adm ni str g o0 F8Y%ndr@h 1R &Mcting iEbG Hidly wi¥eH e of1&S Bl about 1
15 M. In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein the compound inhibits autophagy with an 1Cs, of less than about 750
nM. In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein the compound inhibits autophagy with an 1Cs; of less than about 500
nM. In certain embodiments, the invention relates to any one of the aforementioned
20  compounds, wherein the compound inhibits autophagy with an 1Csq of less than about 250
nM. In certain embodiments, the invention relates to any one of the aforementioned
compounds, wherein the compound inhibits autophagy with an ICsg of less than about 100

nM.
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transnucosal, topical, or intestinal adm nistration; parenteral delivery,
i ncludi ng i ntramuscul ar, subcutaneous, intranmedullary injections, as well
as i ntratwecalloitizzect intraventricul ar, intravenous, i RCTASeI00ETSR! ,
intranasal, or intraocular injections. WO 2011/011522PCT/ US2010/ 042759

Al ternatively, one may adm nister the conmpound in a |local rather than a
systen ¢ mannein cdrain exbodimentsvthairvepiéot icbitesad ahyencofhpoafuderdentmatd y i nt o
an edematous site, often in a depot or,K sustajned relea e formul ation.

Fur t her moF T PRHRES rAFTIA AR paing e 1P O b HonT Y-kt dp P ica g PSS
system fQiiggwaPpss. in a |liposonme coated with endothellal cell-specific
anti body. The pharnmaceutical conpositions of the present invention
may be manuf aciuees@in embodimanierthe nyventien ictages! th aky omnof the glorerhgntipnaths of

Rk I TR U R T e S e

10Phar mac @Mﬁl!ltﬁﬁlhagﬁj(l(mﬂﬁ”ltfetvﬁﬁeﬁ ab@iit (UG (LM ang eB6@anG eV irndihé ReioRIT SEPIDES
invention thus may be fornmul ated in a conventional nanner using one or nore

physi ol ogicalt® S}leé*@@@b%@blceo kY ngbewnd angliakguiedde iIpiceriais caypadimpats, ther i es
whi ch fac gdgjeﬁtﬁc;nere&':[é%ct %p?ey gif tEe QFOr@rﬁ%ﬂtl\éﬁe({i: E’@P}g&ﬂf& \léte%tréelﬁglé (Eb%t}?otuhg ns which

can be us arnaceu roper fornu nis on t he

route of arﬂmmtslt&ﬂr attopiage hod EDES J.ﬁlEQbmlpD]lI&tﬂiaS@lﬁ autdpha@glem ef lm‘t\xzedsieabout
i nvention na¥ formul ated i n_aqueoqus qutlons preferably in

physi 8! ogP &4 W axshihot BY eMpand Biegaugeht ha YA Js toct alﬂtpewgy&fiwgér s
sol uti on, b%e&w@du@'59%&%ouﬁ%?)g@r&%fneém%mﬁeﬁtg fméfeﬁg@mﬂl're @eﬁ"t@hﬁ} ﬁﬁé' on,

penetrants appropriate to t ier to er meat are used int
f or mul at i ofithe Strrbmpeatd aum;aomde \gherelmahé gorkpmmd imbtthieothputopRPyamdor aI

adm ni str t he co ounds Iated re

Seti ve cobRbantis PR cutineey 16 ARt et ap) upLafboRlbit
the art. Miﬁe@@t(&bﬁh@P@@%hC@o tbmee SAORRAPNUS; 9§ bdthecd MHRPIOPIME Holel, 000
formul ated as tablets, pills, dragees, capsules, |iquids, gels, syrups

slurri®es, sus p@nﬁm@r@gm@ndnctsw&hq lla@entfoorwlnclahawerﬁgeisct jubstifppnta npatekeshes t o be
1reat ed. Pi]% nﬁlceﬁjt I gcaeutlg nﬁp ?ﬁ%;tl%a asfe(s) I’Tbroe pgesentS mger%lotn 1n%116$es gﬁgtf i;ah%

2500nb|n|ﬁ el a’'so excl y grindi ng

a resulti Eganﬂ?Déﬁ Uf ﬁmh@ﬁl@s intlaeessding shifg polaysinh 8ales, BIRRWItesnd abinéle sadgli ng
suitable auxiliaries, if desired, to obtain tablets or dragee cores.
Sui t abl e dReseprbnmay he areppied pamegthedsdmownitp those skilledhingge dtigar s, including

| act ose,  sucr 08y, MRBALH Ok RinSALBld Al SR O3, RLRPAr AbLARM, heh as

for exanple, marze sta rch, rice's star
gel at20n, otyswat foagiaand nidpreSt imdehtydn iweluldes @sk crystal form and mixtures thereof

hydr oxypr opyl hyl - cel | ul sodi um car boxy thyI | ul ose nd/ o
pol yvi nyl pyrro P%ﬁéown@md%q?ﬁ Ja¥FHied and thginga @P&Wﬁ@e& H%%‘e%%fw added,

such as t Etﬁ?z@t ex'a ?%y@?&ité’s\/ by Jtheg%eseﬂﬂ hdQh@n iR98des Oh {1ditdie acid or a

salt thereo suc odi'um al gi nat
mixtures thereof

Certain compounds of the invention may contain one or more chiral centers, and

25  exist in different optically active forms. When compounds of the invention contain one
chiral center, the compounds exist in two enantiomeric forms and the present invention
includes both enantiomers and mixtures of enantiomers, such as racemic mixtures. The
enantiomers may be resolved by methods known to those skilled in the art, for example by
formation of diastereoisomeric salts which may be separated, for example, by

30  crystallization; formation of diastercoisomeric derivatives or complexes which may be
separated, for example, by crystallization, gas-liquid or liquid chromatography; selective
reaction of one enantiomer with an enantiomer-specific reagent, for example enzymatic

esterification; or gas-liquid or liquid chromatography in a chiral environment, for example
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WO 2011/ 011522PCT/ US2010/ 042759 Dragee cores are provided with suitable
coatings. For this purpose, concentrated sugar solutions may be used, which
may opti omal2by/aeszeai n gum arabic, talc, polyvinyl pyrreCirdsaeo/oszsbopol
gel, polyethylene glycol, and/or titanium dioxide, |acquer solutions, and
sui tabl e organic solvents or solvent mxtures. Dyestuffs or pignents nmay be
added to bt hehiraalhshppm for cglaraplesilco a&tithruglsmfndrchiraileltgahdi ocat the prasenceof a
characterize differ onbi nat | of ac&@ve co ound dases
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and a plasticizer, such as” glycerol sorbltol The push-fit capsul es can

contain t hay&etisdto] Iihgrageiihe mitesrqdrﬁnanltmmrm formoddtemativaly,specifie pnaagiomasst ose,
bi nder suchbas s arc ricants SF % as..talc or nagge ium
stearate 3K CSptt %Sﬁ%ﬁ eb;)/a%‘[n 1“l“isz‘/ SIS UYG OPHCHL S e K iy SHRY G
conpounds c4talysther @bl&@@é v)ed b euERes1teMantibrid ih@lh€othbaby dhymrsdigd as fatty
oils, liquid paraff quU|d pol yet hyl ene glycols. I'n addition,

stablllzeﬂﬁnﬁﬁwm%@nadded Al formulations for oral administration should

be in dosages h%béo fofhd ?Fﬁl@ 11?\%%191% g‘it{etgi%%]gﬁl‘ge thak 8{16 Prgﬁaff @%nter it Ay n ges

adm ni stration, e co ositions na orm o
f or mul at edx1istnn¢1mtee¢dm@nmic fomn) @he d[%@fer@ﬁhﬂiﬂdrlstcbﬁmbonrdsbyay habatatedrby t he
conpounds for e accordin IL%%the present invention are convenjently

1

del i v&¢ edmeﬁwfiﬁ neWR %‘PS iy art dersrapisdremetogirhy emrpfﬁtélsl%ﬁlqnz ed
packs or ?’n]lelﬁlldl%ﬁ{lal eWaﬁttfbrﬁé}ggﬁ %e%% Aared! h§ @%kﬁbéﬂrﬂ)@% lﬂf%tpres%ngmventlon

20di chl or odi f | uor onet hane, tri oro uoronet ane
d|chIorotHmhak$unmammhaﬁn&nmamﬁ@nmmomxmdéﬂmﬁnwmmgnasdnh@hhmt@a&ﬂ‘In t he

case of pressurjzed aeros osage unit erm ned. b roviding
Sval ve Fo del Folfin soRapRse it el TR el FH GhaE B BER

gel atin faffuse ﬁbém@tﬁc llgamlrﬁ lan@fhel fr8dehi ﬂtl%rﬁfonrlﬁddu&@ o BMloM@dn@eRt ai ning a
powder mi x of the conpound and a suitable powder base such as | actose or

starch? zsqdr@etnorﬁpwndécmmpumés potheinventen amirmp‘éuremh@r@rf admi m st rati on by
i nj ection, bol us ctid.on or contlnuo For tions for
|y ecti on' rmybEr g R Tnb Bl B PGl T Ty b SR BB,
mul ti - dos eorERREAEHRES be Wéfababid) TakG] pyRSaEVATI resthi@ed OTRAH dbofng MRy
take such fornms as suspensions, solutions or enmulsions in oily or aqueous

vehi cl es, asymmery swghn band, fos example Sespusgehtierichiafranes eUEesigithgay permit

stabi | izi Qeq;aratlon of different conformers. The present invention includes each conformational
20 isomer of compounds of the invention and mixtures thereof.

Certain compounds of the invention may exist in zwitterionic form and the present
invention includes each zwitterionic form of compounds of the invention and mixtures
thereof.

As used herein the term "pro-drug"” refers to an agent which is converted into the

25  parent drug in vivo by some physiological chemical process (e.g., a prodrug on being
brought to the physiological pH is converted to the desired drug form). Pro-drugs are often
uscful because, in some situations, they may be easier to administer than the parent drug.
They may, for instance, be bioavailable by oral administration whereas the parent drug is
not. The prodrug may also have improved solubility in pharmacological compositions over

30  the parent drug. An example, without limitation, of a pro-drug would be a compound of the
present invention wherein it is administered as an ester (the "pro-drug") to facilitate
transmittal across a cell membrane where water solubility is not beneficial, but then it is

metabolically hydrolyzed to the carboxylic acid once inside the cell where water solubility
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30and/ or di spersing agents. Pharnmaceutical fornulations for parenteral

adm ni stration include aqueous solutions of the active conpounds in

wat er - solwbl2e1ifiarsm Addi ti onal |y, suspensions of the acPCcrascanparsds nay
be prepared as appropriate oily injection suspensions. Suitable WO

2011/ 011522PCT/ US2010/ 042759 | i pophilic solvents or vehicles include fatty
oi | s suchisdenssan®Proidiygsdavsyahnesdfal frapdritesaCodexaatpds, 8, predaly msy bt ke

ol eate or triglycerides, or |iposones ueous i njection,suspensi o may
contai n suBst SHLEE i i uftirere B88 G bu TS EEHRg kv iou® SUSHENSTBRO Bch as
sodi um cagREXKRb e ﬁﬁj{ hidb AR a BIRh& ER] of BFal HRX{4iRBIlitPRah R@ kivhatd .
suspensi on may al so contain 5suitable stabilizers or agents which increase

t he sol ubilfict ydromistiation dhppiedog s enzyimatiaaliyoer chiseiqnllységased wrdebiethghl y

concenirated sol uti.ons. .Alternatively, the active ingredient may be
in po eruglél?atsﬁ i Hég}?sb[l??du?ﬁtbsﬁu% th a suitable vehicle, e.g., sterile

pyrogen-free wakehplaBeprol®RugkS@lcase an amine SPE c6APPEIATIh IRy cidlchOvRcein the
formulated in rectal conpositions such as suppositories 10or retention

enemas, efige hy@eaemefminrgniee veplesasia (dppakinogloxymates Isehr as cocoa

b ' [ 1 f | at i d i bed
utter org,gﬁtapﬁho}%)}/@g%lkgq%ethyl_}_godlg% %g%&%ﬁgyéﬁ‘@%g ormul ati ons descri be

previ ousl e Co S nay’ a depot preparation.

Such | ongCgratkorgcdriosnyl aircting, WHE -08)atidixiy cirbéreieainbineihyhlsacdimdyil.q@,{ f or
exanpl e subcutaneously or intramuscularly or by intramuscul ar injection).
15 Thi, foerlkepartpramipg(€ <opunays anddctBant r#ingeed. ic-AmygRed ¢

pol yneric_or

ammo??ﬁéy%?qu isang %&tmel{nigg‘l yﬁ ngofieg[?es ga%(eaiglg!clgeb@%}t ﬁlga}ngzrgsfl‘g Seiurgﬁr‘glgiaﬂy an

accept abl €0l ion ang esin r

derivat i vegurfi®f L exan®h@ds RundisPatding LBOS@MR! LORINC,-Cy)alkyl ot Elyoadyl Vel y,
ot her delivery systens for hydrophobi c pharmaceuti cal conpounds be

ma
enpl oyed. (th¢ prssenessulsing fomidgpdmeenhpethadly firoxmovirihe kempsraal ofa C@r:hqhvérragﬁ)-

vehi cl es j . ophobi ¢ drugs. Certain organic solvents such
as di nmet h%gg{?g%ru 831; %%Brr)rse{gx Sre enpl oyed, although usually at the cost of

great & toxi ci Ovic oAgdird ccangdunygs of hes iaodipiou ke beaymivesteted toveh@darupdtivgt by
sust ai ned-rel ease system such as sem perneable matrjces of solid
hydr ophobffemseiveH 18 PhaRase il composits IR they aganixed vt bigggically

T
t hei r cherdescabediaireine Mixalreasfeh¢se@ompounds can also be administered to the patient as a
simple mixture or in suitable formulated pharmaceutical compositions. For example, one
20  aspect of the invention relates to pharmaceutical composition comprising a therapeutically
effective dose of a compound of formula I or 11, or a pharmaceutically acceptable salt,
biologically active metabolite, solvate, hydrate, prodrug, enantiomer or stereoisomer
thereof; and a pharmaceutically acceptable diluent or carrier.
As used herein, a therapeutically effective dose refers to that amount of the
25  compound or compounds sufficient to result in the prevention or attenuation of a disease or
condition as described herein. Techniques for formulation and administration of the
compounds of the instant application may be found in references well known to one of
ordinary skill in the art, such as "Remington's Pharmaceutical Sciences," Mack Publishing
Co., Easton, PA, latest edition.
30 Suitable routes of administration may, for example, include oral, eyedrop, rectal,
transmucosal, topical, or intestinal administration; parenteral delivery, including
intramuscular, subcutaneous, intramedullary injections, as well as intrathecal, direct

intraventricular, intravenous, intraperitoneal, intranasal, or intraocular injections.
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conpounds for a few weeks up to over 100 days. Depending on the chem cal
nature and the biological stability of the therapeutic reagent, additional
strat egi esof2or1/queeei n stabilization may be enpl oyed. TireTalsarmw@merse i cal
conpositions also may conprise suitable solid or gel phase 30carriers or
exci pients. Exanples of such carriers or excipients include but are not
limted to cal Altamataclpoometmegy Mioismwmmpmné n a/mchkmﬁlesﬂgalassystsmia:r ches,

cel lul ose derivatives, gel at.i suc ol yeth ene | ycol s.
Vany ot ¢ FETRSnBoGHIED 6t RS isp a1y A el it St Vi
2011/ 01152 3BSetlobSitd Rl LA A OoRRal B Ut i cal | y conpati bl e counterions (| :

phar maceutical ly acceptable salts). A "pharnaceutically acceptable salt”
means any non- Fosthamosd, one ay admpmIstelafdm]dmgsmraet@ngcwdtdw&derl@@rypﬁYSWm, fors

capabl VLdI ei t her I conpound or a
prodrdg o? 5“@8&58 gsgpe %ﬁ%ﬂ ﬁ@ +%% MI%QP ﬁ%ﬁ%gh?¢%ally accept abl e
counterion” i STAEph&aGediRer donfPoslonosiak Tprés&ﬂtm‘lfe‘htlﬁﬁ?TmaBIQ?élrﬁaﬂMP@ﬂJré@irﬁ‘a’is ed
fromthe salt upon administration to a recipient. Pharnaceuti cal

conpati bl éﬂa%ﬁrttg at vpijsahiekog e d. Ry e apa Al coay PrfEona netinglidngolying, a@puIarlﬁg,t ed
to hydroc I I inic, etc.
Salts tengllagEé ﬁfakﬁlgf erfsg' ﬁ% gﬁltlgﬁﬁ%n g%%? gl(l)l?ﬁ% h@t?ép%m lygphlﬁ#v%nt s than
are the ceracespondi ng free base fornms. 10Aci ds conwonly enpl oyed to form

phar maceut i cal | acceptable salts include inorganic acids such as hydrogen
bi sul I(I de hydPg%rmaew tcal eyRRosIoBRTQr UshReSPEaNS Wlélaﬁmr?senfalﬂ&enéwaé%%r ic

aci d, I 35l ,
tartarlc H%#Pgrtarﬂ%é@gg%gﬁhgaMﬁﬁp gﬁ%?%‘egy%?%?ﬁﬁ h@b&gﬁ%g?%§§%|§¥bﬂ&
gl ucuroni camfemrcnnmnsglgwkalmems amd tahsihiesed Which (facilc'ﬁtahqme@ﬂshﬁg)nf thp active
benzenesul f oni c, ctic, xaI| g 1 bro %éfu f oni rbonlc
succi ni ¢, CERPYynds “E%RE%’F‘@ 8%W§188t°?% Elantps CF‘é‘Il ¥ Pronsr & UQRdS

organi c agk de@lﬁ?&l %qgg@@@g@mﬁﬂ&aﬁoﬁgg&gﬁabl e salts thus include sulfate,
pyrosul fate, bisulfate, sulfite, bisulfite, phosphate,

monohyr oge n p hBlelIl‘imCéon,dhm'ghntngaf ishios ptﬁmnéna}f’r’eet %?plhmbltﬂdatl @quqeys @(pihb@r}ﬁh at e,
chl ori de, cet at r gpi. ona an

acry) at e, PRORE &t phORIORoH B S Telipie RS & HERE IRl BIRREY B ac e,
mal onat e, oﬁplﬁ}@ldltaél&l s@lﬁi@&fuaftee F@aﬁa@ﬁheosaf mnat@nloﬂr@k@aiams dpyiophiatclo4-

di oat e, hexyne-1, 6-di oate, benzoate, chlorobenzoate, nethyl benzoate,

di ni t r obeHEdaEeT thhepeimsid 2ented inteoxydation atush pepetiatseare generally

t erephat hgl at e: §ul, ﬁonat e, xylenesul fonate, phenyl acetate,

phenyl propi ona% phenyl butyrate, citrate, |actate, .Dbeta.-hydroxybutyrate,
gl ycot@te, mal Bat @3ql ddmiinisaheon, thet doanesinld emndiceformiileed neslill g ratmdining the

napht hal ene:- | - sul f on 25napht hal ene- 2- sul f onat e, ndel ate and_the |ike
salts. Pra¢t g@ﬁ@@pawﬁﬁﬂ&m%%?qwé c@ﬁﬁ%ﬁé caEicEp %Ig?%q%mst £ pd. iSH@I ude

those for %ﬂef@‘eﬁ@?l@tﬂ?{]ﬂ oRRHISE tﬁyﬁﬂeﬁ‘@oﬂ%q{e%ﬁﬁlﬁﬁﬂgﬁ a?f'a'bfétsa?ﬁls ?ﬁqg%r om ¢

acid, and especia e formed wth organi c acids such c acid.
Sui t abl e bgseks flm]uldsogem nyruphaluracs suspeasibys aclabplibdifer aral ingestion byaci di ¢
Functi Ona{)atlent to be treated. Pharmaceutical preparations for oral use can be obtained by
25  combining the active compound with a solid excipient, optionally grinding a resulting
mixture, and processing the mixture of granules, after adding suitable auxiliaries, if desired,
to obtain tablets or dragee cores. Suitable excipients are, in particular, fillers such as
sugars, including lactose, sucrose, mannitol, or sorbitol; cellulose preparations such as, for
example, maize starch, wheat starch, rice starch, potato starch, gelatin, gum tragacanth,
30  methyl cellulose, hydroxypropylmethyl-cellulose, sodium carboxymethylcellulose, and/or
polyvinylpyrrolidone (PVP). If desired, disintegrating agents may be added, such as the

cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such as sodium

alginate.
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30groups include, but are not limted to, hydroxides of alkali netals such
as sodium potassium and lithium hydroxides of al kaline earth nmetal such
as cal ci uwoand/areggaesi um  hydr oxi des of other netal s, s®&ch/tsgolalowrsnhum and
zinc; ammoni a, and organi ¢ am nes, such as unsubstituted or

hydr oxy-substituted nono-, di-, or trialkylam nes; dicyclohexylam ne; WO
2011/ 011522PCTDUR20 Lo/ef 4R 750vitled bithshiterie o@itinpy.r F@ii this ;purpose, concentrated
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contained in an effective anbunt to achieve its intended pudpose Mor e
speci fical | y, Bharnueaiicak preparatjonsivflaeh ¢apebeaised atallirangiadeappshdit gamsutes
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of the subj eing treated. ermnation o I've ‘anou
wel | wit hglycéronmplahﬂ.l iThy podh-fihapeulskéanl cedtaimtht hetivarihgre@ehsdh edmMeidods of

