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Histone deacetylases are a family of at least 11 zinc-binding hydrolases, which



Aberrant histone deacetyl ase activity has also been |inked to various
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Hunt i ngt omoO=0di®erse, Anyotrophic Lateral WO 2011/ 0912P8PTR2UISAOMEZ 021982
Scl erosis and Al zhei nmer's di sease. HDAC inhibition may induce the
expression of anti-mtotic and anti-apoptotic genes, such as p21 and

HSP- 70, which facilitate survival. HDAC inhibitors can act on other neural

cell ty i . 3 i . t:es and
dAESyZeTnd ﬁgtgfﬁihﬁﬁ:of I}ﬁgﬂé%@dﬂ 3&1 %ﬁ@ton\%;lg?t; . HPAG gﬁﬁﬁm’i‘&{ feQK'ift

mcroglia,”to re armmat i on and secon amage during neuronal
5i nj ur yhyperadétglatisie of ¢HiDaGatim hltbratiponini tsanscription) gowh tinest,apd apomoappr oach f or

the treatnent. aof a_ran of ..centr. nervous, system di sprders (Langley B et
Lt DGR at Phe e e R b RR R SR ST Bt 21 S0
Hi st onejedRmceiey tapshsks inReMiolbSic RhAYnAtiQSA804InE Im1@pI8 nyR1dHRE although

transcriptional machinery for regulating 8ene expression, Induce histone
hy pér acweitlysianifieantaerdcityy Qffnotss in vikre syeerey 0Dexpreis@iabehentiikeraiosgentsi(puchs

useful as t herapgutic or..prophyl actic, agent for .di.seases .caused by
abnor i Ty dnte i) SPEA GO RS R RPbiit BN obR bof hESSARRRERITES Y aveti o
conpl i Gxbtieosne-Ap@iaddHHG AbtEbitdA WS $80bi@dpoded PUASH Bcently'selROSVeSHDAC UnRibitors

pronyel ocytic | eukaem a (APL), organ transplant rejections, autoimune
di seasd®ve petdresz srlizehf ecti ons, tunors, etc. Thus, there remains a need for

t he devel op f. Enhi pi i : t e t.ubulin
hi st one deag%?éfgg%gﬁﬁﬁﬁi%ﬁ??g%%ﬁ%??Q?ﬁﬂﬁﬁﬁﬁgﬁg&ﬁﬂﬁﬁ&gﬁﬁhﬁﬁ}%“%% éH’ and/ or
noné@ speaintinicfof o¢lluldraiiabil@rin Kduta@text A DAICH ik dalidsrd v binDAGI quitthalddAC

i nhibitors, HDAC inhjbitors specific for a certain class or nber of the
HDAC f 2HPEiPs kygreh being dngeredaman 9@%@%8 B s dyneifemplos semalsy tpugh

prolif QIn%EHeY@iséljeé%ﬁcﬁ%%%@f.@'i@B%’bo‘é@@é%% Inlyb @tatie ALLLTas@ i niathst 16 fdudy of
HDACs, particularly HDAC6. Inhibitors that are specifi'c for 20 HDAC versus

TDAC énﬂawhdykmmm&whahaﬂmbsunmsehmhwlhmkmedbmngmdbsedseadmdyﬂﬂmbhdg

bi ol ogi cal.. pat h S. resent invention pravides novel conpounds,

phar rractgﬁllh_r“g ace\g%o ﬁ&ﬁ%@%ﬁéﬁ&f%@%&&mﬁ{é&ﬁ AL P usi ng these conpounds
to1breat di sGRLEpIoR:iRERGDIRMHPAGRIIMAK dfaf&r CAHRGE iplidattlideAEat or y,

aut oi nmune, neurol ogi cal and neurodegenerative dlsord%rs. 25SUMVARY OF THE
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25 regarded as ER-derived vesicles containing aggregates of monotypic immunoglobulins
(Kopito RR, Sitia R. EMBO Rep. 2000; 1 :225-231) and stain positive for ubiquitin (Manetto
V, et al. Am J Pathol. 1989;134:505-513). Russell bodies have been described with CFTR
over-expression in yeast (Sullivan ML, et al. J. Histochem. Cytochem. 2003;51 :545-548),
thus raising the suspicion that these structures may be linked to overwhelmed protein
30 catabolism, and potentially the aggresome. The role of the aggresome in cancer remains
undefined.
Aberrant histone deacetylase activity has also been linked to various neurological and

neurodegenerative disorders, including stroke, Huntington's disease, Amyotrophic Lateral



or R* and Rl together with the atomto which each is attached, may form an
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opt i onaﬁnldgpr sslye specificfgr ﬁllemartlc@}ar Rrgefdharn lﬁgwm TRy Ghand BPAEdnhibitbsr m a
15f use y.C [ tlon each R2 is
i ndepen eﬁt me tf%rs sP 9c1¥i@ For al‘%?t%{m Cﬁasts 8r 8¢ §/n C %/ﬁ ‘ﬁ‘y ?ﬁsA(tf: lf?mﬁi%yvoﬁldt &t oar yl,
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20 HDAC versus TDAC and vice versa are also useful in treating disease and probing biological
pathways. The present invention provides novel compounds, pharmaceutical compositions
thereof, and methods of using these compounds to treat disorders related to HDAC6

including cancers, inflammatory, autoimmune, neurological and neurodegenerative disorders.

25 SUMMARY OF THE INVENTION

In one aspect, the invention provides a compound of formula I:

)CJ)\ /\éaji .OH
PO S
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or a pharmaceutically acceptable salt, ester or prodrug thereof,

wherein,



pis 0, 1, or 2. In another aspect, the invention provides a nethod of
treating a disease nediated by HDAC-6 in a subject conprising adm nistering
to the swpeoti/@imenpound of formula I 00 ). RNN, OH i 1PCTRS280/021082
pharmaceutically acceptable salt, ester or prodrug thereof, wherein, Zis N
or CR*, wherein R* is an optionally substituted al kyl, an optionally
substituted acyl, an optionally substi tut ed aryl or an optionally

substi t ut ed i'%tr@BP@RW whik R Al s%B?t th%d%ﬂ%%tzﬂntdﬁhsﬁalgf%bstﬁ{lte@n
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CH2BH2OH,  OBHASH2 BHalksH hablaﬂwhlaﬂ(eab’lkew arglelkyt ihagrar ﬁnhietﬂmcmilf t oget her

with the,ato c ache anotlon I subtltuted
het er ocgRIoCEH &(éﬂkﬁﬁﬁﬁhﬁz §ch)§ﬁaf€%gﬁﬁ tr%ayoar(gﬂtlonah bR t}l§ °4nd RL

t oget heii) Wh&ﬂnztmeRa; R{Thia§ bkp ﬁdih Ghibdtutdd baabied, alkEyORQIONNAR ;)PRY) onal |y
substituted carbocyclic nﬁﬂl onal b"*iliSUbSti tuted heterocyclic, optionally
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I ndeperupeinhilly abkithted by eh@gkky lor aﬂepmmﬁy@hbmlukyd heta[royﬂyl or het er oaryl ,
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i ndependent 137 Bal 3¢ R1 teget ?fé’Ylk}}/&‘setalFPté’iL‘%% \‘5@5?13 e8eh lﬁﬁFtaChﬁs’fPaY M eroaryl ,
each 15pfioWhiyCchibkuRBich®Rdaldi¥, SHRhIY WiRdiutdl he¥erfeychc, Stiohal®f sisti@Rd

aryl or optionally substituted heteroaryl ring;
R is H or an optionally substituted alkyl; or R and ring A may be joined to form a
15  fused bicyclic ring which may be optionally substituted;

each R, is independently alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each
of which is optionally substituted;

each Rj is independently alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each
of which is optionally substituted;

20 nis4,5,6,7or8; and

pisO,1,or?2.

In another aspect, the invention provides a pharmaceutical composition comprising a
compound of formula I, or a pharmaceutically acceptable ester, salt, or prodrug thereof,
together with a pharmaceutically acceptable carrier.

25 In one aspect, the invention provides a method of inhibiting a histone deacetylase

(HDAC) in a subject, comprising administering a compound of formula I

)CJ)\ /\éaji .OH
PO S
1 D

or a pharmaceutically acceptable salt, ester or prodrug thereof,

wherein,



pis 0, 1,or 2. In other aspects, the invention provides a nethod
of treating a subject suffering fromor susceptible to multiple nyel oma
conpri si yoadnmiaiaBeri ng to a subject in need thereof aPO/ush@napmsrically
effective amount of a conpound of formula I, 00 RR.NNOH/1IH iR or a
pharmaceutically acceptable salt, ester or prodrug thereof, wherein, Zis N
or CR*, wherein R* is an optionally substituted aIkyI an optionally

substi tuted %ﬁe}@}ﬂ CRa”wH&’éin%al |a¥1 BRIl s%?tf}ut%ﬁﬁ t18§§11 ELt thted

substituted heteroaryl; ring A n optionally su stlt ryl or an
opt i onalcll as uptscnnaﬂlytsebttﬂuee@anyhomu optiongllBsubstigueddptdroaral; | y substituted aryl
or an optional ed heteroary al kyl

ol camy? Pt Lonihe K enonthy Sira Y oranapgagubi ottt Somad 05 6. ro.

C(0) 0- R2, OryiS(9)Pan c%ﬁi%ﬂal de@ﬁ&tbdrﬁwl di’%n%@ﬁbﬁ)ﬂl%'sthtﬁM@&hétEfHa%ﬂ; or WO
2011/ 091213PCT/ US2011/ 021982 (ii) whe i S e optlionally

sub$t i t ut ed Boriafic iealkal, lgloalkpR3lkeoyl, a(yﬂza)rylpik)yl hete@ra ocqumzm SH,

0 SR 5101 By ENEAR BRI SR B F Wb AR b v e

opt i onakih whemBss CRat Rplniagztbelb aonally sbestinkted BR@ciRl diegeORgorMR(RHe- atom to
whi ch each is attached, ma orman optionally substituted carbocyclic,

opt i ondF iy ANt PE He - Olds B quiyfbioiadkoxapt i onal 1y substituted aryl or
i [ [
optionally ‘%Pﬁ‘%é Hﬁ(ﬁﬁ&%& dd%%ﬁlreyk)v tﬂ%atgrél to WhlBl éat%hF% ﬁ[acﬁl& (ptjiﬂ ally

substituted ol ned orma use bi cyclic
ring \/\/rnpnbnzrmysulbeutoaﬂlhemaidyyh@m»baﬁ bptiiradl y sﬂlﬁlmaﬁhd Feioaryil;ndependent | y al kyl ,
cycl oal kyl , heteroc cl oa kyI aryl, or 1C}1eroaryl each of which is

optional |y <Uts letaget erwith thg afprito Waich sadps Alasheymay Iym ancy el oal kyl |
het er ocy(gibRal }}@ﬁlbstltﬁ{eﬁlcarb%l’:y&fct @ﬁt%ﬁﬂﬁr sut%ﬁﬁll?ed:’ﬁeté@@éﬁﬂc ' (ﬁ)tBHElﬂ}p%Hl%ted

substituted; 'n is 4, 6, 8; and 15p is 0, 1, hereby treat
t he subjrdatr ogubrﬁ@]msugstﬁutodhotﬁr@qdamgtl ble to nultinpl e rryel orra In
anot her asp t he inven

of i i bt 1 g bACmeRi Ly SPBEL AR Britahe FEE by L TSERASTER T or mul &
| 15  fused bicyclic ring which may be optlonally substituted;
each R, is independently alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each
of which is optionally substituted;
each Rj is independently alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each
of which is optionally substituted;
20 nis4,5,6,7or8; and
pisO,1,or?2.
In another aspect, the invention provides a method of treating a disease mediated by

HDAC-6 in a subject comprising administering to the subject a compound of formula I

)CJ)\ /\éaji .OH
PO S
1 D

25 or a pharmaceutically acceptable salt, ester or prodrug thereof,
wherein,
Z is N or CR*, wherein R* is an optionally substituted alkyl, an optionally substituted
acyl, an optionally substituted aryl or an optionally substituted heteroaryl;
ring A is an optionally substituted aryl or an optionally substituted heteroaryl;

30 ring B is an optionally substituted aryl or an optionally substituted heteroaryl;



200r a pharmaceutically acceptable salt, ester or prodrug thereof, wherein,
Zis Nor CR*, wherein R* is an optionally substituted al kyl, an optionally
substi t utwo 2acyd9g21an optionally substituted aryl or an @pmiuseailog19s2
substituted heteroaryl; ring Ais an optionally substituted aryl or an
optionally substituted heteroaryl; 25ring Bis an optionally substituted

aryl or an optionally substituted het er oaryl ; RLis (i) H alkyl,
hal oal kyl, ke, afky o%fk %hﬁ){ 1, afBLEVIARLY heteREL-AT RAYOLGic, Car bocycl i c,
C(0)-R2, C(%IO- % ’Sr xeac (k; %I c% %g be optionall Substi t ut ed;

or (i i )cartivepclic, CSO)ERﬁ,,C(RmOn&y ob8(@)ptdacmaf Wizlchuin@tbetcmtmdalbr substimtedabky| |

OR3, 2CH2OH,. 2CH20H, . SH, or. thi.o.al koxy:
5011/ Od T MRBF GBS 1R 025 b Sptionalty sghtietse Biangll RS MRAE i € h t he
atom tccm%mg@}@qg@m@H@}qame(qthlgqlqﬁgx@n optionally substituted
het er oc or an optionally substituted heteroaryl: or R* and R1

t ogét her Wi tdy rtnﬁ;é3 aitokh mey wigetier atbhe @toalttt)azdhddeaChag/atfathm &roopt i onal |y
substi tuttlglaall (F)t?t}étcedée{e C,g(?ﬁ or(t)%tlmll @JI{) t| tﬁ’ﬁ&,@? ttgrrooc clic, optionally

subst i tUW y su ary i ng; Ris H
or an opti Ol’lﬁ|H>"}’an$1LIb15tbgéthlérﬁﬁt}aihK)étom wwﬁicﬁladchrﬂs ABadhed®MaPfOrindinned to forma
fused bicyclic ring which may be optionally substituted, each R2 is

i ndeperfPERNAIY abkyted cpdoexdlieypptinatle ey aiteshakgrpeyche yQPthBFH}h%tbé‘iif@Eﬁdyl
each of r% ti ﬁalﬁ/%bﬁﬂgt{ Eylft%%g lrilnlét ed; 1lO0each R3 is independently al kyI ,

cycl oalk cyclo or het eroaryl, each of which is
optiDonal | y smtssftllotantept:tomllySub‘snu&ed ﬁkyl?ooR a8d riapgd\ may de Poindd todbrn2a and
instructions for use in treating ltip el oma. 15 DETAI LED DESCRI PTI ON
OF THE PW&NHMC&I“B&W}H& Ee optiona 1YLP'%§tt1é‘He el ow are definitions of various

terms used tQ MRS hBSehily aM4E! rgsy%g)g}kfyl hlgﬁ?%%gfo'aﬂéyl 'a%ﬂsoﬂﬁ@rbfa gp ehdie terns

as they are used throughout th| C and cl ai ns, unle
200t herokivdecH ismiptiehliyrsubgautefli ¢ i nst ances, either indivi dual | y or as part

R L R i s

cenkai rbfq,mé}gisr@atns}duytg%m@t@done and six, or one and ei ght carbon atons,
respectively. ng) es of Cl-C6 al kyl noieties include, but are not limted

to, methyl, IeltSHlyﬁ pgraogyknd | sopropyl, n-butyl, tert-butyl, neopentyl,
n- hexyl noi et| (851 t'}and exanpl es of Cl-C8 al kyI noi eties include, but are
not limted&%9, n’e? hyl, ethyl, propyl, isopropyl, n-butyl, tert-butyl,

neopentyl, rmnlhewey laspeb@pﬁhy |1nveﬁﬂdn pﬁ)fvides A@he@ldES. treating a subject suffering from
or susceptible to multiple myeloma comprising administering to a subject in need thereof a

20 therapeutically effective amount of a compound of formula I,

)OJ\ /\ﬁi -OH
PO
L @;

or a pharmaceutically acceptable salt, ester or prodrug thereof,
wherein,

Z is N or CR*, wherein R* is an optionally substituted alkyl, an optionally substituted

25  acyl, an optionally substituted aryl or an optionally substituted heteroaryl;

ring A is an optionally substituted aryl or an optionally substituted heteroaryl;

ring B is an optionally substituted aryl or an optionally substituted heteroaryl;

R, is (i) H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, heteroaryl, heterocyclic,
carbocyclic, C(O)-R,, C(O)O-R», or S(O),, each of which may be optionally substituted; or



The term "al kenyl ," as used herein, denotes a nonoval ent group derived from
a hydrocarbon noiety containing, in certain enbodinents, fromtwo to siXx,

or two toweighitoscasbon at onms having at | east one car bonPcanisemi1@do198t e bond.
The doubl e bond may or may 30 not be the point of attachment to anot her
group. Al kenyl groups include, but are not limted to, for exanple,

et henyl , propenyl, butenyl, 1-nethyl-2-buten-1-yl, heptenyl, octenyl and
the |i : he . - j noval ent

o oup e e G e B, QR R K ot mont .
from t VoHiCH A, OCH,CMgOH oS3 ghthiocdlrdxgn at ons havi ng at | east one

carbon-carbon triple bond. The al kynyl group ol .My of .be the point of

2t tachnent 18 gt wetRoPanpethepabdle ubrle e h iortehel /i e, "but

Sare nQdpiibhallyt @Bshied heler&X@ii® o8 an SpHHANY substiRiePNEWloaryl; but ynyl, heptynyl,

octynyl "and t'he like. The ferm "al koxy" refers to an 8' al kyl noi ety.

Thedt er m " aroyR* angdRifogathdrevidi the atah tr which eachns atsached. pay foronasl i c

carbocycl.i c ring system having gne or .e aromatic..rings used.o

mon- et BB BRI e (R4 BRTR o By AR e

t et r ahyglylaraphbiyly, substdaey hetetddeyl¥ingand the i ke. The term "aral kyl," or

"arylal kyl," as used herein, refers to an al kyl residue attached to an aryl

ring. Exanpl®® i gepyaetionglly substituies alkylapr Band sing gemay be jgnechtetfaym aand t he

li ke. - RYer:ls i co : .herein, denotes a nonoval ent
used b%}lﬁ: %ﬁlﬁ Whi 9?%??@!1%}9115%5%%& d

group derive a nonoc olycycli’c saturated, partially

undat ur ed, afacl Bb isyindepeatentigtatid/] caclatkyt lhe@rsdynalkyh acydn@diendoarkd anghl es of
carbocycli ¢ groups include groups found in the cycloal kyl definition and
aryl dé%‘fi"th‘E}}’éﬁPB‘?‘P?élYtség?ﬂt“tE%I oal kyl ," as used herein, denotes a

monoval ent  ghLEWR, d8hiMRAIdHKIQMIE BRRANS, HetePbcyRRAKSY, Gy CorStdtb AL £ dadl
partially unsat uf ed c‘ﬁjr%bocylgl i%’?i%’gg c rfpofndc.yQE?gﬁﬁl e}g’%f C3- -’c?/cl oal kyl
i ncl udeyf vduth naeptibnatiytsetstttatedcycl opr opyl, cycl obutyl, 20cycl opentyl,

cycl ohexyl, c %I gp(?eﬁf%l ~and cycl ooctyl; and exanpl es of C3-Cl2-cycl oal kyl

i ncl ude,  but® 7ét 1 fiT&d28S, cycl opropyl, cyclobutyl, cyclopentyl,
cygkohexyl ,Jbiis@yo;]&iz. 2.1] heptyl, and bicyclo [2.2.2] octyl. Also
contenpl ated are nonoval ent groups derived froma nonocyclic or polycyclic
car bocycl i ¢ teithrgelydmas thedubiget w@t}éang freaser supreptbleio mudroomyewoubl e bond by
t he renoval of si nal drogen ato | es. .of such groups,jnclude,
255ut “are ndt o e Fo T 2B BSRs TR RrEh Rk ATt ol HRRR e "

cycl ohaxeibiing HIyACakepie flécte it 6 @26 bE Ridle camsbundeof fokk@ula 1 The term
"heteroaryl,” as used herein, refers to a nono- or poly-cyclic (e.g., bi-,
or tri-cyclic or nore) f d or nonyfused, ieties or ring system having

at | east one aronmatic rivgN hawiq i MOHen ring atons of which one
ring atomis selected from;Z, nd IQ? 30 /zerd, one or two ring atons are

addi ti onal heteroatons indgpendent|y Rel ecte from@, 0 and N, and the
remaining ring atons are carbon. Heteroaryl includes, but is not limted

t 020pyri di nydr.a phyrmaadettydallypycdpeabit syt estgyorpoddrlig theyeofizol yl , i m dazol yl
t hi azolv%]/}lle,reigfazol yl, WD 2011/091213PCT/ US2011/ 021982
Z is N or CR*, wherein R* is an optionally substituted alkyl, an optionally substituted
acyl, an optionally substituted aryl or an optionally substituted heteroaryl;
ring A is an optionally substituted aryl or an optionally substituted heteroaryl;
25 ring B is an optionally substituted aryl or an optionally substituted heteroaryl;
R, is (i) H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, heteroaryl, heterocyclic,
carbocyclic, C(O)-R,, C(O)O-R,, or S(O),, each of which may be optionally substituted; or
(i1) when Z is CR*, R may be optionally substituted branched alkyl, ORj, or N(R3)(R3), -

CH,CH»OH, OCH,CH,OH, SH, or thio alkoxy;



i sooxazol yl, thiadiazolyl, oxadiazolyl, thiophenyl, furanyl, quinolinyl,
i soqui nol i nyl, benzim dazolyl, benzooxazolyl, quinoxalinyl, and the |iKke.

The ter mwbevewvoaial kyl ," as used herein, refers to an aChkyuS201e9298E
residue attached to a heteroaryl ring. Exanples include, but are not
limted to, pyridinylnethyl, pyrimdinylethyl 5and the |ike. The term
"heterocycl oal kyl ," as used herein, refers to a non-aromatic 3-, 4-, 5-, 6-

7- menb [ i ' d t
or 7-menber &g rfn'fgirtg it Rﬁm*a}r 'toSgQEhee% m(x)étg;iﬂegigg& at% Wﬂ} Eddh &G Ricn P ‘Porfn’r’%? system

where (i) each g conta ee het eroatons

i ndepengénhdlly szublstﬁuteédhefer@yrhmybgemppﬂ'miaﬂwsulwﬂidltod hertagpelryl (ii) each
5-nmenbered ri h 0 to, 1 doubl e bonds, a nber drlng has 0 10to
> Goubl e borftide Ry opbe R B SRS £t K Ba B ATt f onal |y be
oxi di Z%ﬂoﬁéﬂ@) su%&ﬁu&ﬂ%ﬁ%@&bli&%ﬁfdﬁﬁﬁ? EﬂHEBMlt&H{été}B@}ich}{ QRiodd} &bbiwed, and
(iv) any of t'’he above rings may be fused to a benZene ring. 'Representative
het &r ocayy:llqmmymallgrscgbqsgunedbb@d@rylmmg are not |imi ted to, [1,3]dioxol ane,
pyrrolidinyl razol i nyl vl |mdaz Lidinyl,

o pori ai ny! R bR ASphgHRan SUGTERe A1 or & sTUEBEPLRY be SO ERE D) |

15t hi azabdddiendic ringm‘z}hd:}am@y beibptfcbnaug\@dbstumtéeahydr of ur yl. The term

"al kyl am no" refers to a group having the structure --NH(Cl-Cl12 al g‘l)

wher e Cl - Cu eafik{p is igdependenslyj ,I‘iycl%ﬂﬁ}’hé@tequ}Yéloﬁﬂfrﬂnaﬂdc% hetqregiyli g

residu including but not limted to carboxylic acids,
car bameo(?vglg‘gﬂdl}sé%ggélﬁag@]&?gétg@tle sul foni ¢ acids, and phosphorous aci ds.
20ERanpl es icach Relés iatiépehadntly ad:l@ﬂmynwalkyl,&n’e@m@iybba&al, hoylybishetabarphaidhc

sul fonyl s, .aromati c SU|EI2I nyI al i phatic sulfinyls, aromatic phosphates and
al i phatqf e ﬁﬁ%{?%ys %ﬂ%tF of aliphatic carbonyls include, but are not
limted to, pgatyle 7Q{rcgph&pyl 2-fluoroacetyl, butyryl, 2-hydroxy acetyl,
and the |ike. I'n accordance with the invention, any of the aryls,
substituted pills}@L $,oriet eroaryl s and 25substituted het eroaryl s descri bed

her ei n, y. aromati c.qgrou Ar o t|c groups can be substituted or
unsubst%“ﬁdlﬂsélalcuon forus?HEtﬁe%tﬂ‘?gsm“ﬁlgemye @fo" and "hal ogen," as used herein,
refijgr to an atom selected fromfluorine, chlorine, brom ne and iodine.

The term "oxo" as used herein, refers to an oxygen that is attached to a

car bon, 30pr ef er abl yDE/TMHFEIBESCMBBIOMQF THE ANNENATON As descri bed
herein, co nds of the invention may opti onal | y be substituted with one
or nore sum such as are illustrated generally above, or as

exenplified myte@aélbwcaﬂdz aefiitiassESarisuelaseRd to aadribPetd @semfont MRese
invention. It will be appreciated that the W) 2011/091213PCT/US2011/ 021982

phr ase degipitionh apnly tas s sermsas diey 4f%ui?§éblfquﬁlﬂ%¥élﬂaﬁ§‘ébfmaglowfi%c RS BIHP%?se
'sypst 'W%lemlwa%HQﬁé&ﬂé’ﬁﬁames' Qt}g?ﬂl%li\qhuall;rrb? ab B4 r€p| A ed”, whet her

precede term "optiona or not ers cenent of
hydr ogen r adl“heal:ﬁn i‘aiky, giswsed hetremctetﬁasre td\iatﬂraﬁeﬂ,estﬂ’amltmlbrmfchad—shm'ﬂi fied

substi tuent . Unl ess otherw se indicated, an optionally supstituted group
may  haJWAEPCBanLRgietRs SO IS She AL EPPRAImBNtS. bRSWran B 2B sthar oty ~and

when m%ﬁ&ﬂc%@n%ﬂﬁnsn%bédt& g‘ExﬁﬁMeth"@PC§El%y%erﬁes”B}ﬂuQ@ pikBRtiduted with
nmore than one substituent sélected froma spéecified group, the substituent

may be lenitdteto, mhthyk athyl,gromil fifemrepyl, rabueyleery- bptyé intebpantylThdiex grmaeties;
0B8] OO SRS U £ sOR ORI BHPS! LAYty R bRESH LY
a' ky nylisopropRt A-Bikg!, lidr-uE S tiebptn®l, n-hexyl, heptyl, and octyl moieties.

The term “alkenyl,” as used herein, denotes a monovalent group derived from a
hydrocarbon moiety containing, in certain embodiments, from two to six, or two to eight
carbon atoms having at least one carbon-carbon double bond. The double bond may or may

30 not be the point of attachment to another group. Alkenyl groups include, but are not limited
to, for example, ethenyl, propenyl, butenyl, 1-methyl-2-buten-1-yl, heptenyl, octenyl and the
like.



1 Ocycl oal kyl ," "optionally substituted cycl oal kenyl," "optionally

substituted aryl", "optionally substituted heteroaryl,"” "optionally

substi t utwo 2arialokaB”, "optionally substituted heteroaralPkylus2orioptdsonal | y
substituted heterocycl oal kyl,” and any other optionally substituted group
as used herein, refer to groups that are substituted or unsubstituted by

i ndependent repl acement of one, or three or nore of the hydrogen atons
thereon wit i< : al kyl ,

al kenyl , al E{/hﬁ% P%c%/lc al I?S%F{kéagﬂry h g?ttea?%cyc ggki@ﬁrg&bh%éthevfgeflrroy ?

aryl al Idwkiroclaﬁioerrmactylcahﬂayimg, 11F¢erta@i ¢mb@timents, from@iyo o sixeort tesh thy:'(gh()xy,
oxygen,

_aryl, 81)53&' Wp%ﬁla[ozm}g atq\allsbm@ caéi r%ﬂ%}{ t%%legbméngy |T he l?llﬁ'(yn% grer]binaagf% @(aéf; BI H

0)N ,
CIC( C%Lzl'ﬂraoit Ee gg&)ﬁt o)f HQ%Q)fgt ?y%l@%[gpgwp cﬁﬂ(}ﬁ)@ﬁ@we amyw%r@%tlgﬁlgﬁ >?(1,0) _q0)-

het &r ocﬁ}?@n@dlrmwd to, for examjgi¢ otiyny€i - Ry =l ki butynyl bymyod, @ivnyd ped dal kyl |
CXO)Olggy -C(0)0-heteroaryl, - C(0)O0-heterocycl oal kyl, CONH2,

- CONH Cl2-al kyl, - -CONH aryl, 30-002- Ci-Cl2-al kyl, -0C2-aryl,

- 000NH2, - CQ@NHerntCi* alEd;%r”&bﬂéysl to anQOQNEY1 nasiydy, NHC(0) - G - C12- al kyl ,

- NHC( 0) - aryl - NHCO2- G - C12-al kyl, -NHC2- aryl, -3S(0)-0G -Cl2- aIkyI -

S(0)-aryl, -edsm "ayl Grusad kein, refes (g mangt of papeyclic carbocyclic ring

201 OSSR g0 RS e D TS i

subst i tpheey, g:qxhtlg& tbﬂmﬂykidﬁlap]h’thylf cddlamyu i‘(ﬂgnyIthd el Pecal Kyl , C2- C12- aI kenyl ,
C2- Cl12-al kynyl, C3-C1 ycl al k ég C3- Cl2- 5heteroc %I gal kyI
C3- C12- het er Jxrigim “#alkyy 20raraswa w{n as reme ﬁ@tt%ﬁ%élrky' Lesidyp attac

under St ohfidhs! BRyRPK: eI RR! B1QRS ﬂ((Ltshml?édktMl Sonz A0phdnind bikenE AR e | urt her

substi tut ed. used herein, the term"nmetal chelator” refers to any
nol ecul e or Hwi telirly“ctahlaacycbc T 8s mpéabltem oendtey ammgo‘ealﬂmmu@ﬂe(wecbfrpm a

ot al ROk Pty TR ey P bR R DR YR A PSS G ot a
I'0AB6  compound. Examples of carbocyclic groups include groups found in the cycloalkyl
definition and aryl definition.

The term “cycloalkyl,” as used herein, denotes a monovalent group derived from a
monocyclic or polycyclic saturated or partially unsatured carbocyclic ring compound.
Examples of C;-Cg-cycloalkyl include, but not limited to, cyclopropyl, cyclobutyl,

20  cyclopentyl, cyclohexyl, cyclopentyl and cyclooctyl; and examples of C;5-C,,-cycloalkyl
include, but not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, bicyclo [2.2.1]
heptyl, and bicyclo [2.2.2] octyl. Also contemplated are monovalent groups derived from a
monocyclic or polycyclic carbocyclic ring compound having at least one carbon-carbon
double bond by the removal of a single hydrogen atom. Examples of such groups include,

25  but are not limited to, cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclohexenyl,
cycloheptenyl, cyclooctenyl, and the like.