Use One aspect the i nventi on provides a method f i nhi bi t| ng aut ophagy in
a subj®ct Wﬂfg i lkes Sipedras i amiess; pingers é?Chﬁts%%égﬁnﬁéorE@H@Pméﬁ‘é‘F asdpl§F i si ng

adm ni ste %llaﬁjd f t

aut ophagyﬁigg??%l??%/@?rﬁ t he @%ﬂ) |s a tsgrheléglﬁCh ;dfegat%lﬁg%t?‘%ogé rg{ll%snr%l%n is
achi eved. bda dlSSIﬂVﬂZda(DlTSuSﬂdnddi nlesuttableﬂllqelds \Hoplke as faittg oals Hupmchpardfim, oehqnid

"treating"” as u ere| conpasses the admnis i on _and/.or

appt cat BT BRe RO R0t ETD SR 2o i Bechidr oGS iBf wet .t or
the pur pog@mmfistRfoR SUIAbOG RS8R RNt Rr sQEh AMNAGBARARSY. of , and/ or r emedy
for a condition. "Treatnment" for the purposes of this di sclosure may, but

does hbt have For bt}ypd\ﬂddenlatr@mnethercanmemtlon& mewntake the' formpf kbldtnot he for m of

managenent  Q et Cfarl][ﬁ!i on.. nt1 en I(;ne(l;orrpounds descri bed here| n are used
to treat lj)n\ei\va%tse%fmur e nt? d) % nel udi ng cancers, "treatnent”

i ncl udes parti @br wmlhﬁtraﬂlord@sinhbﬂ@hb@ﬂh@éorﬁﬁtﬁnd@ﬂﬁ%lsé @&bﬁilﬂgﬁi‘fhé Bfe3biitng
cells with 25 mnimal destructive effects on normal cells. A desired

nechani s MENHQIEHE fRmenintly ﬁﬁ\}a‘fﬂf@ijlnrth% famyofgnsierasel @raynpycratation floae| udi ng
cancer hgeﬁwéf%d é&tgg &L b Hsed %X@ thé ﬁsetacﬁ%pshﬁﬁﬁlé propellant, Jpe term

"preventi herern 1 nél'udes either prev T ng or-sl owi ng the onset
of a20i ndmhloqudlﬂumdﬁmthauawacﬂlemﬂueidmephiamlej dlehﬂatdte:traﬂabtaagmhaefartmm dioxide

preventing o sI OV\fple t h%tgnset gf aS precl |rn| ca]éﬁ gosgvel ulﬁpmas%gggte%‘lmed
unwant ed Pa Brdl Inftae sase of Pressyrizas o5taselt g y
by prov1d1ng a valve to deliver a metered amount. Capsules and cartridges of e.g., gelatin
for use in an inhaler or insufflator may be formulated containing a powder mix of the
compound and a suitable powder base such as lactose or starch.

25 The compounds can be formulated for parenteral administration by injection, ¢.g.,
bolus injection or continuous infusion. Formulations for injection may be presented in unit
dosage form, e.g., in ampoules or in multi-dose containers, with an added preservative. The
compositions may take such forms as suspensions, solutions or emulsions in oily or
aqueous vehicles, and may contain formulatory agents such as suspending, stabilizing

30  and/or dispersing agents.

Pharmaceutical formulations for parenteral administration include aqueous
solutions of the active compounds in water-soluble form. Additionally, suspensions of the

active compounds may be prepared as appropriate oily injection suspensions. Suitable
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30 at risk. Also intended to be enconpassed by this definition is the
prevention or slow ng of netastasis of malignant cells or to arrest or
reverse twe 2priage®gsi on of malignant cells. This includesTasopophzstic
treatment of those at risk of devel opi ng precancers and cancers. Al so
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need therg@ifer%] thei.apeutically effective 15anmbunt of one or nore conpounds
of formula I PI I, or a pharnaceutically acceptable salt, biologically
acti ve met abol it g&lditswil tedbeformybitiatedespriodirprgyioesinrihé corepounds stagrboitsoner

t her eof ressi on of autoph has. been proposed .to be a n
bt conceforHAER T nr Bt R S g G R S e RSB | on.
I'n an ani [RhlaiREs! (18f cxeaMESubt &Ry o OntkdMisLilki1PBr 8 idtR&IABMal REES).
aut ophagy either wth shRNA agai nst a key aut ophagy@gene ATG5 or with

pui

ant i - hal afhed, fetrraxgmplsl, eaguipeendsthanee throelateddweish b nalyroeriq@igr essi on of

Myc-drive unors in whj ei ther activated p53 ar_ alkyl.ating chenot herapy
wme used PtREe bl RSt ARG R 30 o ferfiefy S dr Wb, ERFARA ™

i nhi bi ti ofesBR@NBSFaridiy SfINbIE ASHCRE caFONS:QFIpke, a8 a SpMnghy sdutechinodel  of

| ynophoma. J Cin Invest, 2007. 117(2): p. 25326-36). Chloroqui ne causes a
dose- dependent Adeewatitlut other dstiverysyecme fasprydefipbobis hamescutirgl

5
| kyl at i - j.ndue i1 f
Y
mar keid y entarice dordeaidphobicalr@dd. (efain drigheic sédSEits suchdid dadethysul fisaidcraido.

Furthernore, i matini hresi stant ¢ell |ines,. BaF3/ T315I d. BaF3/ E255K, can
be i nduceHla’b’(?e&P’é’l%?gc%ﬁlPP%th% 1/a%s@emtwfg%?é%qrFR%C%&\%QH}O&?%J $e. These

studies s H&Hﬁ&hﬁ%ﬂ%& ﬂe'?i@ii%r%ﬂﬁn?%ﬁ{s&ﬁﬂﬁ&}frerl@x? %ﬁgﬁ@tshaﬁ &5 %?gﬁ!é?ﬁ{ehﬁl@a'

chenot herapy. T t i onal nce nstitute a i cal of cancer

i ncl udes: matutee of solid hydrophobic polymers containing the therapeutic agent. Various

sustained-release materials have been established and are well known by those skilled in the

25  art. Sustained-release capsules may, depending on their chemical nature, release the
compounds for a few weeks up to over 100 days. Depending on the chemical nature and
the biological stability of the therapeutic reagent, additional strategies for protein
stabilization may be employed.

The pharmaceutical compositions also may comprise suitable solid or gel phase

30  carriers or excipients. Examples of such carriers or excipients include but are not limited to
calcium carbonate, calcium phosphate, various sugars, starches, cellulose derivatives,
gelatin, and polymers such as polyethylene glycols.

Many of the compounds of the invention may be provided as salts with
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Lynphobl astic Leukem a, Adult; Acute Lynphobl astic Leukem a, Chil dhood;
Acute WD 2011/ 011522PCT/ US2010/ 042759 Myel oi d Leukem a, Adult;

Adr enocorwpcal1/@a32¢i noma; Adrenocortical Carcinoma, Chilpdnasd1oAsDS Rel at ed
Lynphona; Al DS- Rel ated Mal i gnanci es; Anal Cancer; Astrocytoma, Chil dhood
Cerebel | ar; Astrocytoma, Childhood Cerebral; Bile Duct Cancer,

Ext r ahepaphamaBiudeldy caZapeibic cpintedides (iEamphemyacCitidatipeoctptaBrnsaltOander, 5

Ost eosar cQma/ Mal i gnant Fi brqus Hi stiocytoma; Brain Stem G janm, Chil dhood;
Br ai n TunoRATRARAUTICH BragerptatlitIl” B4R ATSPERQN SHiEh AP IEASHRSEe 1 *Tunr
Cer ebel | afecAsiédt 06 ¥ ofrblidin08 theBaREAlY W+ TRdire 8l £RInound or a prodrug of a
Astrocyt orrafﬁl\/al I gnant Gfig(gn%, %hi | dhood, "Brain TE:?m)r, pélnd‘yrmr%)a,‘ &

Chi | dhoodgsomBpaiind of dirie fvenieiul A Gbhargraosrdicalhidedplebld ;coBrtarion "Tis pp kqnic

Supratgntorial Rrinmtfive roect odermal, Junmors, .Chil dhood; 10 Brain Tunor,
V1 Suial > Pa Do) OEACR LD R BRa T SIRed T oS0 SPATHIFAPn G | oo
(Qher); Bicgasit. GaneticcutBRdonfpaiiblesaldday’be BiaRe YiithBheasicidsaieridin
Chi | dhood; Breast Cancer, Ml e; Bronchial Adenonas/ Carci noi ds, Chil dhood;

Car ci noi dbTtuesHmitehite ydsechloni seifi, cctisntsetic. cartaricomalie SUFEHRIC etcadelsnona,

Ad ) _ ) ‘ I _ ; ) o
Central  NEPEZ0 e ERLCIIATR N defls ¥ riabbl SR byt B oR N
Chi | dhoodfre€biselfomhs. Ast r ocyt oma/ Mal i gnant G i oma, Chil dhood; Cervi cal

Cancer; Chil dhgod Cancers; Chronic Lynphocytic. Leukem a; Chronic
Myel ofenous Leéﬁ&ﬁcasmmfsb?melow%i%fa%uohwraawwﬂbﬁ%mékﬁltﬁné&de0e| |

Sarcoma o . : . e . e ) :
out aneous MPHEBPIGIGR Bkt b AR iy o O A Ao R hydrpibal g
Epi t hel i abnddplmsphqricQwcad, iaawclllEs ophageridsGacke &y par&sdpinagd &ini Canlogtic,

Chi | dhood: BEwi 's Fam |y, of Tunors; ,.Extracrani al .Germ Cel.|l .Tunor,
Chi | dhoodtrEY T HBEAHG AP RRIENTEEI DRYE: MEHE IS RICHIDS: RIS Cancer : Eye

Cancer, | ptytAe UhathalBl BEOAEESthEX G fANS BEnzcR&MLBRR! RSt QURAlCGBALD! adder
Cancer; Gastric (Stomach) Cancer; Gastric (Stomach) Cancer, Chil dhood:;

Gast r b} nt bromapaenyGar foinfee co biigotucci@sy pitBs benzpigard, aceiie acidraadirelatedChi | dhood;

25 Germ Cel |l Tunor, Extragonadal :, Germ | Tunor., Ovar.i an; st at.i,.onal

2 opnonl autreehiHsorigif BI80 3R pharshihBuly JUTRn R ingERARELE"Y ¢ o
Pat hway aPﬁob‘Mmbé,fb@duﬁEie%ulﬁ&i, biyul§ed, phbgkeMmnanotyelaskcapibspleak Cancer ;

Hepat ocel | ul ar (Liver) Cancer, Adult (Primary); Hepatocellular (Liver)

Cancer, CHihydregerphosphate meraphpgigie: nyrs)phwbwéi)qcﬁl,lor' promigy) dedéifley asetpignphona,
Chi | dhood:; ip i : Ca ;
Fypot hal aioTTa! O EnoH R AP ML M T8 ARG e UBERESENARSRY oo

| sl et 2@el proparlate noxaiatd, Brdacitd, seccRans selesite, dbpasd, fismGatecorkatcKbwtpey1.Gancer ;
Laryngeal Cancer; Laryngeal Cancer, Chjl dhood; lLeukem a, Acute
Lyrphobl agtopls; hoxyier!,6-tiggieebingoatacihiqso %ﬁs&e@bﬂ%@m@ﬁ faHedenzqakeni a,

/ ' \
WO 2011 0%%ﬁ%ﬁ%ﬁ%%g&%aégﬂétgal%%%ggathéﬁw, Eulfdn%fé!fggk suﬁﬁl&’é{'t@,

Mel oi d, a, Chro hocytic; Leukem ronic
Myel ogenopksnylaeatesnpbenyHaopigna@el fhenylbptyeatel craad, |Caate.t hetCanclesxybuiyvae,

Non: Sl | Epiet TRl RIS PIPHRROOP ALt oo bR A ot

Acut e255 hydhanedicas il fonkRUKRAYAate &Rl HENARLARE Pr&errbd g¥dutieallyeukem a,
Chronic; Lynphoma, AlDS-Rel ated; Lynphoma, Central rvous System

(Pri mary) acoepiaplecwenl addiftcarsebyncipde those formed with mineral acids such as hydrochloric

acid and hydrobromic acid, and especially those formed with organic acids such as maleic

acid.
Suitable bases for forming pharmaceutically acceptable salts with acidic functional
30  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

as unsubstituted or hydroxy-substituted mono-, di-, or trialkylamines; dicyclohexylamine;
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Cell; Lynphoma, Hodgkin's, Adult; Lynphoma, Hodgkin's, Chil dhood; Lynphons,
Hodgki n's During Pregnancy; Lynphoma, Non-Hodgkin's, Adult; Lynphons,

Non- Hodgkwo'2e11/0@is2bdhood; Lynphorma, Non- Hodgki n' s Dur i n@CPUusSgeaners9
Lynphoma, 10 Primary Central Nervous Systenm Macrogl obul i nem a,

Wal denstroml's; Mal e Breast Cancer; Malignant Mesothelioma, Adult; Malignant
Mesot hel i orbatyl Ghiithd ipgadineMemghpli¥-cTiyyamoine; didtbgiaioh trashydamineChiohoh b,

Mel anoma; Mel , I ntraocul ar;. rkel] Cell rci noma; ot hel i oma,

VBl | gant O RErGeD A e &Y BafIBUCTHEER: SahEbmORp T HGeE A o R IRl o
Endocr i ne2 NeaRxgst@ bal M@ e or t@(ﬁﬂ%%et%}ﬁét%l@m?ﬁé?% RikRRE o] |

Neopl asm Mycosi s Fungoi des; Myel odyspl ast’ic Syndrones; Myel dogenous
Leukeni a, alkwhemiings, bycdlasiNINedmkthyl-&-(20nydroysti Daoune or Mréd-oma, Ml ti pl e;

eloprol {ferative, Di.sorder roni ¢; Nasal Cavity and Par.anasal. Si nuys
ot O\ Rl RE S TR iine) AR Loap TRk s Ry R RAE bin
Neur obl astienie. Non- Hodgki n' s Lynphoma, Adul t; Non- Hodgkin's Lynphona,

Chi | dhood; Non- Hodgki n' s Lynphona Duri ng Pregnancy; 20 Non-Snall Cell Lung
Cancer; Oral CBh&graceutishl epensyitiogy ayitablpdor yscan dhq prgsanh HeveptiongnglyAar yngeal

Cancer, g L i |LSLI ; i

Cancer . CruTERBISHS B3l LRMRNL FlaPiaRitho ik S AT OO0 Sraof R bl
Ovari an LawinteildedpatposPovient dpatifitalig m;thdaputieaty ffdCane empuRancnheat i

Cancer, Chil dhoaqd; .Pancreati ncer, |slet Cell; Paranasal Sinus and Nasal
Cavi t §0 cafigynt aﬁ%wy;péw&ntfiwggwep%?ﬁ Qreo gHoEaR dhest SXIHE SE P IS/t b
Pineal an behg eafeli Aefdinfll:tiby Bf NENHREHIQRRIAR is WL iEhin (Y ARG,
Pituitary Tanor; Plasma Ce Neopl asmMul ti pl e Myel orma; Pl eur opul nonary

Bl ast oma; ofthesmamldad ianite 8t.east Cancer; Pregnancy and Hodgkin's Lynphong;

Pr egnancy _and - kin's Lynphorma; Primary Central Nervous System
Lynphonag; S&Ffﬁ’?ﬁweﬁgg# cer, Adult; Primary Liver Cancer, Chil dhood;

Prostate CancepineRefladhe GARAREA prdVid3e AR et for (ﬂﬁiitﬁﬂﬁg/lutgﬁfh%?ﬁﬁ a en)adt fGel |
Cancer, Childhood; Renal Pelvis and Ureter, Transitional Cell Cancer;
Ret i nbbl awhemenhiRimindd mywphrgyorkenaivial dieoguisingaddmysisteria tmidic Cabieera;

Salivary d and er. il dhgod; . Sarcgoma, Ew ng'.s Fam f _Tunors;

Sar com . FRBBLMIR T gen ot B TRRaRRY rotha s “BRst Bl i ooyt omm. of
Bone; Sar goaten¥p ptbiichtiOd 12 BRGId. US2Q 040 iméhg hisosabpsalseaitinanChi | dhood;
Sarcomm, Soft Tissue, Adult; Sarcomm, Soft Tissue, Childhood; Sezary
Syndrone; Ski nToatea, tregingy acasrdhereigniricampates Briadmaysesion@doanoma) ; Skin
Car ci nona | | . X . i er;
Sof ¢ Ti soHRMEAELaf Sleies PP biunfiflgs wRBEBRGStn, w lyech IBEH elfpot@0E N cic
5Canc20 wpidvidieg pitet crRionrodioy mahgeasdnadf, and/t mmedl f¢rGasdndition. Chmatdicnt’ Soenach
(Gastric) Cancer, C%h I@gfo?d; Supratentorial Primti v(g) Neur oect oder nal
Tunors, CHICIRIRASES Ohselisclqsyify ABmebut EQeshEHAYS oTBOMASA GHC:EafiEler ; Thynona,
Ol | Ah0OTir FiRABRTRnay MR ih AR oF NGl R OP b ol BRI Wh ARG RbmpbiMdsdhood:
Transitional Cell Cancer of the Renal Pelvis and Ur et er; Troph8 astic
Tunor, Cedtsatibahadreindnknedrio Peatrampn®idtpeolifGatiog celbf inclu@@hy dadboed; Unusual

Cancers of, Chil dhood;, Urete nd.Renal .Pelyvis, Transiti | .Cel |, Cancer
ot hrat Ccstipst graideen) et Solgevar ol ettt i MBativess o

Hypot bl afiginfal H&mctithdfdianthiortd] &k, £ABGRID mdMhhABASIItRMnSent of unwanted

Macr ogl obul i nem a;, and WIns' Tunor. The nmethods of the present invention
may be usedpidly prolifereting ealishinplpding canicas aplbept the SAhdeHerel asamptostst t he

i nvention rel atgs, {0 o, MBINOS Of LJ £aLLNGQNPIEYENLING, ACHLS, DAL eati ti s,
conprising the s?ep o "AdM H St ers ng Y6 384 jec? TRV hEe °t neYESH "

t her apeut bRt bfya efifiedtlyl vedcatDUMNtEf ccdNRolferdiidoh @lt6 SIRA WA PEevehtidOs MBI win OF

1, or a pharmaceutically acceptable salt, biologilcal IE( active netabolite,
sol vate, Hypdmsetef agresdinisglly evidentisties of spwanted egidenarrotifeeatiopfin individuals
20Pangd eat i t hS Al S : i i . | . ase
of | dt seat LI ALD B b b YETRLA Bt Rla DR PRI AT, TRH XefloR ¥ I0F L ReE oo
itsel f. Parcseasisiof nmligaant bellsorsevuares or kiviesetthy gapesdiogof imnbhi@mat vdllsHTwny

conpl i catioi]s I n severe cases, bl eedi n%({f({ ssue. damage to the heart, |ungs
t

and ki dne}$1udghBroPRY'ackq 5entmest abdhase at b CEBIODIg PEEBECTHINCEANERS. Also
pancr eat i Lh@nRfatitll b¥IRYALYitibA id thE phdRLA A olsBvifg 0ARRKho 4 iRRbRERIhAT t hem
are severe. 25 Theré is no known treatnment for pancreatitis. e current
approaches for managi ng pancreatitis involve waiting for it to resolve on
its own and the treatnment of heart, |lungs and kidney conplications if that
occur. 36



Aut ophagy has been shown to play an inportant role in nediating cellular
damage i nduced by acute pancreatitis. Autodigestion of the pancreas by its
own prenawonrelyidRacti vat ed di gestive proteases i s beli ecgascaobe7snport ant
for the onset of acute pancreatitis. Although |ysosonmal hydrol ases are
known to play a key role in pancreatic trypsinogen activation, it remains
uncl ear wharcaindaohowngdioplpsy nogetentmetsliutdiese | ysosomal enzynes. Recently,
aut ophagy has en propased.to pla key rol.e.in the rel ease .of .
Pancreat i W Bolt: PBTS) SpCHTSRO St o ey DiTh oy gl sbiet ey
model s of wRaMa§ Bkl didghobddes{ih, MRS QymBoms®, @lis at AMOTlEIBRKg @ldidricpPhagy in
trypsi nogen activation within the pancreatic acinar cells. J Cell Biol,

2008. 181whypreipinhibdes: dzutaphdzyOnaulddedendficialnbormnetivodreafinrey,cnion thehsabjgctand

acute pancreatitis: a .noyel .ayt theory for trypsinogen .activation.
At ophagy ® Saduhiaoa ol Sy PEMR L AR RO L RGN B Sy VBt
for a keyhawbh®paay wieneattof ot hexchen@ily yeddpoddib®bRamas edisotdes | nduced
by cerulein is greatly reduced w a significantly decreased |evel of

W t
t rypsi nogehpraeenagd oy siwamedsrapislcaciwaeliferation. sagh apeigs g subieat may be at
detri nment ct .G acinar, G Latl Lvation
S s i S
oppor t uni thard@¢rided dgkinngnted yagidet enoléetativatandio ion. Besides bibgasefubdri ti S.
Devel oppnent of an autophagy inhibitor may provide a first-in-class
i nhi bi{ or hygen Hegimenty fiecqoBtpopngssdescribed hefgip prsalsodspRY forartarmary; tHRaghetton

relates t8f Rafild ,@hc‘PJdiﬁgC g&ﬁ'dﬂ%noa{nhﬂﬁﬁ‘éﬁ&"fdrﬁ%n%g s SERE Gs, FAVETinfiYed@D

i ntracel | ul ar pat hogen, Ising the step o mnistering to a subject
i n need t Hegseodts,dordeercmpeauthcemlanyg pefsf ecti ve anmpbunt of one or nore conpounds

of 15formula | or |1, or, a.pharnmaceutically, acceptable salt, . biologicall
active net abol g RSl Ythg NRGHeTLIEECs P damdiaod Srieiine Represpitiee AR s oner
ther eof SgempdiGhg %AWl adidthifiatifto LB dcERL LA I aRdh LNy effective
2009/ 0111799 to en et al. (here i ncorporated by reference i'nits

ent i r b1 y) amPeeriong puaioescompoandselabimelhd @r dl, ook @himraceuitco b aggepiablecselt! ul ar
def ense agaj Nl 20LRLT AEEhHLAL AL OGNS gl udh g BACLerL Ay SHeh as
Mycobact e ICUTR CuB & el UEiES §trepat 0dd cuesppgitr)lbge egTHogl BeTFg §Bp. and

Sal monel | ghekaphi muri um as well as viruses and protozoa which use

aut ophagosones to proliferate. The execution of autophagy is regul ated by
upst r eam si gnaPupnrasssaitautonhagishasbsen pposaddo bppngeriedeansyr tharage by

oyt o o9bG Ay LS AR AL LA MORN R ELRA BRES
strat2g@y inhibitiorcbf thhiapy-gidueed avtopiiagy ritAtrevitishRN A yewmstl akdyewutdphagegad or
ampl 1 f1 edAtT%}SdoerfvSit dalfath?flia a?’ital (IiI'rl]ltg I’c lco?ol(iulijllleaernhggge %%ﬁ rgigeith and tumor regression of
Myc-driven tumors in which either activated p53 or alkylating chemotherapy was used to
drive tumor cell death (Amaravadi, R.K., et al., Autophagy inhibition enhances therapy-
induced apoptosis in a Myc-induced model of lymphoma. J Clin Invest, 2007. 117(2): p.
25  326-36). Chloroquine causes a dose-dependent accumulation of large autophagic vesicles
and enhances alkylating therapy-induced cell death to a similar degree as knockdown of
ATGS. In the case of chronic myelogenous leukemia (CML), chloroquine markedly
enhanced death of a CML cell line, K562, induced by imatinib. Furthermore, imatinib-
resistant cell lines, BaF3/T3151 and BaF3/E255K, can be induced to die by co-treatment
30  with imatinib and chloroquine. These studies suggest that inhibiting autophagy may
potentiate conventional chemotherapy.

The National Cancer Institute alphabetical list of cancer includes: Acute

Lymphoblastic Leukemia, Adult; Acute Lymphoblastic Leukemia, Childhood; Acute
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Anot her aspect of the invention relates to a nethod of inactivating a
deubi qui ti nati ng protease conplex conprising the step of contacting the
deubi qui twoabimgi1j2eot ease conplex with one or nore conpecmas2ab/oizysnul a |
or I'l; wherein the 30 deubiquitinating protease conplex conprises USP3 and
USP10. Such nethods can be used to aneliorate any condition which is caused
by or pot dhiciad edulpynit hedde tAdeertogoicalt Gecaenlai Adichbemtical§ aprindrease conpl ex.

WO 2011/0 2P /04 759, Conbj on Thera . one aspect of
et nvenChBEood: ATSTAHGE BRa Ty BRsteaaiasinn il Fedifry

accept abl @ sgadytorhh @@%oo&@erebawﬂsmr&lym @hildRodarbhal; IBR Md Caage! her
therapeutic agent to treat di seases such cancer and pancreatitis. It should

be under sExehephiag; Hlméiecﬁﬁmmrﬁllgd@ﬁcmh@, ChildhmodoBorsaartser,used al one or in

conbi nat i vvltha d|t| her eutl sai d
Saa t 1 Dnap et AT ek B0Reu 5 oeSud pr B SRR YRR Bl e
pur pose. ’rfaﬁloemfmd Braih man@elcmaimaﬂn@mﬁﬁa @AhE&; @rﬁlh@m%é@bﬁ@@m t hat
is art-recogni zed as belg? useful to treat the di sease or condltl on bei ng

treated bysterytedimidu Brpia imeayefereprsl dstroomomaealigaantGlivmea, agent al so
can be ancﬂﬁ%odt BRlin ITHRl%Et eﬁ?ﬁﬁ&ﬁeb%?d?ﬂ&@%rﬁfn '@H& ﬂ@d{]ﬂ SiidGhareuti

conposition e.g., an agen € 'Vl Sco e conpgasition.
The conbi (T,aﬂdhtm)dt Bwlmwmqm@mmm PblymtlheNlemeabdmd Tlaﬂnuﬁeéhﬂdmfod
exanpl e, administratjon _of a conpound 0O Eﬁ i nvention,

'@

phar b e uBrain oz Yisy! L ihavayand Hme%hé@mlc maqhidhaed) Baag%ﬁtl@gs, in a
singl e phenTReRYt b@@ér) quﬁar baﬁde9r131%§ t‘@%h‘:er%ﬁd a%%ﬁcgﬂa éa%‘ C&’&e?f a Cormound

of the invention, raceut i cal y accept er eo
addi ti onaChdtjlmmtd( B)reastrCamplaﬂ\Me E[}Ihachmmmak/%nmmdsaﬂhddboodt ﬂanm‘mecl

wor ds, co- nsh e the adm nistratio f at least two

roents ¢ oTaRosiahoqh ' GRep uglF detin Samel Bl it Aefingprerctine

conmbi nat i @ArcfonkL1dlcRUEN Carcitiha §/XBARIoHN FitRargIeBitPal TRYVAR S§skelni st er ed

si mul taneouslx or seq uenti al | é(fover a period of time. 20t Should further
@

be unber sLM@l@ matPrtrh@ycﬁmgbfﬁ MKQCﬁﬂmhiﬂeﬂihﬂpd Hiatehrdle i nventi on are those
conbi nat i efu for t The et f t h .bel ow
are illus MR i, SR, REEAGE B andRECRATROA CfterHrBnid

conbi nat i Qpﬁ]phwyn@meak@nﬂaacmo@fc Mls}blsgtmem)‘eummacmobﬁ Mbdog@iReatnds of the
present invention and at |east one additional agent selected fromthe lists

bel ow. ThPisosdass:fdeardrelicicamaef Tadpndbeaipy &Otlmla‘aart?ﬁ@ Codorgefek G198l agent ,
.., tworRnqhdyaeeuRddids2eat 198pRbhal EndodfuFATUBE! ERLhdyFoC Brhififdodt Ne

20  Epithelial Cancer, Ovarian; Esophageal Cancer; Esophageal Cancer, Childhood; Ewing's
Family of Tumors; Extracranial Germ Cell Tumor, Childhood; Extragonadal Germ Cell
Tumor; Extrahepatic Bile Duct Cancer; Eye Cancer, Intraocular Melanoma; Eye Cancer,
Retinoblastoma; Gallbladder Cancer; Gastric (Stomach) Cancer; Gastric (Stomach) Cancer,
Childhood; Gastrointestinal Carcinoid Tumor; Germ Cell Tumor, Extracranial, Childhood,;

25  Germ Cell Tumor, Extragonadal; Germ Cell Tumor, Ovarian; Gestational Trophoblastic
Tumor; Glioma, Childhood Brain Stem; Glioma, Childhood Visual Pathway and
Hypothalamic; Hairy Cell Leukemia; Head and Neck Cancer; Hepatocellular (Liver)
Cancer, Adult (Primary); Hepatocellular (Liver) Cancer, Childhood (Primary); Hodgkin's
Lymphoma, Adult; Hodgkin's Lymphoma, Childhood; Hodgkin's Lymphoma During

30  Pregnancy; Hypopharyngeal Cancer; Hypothalamic and Visual Pathway Glioma,
Childhood; Intraocular Melanoma; Islet Cell Carcinoma (Endocrine Pancreas); Kaposi's
Sarcoma; Kidney Cancer; Laryngeal Cancer; Laryngeal Cancer, Childhood; Leukemia,
Acute Lymphoblastic, Adult; Leukemia, Acute Lymphoblastic, Childhood; Leukemia,
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formed conposition can performits intended function. For exanpl e,
one aspect of the invention relates to the use of small nol ecul e aut ophagy
i nhi bi t orwoQetigp1132hose of formula | or 1) in conbi nati @aTWiSRéL0AM7aNt | -

angi ogenesi s inhibitors for the treatnment of cancers. It is known that
anti-angi ogenesis 30 inhibitors have the promse to inhibit tunor growth by
suppr essi AgutehdygodwAldulof Ldukond:, weseeVgelonl, Chttdhicmdyhéwdemaa, 6 lreqjui red f or

supportin vi val. d gr . For t.he i.ostatic agent
endost at | PYERROGEE Zﬁ%@%%%%«ﬁ%%&?%&ﬂ% EE8hE it o S FEbbla " Veosel s
and r educealPhin@F AW - Capr¥e nallt iPRARSS: Gk ENC &R, (ChildhSodPrimary); Lun

anti - angi ogeriesi s WD 2011/ 011522 CT/ U 010/ 042759 drugs are now undger way.

In tests fender d‘é@n -Smal CeélnLun&Ggmcz@geSmeél Self;Hemanhioblastag beuwkisiaa, t@l&ﬁ;‘p@n@ss

t | d f
ther gy af snet g iede b b tal i SV BREPorl ek Pt CBlpd amioRa”" ©
conbi nati QJBDWReﬂat@d ;AQmYHdkIa0 Uahtrdl Wﬁ@&@ﬂ@m (m’mameLm@ﬁorh@ d;xﬁm@bu@ lral

Speci fical | aut opha%floél nhi bitors may provide a 5 new option to wrk al one

or in conﬁpﬁaleyrephqm gkinsaAdnlsJemmeiogna H@dﬁlﬁys Childhoogddtarheman has been
et o cat el CHHE, TR ERny: FIHhOGA Qoo Fhi Bt AT RO 2y

endot hel i Hlodgleh‘h,schidhﬂbdtlﬂﬁﬁphm@alsmh&ﬂbd]gkﬁfﬂDﬁ@ﬁ@ngm&mynLinﬁplejrﬁa J Cell

Mol Med, 2009). i sclosed herein, it has been found that inhibition of
aut oph%gyPg@a@t?i:w Pegyqus Systemy Ylastoglpbuliperaian Naldensirona's; Maler Brspst Gra£5Ton

condi t i o, TiRE RN Bhclibmb SARILAPARMa AR onANOh ARRES L RLLARR 2Py TRy

i nduce additi’onal neta Ic stress to sensitize cancer cells“to autophagy
i nhi bi t or $hymbinehMade labddstanas, mhlkiyoazyﬂ\dﬁlmqnm Mdlummaa Intowbilag Nl akeldfell

ti- i t1-aut th
oot | on 1 of T BRI T shode B A Sretagions Ry D inGr i Gsefieg "
(Ranakri sbﬂﬁfag, mmgﬁe ﬁdoenmwﬁwsmrﬁ@ g:rtﬁ@ﬁ@@dslMulaglenhy&bﬁﬂmasma
Aut ophagy, (5): p. limting exanples of

anti - Bhgi Sglé ﬁ@gpl@sragmgmwungoaﬁﬂscﬂvﬂyalwmun(Symﬂrome, Mri¢legerioon Lotkentie,

|nvent|on i r e, t e .aci zumab
(Avaot i nof PR RAFIRRIGS forh Ao CHEHopalopst MR e, Wit MY dMeiOREE L T ot
factor-4, Dsm@em Chr&ie AN £al Cm@rﬁm&m@aﬁm,slﬂiﬁa%ﬁcaﬂmma@hgealmgt&§t atic
steroids with 20hepar|n Cartllage Derived An ne5|s I nhi bitory Factor,

mat ri X metdsInypryheed ECT} opey yeurghigstogpap AHHSt oma, Adult;
Nasarbp | Gaseer; Ghildiopdr Nourahlg o@ kiostlatmphoma, Adul

2-meth bi t

and |1 nonan HbteRls 1 ERRRAE Ry ARG, %@E@% kbR, o "

Publ i 2@t i dionMNmalPOEBL02HQ 253 r;t@ralGamyes dhikthoad; Orih@aetyyandridpCaocaf ed by

reference in.its e ety autoph inhibitors can 25 be_used to treat a
subj ect mHéOMQQ%@gr¢%%@ﬂhSFP%C%a izt ipycidisyesdoya gERaR OREAR er by

combi ni N9 QA& A hilEALE; %‘&a@ﬁﬁﬁy it AhE QY &v I GARECAS THBBP (Wéh'an t3ncer

conmpounds whi ch converts 'ysis dependent cancer to cel'l's 1 ncapabl e of
gl ycol ysi Mah@namﬂoe‘fsltl@lma:mm, Permmeatic Qanmoﬂmdxeamﬂamccroﬂhédhoogl Emtqagcs

dependent .canc abI col ysis: Al i A

N £ osour St Akt Gl mon et Mgt G5 00 BVt CafeedFiR

Anti - gstr ogens; Ph%b@l%ﬁ@@ﬁohﬁhhlﬁbél%h& SupFa@@esital PEimitNY Ne@fBcht@sz@ﬁhﬁI Tl
agoni sts; Kinase |nhibitors; and Antibody therapies; for exanple, busul f an,

ci spl at i nChidiraedpPiuitary TomosrBiatuct ¢!l Negnlhophbd pplailxrdomp:fRedrapilgenary
gg? ?rLg?IZ :,lg?a(s&%? é%nggrﬁﬁlgaltn%rf? G%S%gﬁ[lﬁer( Prletgﬁa%%y ang‘ﬁsodgknq)s ’Lymplhgrr?lgl ﬁregnancy
and Non-Hodgkin's Lymphoma; Primary Central Nervous System Lymphoma; Primary
Liver Cancer, Adult; Primary Liver Cancer, Childhood; Prostate Cancer; Rectal Cancer;
30  Renal Cell (Kidney) Cancer; Renal Cell Cancer, Childhood; Renal Pelvis and Ureter,
Transitional Cell Cancer; Retinoblastoma; Rhabdomyosarcoma, Childhood; Salivary Gland
Cancer; Salivary Gland Cancer, Childhood; Sarcoma, Ewing's Family of Tumors; Sarcoma,

Kaposi's; Sarcoma (Osteosarcoma)/Malignant Fibrous Histiocytoma of Bone; Sarcoma,
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WO 2011/ 011522PCT/ US2010/ 042759 dacti nonyci n, daunor ubi ci n, doxorubicin
(Adriamycin), idarubicin, mtoxantrone, prednisone, dexanethasone,

t anmoxi f erwwof2ai wasi2eant , anastrozol e, |etrozol e, negestr @CTaSet1al042759

bi cal utam de, flutam de. |euprolide, goserelin, gleevac, lIressa, Tarceva,
Herceptin, Avastin, L-asparaginase and tretinoin. 5 Dosage As used
her ei n, aRhtltnapsutomal ChildhbddSaraoenaaSofiMtissuarAditlh Saapenat Sefallispuef f ecti ve

dose" is . .amount, of C ound of the_ i.nyention or a nbipati on of two
or mor e sLBHEBHSEHEs ST ER THRCBNGS: SHBLATS: Ghigapes Siir  Ahedie

progressi pcRhohe SERANCirtin8MaOlicilel E¥ILA BN Call LuB@hnR2S $thal Infestipfe or nore
synptons of the condition. A therapeutically 10 effective anpbunt can al so

be an anpGancenr3athTissuepyangsimd, dctulte Soft Yisshd Sorome, Chiliboadsignamahs Nack s
t herapgut jcally.effectiyve wll depend, upo e ient's size and. gender,
et s btk Bt R TR G S el R b b
sought . Foan&rITMRIhoB&!SupRitentdridl PRInAB e NGkt tyd@hlaeThinys, @RNdKdodCAITHE

determ ned by nethods known to those of skill in the art. 15For any
conpound LyeghomaLyandens Testiee (rnegie dhymapenthidghood hEhyrpempafduligneat: | y
effective il R i alid . )
exanpl ¢ TgoeL ERReP ISR THER CidoBl 1iap SO Bell R MR R Bhivis, oy
a ci r cul abndgraantesphoblabtaTurang Sekthadnal ;riddkndes Rrivgarl Sitb0Camedef er m ned in
cel lul ar aﬁsays (i.e., the concentratiqon of the test conpound which
achi etbs &MHagodnbiRpl CrrnsraritGiokinood:Hrstsrant Beea Privis draspioaphGet e to 20
det er m nect e Grepllal CadcBe [Rir?r?ees‘a‘%ﬁsrﬂef; \Sdigi&l é%ﬁc%?;rV{ghﬂngHm% sgnce such a
e bi ndi p t

determ nation approxi mates t ng effects o asma protein on the
conpound. HSpcthalamioGhaina obhitdnoobeV usadCirmenty @ dastomast Mhgrodiebeliminne; ansef u
doses in ns. A t her utically effective daose refers to that
amount | of VB TSI THAPCY 0 BISSIh IHRRTTORAY PORSOR Qs BRE DA AT
patient. Igxkeity and therapeutic efficacy of such 25conpounds can be
determ ned by standard pharnaceutical procedures in cell cultures or
experiyent al adinptiesaspectyf the iaverdmnearlateon ity meHwdred ticatimg eraireveatieg adds e
(MID) ‘and_{ he. FPEO. (SL1Get1 Ve So5e, 1 or 0% x| el f sspansel, The dose
rati o bet BEERNTOXIC éh&“ﬁhe?%ﬁ%a Fgisfaled |§u@ﬁe P he ap%ﬁ IC index and it
can be expicegsetically ctletiveadncunbef weeit M cam@olnldBOf fdeilLRbAIIOS 41 ned from
these cell culture assays and aninmal studies can be 30 used in fornulating

a range oPhaByejsicalhy agesptably spitrialegicalheaciys awpdabefites gelNate dnfstipdsodiugs
pr ef er abl it i i.reul ati ng concentrations that include the
ED50 wit hx?%léﬁgp%&t%%g@%??%t}lgﬂﬁ&The dosage may vary within this range
depen?lh ng uponPhrvecadios agen indummenph oy td panccisracdiaod by dic @thasas Stigativon
utilized. The exact fornulatjon, route of WO 2011/ 02,1522PCT/. US2010/ 042759
adni ni st r SFAYEHS SH4 UTEUY leaniodhe derbuetiongf thareap i JaarepHPREPER i n vi ew
of the pafdepl 1if-GHRAMHALHNC{SER faly corﬁ%ﬁﬁ&hoﬁst. I@Leverelc%ée%; bfe@di'ﬁ%,gfssue
Phar macol ogi cal Basis of” Therapeutics”, .1 pl). I'n the treatnent of
crises, t Han@trt:o nhshaaet lvogs @rid la'dnasyami ipGectisn ory ancurnfAbsut@&0,Wpprsachi ng t he
MID ey bgcurtee galljnlc{re%%tig 8081?%1%'1&11% in G Igni{e%ssqgtre]ss; Gbout 20 percent of them are severe.
25  There is no known treatment for pancreatitis. The current approaches for managing
pancreatitis involve waiting for it to resolve on its own and the treatment of heart, lungs and
kidney complications if that occur.
Autophagy has been shown to play an important role in mediating cellular damage
induced by acute pancreatitis. Autodigestion of the pancreas by its own prematurely
30  activated digestive proteases is believed to be important for the onset of acute pancreatitis.
Although lysosomal hydrolases are known to play a key role in pancreatic trypsinogen
activation, it remains unclear where and how trypsinogen meets these lysosomal enzymes.