The term "heteroaryl," as used herein, refers to a mono- or poly-cyclic (e.g., bi-, or
tri-cyclic or more) fused or non-fused, moieties or ring system having at least one aromatic
ring, having from five to ten ring atoms of which one ring atom is selected from S, O and N;

30 zero, one or two ring atoms are additional heteroatoms independently selected from S, O and
N; and the remaining ring atoms are carbon. Heteroaryl includes, but is not limited to,

pyridinyl, pyrazinyl, pyrimidinyl, pyrrolyl, pyrazolyl, imidazolyl, thiazolyl, oxazolyl,

10



in solution, making it unavailable for use in chem cal/enzynmatic reactions.
In certain enbodi nents, the solution conprises aqueous environnents under
physi ol ogvoab1ieomdt i ons. Exanpl es of netal ions includeCThistoiane1ant
limted to, Ca2, Fe3, Zn2, Nat, etc. In certain enbodinents, the netal

chel ator binds Zn2. In certain enbodi nents, nolecules of noieties 1 5that
precipitate netal ions are not considered to be netal chelators. As
used h h S

non- ol 1 Ao e R oy PR, b n B o RARISL i ory or

f ound ﬂnnnan@nehdﬂnmk@wmmmwbqhewmealwsédkﬂdﬁeln can refer to conpounds

that are " ra oduct wever, the t "smal | .ol ecul e" is not
i ted to g hegbtabely o dgibars © raefiel o BE s sGiedde o | <
typi cald Neté‘rBﬁ&ﬁﬁﬁ@rE%a?ﬁplbsrhnEﬂ@& Huk aeQid 8IS d 36 VS Fidiny iRt npﬁﬁﬁi@l@fyléﬁﬂds
and has a nol écular weight of |ess than 1500, although t

chabactadithalikeon i s not |ntended to be limting for the purposes of the
present invegti.on. "Exa S of ."smal |, nol ecul e t hat oc i ure

et ude, but 5@ thoR PR = TR A R e o

cer t ai I7-glehdereiBiaihei @rBagthesiosp fikal f abn-pised ggzstterhlxkleere m&xlezhchrmigecul es
are utilized. 25The term "subject” as used herein refers to a manmmal . A

subj ectcoptpéisdrebreenaae apd three hqt@fpa@mme@endf@gg selegteds fropppavaen, sewsandpi gs,
gui nea Pr e
ub] ety il e e Brma Tl SRR AR MRLER P BB WHERRLAY
Traat " to2tdoableibogds, &ifiol thetmeagmmﬂ sulf&lf letterbatoms netyhupdiondllyabd @vidiatd, iy ) or

abatln a disease and/or its attendant synptons, 30As use herein, the term
"phar relbe oitiogsi hsferogioapiay Pgtl%ﬁﬁlf/ be AptE R o ihbYany Af he Ve ABetBAhounds

formed du,idago Brb‘aﬁf‘e?lé rifk, ﬁ{fégre@&ﬁ%%the'té? Ida 1%%?@1&[11% Wil et he scope
of sound nedi cal judgnent ui tabl e for ontact wth the tissues of
humans lamited towdr3] dnwm]ahs pxitohdintl, pmuelutyb,)@}mztojadmlyt rmntcamlmy,l allergic
response. d.are te mnt?me reas bIe benefit/risk

Dol WL S T R R e A A o K

exqulqhmgﬂuﬁﬁ13@&ggaog&n§uamﬂ@gﬁﬁwgeﬁépharnaceutlcalIy acceptable salts in
detail in J har maceuti cal Sci ences 6: 1-19 (1977). The salts can be
prepared in Eiettemdtﬁlkyigmm@é r¢fersdp aigsipshaving the sty f-iNKEG A etkybhe

conmpoun sﬂe? mk ventlr%niou deﬁeggrately by reacting the free base
functi oh W th a2 8urt'apt BOIgani’¢ 'aci'd. Exanpl es of pharmaceutical ly
acceptabl e lTmelte@e"aclymman@esneild]hdsmeheai {r6m aRRR! @¥IudingGul nedhitddd sal ts
are salts of an ami no group formed with inorganic acids such as

hydr oc Hiagioxyligagids. capamiicits eathenig acighsabpwf reidacing phetphpinus @cigei d and
pekghl i aci d,
F2PPar g ifelflc MondOLHRG T, AR RCHELIR, AR BRlE B B g ot her
10net hcsd]fmysqadhp}mtlt: helﬁayls aumtatlaphmgphatexmhbﬂgﬁathmmmmaﬁmpm btal | y
accepta salts i ut are not limted to, |nate

ascorb lelela EsPEhany Semc geni’@hegepf bmypdto. B@ﬁ%@%@lonﬁfgﬁ Oé%et d%xréf

but yr atey, £BAPRALAL £d thafRNOr sul fonate, citrate, cyclopentanepropionate,
di gl ucona ¥ dodecyl sul fate, ethanesul fonate, formate, funarate,
gIucoheptondnepagdymewoﬁhbsphanemlghwobmamedshehﬁthda@@ﬁhhemman@aKe,

noat 15hydr oi o thanesulfonat act obi onat e, actate
| aepat cubjisgRg el efdy derBr Hatit Rndis ) S Rate’. eRiE e o ras b

2 naphghghﬁaggg}ﬁ@ﬂgyguwalcotlnate nitrate, ol eate, oxal ate, palnltate
pampate, pectinate, persulfate, 3-phenylpropionate, phosphate, picrate,
pi val at e, proyitomae dal, sthede and, "h gl@é@i,n@ﬁ@edgmenamfer foantatem eelegtd Erepnanat e,
p-tolu | f c val erate salts, and the |iKke.
Repr esgfﬂ O%#VC%T%%I% P}éﬂﬁﬁe %ﬂﬁ%ﬁﬁlﬁe earth netal saI ts 20i ncl ude sodi um
l'ithium potERSkHN 0xadlac bt hef@EgNeferiid andsxg géhehat isla@actedtd Aesirbon,
pharmaceutical | y acceptable salts include, when appropriate, nont oxi ¢

am3Bni mfeﬁ%xl@méwgbl%lmmemcamyam ne cations forned using counterions
Suc.h as _hal i des lgierd% Qﬁ’co oRRXYA @mv@r‘l’th{a @tpﬁ ?P& ?ubsmutter fin 2l kyl
havi ng from car on atons, sultonate an sul ronat e. used
her ein, onbh)ent(m mbsptmanusmnehms mallllwstlamd@ehaialle aﬁs&eeof‘asreeémpﬁfiédabﬁst ers of

the co ormed by the process of the present .inventjo i ch

hydr ol @glquﬂwlwsamc TEPE SPFREEt tt%tnvmt@gkﬁwe@@a@ﬂaffgﬂ a4he human
body to | eave the parent conpound or a salt thereof. Suitable ester groups
i nclude, for exanple, those derived from pharmaceutically acceptable

al i phatic carboxylic acids, particulally al kanoic, al kenoic, cycloal kanoic
and 30al kanedi oi ¢ aci ds, in whi ch each al kyl or alkenyl nniety
advantageously has not nore than 6 carbon at ons. Exanples of partlcular

. o L, L 1 o o o, s o I



WO 2011/ 091213PCT/ US2011/ 021982 The term "pharmaceutically acceptabl e
prodrugs" as used herein refers to those prodrugs of the conpounds forned
by the prwoess/miziBhe present invention which are, w thiPaTiUS2013001982 Of
sound nedi cal judgnment, suitable for use in contact with the tissues of
humans and | ower aninmals with undue toxicity, irritation, allergic
response, and the |like, 5commensurate with a reasonable benefit/risk ratio,
and eff V r L oFs e el I cforms
her o P bR B R B R g s
used haemeubstingerhs Ia gctmmiotlnn derwhisobstitsted'd rwdEtIter biteeeded byi thoteloy "npmcatat‘tib/i'

nmeans (e.qg, by hydrol ysis ord a ound del i neated by..the

oo S i ettt e R et O Pt A oS O B e REN s B U e diaalo6n 1
the artgpedifibd SARTRLA: . [ﬁﬁeg'oﬁ%ﬂ@ﬁ@@ndl&@@@ﬁng@t?aﬂl?’suﬁﬁf@u&d gl@ﬁE'nﬁH} ilve a
Prodrugs El sevier (1985);: Wdder, et d.), Methods 1rn Enzynol ogy,

vol 5 4 Sumanlfmtmte@hQE@UM@S@})OSlK@IDgfsté}aarQIltmedS\éhﬁn wpreghan Ol(eem))S1tlanZlJeS| gn and

i cati on of . Pr.odrugs DeS| rrent Chapt er
A R L e e TR S A
8:1- 38(@8&&&1 ﬁﬂaup dgaamtituknt @hy 5’&1 ait R el ahfeadr daﬁre[ﬁtc‘aeavery Z)og?l85n eThseq.

(1988); Hi guc and Stella %eds Prodrugs as Novel 15 Drug Delivery
Syst ensermn@ptienmlyonbstitesd . Sepiieajly (sqwgated gkl Beantigrdlyrebstiuedjoachi m

P T R R e
endOnpagsiealkyharomoanlly adsticesdngsioalkengl, cptiandliyngbstane@d apfihddsptiohallyr eat i ng

di sorders through admni stering,. pharnmac :al |y accept abl e prodrugs of 20
corrpour?HEStB?teg L QPB%Onaﬁajrsu%%W @raﬁ@ng@aﬂegaﬂdfsu #duteghyont i on - havi ng
free arHeUéi’@argﬂi}rﬁe"‘oﬂﬂ)bﬁﬁlf}x%b%tu%rhla%éﬂ foafklyPYRRd & @%}{QU &fstitdled
prodrugs. Prodfugs i ncl ude conpounds ereln an arfino acid residue, or a
pol ypepiroweasaivad hemoin, tafer torgrcptmseha(teregsubstummd or hnedsouteddyrihdependamt aci d
residues is covalently joined throu m de or ester bgnd.to a free

ani no, "RIATEIEN 8# OIFaF‘%%@ thige gLingre g‘%&%epaﬂ LTRSS WHESUORVERIF on. The
ani{Bo a6é1ddidR, e abigfied el ude but are not limted to the 20 naturally
occurring am no acids commonly designated by three letter synbols and al so
i ncl udes 4- Wiai olgablallneyl. sydedkyly sivhdicteteaysipatie], hetrseenipsiyidiyl,

3- et h%lepelrggrl di,ne, nor val i n, beta-al ani ne, gamma-am nobutyric acid,

citrul lI'i'ne, nﬁbystelne honnserine, orni thine and net hi oni ne sul f one.

Addi tional typey, ®r, grodrugs are al so enconpassed. For instance, free

car boxyl groups can be derivatized as 30am des or al kyl esters. Free
hydroxy groufSl pegtesed Betpyaoxyed- @%9:ng groups including but not linmted to
hegpsucci nat gg, Wsphat e esters, dinethylam noacetates, and

phosphor yl oxymff hyl'oxy carbonyls, as outlined in Advanced Drug Delivery

Revi ews, 19961H21ﬁr,ote1:te1151mlﬁ:@,r Nﬁnﬂlec pratidn UHE afrylhyddalexlyméned - am no groups are
al so i ncI ude% % E WD 2011/ 091213PCT/ US2011/ 021982 car bonat e prodrugs,
sul fonat e esteFsCantik¥lur®4f%: esters of hydr oxy groups. Derivatization of
hydroxy gr OU@Ogs d@g@l ogy@mhybcﬁgp ﬁgj)@x’ybﬁ(b)ﬂl\IHet_ &herein the
acyl group may be an ester, optionally substituted wth groups

i ncl udiMgCHtO-not | i m ted to et her am ne and car boxyl ic acid

fupctionaliti r Y, r qu S n i.d est

AR e SRR NI R
descri hperbdycibaldied. Chem 1996, 39, 10. Free ami nes can aI so be
derivatized ‘as am des, sul fonam des or phosphonam des. of these prodrug
moi eti es nayG(‘a&T@ogezrfék]dr &I@éor(ﬁmq:udwﬁ@alrkwl -R00)Q-piyilt- é?éOithéner@ry am ne
and car I unctl onal ities Conbinations of substituents and
vari ablé)@énlé/eﬁesr?g i fl% this invention are only 10those that result in the
formati on of-CeiNth, ecgmm@mr(dg,auagme CONBM-agylabl e", as used herein, refers to
corrﬁounds whi ch possess stability sufficient to aI | ow manuf acture and which

PRt ai ns th@GQw Egiheylkat -PRO:crtpdend@Ntbr -QCRNHr CoiemaliyerO6@NH- ti me to

be usefyl; for the purposes detailed herein (e.g., therapeutic or
prophyl a fi c admnistration to a subject). The terns "isolated,"

"purified," -0HCHE)oCogl caklly - NHC(EO) B.IQ’I eNHO 4t &1 p-alkyl, haHCO ;- aryl,

15subst anti al | ts th | |
Losubstant 2l |y o SpacRt LAY iRl RSHIPEIRNL b Mo G B cccompany
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native state. Purity and honogeneity are typically determ ned using

anal ytical chem stry techni ques such as pol yacryl am de gel el ectrophoresis
or high peofervmamnne |iquid chromat ography. Particul arl ypCiriosenhodiossent s t he
conpound is at |east 85% pure, nore preferably at |east 90% pure, nore
preferably at |east 95% pure, and nost preferably at |east 20 99% pure.
Conmpounds of the Invention In one aspect, the invention provides a

conmpound of _ L@ b, Apar _ ipppceutical ly acceptable salt, ester or
NSO L AL MBORAR

prodrug ther erein, CR*, wherein R* is an optionally
subst i t ut ed -8Hky3-C,-&h,-olityl, omaBtayylsubsti t ut ed acyl, an optionally

substituted .aryl .or an,optionally. substituted heteroaryl: ri A TS an

ont onal |y dntraiReriaadits BR anfoptRy it Gl mut i tdine S BRaaT: “Sori ng
Bis a i Ly i | X @anal_ky,. I ed

het er o?r%ﬁky@’% %1%3&%%%%%%%%%%%%&& el b‘ﬁﬁ?’?%f%, al kyl ,

hal dal Kkeroayickoatiyll, Caale pheteapayylaCleydio-atyéalleyl oo i-CroHetarpaglaiyilc, car bocyclic,

0)-R2, 0- h. of [ ti I bstituted;
0 NG eripo SRR, SR TP BRE LR i =t)
OR3, orsubkt:qR3), - CH2CH2O0H, OCH2CH2OH, SH, or thio al koxy; 5or ring B

and Rl may together with the atomto which each is attached, form an
optional |y subeserhgrea thectern ol chelatey’ rafsrsoptany melleayleseyseiptythetds is
hetero : - R1 » Wi t. ' is
att achadieof giile SnARCEs, SRARETT ol In i B0 h - B BREY,
subét i tanitedihatternanstal dhelatapticonaltd ynwsmbitile wi atbiay yihat Obindptto amadthlyion,
substituted heteroaryl ring;, 10R is or. an optionally substituted al kyl;
or R arl@ SPHAGMANHAge BenpeilAklg fergsr of AaniFUSaaYBREG/CRIEONF i RGSWRch may be
opt i onahlyhiHaR!, ithddBttion compris€hfhef% én@irbﬁ'ﬂ@r}ﬂ?ﬂg@&%ﬁl?{siéﬂog%hl’ conMfHoﬁ?:l kyl',

het erocycl oal kyl', aryl, or heteroaryl, each of whic s optionally

subst i thxaegles of metal ions ineladd) bRBatiesiof hai@pe trd €t 1, Ye &l Zl};r ” ny cticoll deythin
net o O Th AN, 1t Bl B RSB g R P SD I Bl B SR
thasri neathréSpibiemital iohdRRL A conddtréd RARMtal dWlaksts Nyl . pyrim dinyl,
pyrazinyl, indolyl, imdazolyl, oxazolyl, furyl, thienyl, thiazolyl,
triazolyl, As used herein, the term "small molecule" refers to a non- peptidic, non-oligomeric

organic compound either synthesized in the laboratory or found in nature. Small molecules,

as used herein, can refer to compounds that are "natural product- like", however, the term

"small molecule" is not limited to "natural product-like" compounds. Rather, a small

20  molecule is typically characterized in that it contains several carbon-carbon bonds, and has a
molecular weight of less than 1500, although this characterization is not intended to be
limiting for the purposes of the present invention. Examples of "small molecules" that occur
in nature include, but are not limited to, taxol, dynemicin, and rapamycin. In certain other
preferred embodiments, natural-product-like small molecules are utilized.

25 The term “subject” as used herein refers to a mammal. A subject therefore refers to,
for example, dogs, cats, horses, cows, pigs, guinea pigs, and the like. Preferably the subject
is a human. When the subject is a human, the subject may be referred to herein as a patient.

Treat", "treating” and "treatment" refer to a method of alleviating or abating a disease
and/or its attendant symptoms.

30 As used herein, the term "pharmaceutically acceptable salt" refers to those salts of the
compounds formed by the process of the present invention which are, within the scope of

sound medical judgment, suitable for use in contact with the tissues of humans and lower

animals without undue toxicity, irritation, allergic response and the like, and are

13



20i soxazolyl, quinolinyl, pyrrolyl, pyrazolyl, or

5,6, 7, 8-tetrahydroi soqui noli ne; each of which may be optionally

substi t utwa.2oiwp9aet her enbodi nent, the ring B is phenylPCTnspériiogios2

ant hracenyl, pyridinyl, pyrimdinyl, pyrazinyl, indolyl, imdazolyl,
oxazolyl, furyl, thienyl, thiazolyl, triazolyl, isoxazolyl, quinolinyl,
pyrrolyl, yrazolyl or 5,6,7, 8- tetrahydroisoquinoline each of which 25may

be th 'C%P%L l:ébéftlll E'r'éa‘:s'ﬁxkab e benefi /HskC FiB.al’H Iﬁﬂ{p&gic P@ﬂﬂe saltdhre

opti onal stltuted a , optironally su bstitute ary or optionally
substi t\mlbkhdmt Kﬂrthuaalyl FOICHXaR:plﬂ S. M—lH@rgeakd«dxojﬁscrlbes pharmackwticallijur t her

nbodi t eth byt yl ,
T but yl ey FIS AT ol Egmackuiel RoRresy bi:dr RO b7 18y b b i
0-Pr, qj'réﬁl'ired 5By 1du1319§) teBthal Rblabioh Byd pmﬁﬁ@fl oY‘ﬁieQ:anﬁBMnct&eonlﬁg I\ﬁ@&ﬁidn}’

substi t'uted I n”vari ous enbodi nents, OH, "al koxy,

NH( &l kwr)sepﬂmta]lym pdciing yhe freg\pse :fmctlommaﬂnex &uaiably lorganjcaaayd. ) ]@leﬂl?s of

h h
2011, 0¥t TPEH A RSB W ke ST TR BT e ld addion sty ana

the Z ganugt &t dnaigbeeoupTofrh&Dwhh aickgdlicfagesicRas Bydocigashadl t8drobromic | N
ot her enbodi nents, the carbonyl and Z group attached to ring A are disposed

met a t dckhehosphpias acid sifarie aeidané peisaions aeid of H‘étthingB‘h Wld%lﬂ’&htah &ceticgr oup
attac hea@uf &aﬁélé‘gaé‘ tgl[tﬁicdécﬁp %gﬁ? a9t %;'J%afnfb a%gg& rﬁ&l@ﬁirc ac &a ﬁ%?oqgérnent the
: or a p ar mece

i nvention’provides a conpoun or Ically
acdept ahtthodsalstd irehit art sach ;m iod I’eld@ah@@.l’@thfer pﬂdﬂmaed’wiicmlly acceptableaﬁtlks of XI X2,
X3, or X4 |s i ndependent |

absent ,nglpdschupgre pat lﬂﬁg}efbé P@Pﬁéoﬁl%nﬁtﬁ @eC?@R ﬁ%?ﬁi’ﬁ%{at& wéfrr}eéulifq%e wher ein

up to tﬂ%ﬁﬁﬁt@fblsﬁlfat@@ora%?’but%ratexéa orR@, MmphoRQ1BndeS, RatOPt i onal I'y
substituted aryl or an optionally substituted heteroaryl; 15R is H, al kyl,

hal oal kytlopetkepydpioratesIdjglecophtal &qdepylhvdfzew @draylbsulﬂmeaterﬁocm@tbl fmmacae.bocycl i c,
0)- Rzgluc%ile&gggtg,_g%de%ap%%sﬁfate, giuconate Xlemlsu? aE ﬁgpe%alul%tes Hggz}nl)gtgt ed;

15  hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl sulfate, malate,
maleate, malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oleate,
oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate, phosphate, picrate,
pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate, p-toluenesulfonate,
undecanoate, valerate salts, and the like. Representative alkali or alkaline earth metal salts

20  include sodium, lithium, potassium, calcium, magnesium, and the like. Further
pharmaceutically acceptable salts include, when appropriate, nontoxic ammonium,
quaternary ammonium, and amine cations formed using counterions such as halide,
hydroxide, carboxylate, sulfate, phosphate, nitrate, alkyl having from 1 to 6 carbon atoms,
sulfonate and aryl sulfonate.

25 As used herein, the term "pharmaceutically acceptable ester" refers to esters of the
compounds formed by the process of the present invention which hydrolyze in vivo and
include those that break down readily in the human body to leave the parent compound or a
salt thereof. Suitable ester groups include, for example, those derived from pharmaceutically
acceptable aliphatic carboxylic acids, particularly alkanoic, alkenoic, cycloalkanoic and

30 alkanedioic acids, in which each alkyl or alkenyl moiety advantageously has not more than 6
carbon atoms. Examples of particular esters include, but are not limited to, formates,

acetates, propionates, butyrates, acrylates and ethylsuccinates.
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Ris Hor an optionally substituted alkyl; or Rand Xi or X4 may be joi ned
to forma fused bicyclic ring which may be optionally substituted;

each R iwoizndependent|ly H, optionally substituted al kylPCThska,1/004482 NH2,
NHR', 20 hal oal kyl, CN, N3, NO2; R' is Hor alkyl; and R2 is al kyl,
cycl oal kyl, heterocycl oal kyl, aryl, or heteroaryl, each of which is
optionally substituted. In certain enbodinents, Xi, X2, X3, and X4 are al

CR . 25In ot rtel‘?ﬁbﬁﬁ J%\ﬁcalf%c?ggaﬁfg’pr(% o Na?ﬂ%dﬂre%‘%fé@ t@{h%sé:R - In

anot her enbodi nent, X3, a 1 and X4 are N. In still other
enbodi reodregs O@the r:empbunxis forsne8,byhe prodess Xt thespr&iRnt aiventieh \ivlsichtbs:ewﬁthinV\D
2011/ 09 213PCT/U82 11/ 02 enbodi nent | henyl ,

oy 1 i U SO P TR A gy shiAtTe BAGH BreoRhCR By Beuss st FRAT

subst i ti4t1€6ver animals WithaunldHE E&%tﬁﬁﬁ@h@bﬁ%ﬁerié tddforBe] shainbRkd t ut ed by al kyl ,
aryl, heteroaryl, cycloal kyl, héterocycl oal aral kyl, hal’oal kyl, hal,

OH, 5NH2:0rrmHFHSura@l\Wltha rea@cpnah@bensﬁﬁrld@natlm &md@rﬁﬂ@é@vﬁ@nt@lr 1m_1i:n¢1@i tHe sl kyl,
aryl, ar eroaryl . eac ich ma ptlon

Subst i CIAbg 1 fvisREeRE SRt AR Diener R SR A SRR e miBund o

f or mul aPkddrug", as used herein means a @fm@uﬂh%@ﬁ@@bﬂn@@ﬂlﬁly 1@61@6[@ &lﬂiﬂtﬂ)o‘ﬁa| t, ester
or prodrug t%ereof 10wherein, ring Bis an op tlonallénsu stituted aryl or

an opt B¢ (2 dusidrelyitisido wEeEt @rpmpound delingatef by the torylac of edastwayl |
| kenyl | 0) - R2,
or " o 0y BB bh: VUK ot AL SE LR Khow b e 0FY i o bR ANGM B o )R

sub@t i tRitrelgadrat @doaDasign afRtodiBs, iEisehienr( 1 985) cmdcmna:k hly (sibMeithads éd al kyl ; or
R and the ph?nyl ri o forma fused [6,5] hicyclic ring

whi ch riFYBelasy m}n%?f} glatfsl%rrswlg%f Krogsgaardr L 3ren hiBbocthenPesien Al B i s
phenyl, A@ﬁyfch@ér{‘é@ Pro gk ni‘e%ﬂ?%k of Wm%jﬁ@ﬁéﬁ ¥d De GAGIMAT:, e} STRY3-961

opti onal substitute further enbodiment, ring Bis
subst i t(UP%d; Bynddakngl ¢t ar, yduyrnarodDoyg Dehedrddviems, Sﬂa?p&(l%ﬁl)@i,mdgbmd Nf or
NG2. Pharmaceutical Sciences, 77:285 et seq. (1988); Higuchi and Stella (eds.) Prodrugs as Novel
15  Drug Delivery Systems, American Chemical Society (1975); and Bernard Testa & Joachim
Mayer, “Hydrolysis In Drug And Prodrug Metabolism: Chemistry, Biochemistry And
Enzymology,” John Wiley and Sons, Ltd. (2002).
This invention also encompasses pharmaceutical compositions containing, and
methods of treating disorders through administering, pharmaceutically acceptable prodrugs of
20  compounds of the invention. For example, compounds of the invention having free amino,
amido, hydroxy or carboxylic groups can be converted into prodrugs. Prodrugs include
compounds wherein an amino acid residue, or a polypeptide chain of two or more (e.g., two,
three or four) amino acid residues is covalently joined through an amide or ester bond to a
free amino, hydroxy or carboxylic acid group of compounds of the invention. The amino acid
25  residues include but are not limited to the 20 naturally occurring amino acids commonly
designated by three letter symbols and also includes 4-hydroxyproline, hydroxyysine,
demosine, isodemosine, 3-methylhistidine, norvalin, beta-alanine, gamma-aminobutyric acid,
citrulline, homocysteine, homoserine, ornithine and methionine sulfone. Additional types of
prodrugs are also encompassed. For instance, free carboxyl groups can be derivatized as
30 amides or alkyl esters. Free hydroxy groups may be derivatized using groups including but
not limited to hemisuccinates, phosphate esters, dimethylaminoacetates, and

phosphoryloxymethyloxy carbonyls, as outlined in Advanced Drug Delivery Reviews, 1996,

19, 1 15. Carbamate prodrugs of hydroxy and amino groups are also included, as are
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In other enmbodinents, RL is H alkyl, aryl, arylalkyl, heteroaryl, C(0)-R2,
or C(0)0- R2, each of which nay be optionally substituted. In various
enbodi nerwe,208A9iA30pti onal | y substituted pyridinyl. |nrPamatshen/oerydndi ment ,
the invention provides a conpound of forrmula I'V: 00 NN-?N,CH 1 (I1V);

or a pharmaceutically acceptable salt, ester or prodrug thereof, wherein,
WO 2011/ 091213PCT/ US2011/ 021982 ring Bis an optionally substituted aryl

or an Q)QI'HO(H |ﬂré/dr§$'sb?‘{1<1h}dﬁee&té?§£rﬁf A estelRlof hé,dr& gagr&yﬂs, D@ La&h{% of

al kenyl , aryta het eroary , hetero or car ocyc each of
whi ch d@ylrcb:@z gnmpscalaadtdyiowﬂrbsthylt ande(dc;ylmry)cthyn]gatﬁramieﬁin trhlaylcjzlcmjeipmaymt h the
atomto each.is attached, form an ally substituted .

et or oy SEE ORiOBHBIURTINGA st e it aqteae Brol yreR e ler dmipegnd,

opt i onalalpox§HPadid tﬁiﬁcﬁgnzﬁiti&’ o or wHerdind @\Qﬂx]ltg?@uplps 3nRMTi GG Bytbr sl RSLrTFRY be
joined to forma fused bicyclic rln‘%m be optionally substituted.

I n Ber takpre. ardbdel ensampasseil iyoduigs op ype aI]@;ﬂuescunbngl lin J. g¥ted. kihdimy$96. 3P,

Cvbaai rehEeEply Rt A6 s TRy BB AR S A iR K™ e o

OH, NHZhes@}Jrod?ﬁg MZaties may indo &hﬂé%&o@iﬁﬁkﬂhcﬁﬁ%bﬁb ndRlinli®d th etk Yhineadndl ,
aryl al kyl , or heteroaryl, eac}?] of which may be optionally substituted. In

anot hercagpp s ﬁ@mfuncmrmlglegubsu tuted by OH or hal o 15In certain
embodi ment S’C&F‘lﬁnﬁtidhg of 915 ﬂxeﬁ% ahli DA R deﬁb Eﬂ\%t’l{]&ﬂ aR¥hlpP! 1 di ne,

t et r ahydr oqui nol'I ne pi perazi ne, etr rrazol o “pyrazine,

or 10i azk@enkat reabttin dfe fohnmtibn o scqbue amapduyids lf[lhsttetrtru‘ts&tble”l, s eedhbein,

enbodi mept, the invention provi d%s a conp mpound of fornula V:
refers to compounds which poOssess stability sufficient to allow manufacture and which
maintains the integrity of the compound for a sufficient period of time to be useful for the
purposes detailed herein (e.g., therapeutic or prophylactic administration to a subject).

The terms "isolated,” "purified," or "biologically pure" refer to material that is
15  substantially or essentially free from components that normally accompany it as found in its

native state. Purity and homogeneity are typically determined using analytical chemistry
techniques such as polyacrylamide gel electrophoresis or high performance liquid
chromatography. Particularly, in embodiments the compound is at least 85% pure, more

preferably at least 90% pure, more preferably at least 95% pure, and most preferably at least
20  99% pure.

Compounds of the Invention

In one aspect, the invention provides a compound of formula I:

)CJ)\ /\éaji .OH
PO S
1 D

25 or a pharmaceutically acceptable salt, ester or prodrug thereof,
wherein,
Z is N or CR*, wherein R* is an optionally substituted alkyl, an optionally substituted
acyl, an optionally substituted aryl or an optionally substituted heteroaryl;
ring A is an optionally substituted aryl or an optionally substituted heteroaryl;

30 ring B is an optionally substituted aryl or an optionally substituted heteroaryl;
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R1(V); 20or a pharmaceutically acceptable salt, ester or prodrug thereof,
wherein, each of X1, X2, or X3 is independently N or CR ; ring Bis
an opti omaDI2g1is9iaBi t uted aryl or an optionally substiteCedshatioevazryl; Rl
is H alkyl, haloalkyl, alkenyl, aryl, arylalkyl, heteroaryl, heterocyclic,
or 25carbocyclic, each of which may be optionally substituted; each
RA and RB is independently H NH(Rc), N(Rc)(Rc), N(Rc)CO(Rc), CO2H, C(0)R

C(O) R, C(O)lH2 (i) H %ﬁé&gwﬁbﬂﬁyﬁ%ﬁ@gﬁﬁ} ,3?%181@9%8&% tersfycifl Kyl aryl,

aryl al kyl , al koxy, roary rocyc , ~and carbocyclic, each of which
may be dathochdic, CAD)-R.IAKDOIR:L 3PSO LIS201 df ¢RirA82ayshehgitionall yeshibsauteRAoand RB

together. wth_th bon to which they are attached fqorm a r yl;
cach R ShEn g ERIeRe Py bE ofeply sbisdof ot G i, Qo oS ot Kyt
or het er@aysloE, 0€AMHIHH VY1 4} (ARYaIRSyf Ur t her substituted; 5R is H,
optional Iy substituted alkyl, hal o, OFi NH2, NHR', haloal kyl, CN, N3, NC2:

R' Bs H or alrking;B ambR mnay together ith|the atometp athach eash dvlitiashed, ferrean nvent i on

provi des_.a d aof formula Va; RARIB .. Xi)l X2 NOH Cc AH N X3

R vy o QRS el PieTeb oY B ot svodiddddefelE oF odrug ¢ her eof
wherei n, eacdt RfandiR, t8gsth@rwitBthe Sitdnh 6eRBiRE@AEH ¥ abthdhied GRay forman ring B is

an optionally substituted aryl or an optionally substituted heteroaryl; Rl

i s H apkgnallyhabetiited carbgrkcdisypptiogally substitpted hejerocyelie eapsignglly, substitatedeycl i c,
or 15cafBag¥plibfay&abRicdtd WiefArTihgbe optionally substituted;
10 R is H or an optionally substituted alkyl; or R and ring A may be joined to form a
fused bicyclic ring which may be optionally substituted;

each R, is independently alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each
of which is optionally substituted;

each Rj is independently alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each

15  of which is optionally substituted;

nis4,5,6,7or8; and

pis O, 1, or 2.

In one embodiment, the ring A is phenyl, naphthyl, anthracenyl, pyridinyl,
pyrimidinyl, pyrazinyl, indolyl, imidazolyl, oxazolyl, furyl, thienyl, thiazolyl, triazolyl,

20  isoxazolyl, quinolinyl, pyrrolyl, pyrazolyl, or 5,6,7,8-tetrahydroisoquinoline; each of which
may be optionally substituted.

In another embodiment, the ring B is phenyl, naphthyl, anthracenyl, pyridinyl,
pyrimidinyl, pyrazinyl, indolyl, imidazolyl, oxazolyl, furyl, thienyl, thiazolyl, triazolyl,
isoxazolyl, quinolinyl, pyrrolyl, pyrazolyl, or 5,6,7,8-tetrahydroisoquinoline; each of which

25  may be optionally substituted.

In certain embodiments, R, is H, optionally substituted alkyl, optionally substituted
aryl, or optionally substituted heteroaryl, or R; is OH or alkoxy.