Recently, autophagy has been proposed to play a key role in the release of pancreatitic
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5Dosage amount and interval may be adjusted individually to provide plasm
| evel s of the active noiety which are sufficient to maintain the kinase
nodul at i yoebfieat®2 or mnimal effective concentrati on PNVETS2010/0e27MEC Wi | |
vary for each compound but can be estimated fromin vitro data. Dosages
necessary to achieve the MEC will depend on individual characteristics and
rout e of d@nitmeﬂlzmbm antioalenate]s dﬂl@laﬁbra&ﬁ&y(ﬁashiniotco&sﬂy&k, h@olynmbet afsed to
determ ne ma .concentrations. Dosage i nterval .S

ot or i nodt QR if REDNES<D 4 utoptipbn A SGt R s d el BigE 20 ng o
regi men whgghy. @HM@V@%nB'(ﬁﬁﬁ(ﬁa|£M'a%d@@@"a%1§nﬂﬁa%§o Rleyh8d 809k of the tine,
preferably between 30-90% and m)st preferably between §8 90% until the

desi red apwicratisisi omovet aggphaep theorsfaadiypsivegen achvainsedutsiphagyc 3008. 4(8): p.

o St PR Bk LG BRI b Lot S yRebosal AQRoRERer, o

conposi ti gRackepdicEaBfieThduedd by @kul6iaus sratlPeeddeRBRie B kigaltidatity awam@d bei ng
treated, on the subject's weight, the severity of the affliction,

manner of lex@heTHNPEMageOREtiAAEOT: ABUS. REGYASION O AUDRRAZYTBEE$NCH] ar@trpmylgtalc@fﬁﬂ@t 20

Kits Th f d
composi t1 SHTSHufS adfift EATRERebRRZ o ack VT b BBeds o dryme BFRRENAR 2
(e.g., a paoghagy ntiysprevisen udepme opportutity fpaklkcliny tr&pgln@eanﬂphmtmm a¢ge net al
or plastic foil, such as a blister pack. The pack or disp enser d% i.ce may

be ackbnph#icaatiby. Pastopmaent aian %Ué?phag% inggbites nﬂ%{éﬂ%ﬁ%@ﬁ%}-mﬁ aghinhHioRod

descri beddd}%gﬂe Dan&RARRS! L1 ons conprising a conpound of the invention
formulated in a conpatible pharnmaceutical carrier nmay al so be prepared,

pl aced i n an appother asptet of oint v oreion relatks tabelctled dfdreatingat previntiof aan
i ndi cated ,conditio Instrucfll ons for use rraﬁkgra,[ SO be OVI

EXENPLI 1 SASERAESRY P B ETuRT brelodse: TR hF piyP q6a%p fsjﬁamg.tt’aw Il be

nor e readlpjedd ﬂ@ﬁée%l&f?&@of@%h&%{aéﬂt{%ﬁﬁﬁ cfféetivi@ndodhd mn@%rm undbbeh are
i ncluded nerely for purposes of illustration of certain aspects and

enmbodi renfamoia t ¢rdlperespharmaceutienliynecerdaide sale bmbmglcaikyea@dé@lmewbbhﬁm t the
| vent fon,_ Y 201 O1ISREPCTLSE0A0) QRIS XAMRLE dic,0LAMERL WY pllt™
Application Publicatlon No. 2009/0111799 to Chen et al. (hereby incorporated by reference
in its entirety).
Recent studies have established a role for autophagy in cellular defense against
20  intracellular pathogens including bacteria, such as Mycobacterium tuberculosis,
Streptococcus pyogenes, Shigella spp. and Salmonella typhimurium, as well as viruses and
protozoa which use autophagosomes to proliferate. The execution of autophagy is regulated
by upstream signal transduction systems that are influenced by largely physiological factors
such as nutrient status, growth factors/cytokines, and hypoxia. The pharmacological
25  induction of autophagy is a therapeutic strategy in which this effector of innate immunity
would be triggered or amplified to defend against intracellular pathogens.
Another aspect of the invention relates to a method of inactivating a
deubiquitinating protease complex comprising the step of contacting the deubiquitinating
protease complex with one or more compounds of formula I or II; wherein the
30  deubiquitinating protease complex comprises USP3 and USP10. Such methods can be used
to ameliorate any condition which is caused by or potentiated by the activity of the

deubiquitinating protease complex.
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To explore the nechani sm of autophagy and identify additional snall

nol ecul es that can activate it, a high-throughput inage-based screen for
aut ophagywoegulats2es was devel oped. This system takes a@canisage/oaf75¢ he

| ocalization of light chain 3 coupled to GFP 5 (LC3-GFP) to autophagosonal
menbrane upon induction of autophagy (Zhang, L., Yu, J., Pan, H, Hu, P.,
Hao, Y., CambiwdtionZBbherapy, Yu, A D., Xie, X, My, D., et aI (2007). Snall
nol ecul e regul ators of agtopha . identifieg P an i mag ed .

hi gh- t hr oughput™ St 4BFE OPHGN G P A RUnd é‘eAn‘if‘élﬁlo 6 Phsigsucally
Mammal i anaddeBrablen@l i dut Q@ wRfusye@dhe &Tﬁ’bonﬂﬁﬁn@ﬁ%thseﬁ%%r Hf%raﬁ%ﬁﬂfc age

aut ophagosone nenbrane specifically (Kabeya, Y., 10 M zushi ma, %Je

T., Yamanttiecat Aiscases suchakncer ind pam@umr It SK@ﬁdu’@armnderEcood tlmthﬂconmoun@nd

Yoshi 000). LC3 an ho e of eas 8p

ocal | el hedbieBph bt alF ahib A s PO Chaqt SR g 4 ©

5720- 5728thcadpdutd Zdtalishi@.adMtion@ngenfdeitgieldcied by tﬁ@@l@ﬁéd artioa foith &@ided et
LC3 i mmunobl otting. Autophagy 3, 542- 545). The nunber of LC3-GFP-positive
aut ophagoB@ipese. pﬁé}reé@nplea t@e@édlyon%\ﬁ/g@m&ém fathesapcute pesik Fhat bridgiteceszadut i s
rapidly i r in.
Conpoundsf RFE oA Besihy BLE0 Boldibrtieihe BeEsy (8 obbob AERTHE
necessar i pyesabligvehton. nfheaahﬁtlaiﬁga@daalsu earsled arvagdeyit t;hfat 1mpfaﬁp hagyeficialst ead,

t he mcreases of LC3-GFP may be associated with c eath or ma be a
resul 10 of 3B intar thessnsutic awapqsmpgl f‘a&s%%ﬁl&:@%ﬂ? plesRBly st ﬂ%fut ophagy.
20In a sci&f ﬁ%sq)tﬁon480 known bi oactive conpounds, a LC3-G-P-based high

t hr oughput ge screen was coupled with a | ow t hroughput assay for

| ong-1ived proflee nordblgataxdaﬂhempymmtcmpmtdddawde froentidreinicbidnd, ifé1 axamipbon

conpounds ouI eC|f|c uce autopha rad tlon romthose
Chat oSBT 9% o T bine OB e bR A e B Sl g
cel lular %Peageanqradmﬁom@%&t@ 69 WAs fer (AR XEOSO MHnull 4136tk QR$L.as The resul ts
of the 25 screen led to the identification of eight conpounds, seven of

whi chler @drﬁmmtlappm of/edordpanys! of tthrainvertion; mﬁ@r@m@ph@lbyacapmalpip stibt e

| ong-live te datl vmtho t causin vi ous,.cel in

(Zhang, Lgl Pe?? anji adglﬁ}g aﬁent?%ril n serara armyeu%&ag rrWiaU%uf V%rh '&X

Xie, X, Mninbtsati6h sl rnéa&oﬂﬁg hdmﬁnafaltlofmf @tCleis‘Btvfl@@gﬁn@dt@rassubjfectaéétdg@@agy
identified by an inage-based hi %h t hr oughput screen. Proc Natl Acad Sci U S
A 104, 30ro0B-thobgwjicial cffects ofrthe porgbinatieref bosh kersiin Fbr owetnlséheasepiund,

MBCQ (Fi g A | cPherson, J.D.,
G | I espi eﬂ{ag %3 hmﬂﬁgt%?%ey,lyaﬁ@)sm&%%ﬂ&n?%%owm ‘38 ggnlﬁ%tt B.M (2006).
| nhi b2@i on of phsbsyldditlesbenadestbod éiaedtelcmeibmamen@msmﬂedlwﬁthatthe W®ention
2011/011522PCT/ U82%10/04275 toI rance ({Tg t he venous Ci rcbtlgh OFﬂ%

S5 sa gy

Phar macol 2i&tospifambyptions wsgful e%geq RErRosed | Bsagsaiisigio
i nhi bi tor t Haad! c@l.l w 2
ILIM | edﬂtﬁgﬁ%tx\i:er%gg%bﬁ at%h%gf\%ﬁel ésé%fbg:[%u% Tﬂaesc%re][i>i<|‘¥|é)ﬁeaclizllto {é% 8 glgence

of MBCQ i nhihin inechtioot ¢anti&sth¢ cdrepmings aﬁtlwplrdseutsnvamamnd at Istst oot adlcb‘donal

LC3- GFP. The . reduc s obvi,ous hr after the

add L o BRTEESISH P ABa e PO¥odbE O IDRSEh HhO PPyt U SRE.

Quant 24 at hy@tigahysitSe. Of twtd -tk ad@itisnd Sbfids [ B cAhbiatey kudH BAQRE OPY
(Figure 1B). The r eat rrent of MBCQ reduced the nunber, spot size as well as

spot i nt efm’mesicolﬁlm&mowmf%fmbﬁmn@ftlmttwﬂe control or to rapamycin

treatment al ong. The intensit sur.ed.bot e presence
of both r aparryg‘?r exaim I1e orie aspegt oqjthe mvention r‘é?%esqeale usc of smaﬁ"mo'lqecuré

autophagy 1nh1b1t0rs (e.g. those of formula I or II) in combination with an anti-
angiogenesis inhibitors for the treatment of cancers. It is known that anti-angiogenesis

30  inhibitors have the promise to inhibit tumor growth by suppressing the growth of blood
vessels in tumors which are required for supporting tumor survival and growth. For
example, the angiostatic agent endostatin and related chemicals can suppress the building of

blood vessels and reduce tumor growth. Several hundred clinical trials of anti-angiogenesis
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10 MBCQ t oget her versus that of rapanycin alone, and the I C50 of MBCQ was
determ ned to be 0.788 gm which is about 10,000 fold nore potent than the
commonl y weedittoape2] I 1 Pt dl ns3P ki nase i nhi bitor, 3-netirgrAsdenionssg 3- MA) ,
whi ch has the working concentration of 10 mM To confirmthe inhibition of
aut ophagy by MBCQ H4-LC3 cells, 293T cells and 15 nouse enbryonic

fi br obl astlrugehtesnomenmsdcr ma&t ladests WhhI}ﬂﬁ@tﬁradti{ahgiogmissh@apiemiegblectus LC3I I

were neasured b vvester ﬁg Cﬁ,n |st%nt t he |nh1 bi t.ory acti vi of
MBCQ t heSYRIVRSS Lurger growih WRFitigheRat s f&% REHCT AR ENGSIS 5K ci n
co- treat edlofi¥maGot BORIuREnMeh rGl%h!g A QHB@NRAL [ BmbiiRtioR fvithalR@mEdtldbnal one.
Consi stent with LC3-G-P analéfa &re 1B), tthe levels of LC3II were

si gni fi canlndnyothmlesrmaﬁtﬂ@rfom bansticia Sphclﬁoalbapetnphﬂgﬁ iplnbitvBaRYfgevidha
conpargd to that cin . the effect of MBCQ
o vah i RoubR AR G SormRRaticn i sl R FR I heBr e 1 n planks
buffer for |h, Enbidsedtinias bseH fHowinadlinduRe kixdy auteﬂcwmgwl adlsdgmasalltaied by
the increases in the levels of LC3-GFP dots gure 2). In the presence of

MBCQ (5 gRpelinst amdﬂafttaeﬁtemﬁdmeéﬂ(%wp%b@ qt gl. sErgmatle aihces quieniasyin
Quanti t at %Xaﬁ)ﬂfel ia eﬁﬁ%&%&ﬁ{la‘c&f aﬁ%e*aﬁnlr%ﬁ Pe%g f%U&'Qeﬁ CelP ﬁll\/ﬁe‘idtzgod@@dAf/BOt

intensity confirne ion |n uce IS 1n

(5 [LM odisplosdd lievein Ciohis ks f@ind&h&ﬂ%l(lﬂxﬁloﬂw aﬂbphﬂgtytsﬁkﬂﬁﬂva‘lly ks T s0¥9et oﬂ' he
ultra-structure of gells treated wth anycin was determned in the
preselte E#CEHLRABIGTSIAVERBON copdiias. FhsiRiare: Hat ProRescddhat entivBEIgENNISt h MBOQ

al one for th%r%lyg{&)fy 1%9ué@id8ﬁ@n%%ﬁél¥c st ﬂoas%réstnf?zet é&ﬁ&er%%m {ooalutdad’hﬁﬁ ed with

vehicle (1% Tr eat ment rapanyci n format | a large
nunber s ofnhdutomﬂphsdgdsarmst nartrally khptotxd @ flihes,iacodirsition wf aitr-amgogdesih doubl e

menbr ane 0SOnes re conspi cuously absent. ells ated with
r apanyci ni PgeehEn P ERgY P 7oV BoY pptan Bs Seeubobr a2y ss
Exanpl e 2w1t§6ut'-t%r’&d46ﬁc&9{d rfnd 1 é%els R hANGRad, SAR} aOf A WB gy and an cbig a
4- het er oat om substi tut'ed chgl nazol i ne conmpound. For the pufposes t he SAR

t he st¥ucinhilatiof. AvBaha 7v$(dbd> ﬁhl-é)three parts - parts A B and C - as
shown in Figur A d| rent subst] re introduced into
o posi t 1 on: “harsiaitngeREmiator S E ey ERpk Wy ik F PO LAGOER by

sul f onyl gfveu@an ofan@iuﬁkﬁ@dﬂ @i-teicomb@icdufdude f@- exambtwtﬁe fanélviagi no group) ;
hal ogens were_ introduced into 7-position; hal ogens were introduced into

both 6- ahevagizgawb (A@@ﬁﬂn@awarmxwmld@maéﬁ{enw& Qverd, IiN-eoluddolatpleb 2-
1A i - : | f
posi tion. clokor Flﬁ{%ﬁn Budg @b X@ﬁ%dg@ ﬁﬁgaﬁgg%%&%gg{rhs%}&l}fgge&l8§ with! T ur

atom the nethy ene chai’n was e
subst 2@ ut hgayinnasrtidgddderived tArgiogehéyd Elm&)mkgaF aictor, matrix tetafeproteiast he

effects of di.fferent aromatic cycles were vestlgte cl udi ng
4-pyri di n{An! qbl%sp BREPFTAYH. cndpriaty, apsthREciradiel GRoE: GI} aegaspﬁﬁ%lﬁw

Subst it ut ?g)lm«ﬁnw §Hﬁ%{0%§l£ﬂtlﬁlolnﬂgé uded both el ectron-w thdraw ng groups
(e.qg., ogen, ro 15tritluoronet hyl group) substituted phenyl 5)
and el ect r on- dbmadditiepn, gs despgbddeing)S BatemoA pplication Publication No. 2008/0269259 to
Thompson et al. (hereby incorporated by reference in its entirety), autophagy inhibitors can
25  be used to treat a subject who has been identified as having a glycolysis dependent cancer
by combining one or more autophagy inhibitors with one or more anti-cancer compounds
which converts glycolysis dependent cancer to cells incapable of glycolysis. Examples of
anti-cancer compounds which convert glycolysis dependent cancer to cells incapable of
glycolysis: Alkylating Agents; Nitrosoureas; Antitumor Antibiotics; Corticosteroid
30  Hormones; Anti-estrogens; Aromatase Inhibitors; Progestins; Anti-androgens; LHRH
agonists; Kinase Inhibitors; and Antibody therapies; for example, busulfan, cisplatin,

carboplatin, chlorambucil, cyclophosphamide, ifosfamide, dacarbazine (DTIC),

mechlorethamine (nitrogen mustard), melphalan, carmustine (BCNU), lomustine (CCNU),
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met hoxy group). A total of 194 conpounds wi th above nodifications on
the MBCQ structure were synthesized and their activities in inhibiting

aut ophagywoera/an2kyzed. The SAR results can be sumrari Peu/ts300oli7Tons (see
al so Figure 4B): 20(1) The nature of substituents on 6-position of

qui nazoline is critical for activity. Electron-w thdraw ng substituents
(e.g. nitdatoonfybinodonsridionpoxbrmbiay Esdtidney ol idaitbycif,engoxa@@8né,n Fi gur e

16). The conmpounds wi th el ectron-donati ng substituents (e g. am no group)
on 6 posi PIORIHS SREIRENTE TR . BHOTAT F G o o EBlnBHISO ¢ hou
substi t uepd$atObilutRfict NARANIGY EupRIARK B ReREh] MbdWic, IRRE2)TaRUDS THIdHEMS ON
7- and 8- position have negative effect on activity. For exanple, when the

qui nazol i Aeaste, hersparsgibesei andttestinon. 7- or 8- position, the conpound | oses
activi%y E?e. . C83), and the sane as conpounds that are bis-substitued with
chl oro gr 35 oth on 6- and 8-position (e.g. C19, C20). (3) Steric

hi ndrance on t hg yp& ficréini AMBeQFeARhIlLY effctive atoufddBr "t@hpeutRlly bVIRG
heteroatomin the part Bis 0 or S, no activity was detected (e.g. Cl101,

S
c45) . dose( &) anczangt afis corBeundafithq myentiparpr pisenbarisienef fwp pampresurly

repl aced w I NG : y o

oL 03 155y hoTREBRgH) 8‘}&%9{0%%1“(pg?g‘}ly%%60%%)510%%&“4908%{0“& NC2 or

4- pyri di nelléviated) et lpadt paffially oneidr niu@e aphptoidswf (e @ndi@ibh) A tMhepeutibdlye ar e
substi tuenés on 3-, 4- and 5-position sinultanpeously, no activities were
det ect®d elegjive emgynt can also beamamqughwhtchily prophyiaetical¥ sHeet cwhdhameitr oat om
in the pagh;B; It LGBl i 2 3 Cle, G551
and C13). %&ﬁéﬁ"ﬁ%ﬁ&;ﬁ%&?%ﬁfgﬂe@é@ﬁgﬁ? %dﬁghgﬁéh&%ﬁgggﬁ e&gflgﬁhee units are
i n the cheomilitiomtoibegropteds thA seveditpaf the Cofditign arBihe r&&a48soudn. Batdigivann, bul ky

bstit t he b h chain | eads t tiyit . C81, 6 d
oy For DBt bR EuRap e Tt awbRtHh Do drntiped e kafviite frove SF

di f f er ent gigptih galarconfiguration (R or S) on branch chain (e.g. C69 and C84,
C76 and C77). 10Anong the MBCQ derivatives synthesized and anal yzed for

t hei r Laut ophag¥or #ityi deimpongd asadiiviatysthahoidberpreserd snerhipbithedenprapatyy

i nhi bitor tivity siimlar or.a e.that of MBCO (Figqure .16), At the sane
e, noRare g LS e G BREE bRl LRER ot iR Gt abAf o ar e

simlar tervdERdEhrdntlr ald il mb@dletoRhRut aRha@ytinddunbiteitpn agidehdty and
were used._as negg_ti ve controls in subsequent experinents (Figure 15). 15To
i

confi rm t HeludshilsilCorap detarminedyn ol artasstyaghe. the ceccatigiopeffivgiesbl ast s

( MEF) compound which achieves a half-maximal inhibition). In some cases it is appropriate to

20  determine the ICsg in the presence of 3 to 5% serum albumin since such a determination
approximates the binding effects of plasma protein on the compound. Such information can
be used to more accurately determine useful doses in humans.