In a further embodiment, R; is H, methyl, ethyl, propyl, i-propyl, butyl, i-butyl, t-
butyl, pentyl, hexyl, phenyl, naphthyl, pyridinyl, OH, OCHs, OCH,CHj3, O-Pr, O-iPr, O-Bu,

30  O-sBu, or O-tBu; each of which may be optionally substituted.

In various embodiments, R; is OH, alkoxy, NH,, NH(alkyl), N(alkyl)(alkyl), NH-aryl,

NH-hetroaryl, N(aryl)(aryl), N(aryl)(heteroaryl), or N(heteroaryl)(heteroaryl).
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each RA and RB is independently H NH(RE), N(RE)(RE), N(RE)CO RE), CO2H,
C(0O)RE, C(O)ORE, C(O)NH2, C(O)NH(RE), C(O)N(RE) (RE), SM2RE, SORE, SR,

al kyl, arwb,2omvophzaBkyl , al koxy, heteroaryl, heterocycli eCcTamsdoicaetysrycli c,
each of which nmay be further substituted; or RA and RB together with the
carbon to which they are attached form a 20car bonyl ; each RE is

i ndependently H, alkyl, alkenyl, aryl, heteroaryl, cycloalkyl, or

heterocycli gy o BnBh Mynfshtm Ry I dttﬁ detab B rin® A b dikpooRf 1 onal 'y
substituted gokyF nnh ?1 NHr2 KIHR' % %‘ﬁiy{a, CN, rll{llg NOZ;1 R &%s H or
al kyl ; pandtoz@oh dthed or 2, In one enbodlnent Xi, X2, and X3, are aI

independentl her di nent

dependent L o arhptimesl pESIR SIULGRTEAL D% B hS PR s
substi tyt&d: othét @ further enbodinent, ring Bis substltuted by al kyl, aryl,
het eroaryl, cycl oal kyl, heterocycloalkyl, ar al kyl , hal oal kyl , hal o, CH,
NH2D NHR', dnanpBer anbaddent| the serboaylrand thodigneupt attaciRal th singl A ateldjsposest v |
arylal(%l ormpqﬁﬁ&oaryl, each of which nay be optionally substituted. 5In
anot her gﬁb%a “the invention provides a conpound of fornula VI: 00

RL(VI); or dnphaefbegisichtahd yvatiapreénle sampouddfeind IIpr odr ug t her eof ,
wherein, ring Bis an optlonallé substituted aryl_ or an optionally

substituted heteroaryl; 10R* an optionally substituted al kyl, an
optionally substituted ar Ix r Q | | y~substi t \@yled het eroaryl;
Rl is H alkyl, aryl, ar%? Neteroary , h8teroeyclic, carbocyclic, OH,

al koxy, NH2, NH(a kyﬁg(alkyl) or R* d Rl together with the
4'lLs Pf//bK%%

atomto which eack may form an 15optionally substituted
carbocyclic, optlonally substltuted heterocyclic, optionally substituted
aryl or optionally suq§}|tuted heteroaryl ring; and (In:
or a pharmaceutically acceptable salt, ester or prodrug thereof,
10  wherein,
each of X, X,, X3, or X4 is independently N, CR’, O, S, NCR’, CR’CR’, OCR’,
SCR’, or absent, or X; or X4 may be joined with R to form a bicyclic ring; wherein up to
three of X, X», X3, or X4 may be N;
ring B is an optionally substituted aryl or an optionally substituted heteroaryl;
15 R, is H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, heteroaryl, heterocyclic, carbocyclic,
C(0)-R;, or C(O)0O-R,,each of which may be optionally substituted;
R is H or an optionally substituted alkyl; or R and X; or X4 may be joined to form a
fused bicyclic ring which may be optionally substituted;
each R’ is independently H, optionally substituted alkyl, halo, OH, NH,, NHR”,
20  haloalkyl, CN, N3, NO»;
R” is H or alkyl; and
R, is alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each of which is
optionally substituted.
In certain embodiments, X;, X5, X3, and X4 are all CR’.
25 In other embodiments, X, and X5, are N and X; and X, are CR’.
In another embodiment, X, and X3, are CR’ and X; and X, are N.
In still other embodiments, X5, is N; X3is S, N or O; X; is CR’ and X, is absent.
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Ris Hor an optionally substituted al kyl . In one enbodi nent, ring B
is phenyl, pyridinyl, pyrimdinyl, pyrazinyl, or thiazole; each of which
may be opwoOcenald9y213ubstituted. 20l n anot her enbodi nent, PRI/USS0IT®OL1SL ,
trifluoromethyl, phenyl, pyridinyl, pyrimdinyl, pyrazinyl, or thiazole;
each of which nmay be optionally substituted. In certain enbodinents, Rl is
OH, net hoxy, or ethoxy. In various enbodinents, ring B and R* are
each i ndepe o I

G0y NRRy. e er h OBl I 1 B R Ry R gy ML RS

enmbodi nvelntlsmambng)pﬁomﬂd sEsttautedeach i ndependent |y substl t ut ed WI th one or
nore of met

a phar naceu{}%{(?aﬂlrﬂa?f H)"Ef‘&u ‘E‘gﬁ%%llsll é‘ﬁ@@%@&ﬁ%ﬁfﬁgtﬂob&ﬁ%ﬁ 1V %@i ﬂ{;’}prow des

phar magRub&RIdalkyRGEA 1392\16 1RSIt B4l OBRNH,, RHRYT o8l siheopeof tOQGt her with
a phar rraceuctc'slécg }ﬂg acg%pta Elleﬁcar;rl er. WO 2011/ OS?ZBPC'IE/ US2011/ 021982

RepPesent at |Iu@elt§@rrpmh>ndgnerms Rhés Halleylt aiyh arylelkpld er hdseroaryt.eagloof whight ed t o,
the follo u f, Table 1 below. Table 1 WO

2011/ oé&%‘/\’\%ﬁﬂ%’f %E i‘%ﬁ%ﬁ%&sz 4- ((2, 6-di i sopropyl phenyl ) (et hyl ) ani no) - N-

( 7- (hydr oxy anianéther’erpbaii@piity th: ieveaaoh gmvi@@(cahﬁ)owmﬁ@%ﬂﬂﬁlalﬂm@ = 1074
(met hyl ( phenyl ) am no) pyri m di ne-5- carboxam de | C50(nM HDAC6 = 6 HDAC3 =47

o0 Ov,,.,,,AN,OH HH-4- (2, 6-di i propyl phenyl am o) - N- ( 7-
(hydr oxyani no) - 7- o§BRept yl '(\fBOHZO HDAC3 = 369 00
[ A! T A N— |

R (),
or a pharmaceutically acceptable salt, ester or prodrug thereof,
10  wherein,
ring B is an optionally substituted aryl or an optionally substituted heteroaryl;
R, is H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, heteroaryl, heterocyclic, carbocyclic,
C(0)-R,, or C(O)O-R;, each of which may be optionally substituted;
R, is optionally substituted heteroaryl, and
15 R is H or an optionally substituted alkyl; or R and the phenyl ring may be joined to
form a fused [6,5] bicyclic ring which may be optionally substituted.
In one embodiment, ring B is phenyl, pyridinyl, pyrimidinyl, or pyrazinyl; each of
which may be optionally substituted.
In a further embodiment, ring B is substituted by alkyl, aryl, aralkyl, haloalkyl, hal,
20 OH, NH,, CN, or NO».
In other embodiments, R, is H, alkyl, aryl, arylalkyl, heteroaryl, C(O)-R,, or C(O)O-
R», each of which may be optionally substituted.
In various embodiments, R» is optionally substituted pyridinyl.

In another embodiment, the invention provides a compound of formula I'V:
0O 0O
/\/\/\)J\ ,OH
Nﬁ*ﬂ s
U N R
25 R av);

or a pharmaceutically acceptable salt, ester or prodrug thereof,

wherein,
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N ONN HOH H NN I N-(7-(hydroxyam no)-7-oxoheptyl)-24(2-

I sopropyl phenyl ) (et hyl ) am no) pyri m di ne5- car boxam de | C50(nM HDAC6 = 7
HDAC3 =73woQo0M91213"' "."' " -)LN OH HH N H 4- (2, 6- di net hyl po@rsk@mionpz N- ( 7-
(hydr oxyam no) - 7- oxohept yl ) benzam de 1 C50(nM HDAC6 = 3 HDAC3 =59 00 CF
SOiisSN.)-LN -CH HH N

4- (et hyl ( 2- (t ri fI uor orret hyl ) phenyl ) am no) - N( 7- (hydroxyam' no) - 7- oxohept yl)

Ee?é?g]hgﬁyll am no) W%%&gﬁm naéf‘%rgg g %lfml{]ét&%hé%lﬁtlé%ogreyrll;zam de
R, is H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, heteroaryl heterocyclic, or
carbocyclic, each of which may be optionally substituted;
or ring B and Ry may together with the atom to which each is attached, form an
5  optionally substituted heterocyclic, or an optionally substituted heteroaryl, and
R is H or an optionally substituted alkyl; or R and the 1,3-pyrimidinyl ring may be
joined to form a fused bicyclic ring which may be optionally substituted.
In certain embodiments, ring B is phenyl, pyridinyl, pyrimidinyl, or pyrazinyl; each of
which may be optionally substituted.
10 In a further embodiment, ring B is substituted by alkyl, aryl, aralkyl, haloalkyl, halo,
OH, NH,, CN, or NO,.
In other embodiments, R, is H, alkyl, aryl, arylalkyl, or heteroaryl, each of which may
be optionally substituted.
In another embodiment, R; is substituted by OH or halo.
15 In certain embodiments, the ring formed by ring B and R, is piperidine, pyrrolidine,
tetrahydroquinoline, morpholine, piperazine, tetrahydro-triazolo pyrazine, or diazepane, each
of which is optionally substituted.

In another embodiment, the invention provides a compound of formula V:

(V);
20 or a pharmaceutically acceptable salt, ester or prodrug thereof,
wherein,
each of X, X,, or X3 is independently N or CR’;
ring B is an optionally substituted aryl or an optionally substituted heteroaryl;
R, is H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, heteroaryl, heterocyclic, or
25  carbocyclic, each of which may be optionally substituted;
each R and Rgp is independently H, NH(R¢), N(Rc)(Rc), N(Rc)CO(R(), COzH,
C(O)R¢, C(O)OR(, C(O)NH,, C(O)NH(R(), C(O)N(Re)(R(), SO2Re, SORc, SR, alkyl, aryl,
arylalkyl, alkoxy, heteroaryl, heterocyclic, and carbocyclic, each of which may be further

20



| C50(nM HDAC6 = 82 HDAC3 = 313 00 N *laY /,/\,/\)J.NNOHHN NV N
4- (di pyri mdin-2-ylamno)-N(7-

(hydr oxyawDreo}/0p1sohept y1) - Nnet hyl benzam de | C50(nM HPATAIS20110319BAC3

1237 o0 CI N,,".,")LN.OH 10lelHH N C
4-((2, 6-di chl orophenyl) (ethyl)am no)-N-(7-
(hydr oxyam no) - 7- oxoheptyl ) benzam de 00 C I.laN'"""AN-OH HH Cl

d
30(1 i/ gg%%ﬁ‘éﬂr%fgn%l%%ﬂag&h&%& ?kQXﬂ{o%éégm&% [37 a@é&@&ﬁﬁ% gnzam de

82 1 C50

HDAC3 =2®onyl;

10

15

20

25

each Rc is independently H, alkyl, alkenyl, aryl, heteroaryl, cycloalkyl, or
heterocyclic, each of which may be further substituted;

R’ is H, optionally substituted alkyl, halo, OH, NH,, NHR”, haloalkyl, CN, N3, NO,;

R” is H or alkyl; and

mis 1 or 2.

In a related embodiment, the invention provides a compound of formula Va:

(Va);
or a pharmaceutically acceptable salt, ester or prodrug thereof,
wherein,
each of X, X,, or X3 is independently N or CR’;
ring B is an optionally substituted aryl or an optionally substituted heteroaryl;
R, is H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, heteroaryl, heterocyclic, or
carbocyclic, each of which may be optionally substituted;

each R, and Ry is independently H, NH(R¢), N(R¢)(Re), N(Rc)CO(R(), COH,

C(O)Rc, C(O)ORc, C(O)NH;, C(O)NH(R(¢), C(O)N(Rc)(Rc), SO2Rc, SORc, SRc, alkyl, aryl,

arylalkyl, alkoxy, heteroaryl, heterocyclic, and carbocyclic, each of which may be further
substituted; or R, and Ry together with the carbon to which they are attached form a
carbonyl;

each Rc is independently H, alkyl, alkenyl, aryl, heteroaryl, cycloalkyl, or
heterocyclic, each of which may be further substituted;

R’ is H, optionally substituted alkyl, halo, OH, NH,, NHR”, haloalkyl, CN, N3, NO,;

R” is H or alkyl; and

mis 1 or 2.

In one embodiment, X;, X, and X3, are all independently CR’.

In another embodiment, ring B is phenyl, pyridinyl, pyrimidinyl, or pyrazinyl; each of
which may be optionally substituted.

21
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00 Olei NHH NN N-(7-(hydroxyam no)-7-oxoheptyl)-4-

(phenyl (pyrim di n-2-yl)am no) benzam de 1 C50(nM HDAC6 = 3 HDAC3 =65 00 _CH
0O NN H | NvBINo11/094113- ( hydr oxyam no) - 7- oxohept y1) - 24(2-  PCT/US2011/021982

i sopr opyl phenyl) (et hyl ) am no) - Nret hyl pyri m di ne- 5- car boxam de |1 C50(nM
HDAC6 = 50 HDAC3 = 642 O ONN Cl |.-OH HH N |

4- ((2-chl or o- 6- net hyl phenyl ) (net hyl) am' no)

N‘ (7- (hydr oxyam,fRd:- an‘?)%ﬁ LY, =280
TaN'" - ANI-OH HA FI 4 J{%]I)’uor op |[J)y E%i{?"? | Bt L&(C
( hydr O)heffm)m)oaﬂeyhmﬂb]dt bdlyalbﬁnhdm @H, NHSOI@HM ‘ENAN@ or NOHDAC3 = 17 0
In certain embodiments, R, is H, alkyl, aryl, arylalkyl, or heteroaryl, each of which

may be optionally substituted.

5 In another embodiment, the invention provides a compound of formula VI:

0 0O
A -OH
9 I N N N
R* _ J R H
R4

or a pharmaceutically acceptable salt, ester or prodrug thereof,

(VD;

wherein,
ring B is an optionally substituted aryl or an optionally substituted heteroaryl;
10 R* is an optionally substituted alkyl, an optionally substituted aryl or an optionally
substituted heteroaryl;
R, is H, alkyl, aryl, arylalkyl, heteroaryl, heterocyclic, carbocyclic, OH, alkoxy, NHa,
NH(alkyl), or N(alkyl)(alkyl);
or R* and R; together with the atom to which each is attached, may form an
15  optionally substituted carbocyclic, optionally substituted heterocyclic, optionally substituted
aryl or optionally substituted heteroaryl ring; and
R is H or an optionally substituted alkyl.
In one embodiment, ring B is phenyl, pyridinyl, pyrimidinyl, pyrazinyl, or thiazole;
each of which may be optionally substituted.
20 In another embodiment, R* is methyl, trifluoromethyl, phenyl, pyridinyl, pyrimidinyl,
pyrazinyl, or thiazole; each of which may be optionally substituted.
In certain embodiments, R; is OH, methoxy, or ethoxy.
In various embodiments, ring B and R* are each independently substituted with one
or more of alkyl, halogen, or C(O)NRxRy, wherein Rx is H or alkyl, and Ry is H or alkyl.
25 In other embodiments, ring B and R* are each independently substituted with one or
more of methyl, F, or C(O)N(Me),.
In another aspect, the invention provides a pharmaceutical composition comprising a
compound of formula I, or a pharmaceutically acceptable ester, salt, or prodrug thereof,

together with a pharmaceutically acceptable carrier.
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0O CE,o NNLN,OH IH N 4-(ethyl (2-(trifluoronethyl)phenyl)amno)-N

(7- (hydroxyam no) - 7- oxoheptyl) - N- net hyl benzam de | C50(nM HDAC6 =39 HDAC3
=58 0 OONVO2p11M9CH3HH F 4- (2, 6-di f1 uor ophenyl am no) - N- ( P€T/US2011/021982

(hydr oxyam no) - 7- oxohept yl ) benzam de 1 C50(nM HDAC6 = 3 HDAC3 =25 ClI 00

Ol ei N)LN,OH HH CI 0 4-(bi s(3-chl orophenyl)am no)-N-(7-

(hydr oxyam no) - 7- oxohept yl ) benzam de | CG50(nM HDAC6 = 858 HDAC3 = 11813 00
O SN_OH HH e e ot Sc i A BPRETHIOM(BP BHI, ATLRARSA7kagTRO) - N- hydr oxy
hept anami de 1 &50(nM)  HDAGS = 121 HDACS = 67 VIO

2011/ 090RIBRETOWPROId/ GATLOR2l badv2011/ 091213PCT/ US2011/ 021982 WD

2011/ 091213PCT/ US2011/ 021982 0

Table 1
0 o) o) 0
@\ /@)LN/\/\/\)J\H/OH C)\ ﬁ/\/\/\)\”/OH
N N
QO o
<

4-(diphenylamino)-N-(7-(hydroxyamino)-7- 4-(dipyrimidin-2-ylamino)-N-(7-
oxoheptyl)benzamide (hydroxyamino)-7-oxoheptyl)benzamide
ICso(nM) HDAC6 =18 HDAC3 =316 ICso(nM) HDAC6 =174 HDAC3 = 1089
0 0 O @)
/0\©\ Q)LH/\/\/\)LN’OH Q[CI/Q)k”/\/\/\)J\NOH
N N
c |

4-((2,6-dichlorophenyl)(methyl)amino)-N-(7-
O~ (hydroxyamino)-7-oxoheptyl)benzamide
4-(bis(4-methoxyphenyl)amino)-N-(7-

(hydroxyamino)-7-oxoheptyl)benzamide
ICso(nM) HDAC6 =200 HDAC3 = 2001

ICso(nM) HDAC6=3 HDAC3=29

H 0 0
S CF /\/\/\)L
)\ 0 H H
N N
N |
v N-(7-(hydroxyamino)-7-oxoheptyl)-4-

thyl(2-(trifl thyl)phenyl
4-(dipyrimidin-2-ylamino)-N-(8- (methyl(2-(trifluoromethyl)phenyl)
amino)benzamide

ICso(nM) HDAC6 =3 HDAC3 =36

(hydroxyamino)-8-oxooctyl)benzamide

ICso(nM) HDAC6 = 110 HDAC3 =208

0] O @]
ﬁmwu/OH @\ Nl/j)ku/\/\/\)kH/OH
N ITIJ\N/

N-(7-(hydroxyamino)-7-oxoheptyl)-2-
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0 101101I\1T-
HH Y 4-(Weranjwjnsazol

100l ei v*, , ,

N.,,,JLI\1,0 HHH N CNI

4- ((2-cyanophenyl) (et hyl )am no) - N-(7-
(hydr oxyam no) - 7- oxohept yl ) benzam de | CG50(nM HDAC6 =4 HDAC3 =23 0111\j, OH
-2-yl (methyl )am no) - N- (7-

(hydr oxyam no) - 7- oxohept yl ) benzam de 1 C50(nM HDAC6 =
?AN,OH HH N 0 4-(N- (2, 6-di net hyl phenyl )acet am do)-N-(7-
(hydroxyam' no) - 7- oxohept yI ) benzam de | C50(nM HDAC6 =22 HDAC3 =

PCT/US2011/021982

11 HDAC3 =83 0 O

198

11\ 1A1E
(hydr dxy

) o P SR oo
(7 -(hydroxyamino)-7-oxoheptyl)benzamide
ICso(nM) HDAC6 =45 HDAC3 =1074

SR Re RS pypimidine 5

carboxamide

ICso(nM) HDAC6 =6 HDAC3 =47

o) 0
H H
N
H

4-(2,6-diisopropylphenylamino)-N-(7-
(hydroxyamino)-7-oxoheptyl)benzamide

ICso(nM) HDAC6 =20 HDAC3 =369

O O
.OH
NTX N/\/\/\)J\N
O N
ITI N

N-(7-(hydroxyamino)-7-oxoheptyl)-2-((2-
isopropylphenyl)(methyl)amino)pyrimidine-
5-carboxamide

ICso(nM) HDAC6= 7 HDAC3 =73

) 0
H H
N
H

4-(2,6-dimethylphenylamino)-N-(7-
(hydroxyamino)-7-oxoheptyl)benzamide
ICs0(nM) HDAC6 =3 HDAC3 =59

o) o]
CF4 N/\/\/\)LN/OH
H H
S

4-(ethyl(2-(trifluoromethyl)phenyl)amino)-N-
(7-(hydroxyamino)-7-oxoheptyl) benzamide
ICso(nM) HDAC6 =5 HDAC3 =46

@\N/Q)OL,T,/\/\/\)OJ\H/OH
e

4-(diphenylamino)-N-(7-(hydroxyamino)-7-
oxoheptyl)-N-methylbenzamide

A ey

N
NN
N
4-(dipyrimidin-2-ylamino)-N-(7-
(hydroxyamino)-7-oxoheptyl)-N-

ICso(nM) HDAC6 =82 HDAC3 =313 methylbenzamide
ICso(nM) HDAC6 =198 HDAC3 =1237
@) O O 0
Cl /\/\/\)J\ Cl /\/\/\)L
/©)kN \-OH O)kN \-OH
H H H H

N N

o c H

4-((2,6-dichlorophenyl)(ethyl)amino)-N-(7-
(hydroxyamino)-7-oxoheptyl)benzamide

4-(2,6-dichlorophenylamino)-N-(7-
(hydroxyamino)-7-oxoheptyl)benzamide
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00 NN, OH 0110l H N N N-(7- (hydroxyam no) - 7- oxohept y1) - N- net hyl -
4- (phenyl (pyridin-3-yl)am no) benzam de | C50(nM HDAC6 =64HDAC3 =85 00

v, N, ,, 2JIWB.20H/@00Bei | H N ONI

4- ((2- cyanophenyl ) ( net hyl pamiuse)H 1982

(hydr oxyam no) - 7- oxohept y1) - Nmet hyl benzam de 1 C50(nM HDAC6 =35 HDAC3 =
0o 0 HHNNOHNHN(7-(hydroxyam no)-7-oxoheptyl)-4-
(phenylan1no)benzan1de IC50(an HDAC6

7THDAC3 =

4-(2,

benzam

R

DACH 2 oA 3 -5 "

IS AVET BPATS 003 "D REIIER Y1)

@@*W

U
N-(7-(hydroxyamino)-7-oxoheptyl)-4-
(phenyl(pyrimidin-2-yl)amino)benzamide
ICso(nM) HDAC6 =3 HDAC3 =065

O @]
.OH
A S 3
ITI N

N-(7-(hydroxyamino)-7-oxoheptyl)-2-((2-
isopropylphenyl)(methyl)amino)-N-
methylpyrimidine-5-carboxamide

ICso(nM) HDAC6 = 50 HDAC3 =642

@) 0O
CMN /\/\/\)J\ N -OH
H H
N
|
4-((2-chloro-6-methylphenyl)(methyl) amino)-

N-(7-(hydroxyamino)-7-oxoheptyl) benzamide
ICso(nM) HDAC6 = 4 HDAC3 =58

O 0]
F NWN/OH
H H
N
I

4-((2,6-difluorophenyl)(methyl)amino)-N-(7-
(hydroxyamino)-7-oxoheptyl) benzamide
ICso(nM) HDAC6 = 2 HDAC3 =17

CFy /\/\/\)J\
@

4-(ethyl(2-(trifluoromethyl)phenyl)amino)-N-
(7-(hydroxyamino)-7-oxoheptyl)-N-

o) 0
H H
N
F

4-(2,6-difluorophenylamino)-N-(7-
(hydroxyamino)-7-oxoheptyl)benzamide

methylbenzamide ICs0(nM) HDAC6 = 3 HDAC3 =25
ICso(nM) HDAC6 =39 HDAC3 =58
Cl 0O O

@\N/Q)LH/\/\/\)J\H/OH
e

4-(bis(3-chlorophenyl)amino)-N-(7-
(hydroxyamino)-7-oxoheptyl)benzamide
ICso(nM) HDACG6 =858 HDAC3 =11813

o) 9)
H H
N
Lo

7-(4-((2,6-difluorophenyl)(methyl)
amino)benzylamino)-N-hydroxy heptanamide

ICso(nM) HDAC6 =121 HDAC3 =67

25

16 O N., N.CH 0101HH NF H




00 010N, A1\1,0 HHH NF N |

4-((2, 6- di met hyl phenyl ) (et hyl ) ami no)-2- 00 N, 0
WO

AO IHH N H N-(7-(hydroxyam no) - 7- oxohept y1l) - N-
2011/ 0912w6RaTi/0982611/ 021982 fl uor o- N- ( 7- ( hydr oxyam no) PZT/US2011/021982

oxoheptyl ) benzam de 1 C50(nM HDAC6 = 5 HDAC3 =
met hyl - 4- (phenyl am no) benzam de |1 C50(nM HDAC6 =

107
11 HDAC3 =50 00 S NSFI

| 4-((2, 6-di net hyl phenyl) (et hyl ) am no) - 2-

fluor
9 HDA(Q

-N-(7- (hydroxyarm no) - 7- OXOReptyL)-
3 = 14830 el ¥

INAINOH I H

N™ N N
N N
H

CHj

.OH

2-(2,6-dimethylphenylamino)-N-(7-
(hydroxyamino)-7-oxoheptyl)pyrimidine-5-
carboxamide

ICso(nM) HDAC6 =33 HDAC3 =505

N-Trethyl benzeg de  Co0( V) g1DACH

O\N)NL?)L”/\/\/\)\N/OH

2-(diphenylamino)-N-(7-(hydroxyamino)-7-
oxoheptyl)pyrimidine-5-carboxamide

ICso(nM) HDAC6=10 HDAC3 =84

O 0]
/\/\/\)]\ -.OH
Z\ N N
|

N-(7-(hydroxyamino)-7-oxoheptyl)-4-
(methyl(pyrazin-2-yl)amino)benzamide

ICso(nM) HDAC6 =21 HDAC3 =93

0 0
N/\/\/\)J\N/OH
| H
N
H

4-(2,6-dimethylphenylamino)-N-(7-
(hydroxyamino)-7-oxoheptyl)-N-
methylbenzamide

ICso(nM) HDAC6 =7 HDAC3 =304

\

4-(ethyl(pyrazin-2-yl)amino)-N-(7-
(hydroxyamino)-7-oxoheptyl)benzamide
ICso(nM) HDAC6 =11 HDAC3 =93

0 o)
| /\/\/\)J\ .OH
K
N/)\N
H

N-(7-(hydroxyamino)-7-oxoheptyl)-4-(1-
methyl-1H-benzo[d]imidazol-2-
ylamino)benzamide

ICso(nM) HDAC6=9 HDAC3=57

@\N/Q)LH/\/\/\)J\H/OH
)

NN
N-(7-(hydroxyamino)-7-oxoheptyl)-4-
(phenyl(pyrimidin-5-yl)amino)benzamide
ICso(nM) HDAC6 =12 HDAC3 =92

QJ\Q)kN/\/\/\)kH/OH

N-(7-(hydroxyamino)-7-oxoheptyl)-4-(N-
phenylacetamido)benzamide

ICso(nM) HDAC6 =3 HDAC3 =67
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N o

N- (7- (hydr oxyam no) - 7- oxohept y1) - N- et hy1- 4- (N- phenyl acet am do) benzam de
C50(nM wDACH/09183 HDAC3 = 493 o0 OON,",,",. AN . OH N HPCT)US2011/021982

4- (N- (2, 6-di met hyl phenyl ) acet am do) - N- ( 7-

(hydr oxyam no) - 7- oxohept y1) - N- et hyl benzam de 1 C50(nM HDAC6 =25 HDAC3 =
528 O lellelNFNOH IH N Q.-

N-(7- (hydroxyam NoJ - &- oxonept yl) SFerNyI-4- (- phenyid sobutyram dojo
benzan (nyY HA =ohR33 0 _NN. QH | W H
N-(7- ( ga -7 xo ep y1 N—{:het hy phm&n\i di Ho?
benzam de HDA = 15HDAC3 100 & ---

4-(benzo[d]oxazol-2-ylamino)-N-(7-
N
(hydroxyamino)-7-oxoheptyl)benzamide K/

ICss(nM) HDAC6 =3 HDAC3 = 22 N-(7-(hydroxyamino)-7-oxoheptyl)-4-
(phenyl(pyrazin-2-yl)amino)benzamide

ICso(nM) HDAC6 =14 HDAC3 =64

0 O O 0
N N/\/\/\)J\N/OH N/\/\/\)J\N/OH
o J o H H H
N N N
H
Za\
2-(2,6-dimethylphenylamino)-N-(7- S |

hyd ino)-7-oxoheptyl)-N-
(hydroxyamino)-7-oxoheptyl) N-(7-(hydroxyamino)-7-oxoheptyl)-4-

methylpyrimidine-5-carboxamide

ICso(nM) HDACG6 =33 HDAC3 =387

(phenyl(pyridin-2-yl)amino)benzamide
ICso(nM) HDAC6 = 14 HDAC3 =61

0 O o)

0
/\/\/\)J\ -OH /\/\/\)J\
0] N
@ “

x_N
N-(7-(hydroxyamino)-7-oxoheptyl)-4-(N-

I

N-(7-(hydroxyamino)-7-oxoheptyl)-4-
phenylphenylsulfonamido)benzamide

ICso(nM) HDAC6 =15 HDAC3 =84

(phenyl(pyridin-3-yl)amino)benzamide
ICso(nM) HDAC6 =21 HDAC3 =66

0 O 0 0
/\/\/\)J\ OH /\/\/\)J\ -OH
- N N N
QO S sYon H
0 N
N |

l\@/ 4-(benzo[d]oxazol-2-yl(methyl)amino)-N-(7-
X (hydroxyamino)-7-oxoheptyl)-N-
N-(7-(hydroxyamino)-7-oxoheptyl)-4-((3- methylbenzamide

methylpyridin-2-yl)(phenyl)amino) benzamide ICso(nM) HDAC6=107 HDAC3 =294
ICso(nM) HDAC6 =20 HDAC3 =69
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4- (N- (2, 6-di met hyl phenyl )i sobut yram do) - N- (7- (hydr oxyam no) - 7- oxohept y1l) - N-
met hyl benzam de | C50(nM HDAC6 =37 HDAC3 = 386 0 1\1/\,/./,,AN ,OH OlelHH F
4- (2, 6- diwetzhyllgeihaayl am no) - 3-fluoro-N-(7- 0 ,,,,,,, | LPCOMS2011/021982 ;1 11

4- (benzo[ d] t hi azol - 2-yl am no) - N- (7-

2011/ 091213PCT/ US2011/ 021982 WD 2011/ 091213PCT/ US2011/ 021982

(phenyl (o-tol yl)am no) pyri m di ne-5-
50( NV HDAC6 =038 HDAC3 = 4@38 0 NI

144 |

car boxam de |1 C50(nM HDAC6 =9 HDAC3

WD 2011/ 091213PCT/ US2011/ 021982 WO

H

Q\B‘\ /©)‘\H/\/\/\)J\N,OH
.
4-(benzo[d]oxazol-2-yl(methyl)amino)-N-(7-
(hydroxyamino)-7-oxoheptyl)benzamide
ICso(nM) HDAC6 =11 HDAC3 =83

W)~ CINFON

O 0
N/\/\/\)J\N,OH
H H

N
cN |
4-((2-cyanophenyl)(methyl)amino)-N-(7-
(hydroxyamino)-7-oxoheptyl)benzamide
ICso(nM) HDAC6=4 HDAC3=23

0] (@]
N N/\/\/\)J\N,OH
IY M "
57 °N
H

4-(benzo[d]thiazol-2-ylamino)-N-(7-
(hydroxyamino)-7-oxoheptyl)benzamide
ICso(nM) HDAC6 = 12 HDAC3 =22

/@iu/\/\/\)?\H/OH
o

4-(N-(2,6-dimethylphenyl)acetamido)-N-(7-
(hydroxyamino)-7-oxoheptyl) benzamide
ICso(nM) HDAC6 =22 HDAC3 =198

O O
| H
N
7
N

N-(7-(hydroxyamino)-7-oxoheptyl)-N-methyl-
4-(phenyl(pyridin-3-yl)amino) benzamide
ICso(nM) HDAC6 =64 HDAC3 =85

@] @]
N/\/\/\)J\N/OH
| H
N
cN |

4-((2-cyanophenyl)(methyl)amino)-N-(7-
(hydroxyamino)-7-oxoheptyl)-N-
methylbenzamide

ICso(nM) HDAC6 =35 HDAC3 =135

0 0
H H
N
H

N-(7-(hydroxyamino)-7-oxoheptyl)-4-
(phenylamino)benzamide

ICso(nM) HDAC6=7 HDAC3 =16

@] O
N/\/\/\)J\N/OH
H H
N F
H

4-(2,6-dimethylphenylamino)-2-fluoro-N-(7-
(hydroxyamino)-7-oxoheptyl) benzamide
ICso(nM) HDAC6 =3 HDAC3 =95

O O
N/\/\/\)J\N,OH
H H
ITI F

4-((2,6-dimethylphenyl)(methyl)amino)-2-

0O 0
N/\/\/\)J\N'OH
| H
N
H

N-(7-(hydroxyamino)-7-oxoheptyl)-N-
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IHO O NN Lji 4-((2,6-di nethyl phenyl) (pyri m din-2-yl)am no) -

N- (7- (hydr oxyam no) - 7- oxohept y1l) - N- net hyl benzam de | C50(nM HDAC6 =24

HDAC3 = 290 2001/0903p- LN) LN, OH | H NN H 2- (2, 6-di i sopr opyl| po@rusk@mionpz N- ( 7-

(hydr oxyam no) - 7- oxohept y1) - Nret hyl pyri m di ne- 5- car boxam de |1 C50(nM HDAC6
51 HDAC3 421 0 ON ON)LN-OH I'H H 4- (2, 6-di net hyl phenyl am no)-N—(5-

(hydroxyam no) 5- oxopentyl) - N- net hyl benzam de | C50(nM HDAC6 363 HDAC3

2066 I, )
o Co. (N R o T (o B ey lamipeibonzamide
I%O(nMxohmﬂ%@iﬂhﬁéCS = 160 IC50(nM) HDAC6= 11 HDAC3 =50

ICso(nM) HDAC6 = 5 HDAC3 =107

Q\/ﬁl/@fjw/\/\/\)km,OH QJ\Q)LN/\/\/\)J\N,OH

4-((2,6-dimethylphenyl)(methyl)amino)-2-

) N-(7-(hydroxyamino)-7-oxoheptyl)-N-
fluoro-N-(7-(hydroxyamino)-7-oxoheptyl)-N-
methyl-4-(N-phenylacetamido)benzamide

ICso(nM) HDAC6 =37 HDAC3 =493

methylbenzamide

ICso(nM) HDAC6 = 9 HDAC3 =148

4-(N-(2,6-dimethylphenyl)acetamido)-N-(7-
N-(7-(hydroxyamino)-7-oxoheptyl)-N-
(hydroxyamino)-7-oxoheptyl)-N-
methyl-4-(N-phenylisobutyramido)
methylbenzamide

ICso(nM) HDAC6 =25 HDAC3 =528

benzamide

ICso(nM) HDAC6 =67 HDAC3 =533

O
NWN’OH N/\/\/\)J\N/OH
| H | H
N N

A
4-(N-(2,6-dimethylphenyl)isobutyramido)-N-

N-(7-(hydroxyamino)-7-oxoheptyl)-N-methyl-
; ino)-7-oxoheptyl)-N-
4-(phenyl(pyridin-2-yl)amino) benzamide (7-(hydroxyamino)-7-oxoheptyl)-N

ICs(nM) HDAC6 =15 HDAC3 = 100 methylbenzamide

ICso(nM) HDAC6 =37 HDAC3 =386

0] 0O 0 O
.OH
NWN,OH Q\{\l /@)‘\T/\/\/\)J\H
H H
S)\H

4-(benzo[d]thiazol-2-ylamino)-N-(7-

N
H ¢
4-(2,6-dimethylphenylamino)-3-fluoro-N-(7-
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O ONNi -OH HH H3C0 O N-(7-(hydroxyam no)-7-oxoheptyl)-4-

(met hoxydi phenyl net hyl ) benzam de 1 C50(nM HDAC6 =7 HDAC3 = 243 HO | N

/ LONHNHORVOQ011/091213 PCT/US2011/021982

4- (hydr oxy(phenyl) (pyridin-4-yl)methyl)-N(7-(hydroxyam no) - 7- oxoheptyl)
benzam de 1 C50(nM HDAC6 =4 HDAC3 =78 O NNHOH 1 0 Si 00 NNHCH O " 10 el
N-(4-(7-(hydroxyam no)-7- WD 2011/ 091213PCT/ US2011/ 021982

00 g B e ek Sy I bz ge
ICso(nM) HDAC6 =4 HDAC3 =80 methylbenzamide
IC50(nM) HDAC6 =20 HDAC3 =43

0O O 0 @)
ﬁNWN’OH N/\/\/\)J\N’OH
| H | H
o F
4-(2,6-dimethylphenylamino)-3-fluoro-N-(7-

4-(N-(2,6-dimethylphenyl)-3- (hydroxyamino)-7-oxoheptyl)-N-

\

methylbenzamide

ICso(nM) HDAC6 =12 HDAC3 =204

methylbutanamido)-N-(7-(hydroxyamino)-7-
oxoheptyl)-N-methylbenzamide
ICso(nM) HDAC6 =66 HDAC3 =558

0O 0 0 0O
©)‘\N/\/\/\)J\N’OH N/\/\/\)J\N,OH
H H | H
NH NH
3-(2,6-dimethylphenylamino)-N-(7- 3-(2,6-dimethylphenylamino)-N-(7-
(hydroxyamino)-7-oxoheptyl)benzamide (hydroxyamino)-7-oxoheptyl)-N-
ICso(nM) HDAC6 =10 HDAC3 =54 methylbenzamide
ICso(nM) HDAC6 =27 HDAC3 =186
O O 0 @)
NWN’OH N/\/\/\)J\N/OH
| H | H
N N
H
e
4-(2,6-diisopropylphenylamino)-N-(7- A l
(hydroxyamino)-7-oxoheptyl)-N- N-(7-(hydroxyamino)-7-oxoheptyl)-N-
methylbenzamide methyl-4-((3-methylpyridin-2-
ICso(nM) HDACG6 =109 HDAC3 =925 yD(phenyl)amino)benzamide

ICso(nM) HDAC6 =27 HDAC3 =186
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| CG50(nM HDAC6 =2HDAC3 =67 0 HO 1. 1INFLNHOH FO O

4- (bi s(4-fluorophenyl) (hydroxy) nmethyl)-N-(7-

(hydr oxyawDreo}/0p1sohept yl ) benzam de 1 C50(nM HDAC6 =3 PDACSE261102008D 0
Si 101Nl -f)LNHOH O
4- (bi s(4-fluorophenyl) (met hoxy) net hyl ) - N( 7- (hydr oxyam no) - 7- oxohept yl )

benzam de | C50(nM HDAC6 =

13 HDAC3 =

1225 1101 \ O H NNHOH N 00

N-(7-(
yl) et
N-(7-(
(met hg

Nydroxyar noj - 7- OXoiepty1)-4-
hyl ) béhzamni de_1 C50( HACE =3
l 2 %: 11 -7-0 eptyl)-4-

1S4

2-(2,6-dimethylphenylamino)-N-(7-
(hydroxyamino)-7-oxoheptyl)-N-
methylbenzamide

ICso(nM) HDAC6 = 48 HDAC3 =242

(et

'nenﬂl)(pyrldln 3-yl ) nmet hyl) - Nme
NH

noxy(pnenyl)(pyrlaln 3-

iJL MO@H

N-(7-(hydroxyamino)-7-oxoheptyl)-4-
(mesitylamino)-N-methylbenzamide

ICso(nM) HDAC6 =35 HDAC3 =347

O O
N/\/\/\)J\N,OH
| H
N
Cl

4-(2-chloro-6-methylphenylamino)-N-(7-
(hydroxyamino)-7-oxoheptyl)-N-

o) 0
H H
X

NG

4-((2,6-dimethylphenyl)(pyrimidin-2-

methylbenzamide yl)amino)-N-(7-(hydroxyamino)-7-
ICso(nM) HDAC6 =11 HDAC3 =132 oxoheptyl)benzamide
ICs¢(nM) HDAC6 = 4 HDAC3 =85
i /\/\/\)?\ OH i H
g J@A | N J@A R G
N N ©
PN ;
N "N

N-(7-(hydroxyamino)-7-oxoheptyl)-N-methyl-
4-(phenyl(pyrimidin-2-yl)amino)benzamide
ICso(nM) HDAC6 =18 HDAC3 =170

4-(2,6-dimethylphenylamino)-N-(6-
(hydroxyamino)-6-oxohexyl)-N-
methylbenzamide

ICso(nM) HDAC6 =46 HDAC3 =304

N/ﬁ)OLN/\/\/\)?\N’OH
o
N

N-(7-(hydroxyamino)-7-oxoheptyl)-2-

O O
N/Qij/ﬂ\N/A\V/A\V/A\V/H\N/OH
@(H*N/ | H
N-(7-(hydroxyamino)-7-oxoheptyl)-2-

(mesitylamino)-N-methylpyrimidine-5-

carboxamide
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| CG50(nM HDAC6 =19HDAC3 = 319 40 H \ (OON. NHOH 00

N- (7- (hydr oxyam no) - 7- oxohept yl) - 4- (et hoxy(phenyl) (pyridin-2-yl)net hyl)
benzam dewDCBO(a9M)13HDACE6 =3 HDAC3 = 130 1N HO \ H N*Nr NPCHUSQ011021982

-(7- (hydroxyam no) - 7- oxohept yl) - 4- (hydroxydi pyri di n-2-yl net hyl ) benzam de
| CG50(nM HDAC6 = 4 HDAC3 = 123 WO 2011/091213PCT/ US2011/021982 | HO |
NLONNHOH 00 N- (7- (hydr oxyam no) - 7- oxohept y1l) - 4-

(‘hydr I T i 2= Ty =N methyt b Lde (Tl =3BRIDACS
EE0 0 gﬁ%@%’(ﬁltgmaﬁﬁ}é R nuruu{e5 S IAVEC DA, TMs i3 =3PH
carboxamide

ICso(nM) HDAC6=9 HDAC3 =144
@] 0 @] @]
q/@)kw/\/\/\)J\NDH )Nl\/ﬁ)‘\wj/\/\/\)J\H,OH
N N N/
)\ H

X 2-(2,6-diisopropylphenylamino)-N-(7-

N’

4-((2,6-dimethylphenyl)(pyrimidin-2-yl)amino)- | (hydroxyamino)-7-oxoheptyl)-N-
N-(7-(hydroxyamino)-7-oxoheptyl)-N- methylpyrimidine-5-carboxamide
methylbenzamide ICso(nM) HDAC6 =51 HDAC3 =421
ICso(nM) HDAC6 =24 HDAC3 =297

®) O O
| H HO
N
H

H
O O N M NHOH
4-(2,6-dimethylphenylamino)-N-(5- o o

(hydroxyamino)-5-oxopentyl)-N- N-(7-(hydroxyamino)-7-oxoheptyl)-4-
methylbenzamide (hydroxydiphenylmethyl)benzamide
ICso(nM) HDAC6 =363 HDAC3 = 2066 ICso(nM) HDAC6=10 HDAC3 =160
i i ®
OH
N/\/\/\)J\N,
O

H,CO B

oy
N~ NMNHOH
g ! :
4-(hydroxy(phenyl)(pyridin-4-yl)methyl)-N-
N-(7-(hydroxyamino)-7-oxoheptyl)-4- (hy y(phenylXpy ¥ ¥
(7-(hydroxyamino)-7-oxoheptyl) benzamide

(methoxydiphenylmethyl)benzamide
ICso(nM) HDAC6=4 HDAC3 =78

ICso(nM) HDAC6 =7 HDAC3 =243
0 0 o 0
0 /@)‘\N/\/\/\)J\NHOH o O)kN/\/\/\)kNHOH
S Sl

N-(4-(7-(hydroxyamino)-7-
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011 2-(di-o-tolylam no)-N(7-(hydroxyam no)-7-

oxoheptyl ) pyri m di ne-5-car boxam de | C50(nM HDAC6 =9 HDAC3 = 138 0 40)NiH N
, NV /WHHEH/a921301  2- ((2- chl or ophenyl ) (phenyl ) am no) PRI(UA2011/021982

(hydr oxyam no) - 7- oxohept yl ) pyri m di ne-5- carboxam de |1 C50(nM HDAC6 =4

HDAC3 =76 0 ei Nii N.-rNHOH NO S 2-( (2, 6-di net hyl phenyl ) (phenyl )am no)-N-(7-

(hydr oxyam no) - 7- oxohept yl ) pyri m di ne-5- car boxam de | C50(nM HDAC6 = 5

HOASS [T (h}&rm&yaﬁﬁnd)&’%égxéﬂép&}m&fw&w J SgentyparbanoghphenyD:-N- -

7-(5-(|& G\quh«mﬂlmnlzmhﬁmyHemmmxd)a 1- oxoi saiphdoylberz2mids - N- hydr oxyhept anani de

1 G0N 5O(B%:GHDA PAS Tidche 378 ICso(nM) HDAC6=2 HDAC3 = 67
F
F O O WSS on . O O N NHOH
0]

(0] .
4—(bis(4—ﬂu0r0phenyl)(hydroxy)methyl)—N—(7— 4-(bls(4-ﬂu0r0phenyl)(meth0xy)methyl)-N-

(hydroxyamino)-7-oxoheptyl)benzamide (7-(hydroxyamino)-7-oxoheptyl) benzamide

N-(7-(hydroxyamino)-7-oxoheptyl)-4-
N-(7-(hydroxyamino)-7-oxoheptyl)-4-
(methoxy(phenyl)(pyridin-3-yl)methyl)-N-
(methoxy(phenyl)(pyridin-3-
methylbenzamide

yl)methyl)benzamide
ICso(nM) HDAC6=19 HDAC3 =319

ICso(nM) HDAC6=3 HDAC3 =73

HO
X

H

N-(7-(hydroxyamino)-7-oxoheptyl)-4-

~-N

N-(7-(hydroxyamino)-7-oxoheptyl)-4-
(hydroxydipyridin-2-ylmethyl)benzamide

(methoxy(phenyl)(pyridin-2-yl)methyl)
YIPRERYDIPY Y ¥ IC50(nM) HDAC6 =4 HDAC3 =123

benzamide

ICso(nM) HDAC6 =3 HDAC3 =130
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CH3 H 7-(5-(2, 6-di net hyl phenyl am no) - 1, 3-
di oxoi soi ndol i n-2-y1)- N hydroxyhept anam de |1 C50(nM HDAC6 = TBD HDAC3 = TBD
IN O NFiworbhH@MA8 N-(7-(hydroxyam no)-7-oxoheptyl) - 4- PCT/US2011/021982

(et hoxydi pyri di n- 2-yl met hyl ) benzam de | C50(nM HDAC6 = TBD HDAC3 = TBD | N
\' O 1 NNNHOH O N-(7-(hydroxyam no)-7-oxoheptyl)-4-

(met hoxydi pyri di n- 2-yl net hyl ) - Nmet hyl benzam de WO

2011/ Q91IZ1I3PCI/ USZ0T1I/ 021982 1 Co0(nM HDACG = TBD HBAC3 = 18D

-, N1\ j|/j LNC) LN, OH LNAeHH N-(7-(hydroxyam no) - 7- oxohdptyl)-2-(pyridin-
2-yl (d-t ol yYRFA no) pyri ni di ne- 5- car boxani @ cs0(n =

TBD N.[NZNEPN1, OE1 1\ 1HH 40 NT N7

X

e R ©(

2-(di-o-tolylamino)-N-(7-(hydroxyamino)-7-

N-(7-(hydroxyamino)-7-oxoheptyl)-4-
(7-(hy Y ) peyD oxoheptyl)pyrimidine-5-carboxamide

hydroxydipyridin-2-ylmethyl)-N-methyl
(hydroxydipy ylmethyl) y ICs(nM) HDAC6 =9 HDAC3 = 138

benzamide

ICso(nM) HDAC6 =36 HDAC3 =550
0O 0]
N™y" HN NHOH N™ " HN NHOH
N N @) N N 0

<8 <

2-((2,6-dimethylphenyl)(phenyl)amino)-N-(7-

2-((2-chlorophenyl)(phenyl)amino)-N-(7-
(hydroxyamino)-7-oxoheptyl)pyrimidine-5-
(hydroxyamino)-7-oxoheptyl)pyrimidine-5-
carboxamide

ICso(nM) HDAC6 = 5 HDAC3 =137

carboxamide

ICso(nM) HDAC6 =4 HDAC3 =76

@] @] 0O 0O
CH /\/\/\)J\ CH W -
3 i iN H,OH 3 N H OH
¥ | : \
CH;

N o)
CHy 1
7-(5-(2,6-dimethylphenylamino)-1- 7-(5-(2,6-dimethylphenylamino)-1,3-
oxoisoindolin-2-yl)-N-hydroxyheptanamide dioxoisoindolin-2-yl)-N-hydroxyheptanamide
ICso(nM) HDAC6 =3 HDAC3 =37 ICso(nM) HDAC6=TBD HDAC3=TBD
| AN | X
=N =N
No \o
| ZN H\/\/\/\H/NHOH =N N\/\/\/\H/NHOH
Ie) 0O @) @)
N-(7-(hydroxyamino)-7-oxoheptyl)-4- N-(7-(hydroxyamino)-7-oxoheptyl)-4-
(methoxydipyridin-2-ylmethyl)benzamide (methoxydipyridin-2-ylmethyl)-N-

ICso(nM) HDAC6 =TBD HDAC3 =TBD methylbenzamide
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N- (7- (hydr oxyam no) - 7- oxohept y1) - 2-

(pyri di n-4-y| (o-tolyl)am no)pyrimdi ne-5- carboxam de | C50(nM HDAC6 = TBD
HDAC3 T8BD 208@91A3N / NH. sSNHOH o N- (7- (hydr oxyam no) - 7- @xohuspay/) 1942

(et hoxy( phenyl ) (pyridin-4- yl)methyl)benzam de | C50(nM HDAC6 =3 HDAC3 =78
0 NO11\ 111 'O H 00

4- (hydroxy(phenyl )(pyr| di n-4-yl) net hyl) - N(? (hydr oxyam no) - 7- oxohept y1) - Nme

t hyl bgnzamde TC50( NV ADACG = 18 HDAC3 H D

4- benzhydryl - N- (7- (hydr oxyamni no) 7- oxohept éﬁ/@enzam de FB&O( %CEIDAFE% =22

HDAC3 |= 370 0 1. lldyi ONN, OH 0Q, 4- benzhydrlyl - N- (7- (hydr@xyam no) - &-

oxoheptyl@ beazan de 1L, C50(nM HOACS ﬁwﬁwwmw OH
)\ - :

\l

) H

< o

N-(7-(hydroxyamino)-7-oxoheptyl)-2-(pyridin- | N-(7-(hydroxyamino)-7-oxoheptyl)-2-
2-yl(o-tolyl)amino)pyrimidine-5-carboxamide (pyridin-4-yl(o-tolyl)amino)pyrimidine-5-
ICs0(nM) HDAC6 =TBD HDAC3 =TBD carboxamide

ICso(nM) HDAC6 =TBD HDAC3=TBD

o y
B ’ | O | H
AN O N\/\/\/\H/NHOH Nx N\/M(N\OH
o} o} O
4-(hydroxy(phenyl)(pyridin-4-yl)methyl)-N-

N-(7-(hydroxyamino)-7-oxoheptyl)-4-
(7-(hydroxy )-7-oxoheptyl) (7-(hydroxyamino)-7-oxoheptyl)-N-

metho henyl ridin-4-
( xy(phenyl)(py. methylbenzamide

yl)methyl)benzamide
ICso(nM) HDAC6 =18 HDAC3 =221

ICso(nM) HDAC6=3 HDAC3 =78

Oy, [y
N N\
N\/VWN\OH \/\/\/\n/ OH

0]

o] O O
) 4-benzhydryl-N-(7-(hydroxyamino)-7-
4-benzhydryl-N-(7-(hydroxyamino)-7-

oxoheptyl)-N-methylbenzamide

oxoheptyl)benzamide
ICso(nM) HDAC6 =47 HDAC3 =544

ICso(nM) HDAC6 =22 HDAC3 =370

o
N O
STON
| H
= N\/\/\/\H/NHOH
o o

N-(4-(7-(hydroxyamino)-7-oxoheptyl 4-(ethoxydiphenylmethyl)-N-(7-

O O
OH O
N/\/\/\)J\N/
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, NMI1IOHH I O N-(4-(7-(hydroxyam no)-7-oxoheptyl 0 0110r NHOH 00

4- (et hoxydi phenyl net hyl )-N-(7- WD 2011/ 091213PCT/ US2011/ 021982

car banoylwpheny®)21Bl phenyl pi col i nam de | C50(nM HDAC6 =FCHDAGR 168882

(hydr oxyam no) - 7- oxohept yl ) benzam de 1 C50(nM HDAC6 = 13 HDAC3 = 705 0 HO
00l . r NHO1- 1 FOO 4- (bi s(3-fluorophenyl) (hydroxy)nmethyl)-N-(7-

(hydr oxyam no) 7- oxoheptyl ) benzam de 1 C50(nM HDAC6 = 5 HDAC3 = 186 0 HO

14011 -
it A TERE AN phennpicolivamide |1 (rydioxyamino) Toxchopbenzamide |

et hyl HdfizgnMie HDZE0E al5) HDACS =6810 HDAC3 I€;5@i8i) 1 HD AON=HGHHDAC3 = 705

o
HO
F
H
OO | C
F 0 0 o |
4-(bis(3-fluorophenyl)(hydroxy)methyl)-N-(7- O O N \/\/\/\ﬂ/ NHOH
(hydroxyamino)-7-oxoheptyl)benzamide F o O
ICso(nM) HDAC6=5 HDAC3 =186 4-(bis(3-fluorophenyl)(hydroxy)methyl)-N-
(7-(hydroxyamino)-7-oxoheptyl)-N-
methylbenzamide

ICso(nM) HDAC6 =10 HDAC3 =319

O O \/\/\/\H/NHOH

4-(bis(3-fluorophenyl)(methoxy)methyl)-N-(7- | 4-(1-(4-fluorophenyl)-1-hydroxyethyl)-N-(7-

(hydroxyamino)-7-oxoheptyl)benzamide (hydroxyamino)-7-oxoheptyl)benzamide
ICso(nM) HDAC6 =15 HDAC3 =1261 ICso(nM) HDAC6 =3 HDAC3 =42
O O

0 N/\/\/\)J\ -OH O
CJ)‘\ /©)L H i 0
] ‘g‘

= H
@ O O N\/MrNHOH
O 0

N-(4-(7-(hydroxyamino)-7-oxoheptyl 4-(ethoxydiphenylmethyl)-N-(7-
carbamoyl)phenyl)-N-phenylpicolinamide (hydroxyamino)-7-oxoheptyl)benzamide
ICso(nM) HDAC6 =5 HDAC3 =068 ICso(nM) HDAC6 =13 HDAC3 =705
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FOO 4- (bi s(3-fluorophenyl) (nmethoxy)nethyl)-N(7-

(hydr oxyam no) - 7- oxohept yl ) benzam de | C50(nM HDAC6 = 15 HDAC3 = 1261 HO
00i dNHOH wo2401(1109¢243f | uor opheny1) - 1- hydr oxyet hyl ) - N- (7- PCT/US2011/021982

(hydr oxyam no) - 7- oxohept yl ) benzam de 1 C50(nM HDAC6 =3 HDAC3 =42 0 -CH o N
1101111 1 O N-(4-(7-(hydroxyam no)-7-oxoheptyl

car banoyl ) pheny1l) - N- phenyl pi col i nam de |1 C50(nM HDAC6 =5 HDAC3 =68 1.1

| ei O1LIIN Q0 4- (et hoxydi phenytrmethyt ) =[N
(hydr gxya - 7- oxohept yl ) benzam de | CH
2011/ Q9EAL3RET/ US2011/ 021982

13 HDAC3 = 705 WO

ZT

\/»\V/\V/\TrNHOH

0
4-(ethoxydipyridin-2-ylmethyl)-N-(7-

4-(ethoxydiphenylmethyl)-N-(7-(hydroxy
(hydroxyamino)-7-oxoheptyl)benzamide

ICso(nM) HDAC6=6 HDAC3 =138

amino)-7-oxoheptyl)-N-methylbenzamide
ICso(nM) HDAC6 =36 HDAC3 =899

HO
H
F 0] 0]

4-(ethoxydipyridin-2-ylmethyl)}-N-(7-(hydroxy | +(Pis(3-fluorophenyDhydroxy)methyl)-N-

(7-(hydroxyamino)-7-oxoheptyl)benzamide
ICso(nM) HDAC6 =5 HDAC3 =186

amino)-7-oxoheptyl)-N-methylbenzamide
ICso(nM) HDAC6 =45 HDAC3 =443
o
HO

|
0] 0]

F
4-(bis(3-fluorophenyl)(hydroxy)methyl)-N-(7-

4-(bis(3-fluorophenyl)(methoxy)methyl)-N-

(7-(hydroxyamino)-7-oxoheptyl)benzamide

(hydroxyamino)-7-oxoheptyl)-N-methyl
ICso(nM) HDAC6 =15 HDAC3 =1281

benzamide

ICso(nM) HDAC6 =10 HDAC3 =319

F HO
( DRSS
\O F M
| O O
N \/\/\/\n/ NHOH 4-(1-(4-fluorophenyl)-1-hydroxyethyl)-N-(7-
F @) 0

(hydroxyamino)-7-oxoheptyl)benzamide

4-(bis(3-fluorophenyl)(methoxy)methyl)-N-(7- | ICso(nM) HDAC6 =3 HDAC3 =42
(hydroxyamino)-7-oxoheptyl)-N-methyl
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I .., NHOH 0 O 4-(ethoxydi phenyl net hyl )-N-(7-(hydroxy

am no) - 7- oxohept yl) - N- net hyl benzam de | C50(nM HDAC6 =36 HDAC3 = 899 H

. 1" 1H OH WO 201i/00et1Roxydi pyri di n-2-yl nmet hyl ) - N-( 7- PCT/US2011/021982

(hydr oxyam no) - 7- oxohept yl ) benzam de 1 C50(nM HDAC6 =6 HDAC3 = 138 I

NN. r NHOH 00 4- (et hoxydi pyri di n-2-yl nmet hyl)-N-(7-(hydroxy

am no)-?-oxoheptyl)- N- et hyl benzam de | CG50(nM HDAC6 =45 HDAC3 = 443 H N H

OH FOQ pep

4- (bi (B FIWSE ophenyl ) ( hydr oxy) met hyl ) - N( 7- ( hydr oxyami no) - 7- oxohept yl ) behza
' 37HPATSC3 =186 | | NHOH  FOO

!= hydroxyrethyvl N7
h tyI ) - N- net hyl benzam es (nM) HDAC6 = 10 HDAC3|=
NHOH | ¢ O HMNHOH
o o] o)
4_( 1 —(4—ﬂu0r0phenyl)— 1 _hydroxyethyl)_N_(7_ 4—(1—(4—ﬂuorophenyl)— 1 —hydroxyethyl)—N—(7—

(hydroxyamino)-7-oxoheptyl)benzamide (hydroxyamino)-7-oxoheptyl)benzamide

ICso(nM) HDAC6=3 HDAC3 =30 1Cso(mM) HDAC6 =3 HDAC3 =37

O O \/\/\/\H/NHOH O O MNHOH

4—(1—(4—ﬂuorophenyl) 1-hydroxyethyl)- N (7- 4-(1-(4-ﬂuor0pheny1) 1- rnethoxyethyl) -N-(7-
(hydroxyamino)-7-oxoheptyl)-N-methyl (hydroxyamino)-7-oxoheptyl)benzamide
benzamide ICSO(HM) HDAC6=3 HDAC3 =28

ICso(nM) HDAC6 =23 HDAC3 =243

HO

Jegol & :
\/\/\/\H/NHOH N NMNHOH
0 0]
4—(1—(4—ﬂuorophenyl) 1-methoxyethyl)- N (7- 4-(1-hydroxy-1-(pyridin-2-yl)ethyl)-N-(7-
(hydroxyamino)-7-oxoheptyl)-N-methyl (hydroxyamino)-7-oxoheptyl)benzamide
benzamide IC50(nM) HDAC6=7 HDAC3 =134
ICso(nM) HDAC6 =17 HDAC3 =187

HO O
A | | A H
O O O O
N-(7-(hyd ino)-7-oxoheptyl)-4-(1-
4-(1-hydroxy-1-(pyridin-2-yl)ethyl)-N-(7- (7-(hydroxyamino)-7-oxoheptyl)-4-(
methoxy-1-(pyridin-2-yl)ethyl)benzamide
ICs0(nM) HDAC6=4 HDAC3 =53

(hydroxyamino)-7-oxoheptyl)-N-methyl
benzamide

ICso(nM) HDAC6 =36 HDAC3 =501
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H N H OH FOO

4- (bi s(3-fl uorophenyl) (net hoxy) nmet hyl ) - N( 7- (hydr oxyam no) - 7- oxohept yl ) benza
m de | CSOyOoP11HDAGS = 15 HDAC3 = 1281 Il NHOH F PCT/US2011/021982

4- (bi s(3-fl uorophenyl) (et hoxy) met hyl ) -N-(7-

(hydr oxyam no) - 7- oxoheptyl ) - N-nmet hyl N. r NHOH 00

4-(1-(4- quorophenyl) 1 hydroxyethyl) N-(?-

(hydr gxyar

2011/ Q9 HDAC6 =47 HDAC3 805 H
1.1r 4- (1-(4-fluorophenyl)-1-hydfoxyet hyl )-N-(7-

(hydr g NepkyL}benzaﬂFQHOHCSO(IW? DAC6 =3 HDAC3 =30 HO

@]
N-(7-(hydroxyamino)-7-oxoheptyl)-4-(1-
methoxy-1-(pyridin-2-yl)ethyl)-N-
methylbenzamide

ICso(nM) HDAC6 =42 HDAC3 =433

4-(bis(2-fluorophenyl)(hydroxy)methyl)-N-
(7-(hydroxyamino)-7-oxoheptyl)benzamide
ICso(nM) HDAC6 =3 HDAC3 =74

4-(bis(2-fluorophenyl)(hydroxy)methyl)-N-(7-
(hydroxyamino)-7-oxoheptyl)-N-methyl
benzamide

ICso(nM) HDAC6 =9 HDAC3 =132

4-(bis(2-fluorophenyl)(methoxy)methyl)-N-

(7-(hydroxyamino)-7-oxoheptyl)benzamide
ICso(nM) HDAC6 =6 HDAC3 =184

4-(bis(2-fluorophenyl)(methoxy)methyl)-N-(7-
(hydroxyamino)-7-oxoheptyl)-N-methyl
benzamide

ICso(nM) HDAC6 =17 HDAC3 =396

F

L,

HO
CLC
F F M(

)
4-(bis(2,4-difluorophenyl)(hydroxy)methyl)-
N-(7-(hydroxyamino)-7-oxoheptyl)benzamide

ICso(nM) HDAC6 =5 HDAC3 =137

F

I F
|
0

HO
JOas
O

4-(bis(2,4-difluorophenyl)(hydroxy)methyl)-N-

4-(bis(2,4-difluorophenyl)(methoxy)methyl)-
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H O NNHOH O O 4-(1-(4-fluorophenyl)-1-hydroxyethyl)-N-(7-

hydr oxyam no) - 7- oxohept yl ) benzam de ( 1C50(nM HDAC6 = 3 HDAC3 =37 HO
11011. ( 1\WHBp11001214- ( 1- (4- f | uor opheny1l) - 1- hydr oxyet hyl ) PEH(UB2011/021982

(hydr oxyam no) - 7- oxohept y1) - N- et hyl benzam de | C50(nM HDAC6 =23 HDAC3 =
243 1SIkil,,NHOH 00 4-(1-(4-fluorophenyl)-1-net hoxyet hyl ) -N-(7-

(hydr oxyam no) - 7- oxoheptyl )benzam' de IC50(nM HDAC6 3 HDAC3 =28

11\1 - 1-

(nyar oy oy g e R 1 Derparm e ety FEielsP psragie,
187 HC)rﬁeBtlhiyslbI&iaﬁﬂdefl (1- hydroxy-1- (pyri di nCZ(yM) eHYAJ6 N207 HDAC3 = 495
(hydm)%?o%ﬁ?) HBA)éggeigt )ﬁﬁgggz:aln?zde | C50(nM HDAC6 = 7 HDAC3 = 134 HO |

FEF
HO

(J Tl
N\/»\V/\V/«TrNHOH
F 0O )
4-(bis(3,5-difluorophenyl)(hydroxy)methyl)-
4-(bis(2,4-difluorophenyl)(methoxy)methyl)-N- | N-(7-(hydroxyamino)-7-oxoheptyl)benzamide
(7-(hydroxyamino)-7-oxoheptyl)-N- ICso(nM) HDAC6 =4 HDAC3 =208
methylbenzamide

ICso(nM) HDAC6 =26 HDAC3 = 1335
F l F

O O MNHOH

4 (bls(3,5 dlﬂuorophenyl)(hydroxy)methyl) N- | 4-(bis(3,5-difluorophenyl)(methoxy)methyl)-
N-(7-(hydroxyamino)-7-oxoheptyl)benzamide

ICso(nM) HDAC6 =20 HDAC3 =679

(7-(hydroxyamino)-7-oxoheptyl)-N-
methylbenzamide

ICso(nM) HDAC6 =15 HDAC3 =186
F l{ F F
HO
O O NHOH O O H
\V/\\/”\v/\Tr i N\/n\v/\V/NTrNHOH

4-(bis(3,5-difl h 1 th thyl)-N- S o
( IS( tiuorophenyl)(me oxy)me yb- 4-(bis(4-fluoro-2-methylphenyl)

(7-(hydroxyamino)-7-oxoheptyl)-N- )
(hydroxy)methyl)-N-(7-(hydroxyamino)-7-
methylbenzamide

ICso(nM) HDAC6 =17 HDACS3 = 873

oxoheptyl)benzamide

ICso(nM) HDAC6 =59 HDAC3 =854
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NLOONNHOH 00 4- (1- hydroxy-1-(pyridin-2-yl)ethyl)-N(7-

(hydr oxyam no) - 7- oxohept yl) - N-net hyl benzam de | C50(nM HDAC6 =36 HDAC3 =
501 - \ O WONMNH/@2180 N- (7- (hydr oxyam no) - 7- oxohept y1) - 4PCTAIS2011/021982

met hoxy- 1- (pyridin-2-yl)ethyl)benzam de | C50(nM HDAC6 = 4 HDAC3 = 53 WO
2011/ 091213PCT/ US2011/ 021982 | N1OONNHCH 00

N- (7- (hydr oxyam no) - 7- oxohept yl) - 4- (1- net hoxy-1-(pyridin-2-yl)ethyl)-N
met hylpenzam ge TCS0(NM) HDACG =42 HDACY = 433 R HO * 0t FNHOH 00

4- (bi g(2-f 1 uotlgphenyl ) (hydr oxy) net hyl ) - N
(7-(hyldroxya Q) - 7- oxohept yl ) benzam de
| el SI NHOH

3 HDAC3 =74 0 HO

ZT

\/»\V/\V/«TrNHOH
H NHOH O
F S \/\/\/\g/ 4-((4-fluorophenyl)(hydroxy)(pyridin-2-
4-(bis(4-fluoro-2-methylphenyl)(methoxy) yD)methyl)-N-(7-(hydroxyamino)-7-
methyl)-N-(7-(hydroxyamino)-7-oxoheptyl) oxoheptyl)benzamide
benzamide ICso(nM) HDAC6 =3 HDAC3 =80

ICso(nM) HDACG6 =127 HDAC3 = 2361

AN | X

O O \/\/\/\WNHOH O O \/\/\/\WNHOH

4—((4—ﬂu0ropheny1)(hydroxy)(pyrldm 2_ 4—((4—ﬂuorophenyl)(methoxy)(pyrldln -2-

yl)methyl)-N-(7-(hydroxyamino)-7-oxoheptyl)- | YDmethy)-N-(7-(hydroxyamino)-7-

N-methylbenzamide oxoheptyl)benzamide
ICso(nM) HDAC6 =24 HDAC3 = 284 ICs0(nM) HDAC6=3 HDAC3 =80
\ pr—
| No .S
OH
»
\ H H
O O \/\/\/\H/NHOH S N\/\/\/\H/N‘OH
o) o)
4—((4—ﬂuoropheny1)(methoxy)(pyrldln 2- N-(7-(hydroxyamino)-7-oxoheptyl)-4-

(hydroxydithiazol-2-ylmethyl)benzamide
ICso(nM) HDAC6 =5 HDAC3 =141

yDmethyl)-N-(7-(hydroxyamino)-7-oxoheptyl)-
N-methylbenzamide

ICso(nM) HDAC6 =23 HDAC3 =361
F F

/\\/“\/”\¢)LNHOH
O O /\/\/\)J\NHOH O O

3 (bis(4-fluorophenyl)(hydroxy)methyl)-N-

3 (bis(4-fluorophenyl)(hydroxy)methyl)-N-(7-
(7-(hydroxyamino)-7-oxoheptyl)-N-

(hydroxyamino)-7-oxoheptyl)benzamide

41



00 4-(bis(2-fluorophenyl) (hydroxy)nmethyl)-N-(7-

(hydr oxyam no) - 7- oxohept y1) - N- net hyl

ben

132 01 - wORbk1/asHdIBI 00

4- (bi s(2-fl uorophenyl) (et hoxy) net hyl ) - N( 7- (hydr oxyam no) - 7- oxohept yl ) benza

m de |

C50(nM HDACS =6 HDAC3 = 184 0 Si 1

zani de 1 C50(nM) HDACS =9 HDAC3
PCT/US2011/021982

1\ INHOH 00

4-(bis(2-f|uorophenyl)(nethoxy)nethyl)-N—(?-

(hydr

396 Si
N-(7-(
110

|_KI

TRy BBE08 ST i f1 oo

hydr oxyam no) - 7- oxoheptyl)benzan1d
011\ 1

M HDAC6 = 17 HDAC3
orop i§}%§droxy)nethyl)

e[Os(Q:ﬁM() NMDACAET 2= HDMDBAEB49 137

vdr ooenvy mat h\l!