A therapeutically effective dose refers to that amount of the compound that results

in amelioration of symptoms in a patient. Toxicity and therapeutic efficacy of such

25  compounds can be determined by standard pharmaceutical procedures in cell cultures or
experimental animals, e.g., for determining the maximum tolerated dose (MTD) and the
EDs (effective dose for 50% maximal response). The dose ratio between toxic and
therapeutic effects is the therapeutic index and it can be expressed as the ratio between
MTD and EDsy. The data obtained from these cell culture assays and animal studies can be

30 used in formulating a range of dosage for use in humans. The dosage of such compounds
lies preferably within a range of circulating concentrations that include the EDsy with little
or no toxicity. The dosage may vary within this range depending upon the dosage form

employed and the route of administration utilized. The exact formulation, route of
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cells were treated with C29, C43 or C71 for 4 hours in the presence or
absence of rapanycin and the |evels of autophagy were determ ned by LC3
west ern bwotzbimgis2The treat ment of C43 or C29, but not Phe/usegatiaréd contr ol
C71, inhibited autophagy induced by rapanycin. (Figure 5A). 20The effect of
C29 and 43 on autophagy was further confirnmed by electron mcroscopy. In
rapanyci nadmmadtedoivkid mgscammbmbmﬁgmmsimﬁﬁmﬁew (vﬁtheh doubl e
menbr anes were o rve S Il as vesi.cles with mul rane as
oxpectod PHIGLs oBRon 15ecSe et Satadd 1o th hoplogichl B35 6f ca3,

aut ophagoeﬁétﬁge@fc@’ lcar gghy ﬁQﬁ@ﬂEatﬁi%ntt(ﬁ%rrlséss tHeh M BRis@htfont Sreala8Ghe BBlusDr
(Figure 5) Exanpl e MBCQ I nhibits Selective Cel|l Death Mdels

| nvol vi ngammfwm@prwhnmdheb&mm mhm@ﬁﬂé@pb@mm@r@wm | ul ar

activity, the ffect of n sur rm ned
et outt T ned bePsaeciaRinl TiE g Fiow SR d i B o yioF sPS8a 858 g
har vest edoflk layti¥cOioiegl Whidk me@rufﬁ@emtw ﬁglﬂtﬂn&t@klaase&ﬁ@tﬁ@atm‘g cfeyRasY bl ue. As
shown in Figure 6A the treatnent of Cﬁwd no effect on cell

30pr ol i f ePwRIEhCtTagize cangenigiame(MEGH | The wikwsirp fer caplberrppeunddef pan by H4

Chown i n BB YRR Qut ' Bhsdsll ncbsnln el uiNng A SRR A "ot A9

di stri but irglividV¥DcREAALALLS 2RPLOIITAARAN BE2ATHO However ARIOD b@gys hresobseen
proposed to contribute to cell death in a nunber of apoptotic deficient
cel | 1§ pesan bsoysed fafgieaning BleFHAKOYSHBIEef i ci ent nmouse enbryoni ¢

fi brobl ast cel i t C.,
Zong, WX, Chiggaa?gg@e@tﬁaﬁggsﬁ eb'r% &%lﬂlggﬁt%uf%q%o ou ﬁ)@ @&hﬁ%@ségkhom

Rot h, K Abe; advhm@Gtegdnsinga RegimE wlmﬂnnama{hsaﬂasnairidvd(mamylm MES: fbr 1()-29t0@(<1)

T POt oL, SRR B S RSP S L T

et oposi de0a%dABRNoANOMOL §np BN &eachiRvEd. dBAtaRed O 16@ hdthMi@Mabn ayt&&lﬁagy
i nduction (Shimzu, S., Kanaseki, T., Mzushima, N, Mzuta, T.,

Ar akalh- Koblaka gl cffestive insaiosoentragomof therdugnway nathexelated to2BBaR. Rol e of

Bcl-2 fam lt}/cettl)trqtt[o%l ns in a non- 10 apoptotic programmed cell death
dependent onaut ophagy genes. Nat Cell Biol 6, 1221- 1228). To test if MBCQ

nay i nhibit cefThe d@atkt FlobpaditiekaddiDitatd sill,vdveade, by depaiest dethe Bax/ bak
DKO cells were treated with etoposide in the presence of MCQ (10 [tM or

3- MA (10Syhigct heing tisaigiin/tle suhie¢ sl weight, thepseveady gﬁtbmfﬁhﬁthﬂt,&tﬂleawro he
presence of bax/bak DKO MEF cel | s.
Furt her rmfg(fe @%g?@%{m&ﬁ%% nﬁ?%?%flgﬁhgs?ﬂfg%% the levels of LC3IIl were

i ncr eadedKits et oposide treated cells but reduced in the presence of MBCQ
(Figure 7B). nple 4: MBCQ Sel ecti vel i}lﬂ Reduces the Cel | ul ar %evel s of

PI 3P S ndbe © KRRy dh BT PATRRN IR 861 AYRIEER (5§ FABBIHICS ANGEind

starvatio ivi f mMIfOR
Vool on prompdsitl of (i SPETATAC UM Abiciiin i @FL Mk obT T

phosphor ytapémser ddvigel.ORhapatkinhay foaegmnsle cmpﬁﬁel@anaﬂoﬁﬂastucrfoﬁ,mm‘cln ad a or
rapanyci n .reate | 1s. Nor does haye ef fect .on the

bhoephor yblitFiichs Thericka ahrier s Grma PraCrBbIg Ay ST rsHoR ot ofs
regul 24 edtﬂé)éohitﬁ@ﬁnd iR AGRE P AL rikd s 8in. Cohpodit@silcbmplisiag %L&gﬁ?ﬁu@d shat
MBCQ has no effect on fype |I PI3 kinase. Thus, it was concl uded that MCQ

has no ef fhegavansien ferenuidreiRingaecveayiblsr phaymecentical carrier may also be prepared,

placed in an appropriate container, and labelled for treatment of an indicated condition.
Instructions for use may also be provided.
EXEMPLIFICATION
30 The invention now being generally described, it will be more readily understood by
reference to the following examples, which are included merely for purposes of illustration
of certain aspects and embodiments of the present invention, and are not intended to limit

the invention.
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25P1 3 ki nase. The effects of MBCQ on early endosones using

i mmunost ai ning of EEAlL as a marker, |ysosones using i mrunostaining of |anp2
as a nar k&0 20rv/diyet racker, trans-Gol gi usi ng Gal T- YFP &€TAISR@0}0€2750aS
determ ned. No effect of MBCQ was detected in any of these experinents.
Thus, it was concl uded that MBCQ does not affect major intracellular

30or ganel E«xsmple 1: IsollatmndﬂhiS’m:ﬂl Motmum‘lfndadntm's oB@@piragpr ot easonal

degr adati on pa G-PCL a G-P f n.w hor ved peptide
s et er ot nodTp Exkel iR ph b Sptay and s Ropdadicel wret pilstyics

| mpai r menthapfar J&ﬁv&'t@ '1tq H h%g%lﬂth%@hﬁﬂﬁﬁlﬁ@e-ﬁé{s% QBB fRloBh ulators was

2011/ 011522PCT/ US2010/ 042759 aggr egation. Sci ence 292, 1552-1555). It was

found t hatlewBoeddbas syrtem tdkEeedvantage béﬂl@llscadifzatpE@fFMg@thansﬁugqaﬂ@d ook hat
| eff t th t t
shown > T GG Sy R HRED B R s RiBO R B R BT SR Lo a7

| evel s of ppolyuluopi Hadat | 0B, WhaBy, H.{ YWas.[FORE, Lxdemlatmabt M&@@%Osﬁlanot
have a general S5effect the ubi quitin- prot easonal eéi% radati on pat hway.

The | evel Bofculptrggiatep qfpusphagy dertiesdbs a i 1maa9- ascedrhigh-tapughppescrgen.
medi at | ”ggfo‘étl@a&f‘ﬁ 4 $d%Ys %elozﬁwoﬁ”%dé'g Kralih 23 (%Qgﬁholog%gﬁéa%‘?”e”t by

sel f-di ge ecul ar ani sns an ogl ca function aut ophagy.
Dev Cel |l BTGE Bagiicth shdwn asmatkl aul’t@ﬁ@dimmeaﬁerﬁﬁtfaﬁeﬁpe@fﬁcﬁllji B atiddaCEL | S
expressing FYVE- REP wer e used FYVE bi nds 10specifically to Pl 3P and, i s

wi del §0 us Mzusdimaa. Mar Weno. flor Y amamefp af-- Kayeake. T oNopi.3b: Keminamick-, Ohsypi,

Si nronsen, vA. r LRRS
(1998) . FWE %@g{rﬂé&& ngzooohwgg%n%ﬁ%l%%re 394éﬂl 4@33 3%3& gé? fﬁL’ gdr&g}sl%%angl Y,

t he treat memitodiagdBEQ mapbeihys ea%d pejcbmrtg FMBONdAuEED- e, hied/ Blizusbima,

ovel o of NPT dor by e BRAVE bt iR selet it orReREGEa F gur es
8) . 549 ¢ ﬁﬂﬁserdﬁmsncpp pbaavaaﬁtsﬁﬁagaﬁmh@% ed ish%Bt%lvd WARF nbgygl s of

Ptdins3P, alipid | ot assay was used.” The cellul ar dl ns species were
ext r abi edgendh a@pdlil@tdi mwtsaapldlyympmsqdd@ne s¢rupottiretioneorishaadditiothel | evel s of

Pt dl 3P de d GST bod As
Choun i Eiauy EheEhE et e TRk 5 p AR P u SL e 1 PR ey mPhtcod  ho

cel lul ar hedesdasilyodblPtelihoeaR dogrddatite faisal ofbstoplRpeMnGicad, tth@ﬁlbadserseifl S.
Taken toget her, it was concl uded that MBCQ reduces the |evels of Ptdl ns3P.

Exanpl e 5LCREED man bepssoatetadyitipes!| desth eragayshs erwsihy ef yseombdelsch and thus
Degradatl }tei@éﬁl gﬁﬁg&%f‘ﬁﬁ 1%’} gge the type 11l Ptdlns3 _k| nase conpl ex,
'S

Vps34/ Bec sponsi for 25 the phosphorylation of Ptdins to
produz@ Pt dI nsBPa sdyB(fi480ikinbivarbyoaativé sormpoudds,taleC kiGFRsiesat high ithrgugfput he

Vps34 conpl ex was determ ned, 293T cells were nsf ct ed with
HAVps 34/ GHPAESSEIRMVaS C%ef/wgéa eW Hhyough nuaﬁifﬁzs%ﬁ 3&% Ty prgteis fsegedation - Ha

was i ncubghed Motid %Idth@ ehﬂﬁfﬁﬁnQB@ﬁgﬁﬁ% vQ{lcl}/C(ﬁﬁ &Eﬁicaﬁ?ﬁldﬁgé’%@gﬂ{%k@t ron

product was anal yzed In layer romat ogr aphy an
aut or adi ogcgmmon,&e)rmﬂmsmthlannMpeEl@wllg 1ﬂ<ﬁ©@setl¢1@lspjfdﬁﬂaGFPIaatairmltm‘f Pt dl ns

5 P Lo TR, bt ot b HBCE, T L R on g
25  screen led to the identification of eight compounds, seven of which were FDA-approved
drugs, that can induce autophagy and promote long-lived protein degradation without
causing obvious cellular injury (Zhang, L., Yu, J., Pan, H., Hu, P., Hao, Y., Cai, W., Zhu,
H., Yu, AD,, Xie, X., Ma, D, et al. (2007). Small molecule regulators of autophagy
identified by an image-based high-throughput screen. Proc Natl Acad Sci U S A 104,
30 19023-19028).
In this screen, a known bioactive compound, MBCQ (Figure 1A), previously known
as a PDES inhibitor (MacPherson, J.D., Gillespie, T.D., Dunkerley, H.A., Maurice, D.H.,
and Bennett, B.M. (2006). Inhibition of phosphodiesterase 5 selectively reverses nitrate
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On the other hand, it was noted that the levels of flag-tagged Beclinl and
HAVps34 were considerably lower in MBCQ C29 or C43 treated cells than that
of CB82, awowmi12012£011522PCT/ US2010/ 042759 i nacti ve analPOl/USEé1gous40B) .
The treatnment of MBCQ C29 and C43, but not C82, also reduced the |evels of
GFP- p150 and Atgl4L (Figures 10C-D). It was also found MBCQ and C43 coul d
reduce t holérenvelis tlof veandogemdbaimnBERhdrmlacol \Fxp3Phead tl7, ARG - 1D4), Wasiidpnti€led @E) i n

H4 cells and in 293T cel]s (Fi.gure]l OF) , il known .aut opha

ot b1 t or RIRAAHaRN RS Tt bertach i el n Hase RF- 4 CHR BT Re SRR 1 2
10G). EMgTé’d ehekmco e ihk 1NBRR AN -G aB%Xﬁec%dWh@ﬁre@éﬁc@%?MB@QendOgenOUS
Beclinl, 293T cells were treated with MBCQ or C43 in the presence of CHX to

i nhi bit pmbildied beynbaseldiecls Fhecll evrabsmpéin Bawulatdd Mei-&iERoTablogdutbtiaeef i n t he

C43. th i th 10 .al treatment for 6 h
U qure 1067 Chnets Wit Spbig i e e e ol B OB Rlse R e Brvot o
the degr agat bprﬁ%%hyﬁﬁd%@f@ﬁkﬁltiﬁﬁﬁbiaﬁhlysis of LC3XGFreddb asigg hhyd thepamitsm by

whi ch MBCQ and 3 reduce the levels of Vsp34 conpl exes, 293T cells were
treat ed WMHHOESBY Wighrepkt Eas aamentiMBECE} refised3be pymbguasppt sige pnwplhps

| ysosonal [ 5 f t r - not
NGO 151 H B P (R B AR O e P SR PERn R Rl e
t he treat ThaintafsitCBLOBAHPR e4as tdesudapbah ad ihepraendadiviot] rapimpsigland he

prot easormal pathway. It was therefore concluyded thag C43 inhibits autophagy
by sel®ct OtttV Eitys thakoldanmaydR plone.cndihe sy Pﬁt MBI piap 4ei8mMBRHIBx es

| ncl udi noyV55341 Beclihal (RASR!HoR Al NERG R AIRUR GrrdBAR AR 1 ACt ve

Derivatives Enhances Starvation-1nduce optosi s 20SI nce” aut ophagy is

act i vat edPuihd3P knetsa bdlibiorsi-megy]-@derdng (3eNe\ )t whebppsthe wakingsonwiniration
conpounds &@ﬁ%&ested to determine if they pronote cell death under
starvati off tion. Indeed, it was found that C43 reduced the survival of

MDA- MB- 231 cel Irg cHAGEN (1RehMBIth@e aﬁt@pﬁu%i)@nwiaﬁcgM@Léé&u@,ads%&ﬂangel I's

under glucose-free condition (Figure 1 . VWestern blot analysis confirmed
t hat the mogsg ¢erabiyonic fbachlasaelb werd trgatcd phtigy BGR) @8MbE v elsalflcgdegedewns bot h
basal and cose-free ndi t.ion. .| n, addition,.it s.fQ at 43
"o bi ted-PRUEFE 1P SRed PO R Cp iaty Copsiskdly MG Plipiph AR ik S BHCQ e T
the presetrde@fls %D wieReconsistently FdausRinIMBICQ dmd tapahyciMeadddted €l4-EChbecane
hi ghly sensitive to C43 under gl ucose free condition (Figure 11D). Wstern
bl ot anal y23kanst MBEysllgporapired taihipt ofrappnpyrde ploge ftqnsisteahy it ILSoSER f r ee

condi 1 onSgNGl (e 98) Lkt i06ct FSRNIRRLAEAR, AL BhiAkAHLARNAEY under

bot h basa ose-free conditions. e nechani sm whi ch
C43 i nelucepaineind@d MBOT) Be &ip edvipaed testhat dferafpdifycdoalbent was anal yzed by

condi 11 o' § nduBACETBRENGTTech 5L W8P0 SBRATOR JHUESt BRPPREY HISpART Ol Te

cells were cultured in Hanks buffer for 1h, which was sufficient to induce autophagy as
demonstrated by the increases in the levels of LC3-GFP dots (Figure 2). In the presence of
MBCQ (5 uM), starvation induced autophagy is significantly reduced Quantitative

25  measurement of the LC3-GFP spot number, spot size and spot intensity confirmed that
starvation induced autophagy is inhibited by MBCQ (5 uM) or positive controls of 3-MA
(10 mM) or wortmannin (0.1 uM).

The ultra-structure of cells treated with rapamycin was determined in the presence

or absence of MBCQ. It was found that the cells treated with MBCQ alone for 4 h are

30  morphologically similar to that control treated with vehicle (1% DMSO). Treatment of
rapamycin led to the formation of a large numbers of autophagosomes with characteristic
double membrane. Such double membrane autophagosomes were conspicuously absent in

cells treated with rapamycin and MBCQ together (Figure 3).
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WO 2011/ 011522PCT/ US2010/ 042759 DNA fragnentati on (Figure 11E).