U.l..l.\

OO

N-(7-(hydroxyamino)-7-oxoheptyl)-4-(2,2,2-
trifluoro-1-(4-fluorophenyl)-1-hydroxyethyl)
benzamide

ICso(nM) HDAC6 =5 HDAC3 =50

.uwheny'}(h —N-
C

OO

N-(7- (hydroxyamlno) -7-oxoheptyl)-4-(2,2,2-

ul OXy ety

N
“OH

trifluoro-1-(4-fluorophenyl)- 1-methoxyethyl)
benzamide

ICso(nM) HDAC6 =10 HDAC3 =174

4—(2—(4—ﬂuorophenyl)tetrahydrofuran 2- yl) -N-
(7-(hydroxyamino)-7-oxoheptyl) benzamide
ICso(nM) HDAC6 =3 HDAC3 =47

OH

N N
[::j/ TN H
N~ N\/\/\/\H/N\OH
0] O

N-(7-(hydroxyamino)-7-oxoheptyl)-2-((2-
hydroxyethyl)(phenyl)amino)pyrimidine-5-
carboxamide

ICso(nM) HDAC6 =8 HDAC3 =75

HO
X

=N

0] 0
| NWNHOH
N-(7-(hydroxyamino)-7-oxoheptyl)-3-
(hydroxydipyridin-2-ylmethyl)benzamide
ICso(nM) HDAC6 =41 HDAC3 =285

N-(7-(hydroxyamino)-7-oxoheptyl)-3-

(methoxydipyridin-2-ylmethyl)benzamide
ICso(nM) HDAC6 =20 HDAC3 =217

O O \/\/\/\WNHOH
4- (hydroxy(4 (7- (hydroxyamlno) -7-

oxoheptylcarbamoyl)phenyl)(phenyl)methyl)-
N,N-dimethylbenzamide

ICso(nM) HDAC6 =4 HDAC3 =86

Q HO
O
NMNHOH
0O
3-(hydroxy(4-(7-(hydroxyamino)-7-
oxoheptylcarbamoyl)phenyl)(phenyl)methyl)-

N,N-dimethylbenzamide
IC50(nM) HDAC6 =3 HDAC3 =90
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0 40101FdNHCH 00 4-(bi s(2, 4-difluorophenyl) (methoxy)nmethyl)- WO
2011/ 091213PCT/ US2011/ 021982

(7- (hydr oxgam mo)213- oxohept y1) - Nmet hyl benzam de | C50( nMpCHDAGSE 1621082 HDAC3
172 N (7-(hydroxyam no) - 7- oxoheptyl ) benzam de |1 C50(nM HDAC6 =20 HDAC3 =
495 1 NHOH 00 4-(bis(2,4-difluorophenyl) (methoxy)nethyl)-N

(7- (hydroxyam no) - 7- oxohept yl ) - N- et hyl benzam de | C50( nM HDAC6 =26 HDAC3
1335 [NHOH FOG 4-(bi s( 3, 5- di ftuorophenyl|J{ hydroxy)metgyt )~

N- ( 7- (lhydr oxydmi no) - 7- oxohept yl ) benzam de O(nmﬁ% = 4 HDACB = 208
[ ] NH,
N._N
O TN
E N~z N\/\/\/\H/NHOH
o] 0

2-(bis(4-fluorophenyl)amino)-N-(7- N-(7-amino-7-oxoheptyl)-2-

(diphenylamino)pyrimidine-5-carboxamide

ICso(nM) HDAC6 =>50 uM HDAC3 =

(hydroxyamino)-7-oxoheptyl)pyrimidine-5-
carboxamide

ICso(nM) HDAC6 =12 HDAC3 = 124 >50 uM

O O \/\/\/\WNHOH

4- ((4 (7- (hydroxyamlno) 7- 3-((4-(7-(hydroxyamino)-7-
oxoheptylcarbamoyl)phenyl)(methoxy)(pheny

oxoheptylcarbamoyl)phenyl)(methoxy)(phenyl)
methyl)-N,N-dimethylbenzamide Dmethyl)-N,N-dimethylbenzamide
ICso(nM) HDAC6 =4 HDAC3 = 103 ICso(nM) HDAC6 =3 HDAC3 =85

0 o)
Ly e | o H ;
@ O O NMN\OH
0O o}

N-(7-(hydroxyamino)-7-oxoheptyl)-4-(3-

7-(2-(diphenylamino)pyrimidine-5-
) o oxo-1-phenyl-1,3-dihydroisobenzofuran-1-
carboxamido)heptanoic acid

ICso(nM) HDAC6 = 1251 HDAC3 =19512

g

yl)benzamide

ICso(nM) HDAC6=11 HDAC3 =153

N._N N N
T\l( H T\%( H
Nz N\/\/\/\H/NHOH N~ N\/\/\/\H/NHOH
a7 J ] ]
F 2-(3,4-dihydroquinolin-1(2H)-yl)-N-(7-
2-(bis(4-fluorophenyl)methylamino)-N-(7- (hydroxyamino)-7-oxoheptyl)pyrimidine-5-
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1 NHOH FOO
4- (bi s(3,5-difluorophenyl) (hydroxy)nethyl)-N-(7-(hydroxyam no)-7-oxoheptyl)
- N- et hylwermaamnista 3l C50(nM HDAC6 = 15 HDAC3 = 186 H NREOHSE@0/021982
4- (bi s(3,5-di fluorophenyl) (et hoxy) net hyl ) -

N- (7- (hydr oxyam no) - 7- oxoheptyl ) benzam de | C50(nM HDAC6 =20 HDAC3 =

1 NHOH FOO

679

4- (bi s
- N- net
4- (bi g
oxohep
2011/ ¢

h@f@g %ﬁ&ﬂQi?%
(cArbdxamide- 2- met hyl phenyl ) (hydroxy

O e

JaTeth
XSHE? HD,

P B

am de

|%%%Rg&%%2ydroxyanino)-/-oxohept‘

H NNHOH 00

)mmmMDHmM%ﬁWﬂEM%mﬁm 7-
HDAC3 = 854

M '
N~ N\J/\\/A\//\W/NHOH
o) o)

2-(3,4-dihydroisoquinolin-2(1H)-yl)-N-(7-
(hydroxyamino)-7-oxoheptyl)pyrimidine-5-
carboxamide

ICso(nM) HDAC6 =3 HDAC3 =53

F

O s

NN
sy
F N~ N\/\/\/\H/NHOH
0O 0O
2-((2,2-bis(4-fluorophenyl)ethyl)(2-
hydroxyethyl)amino)-N-(7-(hydroxyamino)-
7-oxoheptyl)pyrimidine-5-carboxamide

ICso(nM) HDAC6 =8 HDAC3 =064

OH

N N

<::}jrﬁ\/ TN H

N N~ N M{ NHOH

H

o
2-((2-(1H-indol-3-yl)ethyl)(2-

hydroxyethyl)amino)-N-(7-(hydroxyamino)-7-
oxoheptyl)pyrimidine-5-carboxamide

ICso(nM) HDAC6 =3 HDAC3 =35

o)

N\
L
N~ N\J/\\/A\J/\W/NHOH
O 0
N-(7-(hydroxyamino)-7-oxoheptyl)-2-

morpholinopyrimidine-5-carboxamide

ICso(nM) HDAC6=8 HDAC3 =51

Jo
N._N
10§
N~ N\//\V/~\//\“,NHOH
o) o)

2-((25,6R)-2,6-dimethylmorpholino)-N-(7-
(hydroxyamino)-7-oxoheptyl)pyrimidine-5-
carboxamide

ICso(nM) HDAC6 =7 HDAC3 =70

HN

N\
10§
N~ N M( NHOH
O O
N-(7-(hydroxyamino)-7-oxoheptyl)-2-

(piperazin-1-yl)pyrimidine-5-carboxamide

ICso(nM) HDAC6 =21 HDAC3 =43

SA¢

TN H
N\)\'(N\/\N\[(NHOH
o) o)

HO\/\
@
w(;jer
N .~ N\/\/WNHOH
o) o)

2-(4-benzylpiperazin-1-yl)-N-(7-

N-(7-(hydroxyamino)-7-oxoheptyl)-2-(4-(2-

44
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H NHOH 0 4-(bis(4-fluoro-2-nethyl phenyl) (nethoxy)

met hyl ) - N- (7- (hydr oxyam no) - 7- oxohept yl ) benzam de | CG50(nM HDAC6 = 127
HDAC3 = 2862011/091NBIOH 00 44(4-f1 uorophenyl) (hydroxy) ( pyPC®iUs2®4/021982
yl)met hyl ) - N (7- (hydr oxyam no) - 7- oxoheptyl ) benzam de |1 C50(nM HDAC6 = 3
HDAC3 =80 NHOH O 44(4-fluorophenyl) (hydroxy) (pyridin-2-

yI )met hyl ) - N-(7- (hydroxyam no) - 7- oxoheptyl) N- et hyI benzam de | C50( nM

1y et R o P o et Do erir REs e DRAPrEs 2 5
HDAC3 |=8fboxamide carboxamide
ICso(nM) HDAC6 =6 HDAC3 =100 IC50(nM) HDAC6 =13 HDAC3 =58

N_. _N 7N
N~ N\/\/\/\WNHOH TN H
S 8 N~ NMNHOH
2-(6,7-dimethoxy-3,4-dihydroisoquinolin-

N-(7-(hyd ino)-7-oxoheptyl)-2-(3-
2(1H)-y1)-N-(7-(hydroxyamino)-7- (7-(hydroxyamino)-7-oxoheptyl)-2-(

(trifluoromethyl)-5,6-dihydro-
[1,2,4]triazolo[4,3-a]pyrazin-7(8H)-

oxoheptyl)pyrimidine-5-carboxamide

ICso(nM) HDAC6 =2 HDAC3 =46
yl)pyrimidine-5-carboxamide

ICso(nM) HDAC6 =14 HDAC3 =149

©\ Meo\©\
N
0 oW
NYN\ TJ\WH
| H N AN NHOH
N\%(NMNHOH I W
0 o) N-(7-(hydroxyamino)-7-oxoheptyl)-2-(4-(4-

N-(7-(hyd ino)-7-oxoheptyl)-2-(4-
(7-(hydroxyamino)-7-oxoheptyl)-2-( methoxyphenyl)piperazin-1-yl)pyrimidine-5-

phenylpiperazin-1-yl)pyrimidine-5-carboxamide

carboxamide
ICso(nM) HDAC6 =4 HDAC3 =57
ICso(nM) HDAC6 =4 HDAC3 =58
O Z >N
- \r - J\
MNHOH N @
N
Y Y H
N-(7- (hydroxyamlno) -7-oxoheptyl)-2- (4 (2- N~ N\/\/\/\WNHOH
O O

methoxyethyl)piperazin-1-yl)pyrimidine-5-
yERLPIP yopY N-(7-(hydroxyamino)-7-oxoheptyl)-2-(4-(4-
carboxamide

(trifluoromethyl)pyrimidin-2-yl)piperazin-1-
ICso(nM) HDAC6 =13 HDAC3 =133

yl)pyrimidine-5-carboxamide

ICso(nM) HDACG6=7 HDAC3 =54

45



| NHOH O 44(4-fluorophenyl) (nethoxy) (py
yl)met hyl ) - N- (7- (hydr oxyam no) - 7- oxohept
HDAC6 =23wBDAG39121361 SHH NiN,OH 00 N
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WO 2011/ 091213PCT/ US2011/ 021982 | C50( nM
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N-(7-(hydroxyamino)-7-oxoheptyl)-2-(2-
(hydroxymethyl)morpholino)pyrimidine-5-
carboxamide

ICso(nM) HDAC6=7 HDAC3 =34

z

F{7- droxyam no) - 7- oxoneptyl ) -1
HDAEG:ﬁ: 1’§ HDAC3 = 63

FO'3 “&:F[Fs *,0 HH N i N, OH
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o) o)

(R)-N-(7-(hydroxyamino)-7-oxoheptyl)-2-(3-
hydroxypiperidin-1-yl)pyrimidine-5-
carboxamide

ICso(nM) HDAC6=7 HDAC3 =49

o)

2-(4-carbamoylpiperidin-1-yl)-N-(7-
(hydroxyamino)-7-oxoheptyl)pyrimidine-5-

OH

N._N

T\R( H

N~ N \/\/\/\[( NHOH
O O

2-(4-hydroxy-4-phenylpiperidin-1-yl)-N-(7-

(hydroxyamino)-7-oxoheptyl)pyrimidine-5-

2-(4-(4-chlorophenyl)-4-hydroxypiperidin-1-
yl)-N-(7-(hydroxyamino)-7-
oxoheptyl)pyrimidine-5-carboxamide

ICso(nM) HDAC6 =4 HDAC3 =153

carboxamide carboxamide
ICso(nM) HDAC6 =8 HDAC3 =41 ICso(nM) HDAC6=4 HDAC3 =39
Cl /
OH —N
T H T w
NN N S AHOR N AN NHOH
I I M
O O

(R)-2-(3-(dimethylamino)pyrrolidin-1-yl)-N-
(7-(hydroxyamino)-7-oxoheptyl)pyrimidine-
5-carboxamide

ICso(nM) HDAC6 =33 HDAC3 =80

(S)-N-(7-(hydroxyamino)-7-oxoheptyl)-2-(2-
(hydroxymethyl)pyrrolidin-1-yl)pyrimidine-5-

carboxamide

oY

K/N N
T\l(H
N~ NMNHOH
0] o)

N-(7-(hydroxyamino)-7-oxoheptyl)-2-(4-
methyl-2-phenylpiperazin-1-yl)pyrimidine-5-
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2-(4-(4-fluorophenyl)piperazin-1-yl)-N-(7-

g

(hydroxyamino)-7-oxoheptyl)pyrimidine-5-
carboxamide

ICso(nM) HDAC6 =5 HDAC3 =52

HNI/SJI\MII; \.‘e T U\ IIIV’ LB~/ AA\"." 4
<\/N N
N
\ﬁ;;]\m/H
N~ N\/\/\/\H/NHOH
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2-(1,4-diazepan-1-yl)-N-(7-(hydroxyamino)-

7-oxoheptyl)pyrimidine-5-carboxamide

ICso(nM) HDAC6 =19 HDAC3 =34

DN ;
Z M “OH
O 0]
N-(7-(hydroxyamino)-7-oxoheptyl)-2-

(piperidin-1-yl)pyrimidine-5-carboxamide

ICso(nM) HDAC6 =5 HDAC3=23

N

LUNN
MDY q
F \/\/\/\H/\OH
0] 0]

N-(7-(hydroxyamino)-7-oxoheptyl)-2-(4-
methylpiperazin-1-yl)pyrimidine-5-
carboxamide

ICso(nM) HDAC6 =18 HDAC3 =87

10

15

In preferred embodiments, a compound useful in the invention has one or more of the

following properties: the compound is capable of inhibiting at least one histone deacetylase;

the compound is capable of inhibiting HDACG6; the compound is a selective HDAC6

inhibitor; the compound binds to the poly-ubiquitin binding domain of HDACG6; the

compound is capable of inducing apoptosis in cancer cells (especially multiple myeloma

cells, non-Hodgkin's lymphoma (NML) cells, breast cancer cells, acute myelogeous leukemia

(AML) cells); and/or the compound is capable of inhibiting aggresome formation.

In certain preferred embodiments, a compound of the invention comprises a metal

binding moiety, preferably a zinc-binding moiety such as a hydroxamate. As noted above,

certain hydroxamates are potent inhibitors of HDAC6 activity; without wishing to be bound
by theory, it is believed that the potency of these hydroxamates is due, at least in part, to the
ability of the compounds to bind zinc. In preferred embodiments, a compound of the

invention includes at least one portion or region which can confer selectivity for a biological

target implicated in the aggresome pathway, e.g., a biological target having tubulin
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N- ( 7- (hydr oxyam no) - 7- oxohept yl) - 3- (hydroxydi pyri di n-2-yl net hyl ) benzam de
| CG50(nM HDAC6 =41 HDAC3 = 285 0 -0 NNHOH NH N

- (7- (hydrwgyaniomi3 7- oxohept y1) - 3- net hoxydi pyri di n- 2- ylpe@tusgéoerysanm de (
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FDACE S oidi o the molectle which ar responsible Fof Bandiiig (o-the brological tarpee + 1 N 1 RNHOH
The invention also provides for a pharmaceutical composition comprising a
5  compound of formula I, or a pharmaceutically acceptable ester, salt, or prodrug thereof,
together with a pharmaceutically acceptable carrier.
Another object of the present invention is the use of a compound as described herein
(e.g., of any formulae herein) in the manufacture of a medicament for use in the treatment of
a disorder or disease herein. Another object of the present invention is the use of a compound
10  as described herein (e.g., of any formulae herein) for use in the treatment of a disorder or
disease herein.
In another aspect, the invention provides a method of method of synthesizing a

compound of formula I. The synthesis of the compounds of the invention can be found in the

Examples below.

15 Another embodiment is a method of making a compound of any of the formulae
herein using any one, or combination of, reactions delineated herein. The method can include
the use of one or more intermediates or chemical reagents delineated herein.

Another aspect is an isotopically labeled compound of any of the formulae delineated
herein. Such compounds have one or more isotope atoms which may or may not be

20  radioactive (e.g., °H, *H, "*C, *C, 358, 32p, 1251, and 131I) introduced into the compound. Such
compounds are useful for drug metabolism studies and diagnostics, as well as therapeutic
applications.

A compound of the invention can be prepared as a pharmaceutically acceptable acid
addition salt by reacting the free base form of the compound with a pharmaceutically

25  acceptable inorganic or organic acid. Alternatively, a pharmaceutically acceptable base
addition salt of a compound of the invention can be prepared by reacting the free acid form of
the compound with a pharmaceutically acceptable inorganic or organic base.

Alternatively, the salt forms of the compounds of the invention can be prepared using
salts of the starting materials or intermediates.

30 The free acid or free base forms of the compounds of the invention can be prepared
from the corresponding base addition salt or acid addition salt from, respectively. For

example a compound of the invention in an acid addition salt form can be converted to the

48



00 2-(bis(4-fluorophenyl)am no)-N-(7-

(hydr oxyam no) - 7- oxoheptyl ) pyri m di ne-5- car boxam de | C50(nM HDAC6 = 12
HDAC3 = M0 2000/094318\ A NH ONI H2 N 101 N (7- am no- 7- oxohepCyA)S211/021982

(di phenyl am no) pyri m di ne- 5-car boxam de | C50(nM HDAC6 = >50 ii M HDAC3 =
>50 iiM O | ei OH NNHOH 000 4-((4-(7-(hydroxyam no)-7-

oxohept yl car banoyl ) phenyl ) ( met hoxy) (phenyl ) net hyl)-N, N-di net hyl benzam de

| CSO( n .= = ! . . P M . I 00
3 (4 CT T oG DRt UPd diabls bese 8 mmppim bydroxide sqlLir

1) met hysoyluig Nrdtoxrde,aptl ifeniziceni Al eom@S{dndf)thé-iDASHion 18 aHRACEIdEE Gt foidh 1H N

So 7 (2 iphenyl an po)oyrl m dh e 8- G RRXAM UOMERI ARG, | C50(nM
hydrochloric acid, etc.).

5 Prodrug derivatives of the compounds of the invention can be prepared by methods
known to those of ordinary skill in the art (e.g., for further details see Saulnier et al., (1994),
Bioorganic and Medicinal Chemistry Letters, Vol. 4, p. 1985). For example, appropriate
prodrugs can be prepared by reacting a non-derivatized compound of the invention with a
suitable carbamylating agent (e.g., 1,1-acyloxyalkylcarbanochloridate, para-nitrophenyl

10  carbonate, or the like).

Protected derivatives of the compounds of the invention can be made by means
known to those of ordinary skill in the art. A detailed description of techniques applicable to
the creation of protecting groups and their removal can be found in T. W. Greene, "Protecting
Groups in Organic Chemistry", 3rd edition, John Wiley and Sons, Inc., 1999, and subsequent

15  editions thereof.

Compounds of the present invention can be conveniently prepared, or formed during
the process of the invention, as solvates (e.g., hydrates). Hydrates of compounds of the
present invention can be conveniently prepared by recrystallization from an aqueous/organic
solvent mixture, using organic solvents such as dioxan, tetrahydrofuran or methanol.

20 Acids and bases useful in the methods herein are known in the art. Acid catalysts are
any acidic chemical, which can be inorganic (e.g., hydrochloric, sulfuric, nitric acids,
aluminum trichloride) or organic (e.g., camphorsulfonic acid, p-toluenesulfonic acid, acetic
acid, ytterbium triflate) in nature. Acids are useful in either catalytic or stoichiometric
amounts to facilitate chemical reactions. Bases are any basic chemical, which can be

25  inorganic (e.g., sodium bicarbonate, potassium hydroxide) or organic (e.g., triethylamine,
pyridine) in nature. Bases are useful in either catalytic or stoichiometric amounts to facilitate
chemical reactions.

In addition, some of the compounds of this invention have one or more double bonds,
or one or more asymmetric centers. Such compounds can occur as racemates, racemic

30  mixtures, single enantiomers, individual diastereomers, diastereomeric mixtures, and cis- or
trans- or E- or Z- double isomeric forms, and other stereoisomeric forms that may be defined,
in terms of absolute stereochemistry, as (R)- or (S)- , or as (D)- or (L)- for amino acids. All

such isomeric forms of these compounds are expressly included in the present invention.
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procedures described above, or by resolvmg the racemic mixtures. The resolution can be
carried out in the presence of a resolving agent, by chromatography or by repeated
crystallization or by some combination of these techniques which are known to those skilled

5 in the art. Further details regarding resolutions can be found in Jacques, et al., Enantiomers

Racemates, and Resolutions (John Wiley & Sons, 1981). The compounds of this invention

may also be represented in multiple tautomeric forms, in such instances, the invention
expressly includes all tautomeric forms of the compounds described herein. When the
compounds described herein contain olefinic double bonds or other centers of geometric

10  asymmetry, and unless specified otherwise, it is intended that the compounds include both E
and Z geometric isomers. Likewise, all tautomeric forms are also intended to be included.
The configuration of any carbon-carbon double bond appearing herein is selected for
convenience only and is not intended to designate a particular configuration unless the text so
states; thus a carbon-carbon double bond depicted arbitrarily herein as frans may be cis,

15 trans, or a mixture of the two in any proportion. All such isomeric forms of such compounds
are expressly included in the present invention. All crystal forms of the compounds
described herein are expressly included in the present invention.

The synthesized compounds can be separated from a reaction mixture and further
purified by a method such as column chromatography, high pressure liquid chromatography,

20  orrecrystallization. As can be appreciated by the skilled artisan, further methods of
synthesizing the compounds of the formulae herein will be evident to those of ordinary skill
in the art. Additionally, the various synthetic steps may be performed in an alternate
sequence or order to give the desired compounds. In addition, the solvents, temperatures,
reaction durations, etc. delineated herein are for purposes of illustration only and one of

25  ordinary skill in the art will recognize that variation of the reaction conditions can produce
the desired compounds of the present invention. Synthetic chemistry transformations and
protecting group methodologies (protection and deprotection) useful in synthesizing the
compounds described herein are known in the art and include, for example, those such as
described in R. Larock, Comprehensive Organic Transformations, VCH Publishers (1989);

30 T.W. Greene and P.G.M. Wuts, Protective Groups in Organic Synthesis, 2d. Ed., John Wiley

and Sons (1991); L. Fieser and M. Fieser, Fieser and Fieser's Reagents for Organic Synthesis,

John Wiley and Sons (1994); and L. Paquette, ed., Encyclopedia of Reagents for Organic

Synthesis, John Wiley and Sons (1995), and subsequent editions thereof.
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00 2-(3, 4-di hydroi soquinolin-2(1H)-y1)-N-(7-

(hydr oxyam no) - 7- oxoheptyl ) pyri m di ne-5- car boxam de | C50(nM HDAC6 = 3
HDAC3 = 580I2bi170@#21611\1 H NNNHOH . .-"".,.."----.., ... - PCThIS2010021982
2-((2, 2-bi s(4-fluorophenyl)ethyl)(2-

hydr oxyet hyl ) am no) - N- ( 7- ( hydr oxyam no) -

7- oxoheptyl ) pyri m di ne-5-carboxam de | CG50(nM HDAC6 = 8 HDAC3 =64 CH N

P11\l 11-H Joh@@%s'(’c‘)%?%ﬁ iI?v-e(lgigﬁ ﬁég‘g)h [ﬁgf_?l}ﬁe’%f 13'}] Q}ﬁ)@ﬁ%hé (/gr‘lous

hydr oxyet hyl ) am no) - N- ydr oxyam
ox oheptfyhtpyniitisdiinarybsyndrebo xaanddelin€sod hadeinHbAGBance 3eleBACDiciBEicll NN i | H
NNNHOH prrol())e(l)rties. Such modifications are known in the art and include those which increase
biological penetration into a given biological system (e.g., blood, lymphatic system, central
5 nervous system), increase oral availability, increase solubility to allow administration by
injection, alter metabolism and alter rate of excretion.

The compounds of the invention are defined herein by their chemical structures and/or
chemical names. Where a compound is referred to by both a chemical structure and a
chemical name, and the chemical structure and chemical name conflict, the chemical

10  structure is determinative of the compound’s identity.

The recitation of a listing of chemical groups in any definition of a variable herein
includes definitions of that variable as any single group or combination of listed groups. The
recitation of an embodiment for a variable herein includes that embodiment as any single
embodiment or in combination with any other embodiments or portions thereof.

15

Methods of the Invention

In one aspect, the invention provides a method of selectively inhibiting HDAC6 over

other HDAC:s in a subject, comprising administering a compound of formula I

@*g“ﬁﬁ"’“

/Z
R (D:;
20 or a pharmaceutically acceptable salt, ester or prodrug thereof,
wherein,
Z is N or CR*, wherein R* is an optionally substituted alkyl, an optionally substituted
acyl, an optionally substituted aryl or an optionally substituted heteroaryl;
ring A is an optionally substituted aryl or an optionally substituted heteroaryl;
25 ring B is an optionally substituted aryl or an optionally substituted heteroaryl;
R, is (i) H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, heteroaryl, heterocyclic,
carbocyclic, C(O)-R,, C(O)O-R,, or S(O),, each of which may be optionally substituted; or
(i1) when Z is CR*, R may be optionally substituted branched alkyl, ORj, or N(R3)(R3), -
CH,CH»OH, OCH,CH,OH, SH, or thio alkoxy;
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optionally substituted heterocyclic, or an optionally substituted heteroaryl;

or R* and R; together with the atom to which each is attached, may form an

optionally substituted carbocyclic, optionally substituted heterocyclic, optionally substituted
5 aryl or optionally substituted heteroaryl ring;

R is H or an optionally substituted alkyl; or R and ring A may be joined to form a
fused bicyclic ring which may be optionally substituted;

each R; is independently alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each
of which is optionally substituted;

10 each Rj is independently alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each
of which is optionally substituted;

nis4,5,6,7 or 8; and

pis O, 1, or 2.

In one embodiment, the compound of formula I has a selectivity for HDAC6 of 5 to

15 1000 fold. In certain embodiments, the selectivity for HDACG6 is 10-500 fold.

In another embodiment, the compound of formula I has a selectivity for HDAC6
when tested as described in Example 5 of about 5 to 1000 fold. In certain embodiments, the
selectivity for HDAC6 is 10-500 fold.

In another aspect, the invention provides a method of treating a disease mediated by

20 HDAC-6 in a subject comprising administering to the subject a compound of formula I

)OJ\ /\ﬁi -OH
PO
L @;

or a pharmaceutically acceptable salt, ester or prodrug thereof,
wherein,

Z is N or CR*, wherein R* is an optionally substituted alkyl, an optionally substituted

25  acyl, an optionally substituted aryl or an optionally substituted heteroaryl;

ring A is an optionally substituted aryl or an optionally substituted heteroaryl;

ring B is an optionally substituted aryl or an optionally substituted heteroaryl;

R, is (i) H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, heteroaryl, heterocyclic,
carbocyclic, C(O)-R,, C(O)O-R», or S(O),, each of which may be optionally substituted; or
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(11100 et Byt § T RPOPAFBI A NEE P o8 cn MRl
y1) pyr Iﬁﬁlﬁfﬁﬁ)f’ﬁ,—(@@H@HﬁﬁMJ @%mﬂl}oxlyiDA% = 14 HDAC3 = 149

or ring B and R; may together with the atom to which each is attached, form an
optionally substituted heterocyclic, or an optionally substituted heteroaryl;

5 or R* and R; together with the atom to which each is attached, may form an
optionally substituted carbocyclic, optionally substituted heterocyclic, optionally substituted
aryl or optionally substituted heteroaryl ring;

R is H or an optionally substituted alkyl; or R and ring A may be joined to form a
fused bicyclic ring which may be optionally substituted;

10 each R, is independently alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each
of which is optionally substituted;

each Rj; is independently alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each
of which is optionally substituted;

nis4,5,6,7or8; and

15 pis O, 1, or 2.

In one embodiment, the disease is cancer or a proliferation disease.

In a further embodiment, the disease is lung cancer, colon cancer, breast cancer,
prostate cancer, liver cancer, pancreas cancer, brain cancer, kidney cancer, ovarian cancer,
stomach cancer, skin cancer, bone cancer, gastric cancer, breast cancer, pancreatic cancer,

20 glioma, gliobastoma, hepatocellular carcinoma, papillary renal carcinoma, head and neck
squamous cell carcinoma, leukemias, lymphomas, myelomas, and solid tumors.

In a further embodiment, the cancer is multiple myeloma.

In another embodiment, the disease is Wilson's disease, spinocerebellar ataxia, prion disease,
Parkinson's disease, Huntington's disease, amytrophic lateral sclerosis, amyloidosis,

25  Alzheimer's disease, Alexander's disease, alcoholic liver disease, cystic fibrosis, Pick's
Disease, spinal muscular dystrophy or Lewy body dementia.

In certain embodiments, the disease is rheumatoid arthritis, osteoarthritis; rheumatoid
spondylitis; psoriasis; post ischemic perfusion injury; inflammatory bowel disease; chronic
inflammatory pulmonary disease, eczema, asthma, psoriasis, ischemia/reperfusion injury,

30  ulcerative colitis, acute respiratory distress syndrome, psoriatic arthritis, infectious arthritis,
progressive chronic arthritis, deforming arthritis, osteoarthritis, traumatic arthritis, gouty
arthritis, Reiter's syndrome, polychondritis, acute synovitis and spondylitis,

glomerulonephritis, hemolytic anemia, aplasic anemia, idiopathic thrombocytopenia,
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=34 chronic thyroiditis, Graves' disease, schleroderma, diabetes, active hepatitis, primary binary
cirrhosis, myasthenia gravis, multiple sclerosis (MS), systemic lupus erythematosus, atopic
dermatitis, contact dermatitis, skin sunburns, chronic renal insufficiency, Stevens-Johnson

5 syndrome, idiopathic sprue, sarcoidosis, Guillain-Barre syndrome, uveitis, conjunctivitis,
keratoconjunctivitis, otitis media, periodontal disease, pulmonary interstitial fibrosis, asthma,
bronchitis, rhinitis, sinusitis, pneumoconiosis, pulmonary insufficiency syndrome, pulmonary
emphysema, pulmonary fibrosis, silicosis, or chronic inflammatory pulmonary disease.
In other aspects, the invention provides a method of treating a subject suffering from

10 or susceptible to multiple myeloma comprising administering to a subject in need thereof a

therapeutically effective amount of a compound of formula I,

@*g“ﬁﬁ"’“

/Z

Ri @;

or a pharmaceutically acceptable salt, ester or prodrug thereof,
wherein,

15 Z is N or CR*, wherein R* is an optionally substituted alkyl, an optionally substituted
acyl, an optionally substituted aryl or an optionally substituted heteroaryl;

ring A is an optionally substituted aryl or an optionally substituted heteroaryl;
ring B is an optionally substituted aryl or an optionally substituted heteroaryl;
R, is (i) H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, heteroaryl, heterocyclic,

20  carbocyclic, C(O)-R,, C(O)O-R,, or S(O),, each of which may be optionally substituted; or
(i1) when Z is CR*, R; may be optionally substituted branched alkyl, OR3, or N(R3)(R3), -
CH,CH»OH, OCH,CH,OH, SH, or thio alkoxy;

or ring B and R; may together with the atom to which each is attached, form an
optionally substituted heterocyclic, or an optionally substituted heteroaryl;

25 or R* and R; together with the atom to which each is attached, may form an
optionally substituted carbocyclic, optionally substituted heterocyclic, optionally substituted
aryl or optionally substituted heteroaryl ring;

R is H or an optionally substituted alkyl; or R and ring A may be joined to form a

fused bicyclic ring which may be optionally substituted;
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NNNHOH 00 (R)-N-(7-(hydroxyam no) - 7- oxoheptyl) - 2-( 3-

hydr oxypi peri di n-1-y1) pyri m di ne-5- carboxam de | CG50(nM HDAC6 = 7 HDAC3
=49 WOQOHAM) 21BINNHOH 00 2- (4- car banoyl pi peri di n- 1- y PXTNS@4/021982
(hydr oxyam no) - 7- oxohept yl ) pyri m di ne-5- car boxam de |1 C50(nM HDAC6 = 8
HDAC3 =41 rNHOH 00 2-(4-hydroxy-4-phenyl pi peridin-1-y1)-N-(7-

(hydr oxyam no) - 7- oxoheptyl ) pyri m di ne-5- carboxam de | C50(nM HDAC6 =4

HDAGS =39 i RMS ihjié_;gem&l(?ly alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each
of which is optionally substituted;

each Rj is independently alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each
of which is optionally substituted;

5 nis4,5,6,7or8; and

pisO,1,0r2;

to thereby treat the subject suffering from or susceptible to multiple myeloma.

In various embodiments, the invention provides a method further comprising co-
administering one or more of a chemotherapeutic agent, radiation agent, hormonal agent,

10  biological agent or an anti-inflammatory agent to the subject.

In a further embodiment, the chemotherapeutic agent is tamoxifen, trastuzamab,
raloxifene, doxorubicin, fluorouracil/5-fu, pamidronate disodium, anastrozole, exemestane,
cyclophosphamide, epirubicin, letrozole, toremifene, fulvestrant, fluoxymester- one,
trastuzumab, methotrexate, megastrol acetate, docetaxel, paclitaxel, testolactone, aziridine,

15  vinblastine, capecitabine, goselerin acetate, zoledronic acid, taxol, vinblastine, or vincristine.

In another embodiment, the invention provides a method wherein the subject is a
human.

In another aspect, the invention provides a kit comprising a compound capable of

inhibiting HDAC activity selected from one or more compounds of formula I

@

/Z
20 Ri (D
or a pharmaceutically acceptable salt, ester or prodrug thereof,
wherein,
Z is N or CR*, wherein R* is an optionally substituted alkyl, an optionally substituted
acyl, an optionally substituted aryl or an optionally substituted heteroaryl;
25 ring A is an optionally substituted aryl or an optionally substituted heteroaryl;

ring B is an optionally substituted aryl or an optionally substituted heteroaryl;
R, is (i) H, alkyl, haloalkyl, alkenyl, aryl, arylalkyl, heteroaryl, heterocyclic,
carbocyclic, C(O)-R,, C(O)O-R,, or S(O),, each of which may be optionally substituted; or
(i1) when Z is CR*, R; may be optionally substituted branched alkyl, OR3, or N(R3)(R3), -
30 CHCH,OH, OCH,CH»OH, SH, or thio alkoxy;
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2- (4- (4-chl orophenyl) - 4- hydr oxypi peridi n-1y1) - N (7- (hydr oxyam no) - 7-
oxoheptyl ) pyri m di ne-5-car boxam de | C50(nM HDAC6 =4 HDAC3 =53 bNN Il H
NNNHOH OOWO 2011/091213 PCT/US2011/021982
(R)-2-(3-(di met hyl am no) pyrrolidin-1-y1l)-N-(7-(hydroxyam no)-7-oxoheptyl)py
ri m di ne-5-carboxam de |1 C50(nM HDAC6 =33 HDAC3 =80 OHCNIIHOO
(S)-N-(7-(hydroxyam no) - 7- oxoheptyl) - 2- ( 2-

(hydroxymet hyl 3y ?191 Rdfn'a lto gl)e?%t'hq}léjﬁteﬁ'\l 3w BREAMAERhedMYRCH, 00
N (7- (hydroxyam no) - 7- oxo

met hy 1-ddtip hﬂl‘}yﬂupsq[teteaillem@c-yyliq p)y pn optidmadly SubstitMed heteroaryl,

ﬁgé(l)é 2%’12 :I'_'E)P &%1/ 02&@3%&%&}% ea omWo HEAlggach is lg{:t)ac%%d _m%(f) fo?’r%raboxam de

optionally substituted carbocyclic, optionally substituted heterocyclic, optionally substituted
5 aryl or optionally substituted heteroaryl ring;
R is H or an optionally substituted alkyl; or R and ring A may be joined to form a
fused bicyclic ring which may be optionally substituted;
each R; is independently alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each
of which is optionally substituted;

10 each Rj is independently alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, each

of which is optionally substituted;
nis4,5,6,7 or 8; and
pis 0, 1, or 2;
and instructions for use in treating multiple myeloma.

15 As discussed above, the present invention provides compounds useful for the
treatment of various diseases. In certain embodiments, the compounds of the present
invention are useful as inhibitors of histone or tubulin deacetylases and thus are useful as
anti-cancer agents, and thus may be useful in the treatment of cancer, by effecting tumor cell
death or inhibiting the growth of tumor cells. In certain exemplary embodiments, the

20 inventive anticancer agents are useful in the treatment of cancers and other proliferative
disorders, including, but not limited to breast cancer, cervical cancer, colon and rectal cancer,
leukemia, lung cancer, melanoma, multiple myeloma, non-Hodgkin's lymphoma, ovarian
cancer, pancreatic cancer, prostate cancer, and gastric cancer, to name a few. In certain
embodiments, the inventive anticancer agents are active against leukemia cells and melanoma

25  cells, and thus are useful for the treatment of leukemias (e.g., myeloid, lymphocytic,
myelocytic and lymphoblastic leukemias) and malignant melanomas. In certain
embodiments, the compounds are useful in the treatment of multiple myeloma.

The compounds of the invention are especially effective to treat or prevent
inflammatory, immune and autoimmune diseases including, but not limited to, arthritic

30 conditions, such as, rheumatoid arthritis, osteoarthritis; rheumatoid spondylitis; psoriasis;
post ischemic perfusion injury; inflammatory bowel disease; chronic inflammatory
pulmonary disease, eczema, asthma, psoriasis, ischemia/reperfusion injury, ulcerative colitis,

acute respiratory distress syndrome, psoriatic arthritis, infectious arthritis, progressive chronic
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N 11H NNNHOH /r 00 2-(4-(4-fluorophenyl)piperazin-1-y1)-N-(7-

(hydr oxyam no) - 7- oxoheptyl ) pyri m di ne-5- car boxam de | C50(nM HDAC6 = 5
HDAC3 =52woiNot/aine1Bl N / Nri\ | HOH 00 PCT/US2011/021982

2- (1, 4-di azepan- 1-y1) - N- ( 7- (hydr oxyam no) -

7- oxoheptyl ) pyri m di ne-5- car boxam de | C50(nM HDAC6 = 19 HDAC3 = 34
....... ---...... NN HH NNN,OH 00 N-(7-(hydroxyam no)-7- oxoheptyl) - 2-

(pi per 'a‘i‘d Rrid- dé%ar%(ijg ﬁ‘tl?'ltﬁe ée&a%m%(,%"u gt %ﬂﬁ% h?%ﬁﬁ?r? RER(S =23 Thil

NN HH N NrN yroxyamno - /- 0X
met hy| piypdwoari pelyehdnjipyis,ianutedispesvitis aaripondyiitid eglomerulonephritis (with or

without nephrotic syndrome), autoimmune hematologic disorders (e.g. hemolytic anemia,
aplasic anemia, idiopathic thrombocytopenia and neutropenia), autoimmune gastritis and
5 autoimmune inflammatory bowel diseases (e.g. ulcerative colitis and Crohn's disease), host

versus graft disease, allograft rejection, chronic thyroiditis, Graves' disease, scleroderma,
diabetes (type I and type II), active hepatitis (acute and chronic), primary binary cirrhosis,
myasthenia gravis, multiple sclerosis (MS), systemic lupus erythematosus, atopic dermatitis,
contact dermatitis, skin sunburns, chronic renal insufficiency, Stevens-Johnson syndrome,

10  idiopathic sprue, sarcoidosis, Guillain-Barre syndrome, uveitis, conjunctivitis,
keratoconjunctivitis, otitis media, periodontal disease, pulmonary interstitial fibrosis, asthma,
bronchitis, rhinitis, sinusitis, pneumoconiosis, pulmonary insufficiency syndrome, pulmonary
emphysema, pulmonary fibrosis, silicosis, chronic inflammatory pulmonary disease (e.g.
chronic obstructive pulmonary disease) and other inflammatory or obstructive diseases of the

15 airways.

Additionally, the inventive compounds may also be useful in the treatment of
protozoal infections. The inventive compounds are also useful in the treatment of diseases
associated with aberrant protein catabolism, for example, protein degradation disorders,
disorders associated with misfolded proteins, and protein deposition disorders. In certain

20  embodiments, the compound are useful in the treatment of the protein deposition disorders,
Wilson's disease, spinocerebellar ataxia, prion disease, Parkinson's disease, Huntington's
disease, amyotrophic lateral sclerosis, spinal muscular atrophy, spinal and bulbar muscular
atrophy, amyloidosis, Alzheimer's disease, Alexander's deases, alcoholic liver disease, cystic
fibrosis, Pick's disease, and Lewy body dementia. In certain exemplary embodiments, the

25  compounds of the invention are useful for disorders associated with histone deacetylation
activity. In certain exemplary embodiments, the compounds of the invention are useful for
disorders associated with tubulin deacetylation activity.

Neurodegenerative diseases that can be treated or prevented include Alzheimer's
disease, Parkinson's disease, cerebral ischaemia, traumatic neurodegenerative disease,

30 Huntingtons's disease or chorea, senile dementia, memory disorder, vascular dementia,
lesions associated with cerebral ischemia (stroke) and with cranial and medullary trauma,
among others.

Methods delineated herein include those wherein the subject is identified as in need of
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| CG50(nM HDAC6 = 18 HDAC3 =87 In preferred enbodi nents, a conpound
useful in the invention has one or nore of the follow ng properties: the
conpound W 20uap@idie of inhibiting at | east one hi stone #caastylhaz®s2t he
conpound i s capable of inhibiting HDAC6; the conpound is a selective HDAC6
5 inhibitor; the conpound binds to the poly-ubiquitin binding domain of
HDAC6; the conpound is capable of inducing apoptosis in cancer cells
(especi | 4. 0 el A Shl ells,
breastzg%%%%gyggrﬁéga%%ﬁ#éﬂ%ﬁ%ﬁ%é%%ﬂ@ gu en?g@gAﬁf%ﬁg@%F§$§Ng#g gr t he
conpounddgrsent ap abiitgeafor amhalldi ¢armgrodeygioesiomd chioberaitjentive (g ogritianorpr ef er r ed

enbodinﬁpts, E co oungng t he invention Cﬁ rises a metal 1 0 binding
noietyf’ﬁ?@?%‘%%ﬂ@gﬁm7 Vi Fidion ”ﬁﬁ?%?}ng_%_'as a hydroxamate. As noted
above, cert ad NqibALQAIRL, 8Be @Jrﬁpdﬁﬁ&ﬁ@ﬂit the VeRiibP5S sOfectiARRIbAGLIOfI tY;

w thout wishing to be bound by theory, it is believed that the potency of
t heSe HyRAGYamdt sssutl, aguesefdtin thedratment phdisorders modulatpd by histase t he
conmpoungds bi nd zi nc, referred enbodj,ments.. a compound. of .t he
mvent 1ot fartaes R Bed Qe ThE Lo BR8PPI o A CRREU By or

sel ect itvbilih deatetfabis@hagiscath, hrdliRfiged tHerFhireai eddisordeRenadgitespyre pat hway,
g., a biological target having tubulin WO 2011/091213PCT/US2011/021982

e.
deacet ik qepesaipsesr Formaamate: pompgundg ofythe ipygatgn npp s us¢fyl wghe aj n

preferr ' , i.av ' ' .zi nc- bi ndi ng
nDietytgggggggg%%%?%? éﬁﬂ%ﬁfgﬁgﬁgpﬁ%ﬂﬁﬁﬁﬂﬁﬁfg@%#%qakﬁﬁﬁgggﬁﬁﬁgéponsib|e for
bi n0i ndyinphdrhe, cod. plArgobadgly,an getanotfieeadpeste adcoating@tosthe prethadd e tréameat of

phar maceuti cal . conposition conpri sing 5conpound of fornmula |, or _a

phar madBUPEEE [V CRARR S AB g §’Eeel?1ﬁe£ &F &elro%«row b dentactipgstiher wi t h

a phar pggptdicalityafasaRN R pSRRd biffomposition, AMEAMdRiGet of the present
invention Is the use of a conpound as described herein (e.g., of any

f or mul ae herBiu)inianothheaspectuf et inventioh, mctineds e thentreatroentod eancar aee
treatment .qf ,a di sorder .or disease herein. Anather object .of fhe present

| nvent 1BV PP Sim e Rt oRoke Bou e amRBRet A Bregive of  any

f ongul a@npRiukd Ne.. [P anpsLthe TofnliBad K@dh MR HeR ibed BérsRl @8 subjecHlinsRage herein.
I n anot her aspect, the invention provides a nethod of method of

synt hegheteely Imcasirponbeiligents ghesitieqt is fhetifedrmshie seasd gfsueheatmaplolinds of t he

| nvent i on. GanRei U0 hdnd e BATRLSS, Bel i, ASANaLRL cabadI ment TS a
nmet hod Of maki ng a conpound of any o he “f'ornultae her érn usicng any one, or

conbi naidninisefing b @acijeansalialffeoend ol oM invEREyvd®@intpdngat ai ncl ude the use
of one or nore I ntermediates or chem cal reagents delineated herein.

Anot herPhaEpRsentisas cCOmPPSURILIANRIISINE B EFtYC ComPBtioss sublfgt BmeehEreredinul ae
debgresh Sl P FATHUALE LBtES1psly T 1GR9 T o o
1311) iemitodduaedof the praste inwampon adtheBipeicatypfuctits aie@nt/'sefthd inverttivér ug
Tt Ol hound o pharmbstuaca Tompotiton i hat sounteifec so Tor ialling oF Hibidag e~
growth of tumor cells. The compounds and compositions, according to the method of the
present invention, may be administered using any amount and any route of administration
25  effective for killing or inhibiting the growth of tumor cells. Thus, the expression "amount
effective to kill or inhibit the growth of tumor cells," as used herein, refers to a sufficient
amount of agent to kill or inhibit the growth of tumor cells. The exact amount required will
vary from subject to subject, depending on the species, age, and general condition of the
subject, the severity of the infection, the particular anticancer agent, its mode of
30  administration, and the like.
In certain embodiments, the method involves the administration of a therapeutically

effective amount of the compound or a pharmaceutically acceptable derivative thereof to a

subject (including, but not limited to a human or animal) in need of it. In certain
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A conpound of the invention can be prepared as a pharmaceutically
acceptable acid addition salt by reacting the free base formof the
conpound wOt2h11z09pt1ar maceut i cal | y 25accept abl e i nor gani c PoT/use@anesaci d.

Al ternatively, a pharnmaceutically acceptable base addition salt of a
conpound of the invention can be prepared by reacting the free acid form of
t he corrpound with a pharmaceutically acceptable inorganic or organic base.
At er NabdiBlifond i b oMpolidl N GAMRE WidSeaher 3¢ chiUE A Bing A D
prepared using salts artl ng materials or intermedi ates.~30The free
aci d ornok he&tebas@hbbltastsmf retiheblgvompaunmesst ofnceh ecrivivakbrincancaam allméreptaépar ed

fromthe corr ng on t . or acid additio

F copectriEy et s Eophi s Bhnbbind GrL t et Tg e aneading: B ¢ i on
sal t fqfomigARd l@@srﬁﬁlpé’ﬁf lthﬁg cﬁ&eﬁ)hﬁlelaWQnggﬁé%p%h@ égﬂo g/ngﬁgﬂé M}Qﬂg@%on—
correspondi ng free base by treating wth a suitable base g., anmoni um
hy dPoxiiedgkol utymphoms oudiagien hgm;pbpam@eat@rv@ncdneprpstk@)canq&r@ @mrdcami:em he

I nvent I adéfepcaa grasg: addgl tCICIOrII( al tC IIC%I' sfglculapce:'\a ((::onvt%r ! eflj a T, rl])raln cancer,

cor r espon Fred 48t 6V by 1€ Wit S Eb P e HE] 8‘{“8
hydrOChh@fbﬁma@bﬂex@h@yﬁlaﬁaﬁ@drug derlvatlves of the conpounds of the

i nvention can be prepared by nethods known to those of ordinary skill in
the art (e.dnceityp embpdimantsy gednyatiye antsaneayiagentearegiseful imhg srpatngingek gani ¢
and Me r F opriate
ot odr uganean g B ARG B Rere Bctudtye Buc Joiiyc 8L SUATRLE, ARRIE

I Nent icancen ddilorﬁarﬁimet:tabéﬁcﬁarebﬁﬂsmiamggala?c@ﬁnﬁelétmnga multiple myeloma non-

1, 1-acyl ox¥<al kyl car banochl ori date, para-nitrophe é 10car bonate, or the
like). PYBPEENALYFEAR 9%1%“?(/@%“‘6?“%%?@“%%8%6 Sapter e SHIEGISh can be

made by, HBABS &NOMEeHQintdARiMEnto rtﬁjé ﬂ%ﬂﬁv% kindidanc8: 4 élaﬁts afd actife d z{lﬁ‘étl ed

description of techniques applicable to the creati protec I ng groups
and t hdemkerrearmlhslandamelzlumrﬂanstﬁd and tHus &% u@fednethe tienmane bf legkéniasi(rsg.i n

Organi c 3rd edition, Joh nd .Sons, Inc., 1999, and

SUbeeq RIS SSRIRPEHE. PHE et TavEalnkles e B sy ase melEp AETER B be
congeniigntill )6tH%E eRBb@hen@! thbGRVERE vEl bt dABcdr ABerl ACRSGvO{gatRsdIMERbEON, as
solvates (e.g., hydrates). Hydrat es of conpounds of the present invention

can be convéYilﬂélﬂﬂq my@i@@pém@) sy plaseraestlanglignangyomhich exmains mqueblgsiesnitgani ¢

et hanst v StetEh AR GLIBN, B0l 95 Rt e RO RERED S SRR T e

art. A(Ih&apyaﬁrﬁi y&h e b@nPMhtabindiAGak MRl (2008)iNe En%aJan@ 3U9aMQ8a502). €. g.
hydrochloric, sulfuric, nitric acids, alumnumtrichlori de%u or organic

(e.g., Neuspaginsuashteente been dsveloperkivhishitarasnot aphydviMaeadlsi Rutabsedbe hancer bi um
trihl atrﬁarrd\? (B %Sroen%a iindl Gnlf 24 %&dh@g SlEh &R ﬁtréagst%ceﬁ of chi onmetric

amounts to itate em cal reactions ases are a asi ¢ chemical,
whi ch qaﬂilddsmnﬁsﬂh&rgmmrmn( &. §. (20000NutnRdi CarcenRa8 > 9aﬂmtm$r<mfplhytﬂe oxXi de) or

organic (e.g., triethylam ne, in nature. Bases are useful in
ei t her Péé IR 1ef118%t0% SIehmEHEbID aélyal’%o%)én%e% significandABt chgir agivity in

react i %an'l\m\@&@! fideQ@nd 5aitky ?sfolaftélﬁpa%‘éwgéﬂs(ﬁ{l&ééhi%nd 'TV&nAh&@sdﬁaKe one or
nmore doubl e bonds, or one or’ nore asymetric centers. Such conpounds can

occur ds (RO it &;V Cracer, 027-337nHideshies, etsil Nghel )ervamen Reveb b, 3017 hdi0Vé;dual

dodhl o e N Fon o2 NEros Il At aRR st A 74 B! Pldeonley ToePher i nea.

In t er neo@f) JENSPCKR 231, ElI689F-0eM/Sikiades, &S, & ). (2003) BRod 1,010237@58(1,D)- or (L)-
for amino acids. All such isoneric forms of these conpounds are expressly

i ncl udddhaupan, kd, qj,aég?é)ﬁﬁ) CaneshRepd3, 6174-6177; Hideshima, T., et al. (2003) Blood 101,
1530-1534; Hideshima, T., et al. (2003) Oncogene 22, 8386-8393; Hideshima, T., et al.

(2004) Oncogene 23, 8766-8776) associated with c-Jun NH2-terminal kinase (JNK) (also
30 known as stress-activated protein kinase) and caspase activation, followed by apoptosis

(Hideshima, T., et al. (2001) Cancer Res. 61, 3071-3076; Mitsiades, N., et al. (2002) Proc

Natl Acad Sci USA 99, 14374-14379; Hideshima, T., et al. (2003) Blood 101, 1530-1534).

Bortezomib also inhibits adherence of MM cells to bone marrow stromal cells (BMSCs) by
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WO 2011/ 091213PCT/ US2011/ 021982 Optical isoners may be prepared fromtheir
respective optically active precursors by the procedures described above,
or by reswbweong9iiie racem c m xtures. The resol uti on camChaSe@anoe®d2 out in
the presence of a resolving agent, by chromatography or by repeated
crystallization or by sonme conbi nation of these techni ques which are known
to those skilled 5in the art. Further details regarding resolutions can be
found i i S, : . S t (John
Wi'ey &SR e mo R op I el P PLA 580D

r epr esdnmgena2(ydb19-ph27 )t asuwdirer indudes cheayagerof SINA-protsindnoess catiahydici nvent i on
expressly i.ncludes all tautoneric fornms of the conpaunds.described herein.
Unen & bl Gl tlE Rk b et B i PefARC0 dbOUHECBORES or ot her
center sfgpjir. JRANELIT LS ndORBVENEL SYMMBL 14D BRESC $ PRtdcld Rt BiRfMbSd- 1t 1S

i ntended that the conpounds include both E and Z georetric isoners.

Li kéwi geducgil hpepiodis féithent fndshisg torte tougd by ane pdentificdhayi bagtcadmi  The
configuratian offaq cgrbon-carbon dpuble]ﬂﬁﬂdlﬁggearing hirein is selected
for convh %‘.‘CS%E%ISHHF;%%naa‘} ot ht'enlded 't o desiPgnate a parti cul ar

conf i gwhaibherapeh@sseehiieedpexihll P BDNAt @SnagitdtUszetsGRiBRAeS A hanal.deodshe bond
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t he twdBlped A&l 287 6,881t syppop af this.chphase Heriploofbertprongp tegnent efunds are
express|.y.i . .t r i i A y . B e
conpouﬁ%émggg@%ﬁ%@ﬁhﬂgfgﬁﬂggﬁgEgéﬁ#gégﬁéh?ﬁZfﬁgggg%hﬁ%ﬁgﬂ%fggiﬁg&?%g%ntion.
Thd 0sy nindesizethtaapsyotkes CRichdbrds@e paGated. {200R) IMEngdkfied Gn8 D 26é7and
further purifi by a net hod such as col u chr.onat ography, hi gh pressure
i quid Waﬁ%g%r%fm?n%@rw EEPYt alent e amtelﬁgﬁ%% et Riicaemt-by t he
5k"'eqeﬁ&&k%?&mn&ﬁ%k@ﬁ&ﬂﬁ&%@ﬁﬁﬁzpém§¥ﬂkﬁﬁﬁh§WHFQWQﬁﬁ&%&&%%@%ﬁt Enthe
formul ae herein wll "be evident to those of ordinary skill in the art.

Addi t i owtldtgd proken kanscoUGABKN IR A cor pB8 P4A RKyinhibitpieofdommexgulate bap-2i ¢aar nat e
sequence or er. to gi.ve. the desired conpoupnds. | ptiong t sol vent s,
¢ onper deupE IV Gy Fesiilfies e o n i CHaMR T Barher B AP RF S pur poses
of 16l | ugtynadi7eHRBINmMANH, &ng. QH0ATHLLAR Y3, Skéd-B779). the art will recogni ze
that variation of the reaction conditions can Froduce t he desired conmpounds
of the presdntceitzigembpdimensy HieHaydngive Gempeaundy atspdeiuse tathe preyeaten of

pr ot ect | o t hodol ogi es. (,pr ot ecti,on and deprotecti.on).useful. in
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(1991); . Fi i i : i ' ani c
Sy aenesiGh ARG F Bkl PR Reps b5 Pec I BRRAF EFARTRAR M REC o
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conpounds of e invention are defined herein by their chem cal structures
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ethylene vinyl acetate, and mixtures thereof. The coatings may optionally be further covered
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by a suitable topcoat of fluorosilicone, polysaccarides, polyethylene glycol, phospholipids or
combinations thereof to impart controlled release characteristics in the composition. A variety
of compositions and methods related to stent coating and/or local stent drug delivery for
preventing restenosis are known in the art (see, for example, U.S. Patent Nos.: 6,517,889;
6,273,913; 6,258,121; 6,251,136; 6,248,127, 6,231,600; 6,203,551; 6,153,252; 6,071,305;
5,891,507; 5,837,313 and published U.S. patent application No.: US2001/0027340. For
example, stents may be coated with polymer-drug conjugates by dipping the stent in polymer-
drug solution or spraying the stent with such a solution. In certain embodiments, suitable
materials for the implantable device include biocompatible and nontoxic materials, and may
be chosen from the metals such as nickel-titanium alloys, steel, or biocompatible polymers,
hydrogels, polyurethanes, polyethylenes, ethylenevinyl acetate copolymers, etc. In certain
embodiments, the inventive compound is coated onto a stent for insertion into an artery or
vein following balloon angioplasty.

The compounds of this invention or pharmaceutically acceptable compositions thereof
may also be incorporated into compositions for coating implantable medical devices, such as
prostheses, artificial valves, vascular grafts, stents and catheters. Accordingly, the present
invention, in another aspect, includes a composition for coating an implantable device
comprising a compound of the present invention as described generally above, and a carrier
suitable for coating said implantable device. In still another aspect, the present invention
includes an implantable device coated with a composition comprising a compound of the
present invention as described generally above, and a carrier suitable for coating said
implantable device.

Within other aspects of the present invention, methods are provided for expanding the
lumen of a body passageway, comprising inserting a stent into the passageway, the stent
having a generally tubular structure, the surface of the structure being coated with (or
otherwise adapted to release) an inventive compound or composition, such that the
passageway is expanded. In certain embodiments, the lumen of a body passageway is
expanded in order to eliminate a biliary, gastrointestinal,, esophageal, tracheal/bronchial,
urethral and/or vascular obstruction.

In certain embodiments, the invention provides a method of treatment of any of the

disorders described herein, wherein the subject is a human.

61



). RNN,OH /1H iR or a pharmaceutically acceptable salt, ester or prodrug
thereof, wherein, Zis Nor CR*, wherein R* is an optionally substituted
al kyl , arwopbilomadiBy substituted 25acyl, an optionally eabaiseemvenssaryl or
an optionally substituted heteroaryl; ring Ais an optionally substituted
aryl or an optionally substituted heteroaryl; ring Bis an optionally
substituted aryl or an optionally substituted heteroaryl; RL is (i) H,

al kyl, halo I o an . : [eTodVTod B]

carbocyclicﬁh%%%¥§%gg%%%ﬁ§%?%§%n%§t%%%#%¥ﬁgg%ﬁ&§¥ﬂﬁﬁ¥%%ng§§§%e opﬁfg%ally

subst i tpreedtingpr (edtingwhg f teidise@iRs or Risorrys descriptiabned Inya sibjpst intnebé df

b hed al kyl R3 CH2C¥ECH CHzgﬁ' SH t hi
ranched a : , . Or , = CH2Ck , ( , ,. 0 io

a1 Koxy suelfrcdmgpic ey e AP S GURHORe oeH VR BRFPERIEN each i s

at t achegfecli @ Mh&tht OPA b&ﬂg&ﬁdﬁ STURSTlvEMI R rAEIHRFREEEIE Ly dREepiblORId Onal |y

substituted heteroaryl; Sor R* and Rl together with tge atomto which each

i s &tt dbéreef. Famanyfdithe ghove ps¢sotiglrtquiredisiosdgenriddratyaddpendiot oo theoppional | y

substituted hetergcyclic, aptionally substituted.aryl .or optionally
st B EIE BERAGH o ERALEOFIC v AR dshtheehdt Yo,

ptro y substituted
al kyl; or Rand ring A may be joined to forma fused bicyclic ring which
may be optionally substituted; 10each R2 is independently alkyl,

cycl oal kyl , 1ogsy| , or heteroaryl, each of which is

L |
optionally j ; - LS I | kyl,
heterocyclogpggb%&g%gg?ﬁg?HH@P%@gﬁpy Fgg gﬂ%§@3§gggﬁh%%ﬁgp f@%ﬁ%ﬁ%%%
subét i tashedundof ®rehplad, ot phar@acaditicahcact&paldd edteiokdt, of prodng: tasieof]i ment, t he

di sease is cancer or a proliferation disease. In a further
enbodi rfe#RtherEh yplaumaecytisaliy prgeable §ATIeEol on cancer, breast cancer,
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cancer, ovarian cancer, stomach cancer, skin cancer, bone cahcer, gastric
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anyl oi qlcl) %ip%lhrmaceutically acceptable salt form in association with at least one pharmaceutically
acceptable carrier or diluent can be manufactured in a conventional manner by mixing,
granulating or coating methods. For example, oral compositions can be tablets or gelatin

20  capsules comprising the active ingredient together with a) diluents, e.g., lactose, dextrose,
sucrose, mannitol, sorbitol, cellulose and/or glycine; b) lubricants, e.g., silica, talcum, stearic
acid, its magnesium or calcium salt and/or polyethyleneglycol; for tablets also c) binders,
e.g., magnesium aluminum silicate, starch paste, gelatin, tragacanth, methylcellulose, sodium
carboxymethylcellulose and or polyvinylpyrrolidone; if desired d) disintegrants, e.g.,

25  starches, agar, alginic acid or its sodium salt, or effervescent mixtures; and/or ) absorbents,
colorants, flavors and sweeteners. Injectable compositions can be aqueous isotonic solutions
or suspensions, and suppositories can be prepared from fatty emulsions or suspensions. The
compositions may be sterilized and/or contain adjuvants, such as preserving, stabilizing,
wetting or emulsifying agents, solution promoters, salts for regulating the osmotic pressure

30 and/or buffers. In addition, they may also contain other therapeutically valuable substances.
Suitable formulations for transdermal applications include an effective amount of a

compound of the present invention with a carrier. A carrier can include absorbable

pharmacologically acceptable solvents to assist passage through the skin of the host. For
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envisions administration of two or more drugs during a single cycle or course of therapy.

25 In certain embodiments, these compositions optionally further comprise one or more
additional therapeutic agents. Alternatively, a compound of this invention may be
administered to a patient in need thereof in combination with the administration of one or
more other therapeutic agents. For example, additional therapeutic agents for conjoint
administration or inclusion in a pharmaceutical composition with a compound of this

30 invention may be an approved chemotherapeutic agent, or it may be any one of a number of
agents undergoing approval in the Food and Drug Administration that ultimately obtain

approval for the treatment of protozoal infections and/or any disorder associated with cellular

hyperproliferation. In certain other embodiments, the additional therapeutic agent is an
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anticancer agent, as discussed in more detail herein. In certain other embodiments, the
compositions of the invention are useful for the treatment of protozoal infections. In the
treatment of cancer or protein degradation disorders, the inventive compound may be
combined with a proteasome inhibitor (e.g., bortezomib, R1 15777 FTI, MG132, NPI-0052,
etc.). In the treatment of cancer or protein degradation disorders, the inventive compound may
be combined with protein degradation inhibitor (e.g. another inventive compound, a tubacin-
like compound, bortezomib, Rl 15777 FTI, MGl 32, NPI-0052, SAHA, '*Ho-DOTMP, arsenic
trioxide, 17- AAG, MG 132, etc.).

It will also be appreciated that the compounds and pharmaceutical compositions of
the present invention can be employed in combination therapies, that is, the compounds and
pharmaceutical compositions can be administered concurrently with, prior to, or subsequent to,
one or more other desired therapeutics or medical procedures. The particular combination of
therapies (therapeutics or procedures) to employ in a combination regimen will take into
account compatibility of the desired therapeutics and/or procedures and the desired therapeutic
effect to be achieved. It will also be appreciated that the therapies employed may achieve a

ffect for the same disorder (for example, an inventive compound may be administered
concurrently with another anticancer agent), or they may achieve different effects (e.g., control

of any adverse effects).