Furt hernore, cleavage of PARP, a hall mark of caspase activation, was al so
det ect ed WO 2Boap187 cells treated with C43 under gl ucosecTrseoionmisei on for
6 h (Figure 11F). Another breast cancer cell line, BT549, al so denonstrated
a simlar response towards the treatnent of C43. 5In contrast to the above
cancer ceEkamphe2: StnadtyredctiviheReladgahstapi(SAR) VDMBCOI | s, whi ch derived from

t he Madi n-Darb i.ne kidney, with spautin ynder gl uc -free condition
g not | nauce Hgogrdetedom b RSl BhrbeBrui di GESuPoRa chion
treated WiHehs A0 Lkhé MQdurs BRMBOQNAL A& Sitd fikQUfats 13Ar@nd BlAR) ¢ —Hs iRRst

cells, established fromnornmal tissue peripheral to the tunor and is
myoepi t helri Bigutertori gin, al so were not 10 sensitive to spautin (Figure 12C

d 12D). Th | 1. istent with t i bility that
ol s Ty bo- ulber R BReEaRRRb e BriadurEn BaRo L bk o BT
sensi ti vedéfciéMerduplii®it hwd Sl rdth@ARDESYy tohdip) Nad-Lrh6e rict &rdiups (¢.ACT eased

activation of autophagy under apoptotic deficient conditions has been shown
to nedi at BICHOKY agéamio greuple BalogHis avase yiiodheqdiipto RagsitEyk halegnsevitaockout

(DKO 15c re t d, Wd - | ' %ﬁ?@@g onse
in the pr g&%ﬁgéﬁékﬁtoa@ﬁaﬁc%n\@o% B%%%ﬁf?ﬁa gﬁw P f %{sﬁ%]?%ﬁ%d fa ?d k)%%% and
3- MA i nhi podisoret oposi de i nduced death of Bax-Bak DKO cell Thus, it
was concluded that a subset of canc?r cells may be selectively sensjtive to

i nhi bi®ion of &eEBPhBGYS NEPLER AiEHr aeed pithedroxygonvEcn!iBerovathamehyiing vo
1R pedl n. bk 8L ckibfgddt hiRrd bﬁM@ﬁQ @.%r SubREUHED) Wb MY Po thETheARidrelchaid!
ophag d m ce was

MBCQ derivatives to 1 nhibit aut in rapamycin injecte
i nvesti gated. M pat Gethe effagte of didifevant Aronapiawy deswtOnvngtikgyd.ahdndngs a

positive control ., or with C4 r. (40 mg/ k i ntrapgr,it.oneal ly every
oot Tor S TRTHRY L eHURNU AR ST RO PR he SR OIS | evel s
in liver wagtdkhg %&Md%ﬁ?el@&rdﬁ@ﬁtﬁdrﬁw%r%&%g%h@_ﬂ)g@ﬁ',tdit’rér,(ﬁ%danti body. As
shown in Figure 13A, adm nistration of or significantly reduced

the | &vel gifbforerashyl grpmpisubstitutad phered &) adwertonaton@d® aodp BRI, bot h

active in v%hvg)( ip i nhi biting autophagy. Since autophagy has been proposed
to contri BUtEY&E MR tissue darmage in 30 pancreatitis, MBCQ derivatives

were tested toAs®albf 19h@mpauidwitedbee hodisivaions sage: MBILT seuddyreaairell ei n
injection, a well-established ani nal nodel of pancreatitis (Hashinoto, D.,
Ohnur aya, swthesiged gpd thepactivisigaivonbibitme augphagawere analyged. S| Okunura, V.,

Takahashi, E., Ki raki s I nt of autopha
in trypsi nogenT%)gggf%%tf%ggghmﬁlgéldo%ofﬂgé‘ggggéflllségé%(lgér/lgl\%ft hin the Pragy
pancr2@ti c aci (BrTheealatuse osubelituciBs oh 64Bkitioh @6 Guih@zRine ancritidaitor aytayityM , and
Yamanur a, (20Q08),. Aut ophag%/:pgzd acute @g‘ncreati tis: a nogel aut ophagy

theory f oFE{CF%@P_ AN S SURIC 1S 2 ARHTBIOR YOS SHBOIMITBYS. hratty INvdF &
R A T S A G R S S U T
| ast i nj eot beposidind htheo penttydag. G+ e Figuteatde.d_dropounds tvéthout substituents on 6-
position have moderate activity.
25 (2) Substituents on 7- and 8- position have negative effect on activity. For example,
when the quinazoline is mono-substituted on 7- or 8- position, the compound loses activity
(e.g. C83), and the same as compounds that are bis-substitued with chloro group both on 6-
and 8-position (e.g. C19, C20).
(3) Steric hindrance on the part A impedes activity (e.g. C68, C01).
30 (4) When heteroatom in the part B is O or S, no activity was detected (e.g. C101,
C45).

(5) Compounds lose activity when the benzene in part C is replaced with

morpholine or furan (e.g. C78, C54).
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blotting analysis. As shown in Figure 13B, the injection of cerulein
I nduced autophagy as reported; the co-injection of C43 significantly
reduced twe 2bavmi®20f aut ophagy i nduced by cerul ei n i nj @CTiusSR010/DadkreN
together, it was concluded that C43 is effective in reducing autophagy
I nduced in cerulein induce pancreatitis. 10 Exanple 8: Preparation of
Conpounds (6)Quanmends with dpPif 04NO1 ar 4-heridiyatnhbs ipsrt 6F exbdnpoundisitef

F e Rt e hE SRR R shios o ORI 5R el I
activities were detected (e.g. C15).
(7) High activity was observed when heteroatom in the part B was nitrogen, which
5  linked with 1-3 carbons (e.g. C16, C51 and C13). No activity was detected when more than
three methylene units are in the chain linking part A and part C (e.g. C30, C49). In
addition, bulky substituents on the branch chain leads to no activity (e.g. C81, C86 and
C94). Further, no appreciable effect on activity was detected with different optical
configuration (R or S) on branch chain (e.g. C69 and C84, C76 and C77).

10 Among the MBCQ derivatives synthesized and analyzed for their autophagy
inhibiting activity, 44 compounds exhibited autophagy inhibitory activity similar or above
that of MBCQ (Figure 16). At the same time, a number of compounds were identified, such
as C71 and C82, which are similar to MBCQ structurally but have no autophagy inhibitory
activity and were used as negative controls in subsequent experiments (Figure 15).

15 To confirm the inhibitory activity on autophagy, mouse embryo fibroblasts (MEF)
cells were treated with C29, C43 or C71 for 4 hours in the presence or absence of
rapamycin and the levels of autophagy were determined by LC3 western blotting. The
treatment of C43 or C29, but not the negative control C71, inhibited autophagy induced by
rapamycin. (Figure 5A).

20 The effect of C29 and C43 on autophagy was further confirmed by electron
microscopy. In rapamycin treated MEF cells, numerous autophagosome vesicles with
double membranes were observed, as well as many vesicles with multi-membrane as
expected (Figure 5B). In cells treated with rapamycin and C29 or C43, autophagosomes are
largely absent as that is in vehicle treated cells (Figure 5).

25  Example 3: MBCQ Inhibits Selective Cell Death Models Involving Autophagy

To characterize the effect of MBCQ on cellular activity, the effect of MBCQ on cell
survival and cell cycle was determined as outlined below. H4 cells were treated with
MBCQ (5 uM) for 5 days and harvested daily for cell number counting in the presence of
trypan blue. As shown in Figure 6A, the treatment of MBCQ had no effect on cell

30  proliferation. The cell cycle profile and possible apoptotic cells in H4 cells treated with
MBCQ (5 uM) for 24 h and 48 h was also determined. As shown in Figure 6B, MBCQ has

no detectable effect on cell cycle distribution.
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Schene 1 15[ 1] Step one is the formation of a quinazoline-4-ketone (or
8- aza- quiwezolvmnes24- ket one). PCT/US2010/042759

Autophagy has been proposed to contribute to cell death in a number of apoptotic
deficient cell types. For example, bax/bak double deficient mouse embryonic fibroblast
cells (DKO mefs) are highly resistant to apoptosis (Wei, M.C., Zong, W.X., Cheng, E.H.,
Lindsten, T., Panoutsakopoulou, V., Ross, A.J., Roth, K.A., MacGregor, G.R., Thompson,

5 C.B., and Korsmeyer, S.J. (2001). Proapoptotic BAX and BAK: a requisite gateway to
mitochondrial dysfunction and death. Science 292, 727-730). Stimulation of bax/bak DKO
mefs with etoposide has been shown to induce cell death in part through autophagy
induction (Shimizu, S., Kanaseki, T., Mizushima, N., Mizuta, T., Arakawa-Kobayashi, S.,
Thompson, C.B., and Tsujimoto, Y. (2004). Role of Bcl-2 family proteins in a non-

10 apoptotic programmed cell death dependent on autophagy genes. Nat Cell Biol 6, 1221-
1228). To test if MBCQ may inhibit cell death of bax/bak DKO cells induced by etoposide,
Bax/bak DKO cells were treated with etoposide in the presence of MBCQ (10 uM), or 3-
MA (10 mM) as a positive control for 8 h. As shown in Figure 7A, the presence of MBCQ
significantly reduced cell death of bax/bak DKO MEEF cells. Furthermore, consistent with

15  inhibition by MBCQ, the levels of LC3II were increased in etoposide treated cells but
reduced in the presence of MBCQ (Figure 7B).

Example 4: MBCQ Selectively Reduces the Cellular Levels of PI3P

Since MBCQ inhibits autophagy induced by rapamycin and starvation, it was first
determined if MBCQ affects the activity of mTOR. Western blotting assays demonstrated

20  that MBCQ has no effect on the phosphorylation of mTOR and its targets, p70S6K and S6,
in control or rapamycin treated cells. Nor does MBCQ have any effect on the
phosphorylation of GSK-3a/B, AKT. Since the phosphorylation of AKT is regulated by
type I PtdIns3(P13) kinase, this result also suggests that MBCQ has no effect on type I P13
kinase. Thus, it was concluded that MBCQ has no effect for the mTOR pathway or type 1

25  PI3 kinase.

The effects of MBCQ on carly endosomes using immunostaining of EEA1 as a
marker, lysosomes using immunostaining of lamp?2 as a marker or lysotracker, trans-Golgi
using GalT-YFP as a marker was determined. No effect of MBCQ was detected in any of
these experiments. Thus, it was concluded that MBCQ does not affect major intracellular

30  organelles.

In addition, the effect of MBCQ on proteasomal degradation pathway using pEGFP-
CL1, a GFP fusion with a short-lived peptide was determined (Bence, N.F., Sampat, R.M.,
and Kopito, R.R. (2001). Impairment of the ubiquitin-proteasome system by protein
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polyvinylidene fluoride membrane. The levels of PtdIns3P was detected using GST-PX
domain protein and anti-GST antibody. As shown in Figure 9, the treatment of MBCQ and
20 C43 selectively reduced the cellular levels of PtdIns3P in both basal and rapamycin treated
cells. Taken together, it was concluded that MBCQ reduces the levels of PtdIns3P.
Example 5: MBCQ and its Active Derivatives Selectively Promotes the Degradation of
Vps34 Complexes
Since the type Il PtdIns3 kinase complex, Vps34/Beclinl/p150, is responsible for
25  the phosphorylation of PtdIns to produce PtdIns3P, MBCQ inhibitory activity on the kinase
activity of the Vps34 complex was determined. 293T cells were transfected with HA-
Vps34/GFP-Beclinl. The Vps34 complex immunoprecipitated using anti-HA was
incubated with PtdIns in the presence of y-32P-ATP. The phosphorylation product was
analyzed by thin layer chromatography and followed by autoradiography. As shown in
30  Figure 10A, the phosphorylation of PtdIns is inhibited by wortmannin but not by MBCQ.
Thus, it was concluded that MBCQ is not a direct inhibitor of Vps34 enzymatic activity.
On the other hand, it was noted that the levels of flag-tagged Beclinl and HA-
Vps34 were considerably lower in MBCQ, C29 or C43 treated cells than that of C82, an
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20Under argon, the product of step 2, HXC(R2)(R3)(CH2)"Z (as defined
herein), and triethylamne are conbined in a nolar ratio of 1:1.25:1.68, in
an organiwo=0iwveami2? such as tetrahydrofuran, and heat edPCo/tshawito4759 80 C.
After about 12-18 hours, the organic solvent is renoved by rotary
evaporation. The resulting crude product is purified by col um

chr omat ogimaptyve eﬁﬁl%cgr(Fiaglhdé 10BNdhe trebtusht et MBG,Q, (RO and riid3ebutsnoo 82 calymound A9,

A30 and A36 ar bel o not ed above, additional
corrpoundsreéiﬁﬁedgt@eger Baﬂ?gg:ﬂb?/liﬁoaaﬁ’@ Eﬁhglg‘ﬂﬁeﬁgogﬁr%ch is coupled with
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The sol ut {PRhWRSyBs6maVEsedalion. I?@aﬂoﬂn@?halﬁ@?res@k&: shawad2 vohﬁndtwmlon was
20 conpl et ed. The m xtur€ was concentrated an urified by f

chr onh ogmaghieditie idvetiond 4 PaBE¢lgHt ThisIresoly sgggasdi tb@zth@r’geatmﬁ@u Q:f CB7 %
confirmed 0¥noers thwﬁegraga%on of Iﬁs):hn thlroug|l_1| tfl\le pro%easornea pathlv&payFllgwgsethgr%forgS
concluded that C43 inhibits autophagy by selectively promoting the degradation of type I
PI3 kinase complexes including Vps34/Beclinl/p150/Atg14L/UVRAG.
Example 6: MBCQ and its Active Derivatives Enhances Starvation-Induced Apoptosis
20 Since autophagy is activated under metabolic stress conditions to support cell
survival, compounds were tested to determine if they promote cell death under starvation
condition. Indeed, it was found that C43 reduced the survival of MDA-MB-231 cells under
serum free condition (Figure 11A) and MCF-7 cells under glucose-free condition (Figure
11B). Western blot analysis confirmed that the treatment of C43 inhibited autophagy in
25  MCF-7 cells under both basal and glucose-free condition.
In addition, it was found that C43 inhibited the proliferation of Bcap-37 cells, a
breast cancer cell line, in the presence of 10% bovine serum (Figure 11C). Further, Mcap-
37 cells became highly sensitive to C43 under glucose free condition (Figure 11D). Western
blot analysis of Bcap-37 cells cultured under control and glucose-free condition confirmed
30  that the treatment of C43 inhibited autophagy under both basal and glucose-free conditions.
To explore the mechanism by which C43 induces the death of Bcap-37 cells, the
DNA content was analyzed by FACS. It was found that the treatment of Bcap-37 cells

under glucose-free condition induced a peak of sub-diploid DNA, consistent with apoptotic
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WO 2011/ 011522PCT/ US2010/ 042759 Preparati on of A30 o 00 30-430- 530- 6
30-730-830-9 Schene 3 A solution of conmpound 9-3 (105 ng, 0.573 mmol),
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activation, was also detected in Beap-37 cells treated with C43 under glucose-free condition
for 6 h (Figure 11F). Another breast cancer cell line, BT549, also demonstrated a similar
response towards the treatment of C43.

In contrast to the above cancer cell lines analyzed, the treatment of MDCK cells,
which derived from the Madin-Darby canine kidney, with spautin under glucose-free
condition did not induce apoptosis; only ~25% growth suppression was observed when
treated with 10 uM of spautin for 48 hrs (Figure 12A and 12B). Hs578Bst cells, established
from normal tissue peripheral to the tumor and is myoepithelial in origin, also were not
sensitive to spautin (Figure 12C and 12D). These results are consistent with the possibility
that cancer cells may be under increased metabolic pressure and therefore more sensitive to
the inhibition of autophagy than non-cancer cells.

Increased activation of autophagy under apoptotic deficient conditions has been
shown to mediate cell death. To test this possibility, Bax-Bak double knockout (DKO)
cells were tested with etoposide to induce by DNA damage response in the presence or
absence of spautin and it was found that C43, MBCQ and 3-MA inhibits etoposide induced
death of Bax-Bak DKO cell

Thus, it was concluded that a subset of cancer cells may be selectively sensitive to
inhibition of autophagy.

Example 7: Effect of MBCQ Derivatives In Vivo

To begin to test the effect of MBCQ derivatives in vivo, the ability of MBCQ
derivatives to inhibit autophagy in rapamycin injected mice was investigated. Mice were
injected with rapamycin (10 mg/kg) alone as a positive control, or with C43 or MBCQ (40
mg/kg) intraperitoneally every hour for 4 h and then sacrificed at the fifth hour. The
autophagy levels in liver were then analyzed by western blotting using anti-LC3 antibody.
As shown in Figure 13A, administration of C43 or MBCQ significantly reduced the levels
of LC3IL. Thus, it was determined that C43 and MBCQ are both active in vivo in inhibiting
autophagy.

Since autophagy has been proposed to contribute to the tissue damage in
pancreatitis, MBCQ derivatives were tested to see if they could reduce tissue damage
induced by cerulein injection, a well-established animal model of pancreatitis (Hashimoto,
D., Ohmuraya, M., Hirota, M., Yamamoto, A., Suyama, K., Ida, S., Okumura, Y.,
Takahashi, E., Kido, H., Araki, K., et al. (2008). Involvement of autophagy in trypsinogen
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36-136- 2 NH2 36-3 10Schene 4 A solution of compound 36-1 (1.0
g, 5.3 mmol) and NaCN (520 ng, 10.6 mmol) in DVMSO (10 nL) was stirred at 30
C over ni gho.20TiloT12howed t he reacti on was conpl et ed. The PrirASar1e/owxEs9 di | ut ed
with water (30 nL), and extracted with ethyl acetate (50 nL). The organic

| ayer was washed by water (10 nL x 5) and NaHCO3 (sat., 20 nL), dried over

15anhydr osgiviia@s@ithinathd peomcartacabeckllsThE€el Bslddé, WS- 02 ] 4ride@hoyrafd.ash

chromat 0g(APAY ¥ onfhis, RO2008 AShaty S stute piorealins: atoselHutophagy theory
for trypsinogen activation. Autophagy 4, 1060-1062). Rats were injected intraperitoneally
with cerulein (50 ng/kg) alone or with C43 (40 mg/kg) hourly for 4 times. The rats were
5  sacrificed at one hr after the last injection and the pancreas were isolated for western
blotting analysis. As shown in Figure 13B, the injection of cerulein induced autophagy as
reported; the co-injection of C43 significantly reduced the levels of autophagy induced by
cerulein injection. Taken together, it was concluded that C43 is effective in reducing
autophagy induced in cerulein induce pancreatitis.
10 Example 8: Preparation of Compounds
One general approach to the synthesis of compounds of formula I and II is depicted

below in Scheme 1.

R’ R'" O
R’ COOCH step one R' [step two]
| X 3 [ P ] N | SN )N\H
= reflux reflux
R Y7 NH, R >YZONT R
R2 R®
1 N Z
N RT ¢l - x>\M’n
1
| XN [step three] R NN

R1>VZ N/)\R base | A

R Y7 "N "R
Scheme 1
15 [1] Step one is the formation of a quinazoline-4-ketone (or 8-aza-quinazoline-4-
ketone).

In one approach, anthranilic acid methyl ester (or methyl 2-aminonicotinate) is
mixed with formamide in a molar ratio of 1:15-20 and heated at about 170-190 °C. After
the reaction is complete, the mixture is cooled, leached, washed and dried. The resulting

20 crude product is used in the next reaction without further processing.

[2] Step two is the formation of a 4-chloroquinazoline (or 8-aza-4-
chloroquinazoline).

In one approach, the crude product from step one is mixed with phosphorus
oxychloride in a molar ratio of 1:8.7-10, then heated at about 100-115 °C. After the

25  reaction is complete, approximately 10-12 hours, the mixture is cooled and excess

phosphorus oxychloride is removed by rotary evaporation. An organic solvent, such as
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separated fromthat of autophagy inhibiting activity. Table 1. Summary of
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Concentr a%h&s%haﬁe.zluﬂe%qﬂg Fe%tlioaf{[ rin&r‘gurg is then extracted with an organic solvent, such as
dichloromethane, by column chromatography.
[3] Step three is the formation of an N-substituted-4-amino-quinazoline (or 8-aza-N-
substituted-4-amino-quinazoline).

20 Under argon, the product of step 2, HXC(R*)(R*}(CH,),Z (as defined herein), and
triethylamine are combined in a molar ratio of 1:1.25:1.68, in an organic solvent, such as
tetrahydrofuran, and heated to about 75-80 °C. After about 12-18 hours, the organic
solvent is removed by rotary evaporation. The resulting crude product is purified by
column chromatograpy.