The present invention encompasses pharmaceutically acceptable topical formulations
of inventive compounds. The term "pharmaceutically acceptable topical formulation," as used
herein, means any formulation which is pharmaceutically acceptable for intradermal
administration of a compound of the invention by application of the formulation to the
epidermis. In certain embodiments of the invention, the topical formulation comprises a carrier
system. Pharmaceutically effective carriers include, but are not limited to, solvents {e.g.,
alcohols, poly alcohols, water), creams, lotions, ointments, oils, plasters, liposomes, powders,
emulsions, microemulsions, and buffered solutions (e.g., hypotonic or buffered saline) or any
other carrier known in the art for topically administering pharmaceuticals. A more complete
listing of art-known carriers is provided by reference texts that are standard in the art, for
example, Remington's Pharmaceutical Sciences, 16th Edition, 1980 and 17th Edition, 1985,
both published by Mack Publishing Company, Easton, Pa. In certain other embodiments, the
topical formulations of the invention may comprise excipients. Any pharmaceutically

acceptable excipient known in the art may be used to prepare the inventive pharmaceutically
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host epidermis or dermis, preferably, with little or no systemic absorption. A wide variety of

compounds have been evaluated as to their effectiveness in enhancing the rate of penetration

25  of drugs through the skin. See, for example, Percutaneous Penetration Enhancers, Maibach H.
I. and Smith H. E. (eds.), CRC Press, Inc., Boca Raton, Fla. (1995), which surveys the use
and testing of various skin penetration enhancers, and Buyuktimkin et ah, Chemical Means of
Transdermal Drug Permeation Enhancement in Transdermal and Topical Drug Delivery
Systems, Gosh T. K., Pfister W. R., Yum S. L. (Eds.), Interpharm Press Inc., Buffalo Grove,

30 IU. (1997). In certain exemplary embodiments, penetration agents for use with the invention
include, but are not limited to, triglycerides (e.g., soybean oil), aloe compositions (e.g., aloe-
vera gel), ethyl alcohol, isopropyl alcohol, octolyphenylpolyethylene glycol, oleic acid,
polyethylene glycol 400, propylene glycol, N- decylmethylsulfoxide. fatty acid esters (e.g.,
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herein,. t subj.ect in.n t here ertai i .he \subj ect
e+ aonpifrBaRdBlRe by Rl ERL or pf R BT ARTRO ol 02

met hod th@y mhactisweatifferht efectan@gcohSolwfavi deévkradtisctssi ng adm nistering a
therapeutically effective anmount of an inventive conpound, or a
phadPraceut i 9 exyRplsstheidhciapisn T dltisancgh ageniethay pay borssdungombingtiqupj ect in

need tNEHERL inventive compounds of the present invention include, but not limited to, surgery,

radiotherapy (in but a few examples, gamma-radiation, neutron beam radiotherapy, electron

beam radiotherapy, proton therapy, brachytherapy, and systemic radioactive isotopes, to
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name a few), endocrine therapy, biologic response modifiers (interferons, interleukins,
antibodies, aptamers, siRNAs, oligonucletoides, enzyme, ion channel and receptor inhibitors
or activators to name a-few), hyperthermia and cryotherapy, agents to attenuate any adverse
effects (e.g., antiemetics), and other approved chemotherapeutic drugs, including, but not
limited to, alkylating drugs (e.g., mechlorethamine, chlorambucil, Cyclophosphamide,
Melphalan, Ifosfamide), antimetabolites (e.g., Methotrexate), purine antagonists and
pyrimidine antagonists (e.g. , 6-Mercaptopurine, 5-Fluorouracil, Cytarabile, Gemcitabine),
spindle poisons (e.g., Vinblastine, Vincristine, Vinorelbine, Paclitaxel), podophyllotoxins
(e.g., Etoposide, Irinotecan, Topotecan), antibiotics (Doxorubicin, Bleomycin, Mitomycin),
nitrosoureas (e.g., Carmustine, Lomustine), inorganic ions (e.g., Cisplatin, Carboplatin),
enzymes (e.g., Asparaginase), and hormones (e.g., Tamoxifen, Leuprolide, Flutamide, and
Megestrol), to name a few. For a more comprehensive discussion of updated cancer
therapies see, The Merck Manual, Seventeenth Ed. 1999. See also the National Cancer
Institute (CNT) website (www.nci.nih.gov) and the Food and Drug Administration (FDA)
website for a list of the FDA approved oncology drugs
(www.fda.gov/cder/cancer/dmglistfrarne).

In certain embodiments, the pharmaceutical compositions of the present invention
further comprise one or more additional therapeutically active ingredients (e.g.,
chemotherapeutic and/or palliative). For purposes of the invention, the term "palliative”
refers to treatment that is focused on the relief of symptoms of a disease and/or side effects of
a therapeutic regimen, but is not curative. For example, palliative treatment encompasses
painkillers, antinausea medications, anti-pyretics, and anti-sickness drugs. In addition,
chemotherapy, radiotherapy and surgery can all be used palliatively (that is, to reduce
symptoms without going for cure; e.g., for shrinking tumors and reducing pressure, bleeding,
pain and other symptoms of cancer).

The present compounds and compositions can be administered together with
hormonal and steroidal anti-inflammatory agents, such as but not limited to, estradiol,
conjugated estrogens (e.g., PREMARIN, PREMPRO, AND PREMPHASE), 17 beta
estradiol, calcitonin-salmon, levothyroxine, dexamethasone, medroxyprogesterone,
prednisone, cortisone, flunisolide, and hydrocortisone; non-steroidal anti-inflammatory
agents, such as but not limited to, tramadol, fentanyl, metamizole, ketoprofen, naproxen,

nabumetone, ketoralac, tromethamine, loxoprofen, ibuprofen, aspirin, and acetaminophen;
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Bl ood 101, 2377-80). In support of this, a phase Il trial of bortezom b
treatnment of 202 patients with refractory rel apsed MM denonstrated 35%
responseswoinci/oetiinag 10% conpl et e 10and near conpl et e r @SparssE/021982
(Richardson, P. G, et al. (2003) NEnglJMed 348, 2609-2617); however, 65%
of patients did not respond. Heat-shock protein (hsp)-27 nediates
bortezom bresi stance; conversely, inhibiting hsp-27 expression using hsp-27
antise N 3, M, i va . i i i p38 MAPK
i bi Cor T b BEER AR AREEHELCARRET PN S UNBRELPTE 1
bortezom b (Megihhagnacetical @dmpositigRAT e fragepeinvBatoncdmpthe i terfietiically
H deshima, .T., et al. (2004) Oncogene 23, 8766-8776). In certain
enmbodi rfélsedve 3t ff 8 REmpedphibupigeens Inysnomipripukatadfoggker prigh @it9on of
rest engsi subj a j y and
stenti2%@%£@%m%%§%%?g?§?$%?§ coﬁ%g%p%gﬁgﬁ taaﬁﬁﬁﬁgggb h%%%ggﬂg%ﬁ%he
i nvént iasrepptlé cdysenisedank a asn-soxdoadnérngplidoseminpllidmr dduiddgdlecaliludatyi ces, such
as tubings, shunts, catheters, artificial inplants,. pins, 20electrical
"l antcatefos i Ehaereutiph e fingiodrny Bher 4 phfrietukalenous. stents,
i ncl udi ehJBgikibROE BKRANGEBH €arS beMBinistdle £ & hdhdhs AP SG RN AL JIMENL | Ve
conpounds nmay be bound to an inpl antabl e nedi cal device, or altérnatively,
may be rpetsldy.pefopteadbyo itesdistesnallyeinguay dgisal yo fnttaperitongsillantopisially es\byce. | n
certain_other enbo inegts éh 'nventiver%l%r oqus may be fornulated to be
xSt y

e
cont ai RS it RIMETCIE}- O HOFaNYr @ B L9 ¥¥uryial or nedical device or

251gpl ant,  JUgiidaBsage ToMRXRITPIE adifir@ifafion ShtliieqharmAdu@dally Rgedpaibiet er s,
prosthesis, and the |ike. Accordingly, w thout wi shing to be bound to any
part i clAnaHsioResHGroempliqnaAORttions seEiPpeiany sy may pirhelantsi pr additien txthge ef fects
can be ! ri E | i [P i nter
ai1a f o ahe e abat me AR 0% Rt b ot ARt e o Blof R e,

Sui t ablaet wohks, fgsSexantld, watgenethal sqveapasaubiizingfagenaad emnpBifeant alchasdevi ces
are described in U S. 3QPatents 6,099, 562; 5, 886,026; and 5,304, 121; each
of whi &yl glohloispBioaY el cily! syrbprstercdind acetitrebedgyaleryel &ee2t y pi cal Iy

bi geo I ol ten :

pol sror T At ST IR e ol o Ehu|eRe BES Amni b RaRte. B MEPMr et st o
aci d, evhyhened groumndnugcemagam, alide, thxtduned s¢shae ©df), gliherotoat i ngs may
optionall e further cqvered 2011/ 091213PCT/ US2011/ 021982 hy a suitable
NI N e R Y e Y e e e A e A
phosphahixpiresthereot OBRI At hQNSiIINR! 8Rfordl QohipBalibncQhtal®lihaddd &ljeames
characteristics in the conposition. A variety of conpositions and nethods

r el at edutlbaswetting egeitts, squimiying andsostendingragenrts. gy edichingeflgvoiiog. gdevent i ng
reg?enosg% are kngMn inthe art (see, for exanple, U S. Patent Nos.:

6, 517, 88988 %3 °013; 6, 258, 121; 6, 251, 136; 6, 248, 127; 6, 231, 600;

6, 203, 551; Gnjkd@bRP2epabatidhl, f308kantl8 YlerBOihjecbdSaquiddids @leagidok shed U. S.

pat ent application No.: U52001/ 0027340, each of‘ﬁkiqh i's incorporated

her ei n sy§Pengsipay BaE e formulajedpacprding to, thekpova aybiag seitablg dispaiyinger coat ed

with p - i ] dirppi . Ny - ution
or - apr Sy EE St Ak B DR B B e Bl B Rl b it

sui t abligjenmblersbhiltisn f smspankieniorpmatiabine nbdtakéypaentenatlly ackeptabodingat orbl e and
nontoxi c materials, and y .be chosen fromthe tals such as

i Gbel oI ??frﬁxampk?y 8sa g‘tﬁlété‘?n, ingh>-Bigeesiplatd BYEE 8|a9ﬁf=@r8§,fe Y@bﬂlw@ﬁs,

pol yur ebRARRShat AR YL ENRSre G2y Ieﬂg%ﬂs%iuﬁeﬁ,e@%tﬁ 2Rk uRL €. I N
certain enbodi ment's, the 1nventive coffpound is coated onto a stent for

i nser t iabtoridetsoluginn.akit sidjtiar, steslenfiked didavra gobahtiowdlyanyiloysidas fysolvestidre
conmpounds of.this.inventjon or pharmaceuti call ccept abl e conpositions
Cher eof iR i bR FObiioRaPed RGBTSR CI BRSSP BIVES AT RS mpl ant abl e
medi calsyH@uie fono-SetdigldSerle®SIMRRIBSoN, Biidyl didgisaéh & 1¥BSecid\uaSGdelan tar af t s,
stents and catheters. Accordingly, the present invention, in another

asplct ,premedtionesd iniedtablposi tion for coating an inplantable device conprising
a_compound qf, e PLERSA ! INENLE QDAL deRAL] RETBERCBL b AROKSIonaRd 2
carrier 20suitable for oaflng sai ﬁﬁplan abl'e device. I'n st anot her
aspect ,thé BRigArd@S Sibcutai¥@Rtor YitrdoNGkuldemjcdfioh NPh MiBibeeacd@Mplihed dRtIROussi t h a
conposition conprising a conpound of the present invention as described
general ly above, and a carrier suitable for coating said inplantable
device. Wthin other aspects of the present invention, nmethods are provided
for expandi ng the 6



25l umen of a body passageway, conprising inserting a stent into the
passageway, the stent having a generally tubular structure, the surface of
t he strucwonelly®izig coated with (or otherw se adapted t®CTalSe@sm219an

i nventive conpound or conposition, such that the passageway is expanded. In
certain enbodi nents, the |unmen of a body passageway is expanded in order to
elimnate a biliary, gastrointestinal" esophageal, tracheal/bronchi al

30ur et ly: I ' : i ' , the
nvent i ooa Ho Rer RO PR AP materl R e e e bed
her ei n,ratetod mbsanpti dneofshdb flmgtthénsdepedsnpon i44@nt2 01 disOQ1REBFPRIThUS201h1MAR 1982

In accordance wth the foregojng, the present inyventiop further provides a
ot hod FBP MRG0 PRt (B GHorHE oY e SBrorth et ider s

descri hrekRRAYEadMind GPiRG folnd iSRS Plished %2 di KSR TRR kuspaldiah tiEdig th

con‘grl ses admistering to said subject a therapeutically effective anount
of compuluyediiadd. t he i nvention or a pharmaceutically acceptable salt 5

t hereof . For~an f the above uses he. requi red dosage W || vary, dependi ng
on_t he. rode GnBRiHan 8RR VERE eifis b A€ BrIRaRE R Pl ne R MufER *ane

t he ef f@fbe pegharddby Mhaigme eoihps@lds G0 MORivEhtNSwith suitable nonlifvitafi®d her

aspect, the invention provides a pharnmaceutical conposition conprising a
10conpduRiPicHts grearfigrasuch ap cogpadmiterpelyathylear iglycakbeichtuppputoss wax Whidy ¢ . or

prodr UQaéés gbgff'dea? fambge?lggle Eatl\ﬂjetbtﬁt gglﬂg %{ B@a%%%!ﬁl:pg%ldré/ axgcﬁ&lgf&@rg ! eltciﬁrtﬂé er.

Conpoun he invention can m ni'st e as armaceuti cal
cornposirtctomsorbygianlycaetnuadtdl@patheraotiveecompoupdr t i cul ar enterally, e.g.,
orally, e.g., . in the formof tablets or capsules, or parenterall e.g., in
the form of JHISOMREFEORLPHA TIBHA e g@%@ﬁ@%@&ﬁ?ﬁ%@éﬁﬁ &y S&@é@%ha}réi n the
form ofg|.at ef’a'ﬁ%’caﬁs‘%llle':s’us NLEB L Spilits G BRMRe oPhilk @%%arré?-%h aQMhjghupposi tory
form Pharrmaceutical conpositions conprising a conpound of the present

i nvent imolecuarf waehtfpol yatlodenerglgeagphardthe lie.i cal | y acceptable salt formin
association wth.at | east one pharnmaceuticall C table carrier or

i Tuent can B ASiHus mR UG oA BoRVEKES SR aRC BRI Yty anul at i ng
or 160atdxpgpidied NQfdted d66Ne EHRNBIIE doRbaforfRMPeHIdtt AFeceaRaPR1dsaPilIg HdOr

gel atin 20capsul es conprising the active |ngredlent together with a

di | uentgganudescpan be geaperrd widleseatingeandsiheHpsich aggnielic epatingsripleass contrelling| ose
and/ or glycine; |.ubri can e.d...Shlica, talcu teari G acid, .ts
mmanesim o e eHien sbef WBidnafndy e Bruli?y S flsE A A 8ieaniae .

bi nder sjos@zeForm4Tehg RESVAIBNFIcuRt AAbSI adhG:2ddBwitls kAt & op@Bik R dilgedtatitias
tragacant h, nethyl cel |l ul ose, sodi um carboxynet hyl cel | ul ose and or

pol yvi riyFisys-dastesgeratarghy Syeh idpsage dyrmi neayalegyeaipptise. & ig normaPragtiehes, agar ,
b 201 Ao bl e Mol e lenf® L EL KERTRD UMMM AR o BPEERDEY ¢ can
be aqueddsssucls ahighesisalstehianandonicsas peaiinoadlul@nd iIsthppasi dfenpadescan be
prepared from f tt%%enulsions or suspensi.ons._ The conpositions may be

steri | i3¥ESARGPOF CERPHER TAHFUNEhtIS CUtRKCALTISHBE 88Ny, st abi | i zi ng,
wetting or Qﬂﬂﬁgiﬁ%ﬁ@gbﬁﬁﬁ@HQHU%ﬁ&Ehh%Q@Bﬁﬁ@ﬁ&ﬁﬁ§ﬁk§ﬁﬁg%uﬁ@BfﬁﬁQU|aF'ng the
osnotic pressure 30and/or buffers. In addition, they y al so contain other
t her apenvdntiah lincludgl aistipleptss pirttsasreans, |Sinnsagdle pbwdens] exllutoms, $poryst r ansder nal

ap gi cations inclyde effective anount .of a conpaund qf. t he.present
noEnt | BRI Y R 7B SexSEampPaf cunryined (e ABakTsatigh ML e
phar magphagicealidaylyae bﬁ’@&a@ﬁé@inﬂ%ﬂ% %eédédgﬁé'eﬁiatip@sso?%ﬁfeﬁsms%*‘bet he skin of
the host. For WD 2011/091213PCT/ US2011/ 021982
required. Ophthalmic formulation, ear drops, eye ointments, powders and solutions are also
contemplated as being within the scope of this invention.
The ointments, pastes, creams and gels may contain, in addition to an active
30 compound of this invention, excipients such as animal and vegetable fats, oils, waxes,

paraffins, starch, tragacanth, cellulose derivatives, polyethylene glycols, silicones, bentonites,

silicic acid, talc and zinc oxide, or mixtures thereof.
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exanpl e, transdermal devices are in the formof a bandage conprising a
backi ng nmenber, a reservoir containing the conpound optionally with
carriers,woppbiloadiBy a rate controlling barrier to deliwer/usb@imerwpound to
the skin of the host at a controlled and predeterm ned rate over a

prol onged period of tinme, and neans to secure the device to the skin.
Matrix Stransdermal formulations nay al so be used. Suitable formulations
for topical RRRlHCA s Bauflcontdifl hBAK o AILompBEnasEmiPIRLRAGR V_aqueous
sol utions, ointnents, cp/eams or gels well- known'in the art. Such may

cont ai rexsiplianksd duick es kictose,afdec] dilz@c sgidi dmngiunyheintrade icalyivag eiicstes fuf f er s and
preservatives. Conpounds of t i nvention gan be adm nistered .in

P her apetiUanT DS oM B TEH S OB oo P RaT MG RGO ER more
t her apeytiomat@dsidbell AR eMbictRbrohaidcAdbhQns) . For exanpl e, synergistic
effects can occur with other anti-proliferative, anti-cancer,

i mrnonodul akrensgeomal patchey gfvie smartded wd eanbege af proyidivg eprdrdlled delovasp ahals of

the invention, ar dm ni stered in_conjyncti i.t h. ot her ..t her.api.es, dosages
of 1 he avaan i Ge BB, el Sl Pt Rah My GEur R

ni's u e va ing t he type
of ~co- diorpoaiidinosie gropenmehins PEBJokptionlp intgrseiinlaBped usedto iferesRE flbon
being treated and so forth. Conbi nation therapy includes the

adni ni fithe sompaynd peresstilipjskiar Themgse GrBe contfolled e eithy PSP HAIR BAAME t h ot her
bi ol ogi . i i hgriedj. Ut i m.t. , a second and
differ ecg)? lrg%lfl g ?\IIieéc[)l?c/)tiGF %Iﬁse{](%cb%gdd nﬁné%g%ﬁrgﬁ&g}cﬁé at#i’%rg%)ﬂi Ig%thggﬁgg" as, but not

i nDted to, Aaoghfiytoothe hthoak obtredtmeat sfehd presdminvensdmd g rderhare teneaunds of
the invention can be used jn Zg conbi nati on V\iéh t her phar rrﬁce%i cally
active chPﬁiYGH‘i’?ﬂé‘}aﬁWé?“ér%‘ﬁ ¥ & SHP8Y AHSthEHAENMA), 8Y 3 e IR dRT ' YFE 2ef f ect
of the tﬁ&HﬂS’éﬁ‘tﬁ@&ﬁy Gectib€ amBY RN QB mpbicd SOMP AHRAGoR fin bl dnBi@RtdnARoCcan be
adm ni stered sinul taneously (as a £I ngl e preparation or separate

pr epar autlofineas isegeenty talaklicvotht Wesizddhesuld iThe tere' thapapeuticnllyerfiiecave, a

conmbi nation t herapy enyisjions adnmnistratian of two .more dru during a
S ol o ytine G BhouaY BFUERRAR i esRatrorb g fciai ot s

CORBOSI dohPRan® R haBRlebitadelthé BRHpEARTRE b ABRRE P4 siBie. Addivdanakrstdyarnapeut i ¢
agents. Al'ternatively, a conpound of this invention may be adm nistered to
a pat i d¢he medicaleasts a thenapgitichlhy efldeasiva amoont ofjatdempeund dhihis isverdionorillde abne or
more other LOGE ARGk AN Dric AL SARTRL fu gL Nl therapeutic agent s
for conjoin a h S P AT PR e O Y SR & pharrmaceuti cal conposition
with a conpgunendhl, tothfodds bNRNvaAkion )yl be adhinpeeo vietheapemmiaher apeut i ¢
agent, or it may be any one of a nunmber of agents undergoi ng approval in

t he Foddfestvr TRAMPtRYAARY 8f thatpw and agceptablerraedas\kngnp i My PISREAISINEDT o1t he

tr oat o) e i i a I : i |
cefPul o opg bR RAfiEhe bP LR feBe ot i At ARG RhGhy b ona
t her apeuty widetjedipendingion tMBe2OtY/ob Aile2di SRAC MdSA hH 0238 2haaith o€ érecer agent
as discussed in nore ga@ail her ei n. Ig certain gt her enmbodi ments, the
conposiFPIsAs REPAREY Phisrompruat ksedaf afher Bictarndn grasplnimisiastory Fstisy oal

i nfectiQhgdidaRdltB®e Tobéﬁ{eﬁ‘%%terﬁfcaﬁgﬁﬁ@aﬁly%os@e%?frﬂm%%ﬁ?@@f& kpRs5 %g"‘/f%é &' S,
the inventive conmpound may” be conbined"wth a proteasone 1 nhibitor (e.qg.,

bor t ez dwidlp weight 1607 P £FIme/i31 22, indleate@08i2y dBegein)the langdrmeanmelatgent  of
canger .or_pratein deqradation disorders, i nventive conpound y be
Rt ndtm i G Be S 355 Ak Bnioe B 508 et e e R RaR e
conpoung divaddduRRed i to fer GABPLENCer 1R éthRIZB A PSuildblelinlt/dosimh! ford¥ o3 dral
NPl - 0052, SAHA, 166HoDOTMP, arsenic trioxide, 17- AAG 132, etc.). It

wi || alssgimstrafppreegivasedonhet 1ihe0 aewmsouatgredientphar maceut i cal comnpositions
of 10 the ' nt i on e.. | oyed . i ' rapies, that
"5, the combangab shEMeRhaBttREie TS bd GRG0 R IEL S

concur rigwnkipyn Wdyhran ger fr@h abut 00 mse qUent500eng/Re eabott AP Mephherabdesi r ed
t herapeutics qr nedical Erocedures. The (ﬁarti cul ar conbi nati on of, therapies

(t BEr ap®mg/s baltgnatedy fregy abogt biatept Phme/kedabeude] eribpagidvee/mw I t ake
ond ¢ nd aar, SYMEh| Relhdi Loripe (FBR SEfnt ATRARS Lohfifisd An R PSR ALY o

appr ecipatied it netd ¢fhvach treatappheSomrrpbutyl@dngeyabout 1000 mg of the compound(s) of

this invention per day in single or multiple doses. Therapeutic amounts or doses will also
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achieve a desired effect for the same disorder (for exanple, an inventive
conpound rmay be adm ni stered concurrently with another anticancer agent),
or they mu92achivexe different effects (e.g., control of pamuSacver®s2
effects). The present invention enconpasses pharnmaceutically acceptabl e
topi cal formul ati ons 20of i nventi ve conpounds. The term "pharmaceutically
acceptabl e topical formulation,” as used herein, neans any fornulation
whi ch i : [ ; r of a
O o 3 PAFEFBRE U 6 b oAGERLARA 2 LM 0k ARSI, opll Qs e
epi der mgsntsl n certain enbodi nents of the invention, the top| cal fornul ation
conprises a . carrier s sterrﬁ %ﬁ)ﬂrmaceuélca L{¥ effectlve carriers include,
but are not JRIR FREOYGCNEGE 4Bt s8pRdiHon. apigigafnce 4957 Of HfUre, wat er),
Cr eams, cohfMoki@iBs or Q(brﬁﬁﬂﬁ@t’iﬁn%f s 1§Venﬁbﬁ1§{a b8 ad MRS RUES neRQVEEr s, emul sions,
m croemul si ons, and buffered solutions (e.g., hypotonic or uffered sal i ne)
or &ny Dbheuenty. rtlneecilosngmwfrfrqmen%eofmdmlm@trratmppltlanth ymadbd redgeedy iny
phar maceut i cal Ie & | .St ar.t pun. ca rovi ded
by o dptitiol s Srias 47 AL ROk R IR Teiie B0 koM BN RS e h b on <
Phar macgtiptsiad haS@lbeélﬁﬁlz‘e,wal&i tltb theltdsire levER R a@nsht Ihtuld &Akeli TheosubjelBay, bot h
publ i shed by Mack Publ i shi ng Conpany, Easton Pa., the disclosures of which
are i ndOMSEPIATsITR SR U tRafeqns AR & 19ng-teHBibasia HPOT &ty Tegurrange ebdiserish ot her
enbodi Pﬁ) {he topical fornulations of the invention may conprise
exci pi e nAny pharmaceutically acceptabl e excipient known in the art may
be10sed to drejabeutdeestosi doivewe, tmhtahmﬁlﬂallgahdy ofhe compounds and
2011/ 091213PCT/ US2011/ 021982 accep bI e pi c formul ati ons. Exanpl es of
exci pi &RfPOpifigps %éﬁe BESSPH AMFALEN Al eeqléﬁs‘ltty © RYFTI R yawsanow%ﬂéhe
| nvent i6pd AGLHAPmelihl jBESENARL Th Shcatt nfibiBFERRE YAy ricA oA .
noi sturi zers, 1 ent’s,” buffering agents, solubilizing agents, other
penet r atepeml @gmrat\&ne@kcvfrfacpomtleduang she @&mﬂadieargttsqatealmmdph@mbﬂiamﬁshe and/ or
additio aI th{ehﬁ g ent used in 5co |$ahta to the inventive
conpou &i 58 té“b’ od kfe?HiPHEP%@P B @eﬁg{‘: MR8t 0, al cohol s,
quasker ré@[ploﬁm tReage Hdd %&g}ﬁcgéﬁﬁral R @b&RSand N ob BRNAkiSat; Pleitindbbe
anti oxi dant’s include, but are not limted to, ascorbic acid and its esters,
sodi umagmjuistratics, rawg 9ff s istigienmo Ryd @ltmmcrdﬁawf theesgtedifie r:@aay@mds ol e,
FTSICSPEEI ;)ler%edaﬁld da Oa%o%tg):g{}% at?egcl?nﬁ%:) % ﬁllrlulg%eltls% 11-@ comg naelét{ cIJr c01nc1c(ijen6a {hatg
10pol y ?&Mﬁea@rngdn}fﬁl(ﬂnﬁploybﬁ@and Hlfwfa@tro@spwzlela@o\gi mctﬁl: meswatzﬁbd e buffering
agents for use with the invention include, but are not limted to, citric,
hydr ochl or i cthedpyentige glse paevidestior ¢ phaymacgiticaliombiptions I & ifrkef. SQBPHENS
i nelhud I I
cy% od:dgtar #%tsa%&gte‘ﬁgaf bare@r?z tug(,qo glglé}{lﬁf B%ngl %ysor%gtlggfegzw tarbllne skin
pr ot ect;ﬁnatrﬁactehactalkyancdpmmsgﬂi form{ dnel ) apleastiont oomgérat Tloxisit efn doneprisavent i on
include, but are not Ijmted to, vi tamf? E 150il, allat %&ﬁgl met hi cone,
gl ycer ilAstysHPR Oattaﬁﬁimglﬁsc&ram&o st suttering frgm op pysgeR{d HERE S the
phar macgggal |y acceptable topical fornulations of the invention conprise
at |l east a conpound of the invention and a penetration enhanci ng agent. The
choi ce of tdﬁiedamnﬁ'bpfadha?mibtoatimﬁ' ol "aepend wimisetratial” of detldresys utihe¢dudi ng t he
condition.to be treated, the sl coch ca acteristics, of .the

" neBnt IR GirOEiRG g PR B SEL oIS Le PP LT T FEPE: 1 ¢ e
fOF MUl &atiBit, arkVAb hrﬁ@&&d@@ﬁ%ﬁﬁl@&f«éﬁﬁﬁ@lt %@&mmﬁtwhlaﬂ@leﬁgéﬁa&%%t raints. As
used herein the term "penetration enhanci ng agent" nmeans an agent capable
of transposiligdaipsiaictdydhoginsaionte dadnwstedippountithe sawea et he str at um
corneum and 4yt nﬁh%a%%c%eml%o& n%?éﬂg"assusé’é Eégnarﬁééﬁ»sa ! Sdlel iha} Ile§ 1
system c absorp iort, e vari et oun ave en eval tated as to
their efdmeeid MBMESS dombeiifg B mdg: ﬁhble oﬁe’:l&c@w@ﬁng?&ﬁeﬁtraaﬁ liud2s beth @L{ddgﬁd
through the skin. See, for exanple, Percutaneous Penetration Enhancers,
MaBBac Hop:fied cappingfippnofihe petivedpgregientsrbhertens stixqdgombiggsion” mpepBhthat| o

(1995), L@i&k etration
enhancet?gs\@étﬁllaﬁ%é&%tglén% n etp(g'ﬂlq %@#gg}t k/@gﬁs of “Tran ﬁ?prral Dr ug

Per rreatadﬁnmElehaalrto eqmnentlsnnﬂltma«sw methe &onch dfopicgdd eldity @r Dedagw.€Fhe tSyst ens,
Gosh T Pfister W R, ( Eds. nt er pharm Pre Lnc. . Buffalo
G ove, @9%119%% §9ghyatien, e Z\?%%@éﬂw d)éer%so gn@rﬁoglp%%ef %tn?V&ﬁﬁ%ent s

for use with the invention
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i nclude, but are not limted to, triglycerides (e.g., soybean oil), aloe
conpositions (e.g., aloe- vera gel), ethyl alcohol, isopropyl alcohol,

oct ol yphewgl2palopezibyl ene gl ycol, ol eic acid, polyethyl emeTgiSgeiolo2iw8n,
propyl ene glycol, N decyl nmethyl sul foxide. fatty acid esters (e.g., WO
2011/ 091213PCT/ US2011/ 021982 i sopropyl nyristate, nethyl |aurate, glycerol
nonool eate, and propyl ene gl ycol nonool eate) and N-nethyl pyrrolidine.

In certapn c%:?é@ﬁlti HRMHoth a&rﬁﬁ}s@&@&)f?ﬁd dtféﬁtsasr@%argé ehftid G hEPE Mufhindhubyment s,
pastes, creans, lotions, gels, powders, solutions, sprays, Inhalants or
pat cheson¢inrandytoaseyuentathl witly nd spaeifadime iitsts, Weraml sach adsingtratitue

conposi tians accor di ta the.inyvention are creans, i ch further
Conr ot P ey BFER Bt i a el Put i g Bod o BY mt it By i 1
acid, Q!i@ér%h%lcaipgliiesﬁélca%ﬁtﬁh HefipG, @61 the a‘%lﬁﬁ%ilstrﬁfoncﬂf%ﬂee 8l meROAgivest earic acid

being particularly preferred. eans of the invention may al so contain a
nondi orihgredigntsact ant, for exanpl e, pol yoxy-40- stearate. In certain
embodi ment s, ¢ L€ AL SOMRONENhch S RUH XA NdRL BLST deeo sandiilons

10wi th a phar RScRGTIPE A yale BEOV RIS SYL XY & PRGN CHE SRV e S8F G5t i ves
or buf figglad@®uh@d¥ nbelimeelio, @t exChdiigha! flfihQ bRkMidlinh Qteara@ N&bitBRs seramd eye
drops are al so contenpl ated as bein% wi thin the scope of this invention.
Addi t i gnafeiny, suchas pyaae prumpltaymin obiittes selkstasicas sish ak hespbates, glychivs tebical
pat ches, .. Whj f i.di I delivery of
s e G e e L e

di dpensiaer, tdis ok Blecoolyaundich as ploeanpine pelfatereiidadinm Agdrdpacpisspltht@bove,
penetration enhanci ng agents can aLso be-us§ﬂ§to inC{e-se the flux of the

conpourRPtaseingsyydr né’k‘P?P%aﬁFhé"dﬂ‘&Pé losidepdnc s r QP! $iicde MagBFsilRovi di ng a
rate ¢ s i i i t J i mer matri x
qagﬂleété,l Jo IR ABEdSHe, g?(lggdrﬁﬁ%rs%ﬁ&s, ﬁ}ﬁy&ﬁ’ﬁpr@dlgtq%%ﬂrpgoﬁ)g?én%

or gel. It wll also be appre ted that the conpoun nmaceuti ca

conpositlednmlyphe20vbd fpr, egrnt suchaghitioss ghanvsband axcmsk attedhandcleaptooyed i n
conbi nati gn therapies, t i s, .the conpounds and,pharmaceuti.c

conpos Y ghe DB KU die ReBrARan 1 gb ar UM BTy wi ¢ b,
Prifgr tRiuke, SHRSBEHESE ah@ cel@N8seQicetlRs BoRidid rd@hh@ImhResARBYIdIES Or
medi cal procedures. The particul ar conbi nation of therapies (therapeutics
or procEdipiansd) such apegsioapuiter aad sopisisHenyi wakes.egissaeh §i pdanptzik cottanseec@bunt
conpati bjd it f the desi,red.25t her utics and/ or procedures,and,th
door redalinsisfl e iRe PRUL I BUMGRRE ok BN ERFo EFASTHMRENEd ¢ ha
t he t hejrppiyethy®silodyel oY wehhestiylcolers hieethgfiheate, igir; BuFRriaggeds sor der
(for exanple, an inventive conpound may be adm nistered concurrently with
anot hersUfihimegisaiimabkgxide and aluayyng Bydrexidggdginicocid gargeidee ofatdlor t he

tr ept [ hasl t chi i ff fec -

conpr o PG AR BIRER) sqiHort A1 AR Bl T g RO R S

ant i cantkdr nageotis coipititi@ijubbieants @dhian sedioi Inatyl arifavd dnfd rhigmesinmesdarae,
conpounds of th resent invention include, but not |inted to, surgery,

r adi ot r?érw&ﬂwﬁrﬁatag%}ltﬁéwe@&we@?; CopAA T T GRS BT B8 SBdam

radi ot her@RYne SleR&! pREDRAT LATh AT ARY0an Qfsgtb‘ég)résgﬁtr iARNe cRhRshher apy,
and system c Tadi oactive Isotopes, to WO 2011/ 091213PCT/ US2011/ 021982 nane
a few) ,aceordogrtp e jubgmap\of thyi folrogimrr g presen kodkd inbrbsto(s artphrifnercenigsal

i nt,er | euki ps nti bodi es, aptaners, si ol i gonucgl et.oi.des,. enzyne, ion
ch e siinieisel Bisy S Soinue P Bl magen b aboros SO AT ioR ) ar t her i a
and cr y@thgE aPNumA8e NMthe sd Phadthh@nHad RoRPYsiBONE WwhechedohfSisS af 8mBunt of the
antienetics), and other approved chenot herapeutic drggs, i ncl udi ng, but not
51 i mi t @doter inhibitor effdctige Hy weps of pregent apsetgindripaskandaaed edrdt il

Cycl op hani. de, h . f.am ietapol | .