25 For additional illustration, the synthesis of compound A9, A30 and A36 are
described in more detail below. As noted above, additional compounds can be prepared by
varying the amine which is coupled with optionally substituted 4-chloroquinazoline (such

as 9-3 shown below).
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Scheme 2
To a suspension of AgNO, (448.5 mg, 2.92 mmol) in diethyl ether (5 mL) was
5  added compound 9-1 (500 mg, 2.65 mmol) dropwise in an ice-salt bath under Argon. The
mixture was warmed to RT and stirred overnight. The reaction mixture was filtered and the
filtrate was concentrated in vacuo. The residue was purified by silica gel chromatography
(EA: PE, 1:100) to give three compounds. By "H NMR it was difficult to judge which was
the desired compound 9-2.

10 The mixture containing compound 9-2 (150 mg, 0.967 mmol, MC0449-41-2) and
KOH (81.4 mg, 1.451 mmol) in CH3CN/H,O (1 mL/1 mL) was stirred for 2h at RT. Then
selectfluor (514.0 mg, 1.451 mmol) was added in one portion. The mixture was stirred
overnight at RT. The reaction mixture was poured into water (10 mL), extracted with ethyl
acetate (2 x 20 mL). The combined organics were washed with brine (10 mL), dried over

15  MgS04, concentrated and purified by silica gel chromatography (PE) to afford compound
9-3 as a colorless oil (70 mg, yield: 42%).

To a solution of compound 9-3 (50 mg, 0.27 mmol) and (4-chlorophenyl)methan-
amine (47 mg, 0.33 mmol) in isopropyl alcohol (5 mL) was added Et;N (46 pL, 0.33
mmol). The solution was microwaved for 20 min at 150°C. TLC showed the reaction was

20  completed. The mixture was concentrated and purified by flash chromatography to give A9
as a light yellow solid (52 mg, yield: 67 %, confirmed by '"H NMR, and LC-MS). The 'H
NMR is shown in Figure 23.

25

56



8.4 -13.7 10.8 -19.5 11.6 WD 2011/ 011522PCT/ US2010/ 042759 A41 -9.1 4.2
-18.1 6.5 -8.0 5.2 A64 7.59 7.14 1.97 1.12

WO 2011/011522 PCT/US2010/042759
Preparation of A30
o)
Q o A~ NO,
HOJ\@:NOZ EtOH /\o)kCENOZ Na2s .8 Zn
— s HCOOH
cl
Cl OgNQ(OV
30-1 302 203 I
0 0
~o N\> NaOH _~ Ho N\> 1) CICOOiBU_HO N\> socl,
S " 2)NaBH, S -
30-4 30-5 30-6
PPh
NI 2 L) e T
S S g
30-7 30-8 30-9
HN/\@EN\>
F N S
>
A30
Scheme 3

A solution of compound 9-3 (105 mg, 0.573 mmol), 30-9 (94 mg, 0.573 mmol) and
5 NEt;3(0.22 mL, 1.64 mmol) in isopropanol (4 mL) was microwaved at 150 °C for 20 min.
Concentration and purification by column chromatography gave A30 as a yellow solid (80

mg, yield: 45 %, confirmed by '"H NMR). The 'H NMR is shown in Figure 24.

Preparation of A36
F
\©/\Br _NaCN _ \©ACN _Raney Nickel
DMSO NH40H
36-1

—_—
2
36-3

A36
10 Scheme 4
A solution of compound 36-1 (1.0 g, 5.3 mmol) and NaCN (520 mg, 10.6 mmol) in

DMSO (10 mL) was stirred at 30 °C overnight. TLC showed the reaction was completed.
The mixture was diluted with water (30 mL), and extracted with ethyl acetate (50 mL). The
organic layer was washed by water (10 mL x 5) and NaHCOs (sat., 20 mL), dried over

15  anhydrous Na,SO4, and concentrated. The residue was purified by flash chromatography to
give 36-2 as colorless oil (360 mg, yield: 50%).
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To a solution of compound 36-2 (346 mg, 2.56 mmol) in THF (10 mL) was added
Raney Ni. Then the mixture was adjusted to PH=10 with concentrated aqueous ammonia
and stirred at 30 °C overnight. TLC showed the reaction was completed. The mixture was
filtered through Celite and the filtrate was concentrated to give 36-3 as a yellow oil (120
mg, yield: 34 %).

To a solution of compound 9-3 (50 mg, 0.27 mmol) and 36-3 (46 mg, 0.33 mmol) in
isopropyl alcohol (5 mL) was added Et;N (46 uL, 0.33 mmol). The solution was
microwaved for 20 min at 150 °C. TLC showed the reaction was completed. Concentration
and purification by flash chromatography gave A36 as a white solid (48.4 mg, yield: 63 %,
confirmed by "H NMR at 400 MHz in DMSO, and MS). The 'H NMR is shown in Figure
25.

Example 9: Separating Autophagy-Inhibiting Activity from PDES-Inhibiting Activity

The structural activity relationship (SAR) of MBCQ derivatives was investigated to
determine if its activity in inhibiting autophagy may be separated from its PDES5 inhibitory
activity. Among the MBCQ derivatives synthesized and analyzed for their autophagy
inhibiting activity, as described above, some compounds exhibited autophagy inhibitory
activity similar or above that of MBCQ and others had no anti-autophagy activity and thus
can serve as negative controls.

Fourteen MBCQ derivatives were selected and screened for their activities on PDES
(Wang, H., Yan, Z., Yang, S., Cai, J., Robinson, H., and Ke, H. (2008). Kinetic and
structural studies of phosphodiesterase-8A and implication on the inhibitor selectivity.
Biochemistry 47, 12760-12768). Among them, C43 (6-fluoro-N-(4-
fluorobenzyl)quinazolin-4-amine), an effective autophagy inhibitor with ICso of 0.87 uM
which is comparable to that of MBCQ, was found to have much reduced inhibiting activity
towards PDES and other PDEs. Thus, the PDES inhibiting activity of MBCQ can be
chemically separated from that of autophagy inhibiting activity.

Table 1. Summary of Determination of % Inhibition of PDES activity

Concentration = Concentration = Concentration =
20 pM 2 uM 0.2 nM
Target
D Average SD Average SD Average SD
A35 36.0 10.7 -17.0 4.6 -12.4 1.0
A37 -2.0 8.4 -13.7 10.8 -19.5 11.6

58



-2.88 2.79 -11.26 7.73 A72 -2.07 7.16 -0.23 0.77 -0.15 9.36 Sildenafil
101.7 2.0 98.8 2.0 96.5 3.9 Zapri nast

WO 2011/011522 PCT/US2010/042759
A41 9.1 4.2 -18.1 6.5 -8.0 52

A64 7.59 7.14 1.97 1.12 -3.35 8.68

A68 0.92 7.99 -2.71 9.86 -14.46 3.61

A69 -1.96 3.92 -2.84 6.29 1.78 11.76

A70 -8.55 6.00 -2.88 2.79 -11.26 7.73

A72 -2.07 7.16 -0.23 0.77 -0.15 9.36
Sildenafil 101.7 2.0 98.8 2.0 96.5 3.9
Zaprinast 101.6 3.0 88.4 2.6 38.0 3.5
MBCQ 98.8 4.7 91.0 10.4 54.4 11.1

Consistent with this conclusion, there were a number of other known PDES
inhibitors in the bioactive library that were screened, including MY-5445, dipyridamole,
IBMX and sildenafil, but not recovered as autophagy inhibitors. To further confirm this
conclusion, H4-LC3-GFP cells were treated with rapamycin and other PDES inhibitors

5 including MY-5445 (30 uM), dipyridamole (80 uM), IBMX (100 pM) or sildenafil (10 uM)
using MBCQ as a positive control. None of the PDES inhibitors tested, including the most
potent PDES5 inhibitor, sildenafil (Viagra) which has an ECs, of 2.5 nM for PDES3, has any
activity on autophagy. From these data, it was concluded that the autophagy inhibitory
activity of MBCQ is not related to its PDES inhibitory activity.

10 Example 10: Identification of a Deubiquitinating Protease Complex for Vps34
Complex 1

Ubiquitination represents an essential key step in mediating proteasomal
degradation. Experiments were therefore run to determine if ubiquitination of Beclinl is
increased in cells treated with C43. As depicted in Figure 16, it was found that C43

15  promoted the ubiquitination of Beclinl.

It was therefore hypothesized that C43 targets a deubiquitinating protease complex
(DUB) which normally functions to negatively regulate the ubiquitination of Vps34
complex I. This follows the common finding that a small molecule is more likely to be an
inhibitor than an activator. To directly test this hypothesis, a collection of 127 siRNAs

20  targeting Human Deubiquitinating Enzymes from Dharmacon library SMART pools were
screened for DUBs that when knockeddown lead to inhibition of autophagy using LC3-
GFP-H4 cells as an assay.

siPLK1 was used for validation of transfection effiency, and siVps34 was included

in as a positive control. Seventy-two hours post-transfection, cells were treated with
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101.6 3.0 88.4 2.6 38.0 3.5 MBCQ 98.8 4.7 91.0 10.4 54.4 11.1

Consistent with this conclusion, there were a nunber of other known PDE5

I nhi bi t orwoi2n1yes2bi oactive |ibrary that were screened, PCRaiSackiong27My- 5445,
di pyridanol e, IBMX and sildenafil, but not recovered as autophagy
inhibitors. To further confirmthis conclusion, H4-LC3-GFP cells were
treat ed WDIMSO appanyyedin (Z00d Motth &rduP®/ESop gy boit repsmypdim €2 00diN pardyspsddib (1030

VBOD as Al BBSieRTars it MscsiqgREA R sy Tvals b P ped b Hedhiituct ng
5 IV o B O e R A
concl udedqudnified heina@t(iﬂﬁw Hlfgfhy@m@ttyc@lg%mﬂjyﬁyswe%@ is not related to
'ts PDES inhibifory achivid ¥ uspio, USP13, USP3, USP16 and USPIS as five genes that
when knockdown led to a decrease in the levels of autophagy under the basal condition as
well as in the presence of rapamycin by at least 1.5 standard deviation from the plate
median. The effects of knockdown of these five USPs on the protein expression levels in
the Vps34 complexes in H4 cells were analyzed. It was found that knockdown of any of the
10 five USPs reduced the levels of endogenous Vps34, Beclinl, Atgl4L and UVRAG (Figure
17). Furthermore, knockdown of any of the five USPs also led to reductions in the protein
levels of the other four USPs (Figure 18). Interestingly, the treatment of C43 also reduced
the levels of these five USPs (Figure 18). Treatment of spautin also can reduce the levels of
USP13 and USP10 in 293T cells and Beap-37 cells, but have little effect on the levels of
15  USP44, an unrelated USP.
These results suggest that the stabilities of USP3, USP10, USP13, USP16 and
USP18 are co-dependent upon each other which might happen if they exist in a large
complex. To test this posibility, GFP-USP10 and Myc-USP13 plasmids were transfected
into 293T cells and examined by GFP-USP10 interaction and Myc-USP13
20  immunoprecipitation. It was found found that GFP-USP10 and Myc-USP13 could indeed
interact and importantly, the interaction was inhibited in spautin-treated cells (Figure 19).
Thus, it was concluded that spautin disrupts the USP10 and USP13 interaction which might
be needed for appropriately targeting this deubiquitinating protease complex to regulate the
ubiquitination status of Vps34 complexes.
25 Since USP10 is known as the DUB of p53, the effects of knocking down these
USPs on p53 was also investigated. It was found that the knockdown of anyone of the five
USPs could lead to the reduction of p53 (Figure 20). These data suggest that USP3, USP10,
USP13, USP16 and USP18 are all regulators of p53.
To further confirm that USP10 and USP13 are the deubiquitinating proteases of
30  Vps34 complexes, the interaction of Flag-USP10/GFP-Beclinl and Myc-USP13/GFP-
Beclinl in 293T cells was assayed with immunoprecipitation. It was found that both Flag-
USP10 and Myc-USP13 could interact with GFP-Beclinl; and interestingly, the treatment
of spautin could impair the interaction of Flag-USP10 with GFP-Beclinl (Figure 21A), but
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10 Exanpl e 10: ldentification of a Deubiquitinating Protease Conplex for
Vps34 Conpl ex | Ubi quitination represents an essential key step in
medi at i ngwprotigassaal degradati on. Experinments were thePefrarseowomto
determne if ubiquitination of Beclinl is increased in cells treated with
C43. As depicted in Figure 16, it was found that C43 15pronoted the

ubi qui ti nadti Mmc-0fSPB8o¥ithnGFP-Beclinl (Rigunasl B)hEliefoank shygosts e ispadintrhat C43

targets a deubiquitinati t ease conpl ex (DUB) ich narmal Iy functions
Lo negat | ey oncgururam e SHY AT Ha o a1 opss LoRrE B s ol | ove
the comopnpd Rkt Waghise feumlthatTRd Rdék8ow® oMBEQin1idf&Ip¢34 €€ r@ict tHAI DI t or
than an activatof. To directly test this hypothesis, a collection of 127

si RNAs 20¢ndaggeausrigyeuerddSEIdudnidpdBdt whighiinknoPrivasthe sdhstyatc D AISPHO ¢higuicor ar y

SMART poo e scre d for, ,DUBS, t hat en knockeddown. | ead tq jnhibition
o aut bonals TR eSS bl ol ol TP RSO oB R ok a1 or
val i dat i Oﬁta&ﬂizﬁlrfgaﬁﬁife@ﬁhhi@iﬁaﬁ{g hrofa¥e indnding 4REI9AndasSP IBC Fudedmbr, a8s a
positive control. Seventy-two hours post-transfection, cells were treated
with WO 201mY/roavigee petiansyotrorpkzy 5hy breom ] is Aisawspélydost 2omany kings phduce

aut ophagy r..r ' i [ o cti .,
duplicatec¥%gsé/@%ﬂ%%%§?£%ﬁgl%%?F%H%%ﬁg&%%%ﬂ%é%%?é%ﬁ%gm%?@ﬁgv%%ﬁﬁéﬁn%%%42
(0.51AM arvicakésced in 3.8% PFA. The fluorescent inmages were acquired and

quantified using a Cell WRx _H gh Content Cell Anau¥€is System 5The screen
i denti4ied usP10, usP13, uspdN BRMEI QB REL T gcﬁénes t hat when

knockdown | ed %] & flepre ?ﬁénﬂs Anli €S .'éﬁx‘gghl%d atcAt! S@Q%Qt%/ns%?g&* herkfiEarPasal

condition as we as In e presenc rapanycil y at least 1.5 standard
devi at i onhéebynnchgpopitat by médeae. The effects of knockdown of these five

USPs on the protein expression |ev LNt ps34 conplexes in H4 cells
were analyzed. It was found that kﬁb@ﬁﬁ@%ﬂﬂngény of the 10 five USPs

reduced the | evalig @fcrENdRERNANSs ¥YPE3HresBRGhIHtion Ahed BdenaRShHBVIRAR (Fi gure

17). Furthernore, knockdown of any of the five USPs also led to reductions
i n t h&S pr dtusirated bergins these pherdotaneskill authewgpsill(Fidylyranvisdn a yaricsyr efsathergl y,
the treatnent of, C4 | so 1 educed. t evel s of,, these .fi ye USPs i gure
18y, Tr ol e T pufbRR GEYSEn B BNt Rl 3Py pL RIS s ThEHS
293T cel | 5r mbet SFaBPaBantigld Gaschibdd Heeaig, dnidtchticoBfube Ghriatdnk bed/bevel s of 15
UsP44, an unrelated USP. These results suggest that the stabilities of

UsP3, usProdifigaparss is dem@! tarhg vadm iegcapcel-the piseis mvenpen Mashederdly, whi ch

G2 sy 1R M GARER it khafly s Bh 00 IR efayal R i LRl o
exani ed bynfFaR:tdSRAscribtdhacinionmantt tde exSRilay20 dithntinopted ppiatatdron. | t

was found found that GFP- USP10 and Myc- USP13 cqul d i ndeed_.interact and
i npor t ant AMensRAS,tefals QT ﬁﬁﬁ%{]%“ﬁ%}oﬁ? Pl ﬁFR‘F“é;S‘QB? the-Pralie applicaliPR oy Fi gur e

19). ThuSapdifcaiR 6PREICH IRchehlifto statit hibsdlt SRuRich Ak USRI Fnand e
interaction which mght be needed for ‘appropriately targeting this

deubi qui t theatri Wl recapnézs er ooahdd exastataiegsih@ne ntonethabireutineienperiroentaticat us of
Vps34 conpl exes.. 25Si nce USP10 i s. known as .t he B of 3,.the fects of
nocki ng. Bbiih caiiedETeapEe RS B HaeNEFRs 3 rdSri e as PR ST dLird  nat
t he kpockgrydtorf toaityiiagrsRodtthe tid feedd 1ﬁ&ﬂ%ﬂmﬁ§%@§k&th§ngQHQH1On of p53
(Figure 20). These data suggest that USP3, USP10, USP13, USP16 and USP18
are al | rexpmpe only apfl thyg3within the scope of the appended claims and equivalents thereto, the

invention may be practiced otherwise than as specifically described and claimed. The

present invention is directed to each individual feature, system, article, material, kit, and/or

method described herein. In addition, any combination of two or more such features,

30  systems, articles, materials, kits, and/or methods, if such features, systems, articles,

materials, kits, and/or methods are not mutually inconsistent, is included within the scope of

the present invention.
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To further confirmthat USP10 and USP13 are the deubi quitinating proteases
of 30 Vps34 conpl exes, the interaction of Flag-USP10/ G-P-Beclinl and

Myc- USP13waRPBaali2al i n 293T cel | s was assayed with i nmre@aSeciopiz7a?i on. |t
was found that both Fl agUSP10 and Myc-USP13 could interact with
GFP-Beclinl; and interestingly, the treatnent of spautin could inpair the

i nteracti 8 dhinEl ag- USP10 with GFP-Beclinl (Figure 21A), but WO

2011/ 011522PCT/,US2010/ 042759 ng% C_Ysgls with GFP-Beclinl (Figure 21B)
This resullt su@g@SIROUPHEPrSHALS iﬁ¥%QW1T'rget on or upstream of USP10 to

di srupt the interaction of USP10 and Beclirfll . Rhportantly, it was al so
found that the knockdown of Beclinl or Vps g@oulqzreduce t he endogenous

| evel s of USP10 and p53, which is kppwn ag-tTh strate of USP10 (Figure
521C). This suggests that Vps34 conpl exes|may be"able to regulate their own
| evel s by stabilizing its deukiquitinating protease including USP10 and
USP13. Furthernore, this may provrte C ismto explain why beclinl is

frequently lost in many kinds of as the loss of beclinl nay lead to
a reduction of p53 by inhibitin ubjggll{;ing pr ot eases.

101 NCORPORATI ON BY REFERENCE -R! ofnthe S. patents and U. S.
publ i shed patent applications cited herein _are hereby incorporated by

ref erence. EQUI VALENTS Wil e sever al enbodl ments of the present invention

have been descpj DgghraReeutiehily Aebp@abedaReigbPical28R e MetoBtd)@bvateki I 1 in
the art will readily envision a variety of other nmeans and/or structures

f or perf or m nghydretef predrigoeantnaicner siceaisemerghenel, méistgin s and/ or one or
nore of the advan@qgg; descri bed herein, and each of such variations and/or
nodi fi cations ['& H°US be within the scope of the present invention.
More general |l yy ishoge)skiiNed in the art will readily appreciate that all

paraneters, dinensions, materials, and 20 configurations descri bed herein

are neant to bR igxdngwar glkuln dCilhdewerfuosealkdl -aFartdder sSCFdiiensObhs,

e mant 1o bl & lkanCHlnden v sCPartnstbhs,
o1 appii cat fons T O S A R R P et Ton T s are

used. Those skRl isddépentidiglyaetectst ifbr daek oghirzace fromhke glolup comsiamgeaiftHj n

using no nore than routine experinentation, ny equi val epts to the
speci fic enbodiieht sBbilr N2 %nN%n‘%@%W‘%@W){heﬁéPW?r iyl ;CHg -CFs,

L1210, L85 0 QLR QPRI S DB 22,

way of exanple l'y and tha n the 'scop ed clains and
equi val ent s t helkgho,S(EOR(lbweeakylp andrey(=0aOfpwact alkgl ot her wi se than as

specifically descrihed and cl ai med., Th resent invention i irected to
ehch i ndi vi Huak A Rste hiepEadiny Soierey BBIRE Blouhrcomiing ofth Bieraleiba
descri bed her eigiver oRMAM 18R er ARYhyE IRPhNBbLRI@f two or more such
features, 30systens, articles, materials, kits, and/or methods, if such

features, syst&ns -Oar8i,eNEd)-, Mitoavar alky))-kChs;, -@Haldr-, el dds Hare not
mut ual Iy i ncongi§i@losch,L NEHHERICHL A LS GRIPE,QLAHR RERESTha

i nventi on.

Z is phenyl, pyridyl, vinyl, morphinyl, phenanthrolinyl, naphthyl, furyl or
benzo[d]thiazolyl; and optionally substituted with one or more substitutents selected
from the group consisting of -CHs, lower alkyl, fluoroalkyl, -OCH3;, -OCF3, lower
fluoroalkoxy, -F, -Cl, -Br, -1, -NO,, lower alkyoxy, -NH(lower alkyl), -N(lower
alkyl),, -CF3, and 3,4-methylene dioxy;
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We claim 1.A conmpound represented by fornula I: RIN RIYNR 1 or a
phar maceutically acceptable salt, biologically active netabolite, solvate,

hydr at e, Wwoadrwrgis2enanti omer or stereoi sonmer thereof,

WRETAISRO10/082959, 1, 2,

3or 4, Yis -C(Rl)=or -N5; Ris -H, lower alkyl, -CH3, |ower fluoroalkyl,

-CH2F, -CHF2, -CF3, -NO2, -OH, NH2, -NH(I ower al kyI ), -N(lower alkyl)2,

| ower al kynyl; Rl is i ndependent |y sel eerN e ch occurrence fromt he

group consisting of -H, F, |Br - | -NH2, - NH(I| ower

al kyl'), -N(lower alkyl)2, - )( owe? aIkyI) -CN, -0(l ower
al kyl'), -S(=0)2(I ower al kyl)

al kyl), -0(l opner quoroaIkyI)
dhehat 2

and - C( 0)’@("?

- CH2CH2CH2- .

10.
11.

12.

13.
14.

15.

AhasAnypoups 1SdIHH R3 are ependent 1% selected fromthe
and

group consisting of -H |ower _alkyl, |ower fluoroalkyl, |ower alkynyl
hydr oxyal kyl; Xis -0-, -S (H) -, -N(Iower alkyl)-, -CH2-, -CH2CH2-,
CJ-lZCJ—lZﬁNZ/ﬂ;l g/& CH2CH2CH2CH2CH2- or - CH2CH2CH2CH2CH2CH2- ;

F.

=N

N/) , wherein J is Cl, OCHF,, OCH,CH3, OCH,CF3,
O(CH;),CH3, OCH(CHs;),, O(CH;);CH3s, or O(cyclopentyl).2. A compound of
claim 1, wherein Y is -C(R")=
A compound of claim 1, whereinnis Y is -N=.
A compound any one of claims 1-3, wherein R is -H.
A compound of any one of claims 1-4, wherein at least one R' is -NH,, -Cl, -NO, -
I, or -OMe.
A compound of any one of claims 1-5, wherein at one R'is -NH,, -Cl, -NO», -1, or
-OMe; and at least two R' are -H.
A compound of any one of claims 1-6, wherein R? is -CH;,
A compound of any one of claims 1-6, wherein R? is -H.
A compound of any one of claims 1-8, wherein R*is -CH;,
A compound of any one of claims 1-8, wherein R? is -H.
A compound of any one of claims 1-10, wherein X is -O-, -S-, -N(H)-, -N(lower
alkyl)- or -CHa-.
A compound of any one of claims 1-10, wherein X is -N(H)- or -N(lower alkyl)-.
A compound of any one of claims 1-10, wherein X is -N(H)-.
A compound of any one of claims 1-13, wherein Z is phenyl optionally substituted
with one or more substitutents selected from the group consisting of -CHs, lower
alkyl, fluoroalkyl, -OCH3, -OCF3, lower fluoroalkoxy, -F, -Cl, -Br, -I, -NO,, lower
alkyoxy, -NH(lower alkyl), -N(lower alkyl),, -CF3, and 3,4-methylene dioxy.

A compound represented by formula II:
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Z is phenyl, pyridyl, vinyl, norphinyl, phenanthrolinyl, naphthyl, furyl or
benzo[d] thi azol yl; and optionally substituted with one or nore

subst i t utwonelgaieet ed fromthe group consisting of - CHBRCTIUSR0/0837RY | ,
fluoroal kyl, -OCH3, -0CF3, |ower fluoroal koxy, -F, -C, -Br, -1, -NQ2,

| ower al kyoxy, -NH(Iower alkyl), -N(lower alkyl)?2, CF3 and 3, 4- nethylene
dioxy; 5 wherein J is O, OCHF2, OCH2CH3, OCH2COF3, O(CH2)2CH3, OCH(CH3) 2,
0(CGH2) 3CH3, O O(cycl opentyl).2. A conpound of cl@aim1l, wherein Y is
-C(R1)=. 3. A conpound of claim1, whereinRi_i R=. 4. A conpound any
one of clains 1-3, wherein Ris -H any one of clains 1-4,
wherein at least one RL is -NH2, -d, -OMe. 6. A conpound of
any one of clainms 1-5, wherein at one RINGS IR C\. -NO2, -1, or -O0Me;
and at least two R are -H 7. A co und ‘ofr any|one ot claims 1-6, wherein
R2is -CH3. 8. A conpound of any one |of clains 1 H, wherein R is -H 9. A
conpound of any one of cla in R3is -CH3 10. A conpound of
any one of clainms 1-8, where|ln R3 | s -Hl 11. A compound of any one of

, -N(lower alkyl)- or -CH2-. 12.
A conpound of any one of cl ai gin Xis -N(H - or -N(Iower
al kyl)-. 13. A conpound of any one of clains 1-10, wherein Xis -N(H-. 14.
A conpound of any one of clains 1-13, whkrein Z is phenyl optlonally

substituted with one or subst tutents sel ct d p

consi st ing of PCHBMgLCATGHESR bl b RgicaTEidhe Rt s g

f1 uoroal koxy, t{drateGhrodrud! enan@iomef\@sterk&‘@@fﬁeﬂh&égﬁWhere’ﬂﬂ(| ovver a' kyl),

-N(l ower al kyl)2, -CF3, and 3, 4-net hyl ene di oxy. 15. A conpound represented
by formula Il: nig g, 1, or2;

Y is -C(R")= or -N=;

R is -H, lower alkyl, -CHj3, lower fluoroalkyl, -CH,F, -CHF,, or -CF3;

R' is independently selected for each occurrence from the group consisting of -H,
-CHs, -F, -Cl, -Br, -I or -NO»;

R” and R are independently selected from the group consisting of -H, -CHs,
-CH,CH3;, -CH,CH,CHj; or -CH(CHjs),;

R*, R’ and R® are independently selected from the group consisting of -H, -CHs,
-CF3, -OCH;, -OCF;, -F, -Cl, -Br or -I; and

R® and R’ are independently selected from the group consisting of -H, -CHs, -CF3,
-OCHs, -OCFs, -F, -Cl, -Br or -I; or R® and R’ taken together are -OCH,0-;

@\AN

provided that the compound is not or
HN /\/©/
F \)N
~
N

16.  The compound of claim 15, wherein Y is -C(R")=.

17.  The compound of claim 15, wherein Y is -N=.

18. The compound of any one of claims 15-17, whereinn is R is -H, -CH3, -CH,F,
-CHF; or -CF;.
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or a pharmaceutically acceptable salt, biologically active netabolite,

sol vate, hydrate, prodrug, enantioner or stereoisoner thereof, wherein nis
0, 1, or ¥o21/@152¢( R1)= or -N=; Ris -H, |ower alkyl, PCH3S2010x2759
fluoroal kyl, -CH2F, -CHF2, or -CF3; R is independently selected for each
occurrence fromthe group consisting of -H CH3, -F, -d, -Br, -1 or -NO2;
R2 and R31%re Tfhdeqnamimrdtdfymgehecf@dmfsrldnﬂ Nélegsnmlipsbbnm sting of -H, -CHS,

e g R o RnTiprap b of g 150 witrn . ib Mg CHES o GI! °5; 5,

-1; and Rfj andTﬁéc@ﬁ unadﬁfraﬁy@lﬁélbmal%l1650183%1fef&1m e FgrQUBCRNEI sting of

H - CH3, -d, -Br or -1; or R6 and R7 taken
t oget her §2e - m{Q@npound Of@nytlfh‘ieoﬁ@mdrﬁdl&wh@tmﬁq !LS&CH@Iner einYis
-C(R1) = T of cl ai m n 18. The conpound
of any onéz of ?F%\ P 2HARY & ‘Halﬁis l\émg ngereﬁl % CH2F, CHF2 or
- CF3. V\DZZ.OllfFﬁé&,&B&R@H/dﬂ%ﬁQ b0¢ OAALBR 15-23, wherein R* is H.
25.  The compound of any one of claims 15-23, wherein R* is -CHa.
26.  The compound of any one of claims 15-25, wherein R” is -H.
27.  The compound of any one of claims 15-25, wherein R* is -CHa.
28.  The compound of any one of claims 15-27, wherein R* is -H.

29. The compound of any one of claims 15-27, wherein R"is -F, -Cl, -CH; or -OCHs.
30.  The compound of any one of claims 15-29, wherein R’ is -H.

31. The compound of any one of claims 15-29, wherein R’ is -F, -Cl, -CH; or -CF;.

32.  The compound of any one of claims 15-31, wherein R® is -H.
33.  The compound of any one of claims 15-31, wherein R® is -F, -Cl or -Br.
34.  The compound of any one of claims 15-31, wherein R® is -CH; or -CFs.

35.  The compound of any one of claims 15-31, wherein R® is -OCHj; or -OCFs.

36.  The compound of any one of claims 15-31, wherein R® and R” taken together are
-OCH,0-.

37.  The compound of any one of claims 15-36, wherein R’ is -H.

38.  The compound of any one of claims 15-37, wherein R® is -H.

39. A compound, or a pharmaceutically acceptable salt thereof, selected from the group

cl SN O,N SN .
. 2 »
consisting of N , N ,

HN/\©\ HN/\©\ HN O>
C'\©\/KN Cl @N Cl OZ“‘\@\)*N o
N/) , N/) , N/) ,

F

HN/\©\ HN/\©\ HN/\©

N/) , N/) , N/) ,
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37. The conpound of any one of clains 38. The conpound of any one of clains
39. 15-17, wherein Ris H 15-17, wherein Ris -CH2F, -CHF2 or -CF3.
15-18, whwoebn/®is22s -F, -C, -Br or -1. 15-18, wherei nPRI/US010/MHI59 15- 18,
wherein Rl is -NO2. 15-23, wherein R2 is -H 15-23, wherein R2 is -CH3.
15-25, wherein R3 is -H 15-25, wherein R3 is -CH3. 15-27, wherein R4 is

-H 15-27, wherein R4 is -F F -CH3 or -QC 50883 wherein R5 is -H.

15-29, wherein RS is -F, - CH3 or -CF3. 15 wherein R6 is -H 15-31,

wherein R6 is -F, -CHNOr 15 31, whein RS -CH3 or -CF3. 15-31,

wherein R6 is F o\’-\IOCFS. 15- er\iNn R6 and R7 takentogether are
» »

N
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=
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40. A pharnmaceuti cal conposition conprising a conpound according to any one
of clainms 1-39, or a pharnaceutically acceptable salt, biologically active
nmet abol i twp 260/0ugi2e¢, hydrate, prodrug, enantioner or st@eceaissanes27ther eof ;
and a pharnmaceutically acceptable diluent or carrier. 41. A nethod of
treating cancer, pancreatitis neurodegeneration an inflammatory di sease,
an i nfectious dlsease or fection cause QﬁHsntraceIIuIar pat hogen,
conprising the step of\gdm erlngto in need thereof a

t herapeutical ly effeeN ve-amdint of onﬁqor conpounds of any one of

clainms 1-39, of_a ha ceutlcaJFco tion of claim40. 42. The method of
claim4l, wherei thod is r\F eaﬁing cancer. 43. The net hod of
claim42, wherei % ancer is h fromthe group consisting of
| eukem a, non-small cell lung cancer, colon cancer, central nervous system

cancer, nelanomm, ovarian camgeIGFsrenal cancer, p oscnng cancer, and breast
cancer. 44. The net hod of o@ 41, wherein the @ od is for treating
pancreatitis. WO 20L1/041532PCT/ US2010/ 04759 he nmet hod of claim 41,

wherein the ne%hod IS for treating geurode eneration. 46. The nethod of
claim4l, wherel thod is for t| MgNa neur odegenerati ve condition
is selected froml gbup consi stinglof - agtular denentia, presenile

denentia, neurodedéneMation in Down symMiroffe, and H V-rebated denentia. 47.
The met hod of claim41, wher |n(%he method is for treatlng

neur odegener ati on; and the *enhances cognl inhibits cognitive
decline in said subjec sai d neurode e condltlon 48. The
met hod of claim41, erel n the net hod |sHNor reating an infection caused
by an intracel Fula Qogen. 49. Th of claim 48, wherein the

_A bacteria or yirus. »0. The method of any one of
ongH4 si ng adnmi nigferfng at | east one additional

infection is caus
therapeutic agent. 51. The nethod of cl ai m 50, mhereln the at | east one

clains 41-49, fu

addi ti onal therapeutic age @dmi ni st er ed Sl’ﬂ gously with said one
or nore conpounds of an clainms 1-39, or oharnaceutlcal

conposi tion of cIa|NHm he met hod BN~ chdi 0, wherein the at | east
one additional H h tic agent ig_a nilstered sequentially with said one
or nore conpound an one of clai - , or a pharnaceuti cal
conposition of clai ﬁ 53. The net -tlaim51 or claimb52, wherein
the at | east one additional therapeutiCc agent is an anti-angi ogenesis

agent. 54. The nethod of cl , Wherein said aqQtiF angi ogenesi s agents is
selected fromthe group co i ng of bevaci zu Avasti n0),

car boxyami dotri azol ey CML01, | FNy&, , pl atel et factor-4,

suram n, SU541 thro osponuin, VEGFR anagoni sts, angiostatic steroids
W th heparln g NDerived Angi g §TN Inh|b|tory Factor, matrix
nmet al | opr ot ei nas tors angi os Z ndostatln 2- nethoxyestradiol,

t ecogal an, thronb poNdln prol actin, r}hVI§3 |nh|b|tons and |inonide. 55.

The nmethod of claim51 or claim&2, wherein the at | gast one additional
t herapeutic agent is an ant ncer conpound mhl onvert gl ycol ysi s
dependent cancer to ﬁﬁ' abl e of gI

/ / )
X

N D
N N4J NZ >NZ CHs,
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56. The nethod of claimb55, wherein the anti-cancer conpound which converts
gl ycol ysi s dependent cancer to cells incapable of glycolysis is selected
from t he Wocop/aesrgi sting of busul fan, cisplatin, carbopCatisng10/042759

chl oranmbucil, cycl ophospham de, ifosfam de, dacarbazine (DTIC),
mechl or et ham ne (nitrogen nustard), nelphalan, carmnmustine (BCNU), |onustine

(CCNU), dactinomycin, daunorubicin, doxorub%yci n), idarubicin,

m t oxantrone, prednisone, d gtfiasone, tanoxif ful vestrant,
anastrozol e, letrozole, ol acet at eHNBI tal o¥an de, fl utam de,
| euprolide, gosereli NG , lregsa,_ TJalgceva, Herceptin, Avastin,

L-asparagi nasegand_tregtinoin. 57.A n9|ho dTNinactivating a
deubiquitinating|pr eal¥e conpl ex co ﬁ 'ﬁgLLﬁf'step of contacting the
deubi qui ti nati ngYr npl ex with one or re conpounds of any one of

clainms 1-39; whereln the deubi qui tPnating prot'ease conpbkex conprises
USP3, USP10, USP13, USP16 and USP18.

CF;
CFs /\/©/
/\/©/ i)
F
~N

HN X
N
F\©\)\ N/)\(F
F
P , F
/\/©/CF3 /\/©/CF3
HN HN
N/ N/) , N/ N/) and
/\/©/CF3
HN
~N

P

N
F

40. A pharmaceutical composition comprising a compound according to any one of
claims 1-39, or a pharmaceutically acceptable salt, biologically active metabolite,
solvate, hydrate, prodrug, enantiomer or stereoisomer thereof; and a
pharmaceutically acceptable diluent or carrier.

41. A method of treating cancer, pancreatitis, neurodegeneration, an inflammatory
disease, an infectious disease, or an infection caused by an intracellular pathogen,
comprising the step of administering to a subject in need thereof a therapeutically
effective amount of one or more compounds of any one of claims 1-39, or a
pharmaceutical composition of claim 40.

42. The method of claim 41, wherein the method is for treating cancer.

43.  The method of claim 42, wherein said cancer is selected from the group consisting
of leukemia, non-small cell lung cancer, colon cancer, central nervous system
cancer, melanoma, ovarian cancer, renal cancer, prostate cancer, and breast cancer.

44.  The method of claim 41, wherein the method is for treating pancreatitis.
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45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

The method of claim 41, wherein the method is for treating neurodegeneration.
The method of claim 41, wherein the method is for treating a neurodegenerative
condition is selected from the group consisting of vascular dementia, presenile
dementia, neurodegeneration in Down syndrome, and HIV-related dementia.

The method of claim 41, wherein the method is for treating neurodegeneration; and
the method enhances cognition or inhibits cognitive decline in said subject having
said neurodegenerative condition.

The method of claim 41, wherein the method is for treating an infection caused by
an intracellular pathogen.

The method of claim 48, wherein the infection is caused by a bacteria or virus.

The method of any one of claims 41-49, further comprising administering at least
one additional therapeutic agent.

The method of claim 50, wherein the at least one additional therapeutic agent is
administered simultaneously with said one or more compounds of any one of claims
1-39, or a pharmaceutical composition of claim 40.

The method of claim 50, wherein the at least one additional therapeutic agent is
administered sequentially with said one or more compounds of any one of claims 1-
39, or a pharmaceutical composition of claim 40.

The method of claim 51 or claim 52, wherein the at least one additional therapeutic
agent is an anti-angiogenesis agent.

The method of claim 53, wherein said anti-angiogenesis agents is selected from the
group consisting of bevacizumab (Avastin®), carboxyamidotriazole, TNP-470,
CM101, IFN-a, IL-12, platelet factor-4, suramin, SU5416, thrombospondin,
VEGFR antagonists, angiostatic steroids with heparin, Cartilage-Derived
Angiogenesis Inhibitory Factor, matrix metalloproteinase inhibitors, angiostatin,
endostatin, 2-methoxyestradiol, tecogalan, thrombospondin, prolactin, V33
inhibitors and linomide.

The method of claim 51 or claim 52, wherein the at least one additional therapeutic
agent is an anti-cancer compound which convert glycolysis dependent cancer to
cells incapable of glycolysis.

The method of claim 55, wherein the anti-cancer compound which converts
glycolysis dependent cancer to cells incapable of glycolysis is selected from the

group consisting of busulfan, cisplatin, carboplatin, chlorambucil,
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cyclophosphamide, ifosfamide, dacarbazine (DTIC), mechlorethamine (nitrogen
mustard), melphalan, carmustine (BCNU), lomustine (CCNU), dactinomycin,
daunorubicin, doxorubicin (Adriamycin), idarubicin, mitoxantrone, prednisone,
dexamethasone, tamoxifen, fulvestrant, anastrozole, letrozole, megestrol acetate,
bicalutamide, flutamide, leuprolide, goserelin, gleevac, Iressa, Tarceva, Herceptin,
Avastin, L-asparaginase and tretinoin.

57. A method of inactivating a deubiquitinating protease complex comprising the step
of contacting the deubiquitinating protease complex with one or more compounds of
any one of claims 1-39; wherein the deubiquitinating protease complex comprises

USP3,USP10, USP13, USP16 and USP18.
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