Vet not PRR R b LA B B8 AL oAl IESHPR L i ol

6- Mer capt opuri ne, 5-Fluorouracil, Cytarabile, Gentitabine), spindle poisons
(e.g., Vinblastine, Vincristine, Vinorelbine, Paclitaxel), podophyll otoxins
(e39., Etoposide, Irinotecan, Topotmgaiples antibiotics (Doxorubicin,

Bl eonycin, Mtomycin), 10nitrosoureas (e.g., Carmnustine, Lonustine),

i nor gani ¢ i okl qogmpgundsGindpiregeisses oCthetwpreat inmgntioanyiirhsdefter ypderstood in

Aspar agl nasehn WAL RIIRNES elcfndes, whAHOKL {8 0ael GURE QOG0 drifl A H6 -, and
NbgestroP?, 10 nane a Tew.°For ‘a nore conpréhen5|ve drsCussToh™d updat ed
cancer therapies see, The Merck Manual, Seventeenth Ed. 1999, the entire
contents of which are hereby incorporated by reference. See al so the

Nati onal Cancer Institute (CNI) website 15 (www. nci.ni h.gov) and the Food
and Drug Administration (FDA) website’2or a list of the FDA approved
oncol ogy drugs (ww. fda. gov/ cder/cancer/dnglistfrarne).



limit the scope of the invention. Definitions of variables in the structures in schemes herein

are commensurate with those of corresponding positions in the formulae delineated herein.

Example 1: Synthesis of 2-(diphenylamino)-N-(7-(hydroxyamino)-7-oxoheptyl)

5 pyrimidine-5-carboxamide

N.__N
D
©/ N%/HN\/\/\/\I(NHOH
0 O

Reaction Scheme

N
H
2 3
o, 1 o et oy o
~ \ -
EtOH N""N HATU/DIPEATTHF N"'N

O
Qs
NH,OH,NaOH M J H
N”'N

———

MeOH/DCM i

Synthesis of Intermediate 2

10

73



In order to prolong the effect of a drug, it is often desirable to slow the
absorption of the drug from subcutaneous or intranuscular injection. This
may be acwonpliie®nad by the use WO 2011/ 091213PCT/ US2011,02433@ 1021982 | i qui d
suspensi on of crystalline or anorphous material with poor water solubility.
The rate of absorption of the drug then depends upon its rate of

di ssolution which, in turn, nmay depend upon crystal size and crystalline
form Alternatively, delayed absompfion of a parenterally adm nistered drug
formis acconplished di ssol vi or suspendi ng the dru in 5an oil

vehi cl e. Conposi tians kor~rect al vagi nal a ni st e preferably
suppositories whi'ﬂ:h anoo/e\r\ epa X i n@s @ﬁ }% this

i nvention w thspunt@bl e non- |rrK210§IaJDW exci pi W«;]/rrl ers such as cocoa
butter, polyethyl ene. gl ycol or a suppository wax wWhich are solid at anbi ent
terrperature but |IC]UId at body tenperature and ther®fore nelt inthe 1 0
rectum pr_.va Vhiy t 0 Sol~i d
COHpOSI@ Irrgﬁtélgéoékaanll?n% r{?% %p%ll{lglbfﬁ%ﬁ 2- (Ql?%l%ﬁ\_éljl délgee%@g‘r“s%o?q/lﬁe 1(7. 5 ngo ft and
har d- f ithinet), get@t (1n g@&@ﬁﬂhcﬂ&ﬂJlSMTQ(lSGﬁh) @xgd@amﬂanasuﬂracmqsze °@runﬁbﬂ k sugar
as well as high nol ecul ar wei ght polyethylene glycols and the |ike. The

act i ve Nuotwssiialts Eeawaaql%m%urﬁﬂv%ce?lsd it apd dilated avithdetAAg R0 s8Rk thsn mor e
15exci | gees,
capeul e R R 0 R e e B o e e S e
as ent dﬁaZSO@&arapafrgtsd te éﬂyeasemdqmnﬁedl by sidice gatchrngsatagrdplot (petroleoat i ngs wel |
known in t ar utical ati n art solid dosage forns the
active e@'&fﬁ%ﬁﬁﬁg‘? ﬁgw 1§é° &’dﬁlﬂ%'e CEWOQP Iaé&s‘thf?ﬁQﬁazg?‘ ?/‘aent such as

sucrose, |lactose or starch. Such dosage forns may al so conprise, as is
normal practice, 20additional substances other than inert diluents, e.g.,

t abl et i hythegisoif dtensedatel3 ot her tabl eting ai ds such a nagnesi um st earate and
m crocrystal line cellulose. In the case of capsul es, tablets and pills, the

dosage forns may al so conprise buffering agent Dosage forms for
t opi cal or transder rral adm |strat| of a c % Phl S invention
SN

i ncl ude oi nt nents, |ons ers, solutions,
sprays, 25inhal an ches Ta@o@cm/mts conp i s adm xed under
sterile conditions w h a pharmaceutically acce I e carrier and any

negded preservatives or2zbuffers as may be requireds Ophthal mc fornul ation,
ear drops, eye ointnents, powders and solutions are also contenpl ated as
being within the scope of this invention. The ointnents, pastes, creans and

gel s may hGRt@bMhe b&nﬁ&lﬂfdtz @D @Sé}ﬂmégt ioH@be%Q&&é!fI%QQ@ 30fmrh!91') SCﬁIfW?fF‘t ion,
exci pients such as ani mal and vegetable fats, oi waxes, paraffins,

st ar ch,mg.raQaeami. §;52Ce4 (10130s 80dempl an TEES, (2%@&)3‘{&’&@/41@?1@86@ nyqulrged SMltIhl cones,

bent oni t.es icic.acid,  talc nd Zi m xture r eof

2011/ 0di 5t oErE bvubSn B AReat Bho Wk Tyn Al SOHPERA RS T on <o
t he 5conpaunritedolith BiGAE (DOBMI) @Ad 98%EIPHEDOGmS)I S BH JCasH gﬁea gen%@‘g ped-licic
aci d, alum num hydroxide, calciumsilicates and pol yam de powder, or

m xt ur e¥ered lPﬁe@é agdiien ah NELF (H¥leayswagh (108l tsvnfallcraygeéémoa» HGust omary
propell h I ve t he
added a vantg@z ? éde?bél%ﬁ%%&%n?%ﬁﬁ%wggp télr?r;l/E fglﬁgetég%lbdgﬁ%i:@géflﬁg body
Such dosz&gfﬂtefrmmﬂ washed ovithdd© Ay Th SEate/w figevapordicape dsyneeps atddeh@:ﬂmalmund in

t he proper m . Abso i on enh ers._can Iso use to increase the
flux ofVasHri aaﬂﬁae%ef@%@netﬁémgﬁy Fpetrolsant efbers ﬁ3 WohttP shicey By Ve t her
pr oy dlslggd@%agge%gontrol | ing menbrane or by dispersi ng the conpound in a
pol ymer matrix or gel

Synthesis of Intermediate 4
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10According to the nethods of treatnent of the present invention, disorders
are treated or prevented in a subject, such as a human or other aninmal, by
adm ni st ewOregiit111iBe subj ect a therapeutically effecti veCamsant/oofsan
conpound of the invention, in such anbunts and for such tine as is
necessary to achieve the desired result. The term "therapeutically
effective anount” of a conpound of the invention, as used herein, neans a
sufficient anount of the 15 gpnpound so as to decrease e synptons of a

di sorder in a subject. As | | understood in the nedlcal arts a

t her apeutical |y tiNéﬁEE%MB f ga@pnpo f i NQENtion will be at
a reasonabl e ben ,Ak tio applicable t .- al treatnent. In
general , compounds of N heNinvention OH be adnl st@red in therapeutically

effective amounts vi y of the usual and accep¥abhl e nodes known in the
art, either singly o in conbination with on nore therapeutic
agents. A therapeutic ef fective anount may vary w dely dependi ng on the
severity of the disease, the age and rel ative heal th of the subj ect, the
pot ency,\oNabiEBOWA 8% 2R6AbRGH tht R65BbSnd 3 (5.OENEA At Egf@ct ory
results arg ?ﬁ |catg§Ja (R% Ogtg?hed syste%@ &F%yn%tggglﬁhn%Zsages of from
about (20@ntlp TRe minmikgapenredat GO Ve fatBOn(in. Afferteyapordtiorgéfitig soldmti thei cat ed
daily dosage in the |ar |, e.g. .25 hunmans in the range from
Sbout OB Wb riod B Co st s St PR ARG (8 strPeBy g Wan gi vi dod
dosgs URirh&ed Qith HOMRI2 & B9 anldhd SiloaNid 14yRF Was %ﬂata@&i Savidtwdosage fornms
for oral adm nistration conprise fromca. to 50 ng active ingredient.

I n cer t@ixnl 09mblodirimen(? &, 108 mhemndpisiet iozeraNmdk. Remeliad ef eflvant gavonprowmds  of

t he preseggz vgg on may range from about 0.1 ng/kg to about 500 ny/kg
(about 6! hﬁl 0 about 30 900 ng/nR), alternatively fromabout 1 to
about 50 ng/ kg (about 1.8 to about 90 ng/n2). In g general, treatmnent

regi mens according to the present invention conprise adnini stration to a
pat i entSynthesis of Infernagdiate 6r eat nent from about 10 ng to about 1000 ng of the
cogqgound(s) of this invention per day in single or multiple doses.
Therapeutlc anmopunts or doses will also WD 2011/091213PCT/US2011/ 021982
vary dependlng on Poute of adm nistration, as well as ¢ he possibiligy of

co- usag ent s, _~_~_lpaon inprg enent )Qﬂ;g&/g%{j\
condi t| t endhce™tose g)f a c%rrpoun |or'1\l or” coibi at idn of

this |n y be -admnaistered—+—nece \.. bsequently t he dosage
or frequenc of adnmi ni st rHATUGNPEAFHRot h, may be reduced, as a function of
the synpto to a level at which the |nproved d|t|on is retai ned when

t he synpto ave been alleviated to the desir evel, treatnent should
cease. The subj%ct may, however, require |ntern1ttent‘%reatnent on a

| ong-term basi s upon any recurrence of di sease synptons. 10It will be

under st ood, however, that the total daily usage of the conpounds and
conposiA inorsraodf dohwopnéd ¢hd gi B8 mirnol), a@ihbhdp&mtieteiﬂécﬂtg( 1218 nanblendi ng

physi ci i thin sSco 0 nent The sp eC|f|c

b bi 1oy Caod & 3 S0 RS Biraay B e en muel Hapest ‘U oReR ephr iy of

f agtor shé RGabieH Ak chiR Sy AifRFe thelTRING vk %@ﬁﬁﬁiat@cﬂlﬁb 4 ResS QM@ el r¥si@lie Whe

di sorder; the activity of the specific conpound enpl oyed; the specific
corrpOSIItulfl(ﬁlﬁd b3 eiish gylechrompfogmghy (tsodieumeithtrs/Etganerl) thegaye hbrosasobdd di et
of the(Eat§$25 the time of administration, route of adm nistration, and
rate of tl on of the specific conpound enpl oyed; the duration of t he
treatnment; drugs used in conbination or coincidental with the specific
conpound enployed, and i ke factors mell known in the nedlcal arts. The

i nvent ithepis O gr(diphge : OO 7 - ORBRtHL) . a kit,

COoRpr i a flrst agent mhlch is a conpound of the |nvent|on as
digglogggg%é%g#n, in free formor in pharmaceutically acceptable salt form
and b) at |east one co-agent. The kit can conprise instructions for its
adm nistration to a subject suffering fromor susceptible to a disease or
di sorder. The ternms "co-adm nistration" or "conbined adm nistration"” or the
like as utilized 25herein are nmeant to enconpass adm nistration of the

sel ected therapeutic agents to a single patient, and are intended to

i nclude treatnment reginens in which the agents are not necessarily

adm ni stered by the sanme route of admi nistration or at the sane tine.
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The term "pharmaceutical conbination” as used herein means a product that
results fromthe m xing or conbining of nore than one active ingredi ent and
i ncl udes wotzhifa9xad and 30non-fi xed comnbi nati ons of thePattise@Lionysedi ent s.
The term "fi xed combi nati on” neans that the active ingredients, e.g., a
conpound of the invention and a co-agent, are both admnistered to a
patient sinultaneously in the formof a single entity or dosage. The term

"non-fixed conbinati on" mneans, that the active ingredients, e.g.p a conpound
of the invention /gg;&égg;%@gECT/U82011/0-198% n ﬁ’Qg?QgBQLﬂ\iQﬁ bot h
adm ni le oYa HatTent” a s@pamztcﬂ,\gami i t her ysi mul t aneously,
concur rey N)qy’sequentially W t h—re—speet TYCT N limts, wherein such
adm ni stratj on provi des therapeut iNsHIDgMef f ectiayve | evel s of the two
conpounds @the body of the patient. The Iat al so applies to cocktail

t herapy, eXg:, theeadm nistration of three or Tore active 5i ngredients.
Sonme examples of materials which can serve as pharmaceutically acceptable

carri er’d MixEreAfdhe pAmPeE 660 £:i4t mErplh sodiprhyEiesdeigdh 20 mlirMeOHal uni num
st ear at ey I ' 0 @ggﬁgk : %ﬁvﬂ) fer
substaéggghgégiﬁggl%ﬁgégﬁgﬁggﬁggﬁiéfigghggébi acﬁ%?&ggkgztass?ﬂ%?ggrbate,
part i alcogledcedi’dendmadeadrte sheohixsat LFlat reshiltieg et abteew dsatitngd acitdst, 20b@vat er ,
salts of_.electrqgl ytes, such as.protam ne sul fate, di sqdi um hydr.ogen

oo hebtst P o Uiy Qe R A ettt di SRede BV R T s

col l o qﬁ‘éci]?i'telté.%e CPRNBSANSIWAS Fifkblell @AY BurifQ] By bRVIPIRY k& gﬂvb dQR e solid

pol yacryl ates, waxes, pol yet hyl ene-pol yoxypr opyl enebl ock pol yners, wool
fat, sufa0 mgsé®f).as | act ose, glucose and sucrose; starches such as corn
starch and potato starch; cellulose and its derivatives such as sodi um

car boxymet hyl 15cel | ul ose, ethyl cellul ose and cellul ose acetate; powdered
tragacant h; Exahple 208l athiebis of 31(2,6-dXtiyI fRéEy1anilv) 6. (T AH@roRiInkinb)-and
supposi tory waxes, olls such as peanut oil ., cottonseed oil; safflower oil;
sedBme oil: olive oil: corfrosphentil-Neoyetarhensamidg| ycol s; such a propyl ene
gl ycol or pquethylene gl ycol; esters such as ethyl ol eate and et hyl

| aur at e, ~agavn; ffering agents such as nmagnesi um hydroxi de and al um num
hydr oxi al adi d; pyrogen-free water, 20isotonic saline; Ringer's
sol utio »agifihﬁgN , NEOEH buffer solutions, as well as other
non-toxi ¢ conpatiblle | ubricants guch as sodiumlauryl sulfate and nagnesi um
stearate, as well &5 coloring agents, releasing agents, coating agents,
sweet eni ng, flavoring and perfum ng agents, preservatives and anti oxi dants
can al Jabgopsds@Bet i n the conposition, according to the judgnment of the
formul ator. The protein kinase inhibitors or pharmaceutical 25salts thereof
may be formul ated i nto pharnaceutical conpositions for admnistration to
animal s or humans . These pharmaceuti cal conpositions, which conprise an
amount of the protein inhibitor effective to treat or prevent a protein

ki nase-nedi ated condition and a pharmaceutically acceptable carrier, are
anot her enbodi nent of the present invention. 30Exanpl es The conpounds
and processes of the present invention will be better understood in
connection with the foll ow ng exanpl es, which are intended as an
illustration only and not to |imt the scope of the invention. Various
changes and nodifications to the disclosed enbodinents will be apparent to
those skilled in the art and such changes and nodifications incl uding,
without limtation, those relating to the chem cal structures,
substituents, derivatives, formul ati ons and/or nmethods of the invention may
be made wi thout departing 5fromthe spirit of the invention and the scope
of the appended clains. Definitions of variables in the structures in
schenes herein are commensurate with those of corresponding positions in

t he fornul ae delineated herein. Exanpl e 1: Synthesis of 2-

(di phenyl am no)-N- (7-( hydroxyam no) - 7- oxohept yl)

10pyri m di ne- 5- car boxam de

R)
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N / HNNHOH Reaction Schene Synthesis of Internmediate 2 NH2 A m xture
of aniline (3.7 g, 40 mol ), ethyl 2-chloropyrimdine-5-carboxylate 1 (7.5
g, 40 mmowp,20K20C33(11 g, 80 mml) in DVF (100 m) was aegass@d/oard2 stirred
at 120 C under N2 overnight. The reaction m xture was cooled to rt and
diluted with EtOAc (200 m ), then 5 washed with saturated brine (200 m x
3). The organic |ayer was separated and dried over Na2504, evaporated to
dryness and purified by silicacgel chromatography (petroleum ethers/EtOAc =
10/ 1) tolgive the desi red produetnm ite solid (6.7 g, $04.,99. Synthesis
of Int er at g,N3%~son AURSEYr £ of MWMH%—%I),

i odoben (6.12 g, 30'WibI), \cul/ (955 ny, 5.0 mmol), Cs2d%B"(16.3 g, 50
mol ) in IEOS (20@ mM) was degassed and purged wi t4h nitrogen. The resulting
m xture was stirred at 140C for 14h. After cooling to rt, the residue 15
was diluted with EtOAc (200 m) and 95%tOH (200 ml), NHA4F- H2§) op silica

gel [50g9, pre pr epar ed th,qaanau| Qb)tldé@ of NH4F (1009)o| n \M%'[SJ’\ (,U,\SOO m) to
silica gel, ~anct be_rksyl ti’dg W xidire was
kept at rt 6r the s I| CH ?erla‘\'s was f||teroed andvugshed with

Et OAc. The fil traté was evaporate to dryness end the residue was purified
by silica gel chromatography (petroleumethers/Et0OAc = 10/1) to give a
yel l ow 20solid (3 g, 38 %9. Sy esps of Internediate 4 WO NH,
2011/ 091213PCT/ US2011/ 023982° Y Br

| |
HCl HN/\/\/\)J\O/ N\/\/\/\H/O 10
| o) o)
9

H
N
f:( | 50% NH,0H
o) o}
1

Svynthesis of Intermediate 3:

0 0]
O F i id N
JoN ormic aci
* H N "SOH reflux
1 2 3

5 A 100-mL, three-necked flask was equipped with a magnetic stirring bar, a ressure-equalizing
dropping funnel, and a reflux condenser connected to a nitrogen flow line. The system was
dried with a heat gun while it was flushed with dry nitrogen. The reaction vessel was then
cooled in a water bath while a light positive pressure of nitrogen was maintained. The flask
was charged with hydroxylamine-O-sulfonic acid 2 (8.48 g, 0.075 mol) and 95-97% formic

10 acid (45 ml). A solution of cycloheptanone (5.61 g, 0.05 mol) (Note 3) in 15 ml of 95-97%
formic acid was added with stirring over a 3-min period. After addition was complete, the
reaction mixture was heated under reflux for 5 hr and then cooled to room temperature. The
reaction mixture was quenched with 75 ml of ice—water. The aqueous solution was slowly
neutralized to pH 7 with 6 N sodium hydroxide and extracted with three 100-ml portions of

15  chloroform. The combined organic layers were dried with anhydrous magnesium sulfate.
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34 2N NaOH (200 m) was added to a solution of the conmpound 3 (3.0 g, 9.4
nmml) in EtOH (200 mM ). The m xture was stirred at 60C for 30mn. After
evapor at iw0 20ft1/®vhA3sol vent, the solution was neutral i ze®CRUSR0I2ZM219€4 t 0
give a white precipitate. The suspension was 5 extracted with Et0OAc (2 X
200 m ), and the organic |ayer was separated, washed with water (2 x 100
m), brine (2 x 100 nl), and dried over Na2504. Renpbval of solvent gave a
br own S@ﬂtérq 8vat 09 thegs%lvélt or? ﬂ;t &Btolr Qﬁ@ ﬂ&ﬁgét?ﬂsgal‘grdg&zocmdﬁler@ﬁ%t ure of
conmpoun ? . eptano : mol ), HATU
(3.91 g;urﬁ@db@dmmﬂihﬁlonﬁlg?%(%6gg2@;) B¥B-325%aimmikdps stirred at rt
overnight. After 15 the reaction mxture was filtered, the filtrate was
evaporated to dryness and the residue was purified by silica gel

chr omatp@iRRRYWf (REKQifUM et hers/ Et 0Ac = 2/1) to give a brown solid (2 g,
54 9. Synthesi s of

2- (di phenyl anfno) - N- ( 7- (hydr oxyami no) - 7- ®xoheptyl) pyri m di ne-5- 20

car boxani de 0A46A1213PCT/ US2011/ gR1982 00 NNLe | HNH2OH, NaOH N 00
NNNHOH | H N H,N OH
5 3 4

3 (5.6 g, 44.1 mmol) was combined with barium hydroxide (3.8 g, 26.95 mmol) and water

(55 ml). The suspension was heated to 110 °C for 6 hours then cooled over an ice bath.

Gaseous carbon dioxide was bubbled through the solution for 20 minutes. The suspension

was filtered through a celite pad and the filtrate was concentrated to dryness. The residue was
10 triturated with acetonitrile, collected, rinsed with ether and dried in vacuo to yield 4 as a

white solid (6.0 g, 93 %).

Svnthesis of Intermediate 5:

)

0
/\/\/\/U\ SOk /\/\/\/U\
H,N OH HCI H,N o~

MeOH

4 5

15  Thionyl chloride (1.81 ml, 24.8 mmol) was added dropwise with stirring to a cold suspension
of 4 (1.8 g., 12.4 mmol) in methanol (30 ml.) at a rate so as to maintain the reaction
temperature between -5 °C and -10 °C. After addition of all the thionyl chloride, the mixture
was allowed to warm to room temperature and was left to stir overnight. The mixture was
then concentrated in vacuo to give a white solid which was triturated in ether (twice) to yield

20  2.38 g of 7-aminoheptanoic acid, methyl ester, hydrochloride (1:1) 5 as a white solid (4.8g,
100 %).

Synthesis of Intermediate 6:

/\/\/\/[(J)\ NaBH(AcO);, DCE o
HCI H,N o~ n‘N/\/\/\/U\O/

i) benzaldehyde
; i) 37% HCHO | ;
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MeOH DCM 6 A mi xture of the compound 6 (2.0 g, 4.6 mmol), sodium hydroxide
(2N, 20 m.) in MeOH (50 M) and DCM (25 m) was stirred at OC for 10m n.
Hydr oxyl aworee1(®02 (10 nl) was cooled to OC and added ®POTiUseoutioxto8z e. The
resulting mxture was stirred at rt for 20mn. 5 After renoval of the
solvent, the m xture was neutralized with IMHCL to give a white

preci pitate. The crude product was filtered and purified by pre-HPLC to

gi ve a iy gﬁ@(&h@&%ﬁ@ (B7g, %S%mﬂ?n NaBH(AEéwb% 251 HhBE$H $,20

4- (2, 6-di et hyl phenyl am no)="N- dr oxyam no) -
07- ox ohigtlgndythhhare&Ohyl) b\etﬂaddndd&anzaﬂdwaeﬂ 60 gRed@ tnrmi) stcimghient tempPature.

penzal Uy BUARCH ) S AT REAGTT BORNES Rk O b DL et £05:
mmol) was added dropwise within 1 minute. The resulting solution was stirred at ambient
5 temperature overnight. The solution was filtered through celite pad, and the solid cake was
washed with DCM (100ml).The combined organic layers were evaporated to dryness, and the
residue was purified by silica gel column chromatography (EtOAc) to afford 6 (1.41 g,
62.8%) as colorless oil.

10  Synthesis of Intermediate 7:

Gl O
Bn /\/\/\)CJ)\ ) /kO/U\Cl /\/\/\)CJ)\
N o~ — > HCl HN o~
| i) MeOH |
6 7

To a stirred solution of 6 (1.50 g, 5.69 mmol) in 1,2-dichloroethane (20 ml) was added 1-
chloroethyl carbonochloridate (1.0 g, 6.8 mmol) dropwise at 0 °C within 2 minutes. The
resulting solution was stirred at reflux for 10 hr. The solution was evaporated in vacuo, and to
15  the residue was added MeOH (20 ml). The resulting mixture was stirred at reflux for 1 hr.
The solution was then evaporated to dryness to afford crude 7 (1.3 g) as a solid which was

used directly for next reaction without further purification.

Synthesis of Intermediate 9:

OH
Br4< >_< Br
Q g O | |
HCI HN/\/\/\/U\O/ N\/\/\/\n/o

| o) o)
7 9

A mixture of acid 8 (2.01 g, 10 mmol), amine 7 (2.52 g, 12 mmol), DIPEA (5.17 g, 40 mmol)
and HATU (4.561 g, 12 mmol) in DCM (30 ml) was stirred at rt for 4 hr. After the reaction

20

mixture was evaporated to dryness, the residue was purified by silica gel column

25  chromatography (petroleum ethers/EtOAc = 1/1) to afford 9 (2.4 g, 66%) as a white solid.

Svynthesis of Intermediate 11:
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5A 100-mL, three-necked flask was equi pped with a magnetic stiffing bar, a
ressure-equal i zi ng droppi ng funnel, and a refl ux condenser connected to a
ni trogen wobam1a9ma3 The systemwas dried with a heat gumCmiSk@1i021982S
flushed with dry nitrogen. The reaction vessel was then cooled in a water
bath while a Iight positive pressure of nitrogen was naintai ned. The flask
was charged with hydroxyl am ne-O sulfonic acid 2 (8.48 g, 0.075 nol) and
95-97% formic 1 0 acid (45 m). A solution of cycl oheptanone (5.61 g, 0.05
nol) (Note 3) in 15 m of 95-97%f acid was added with stirring over a

3-mn pgriod. After addition was npl et & Rhe yeaction mixture was heat ed
under ref fol 5 hr and tHen cobY £ to @ pef ature. The teaction
m xture wa @ i mM—of—ce- wafer . “FHene Pon was

slowy neutralg zed to pH 7owith 6 N sodi um hydroxipde and extracted with
three 100-m portions of 1 5 chloroform The conbi ned organic | ayers were

dried wth anhydrous Si sulfate.  After re al of the solyent on a
ot ar y%\l}‘&iﬁtHFea fgyming HW%&@& W%h@)&%gégﬁéﬁe gnlﬁalr>i¢%z§ 36%3 g

di still@atd amdip P%(H@a&a(déﬁng, (90%09%%‘)@&% od é@?ﬁf@, 0.PY Hh&$ inStoRfene
Internediate 40 0)- \/ Ba( OFl) H2 534 37(5.6 g, 44.1 mmol ) was
conbi ned0wl) wabhdggassedhpd saxeda 108.°8 ayern2dht Ibhemendtionamid tunatves c¢B&d wirf. The
suspensi qQn..wa eat .0 0.C for 6 hours then cool ed over, an i ce bath.

o BouendarbER BBk Gtifudno i Sy Bt L ARSI B0t mur o5, The
suspensiuifiewd§ sflich el @tlorhhto9tighy BretlduhfetRad/FROA e 1 Y tolaffodd €1 ¥BS1 g, 96
concentrated to dryness. The residue was 1 Otriturated with acetonitrile,
col | ect%®uas palnsdpwwil-h et her and dried in vacuo to yield 4 as a white solid
(6.0 g, 93 %9. Synthesis of Internediate 5: 00 SOC12 H2NOHHC1 H2N. Le MeOH
45 15Thi onyl chloride (1.81 m, 24.8 mvol) was added dropwise with stirring
to a cqyateyspensDondiafetdlihknGagino) (A (gBbxyatindyel-bashebty()3Q- M . ) at a
rate so as to maintain the reaction tenperature between -5 C and -10 C

Af 18r  dBethylbepragide| | the thionyl chloride, the nmixture was allowed to warm
to roomtenperature and was left to stir i : i t hen
concentrgtad in vacuo to give a white solid \Nhi h was triturated in]ether

(tw ce) i 202.38 g of 7 ayi,pahept @ , |met hyl ester,
hydr oc d '1£ 5.as.a |$e—§94—f—d—> ‘ N\/\/\/\H/NHOH
S 3 o} o}

11
A mixture of the compound 11 (1.58 g, 4.00 mmol), 2N sodium hydroxide (10 ml, 20 mmol)
in MeOH (8 ml) and DCM (60 ml) was stirred at 0 °C for 10min. 50 % aq. hydroxylamine
(7.93 g, 120 mmol) was cooled to 0 °C and added to the mixture. And the resulting mixture
15 was stirred at 0 °C for about 2 hr. The reaction mixture was neutralized with 2 N HCI to pH 7.
After removal of solvent, the residue was extracted with EtOAc (10 ml). The organic layer
was washed with water (20 ml), and brine (20 ml), dried over Na>SO., evaporated in vacuo to

afford ACY-161-89 (1.55 g, 98 %) as a white solid.

20 Example 3: Synthesis of 2-(2,6-dimethylphenylamino)-N-(7-(hydroxyamino)-
7-oxoheptyl)-N-methylpyrimidine-5-carboxamide

H
N N
R
N~ NMNHOH
O O

Reaction Scheme
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100 %9. Synthesis of Internediate 6: Ok. i NaBH(Ac0)3, DCEO HCI H2Ne i)
benzal dehyde Bn, NLe ii) 37% HCHO 56 WD 2011/091213PCT/ US2011/021982 To a
stirred mvetorie9of135 (1.67g, 8.54 nmol), NaBH(Ac0)3 (10pr8TgIS2&1/02198001 ) in
1,2 dichl oroethane (50 m) was added benzal dehyde (1.00 g, 9.40 nmol) at
anbi ent tenperature. The resulting solution was stirred at anbient
tenperature for 4 hr. 37% HCHO (513 ng, 17.0 mmol) was added dropw se
within 1 mnute. The resulting sol tlon tirred at anbi ent05tenperature
overnight. ThePsolution was filter d thréﬁ?ﬁ\\’8 ﬁl ite u an sglid cake
was washedg, oM e40)DAP. Th o] ga i‘c la or at ed to
dryness, dndJthe residuuwas pﬁJ i ed by @bblﬁ\ﬂg gel M& r omat ogr aphy
(Et 0Ac)H®o Mfford 6 (1.41 g, “62. 8% as col’oriess oil. 10§y3nt hesi s of
Internediatk 7: C 0 0 HO HN 0’0 LOACI 0 Bn,Ne lii)MOH™ 67 To a stirred
solution of 6 (1 50 g, 569 rrrml) inJ,2- di chi or oet hane (20 M) was added

1- chl oroet hyl oridate~(1. 0.9, 6.8 mmol) dvopwise at @Cwthin 2
i nut es. NaDHe Nng soPlt fon wgs stirr r e f/o\/i\/h\)kghe

sol uti ong¥RS Eevapo )\t 5 in vacuo—and—+0 he re |dl'_i'e was added MeOH (20
m). The resultind' m xture was stirred at Yeftusx§r 1 hr. The solution was

then evaporated totdryness to afford crude'7 (Fi. ) as a solid which was
used directly for next reacti on withoud further purification.

NH,OH,NaOH )Nl\/ﬁ)‘\,\ll/\/\/\)J\NHOH
~
MeOH/DCM H N

Synthesis of intermediate 2

N"y” N0 POCI; DMAP ﬁ)k
/Q/J)k reflux /k
HO” N

1

A mixture of the compound 1 (2g, 12mmol), DMAP (1.32g, 11mmol) and POCI; (20mL) was
5  heated at reflux for 1.5h. After removal of the solvent, EA was added to the residual. The pH

of the mixture was adjusted to 7 with aq. NaOH (2M), the organic layer was then separated,
washed with brine. After removal of the solvent, the residual was extracted with PE and dried

over Na SOy, evaporation of the solvent gave a light yellow solid (1g, 45%).

10  Synthesis of intermediate 3

0 ﬁ)k
X N
o o
2

A mixture of aniline (325mg, 2.68mmol), compound 2 (500mg, 2.68mmol), K,CO; (370mg,

2.68mmol) in DMF (10mL) was degassed and stirred at 140°C overnight. The reaction
mixture was cooled to rt and filtered. The filtrate washed with water (2x20mL) and brine

15 (2x20mL), extracted with EA. The organic layer was dried over Na,SO,, and evaporated to
dryness. The residue was purified by silica gel chromatography (PE/EA=5/1) to give the
crude product as a brown oil (320mg, 44%).
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Synthesis of Internediate 9: 20 OIl HC FINO/ 8N ,,i 0 10 79 A m xture of
acid 8 (2.01 g, 10 mmol), amne 7 (2.52 g, 12 mol), D PEA (5.17 g, 40
nmol ) andwBRMI/e421361 g, 12 mmol) in DCM (30 m) was st ipcrams2at/oet9st or 4
hr. After the reaction m xture was evaporated to dryness, the residue was
purified by silica gel colum 25 chromatography (petrol eum ethers/EtOAc =
1/1) to afford 9 (2.4 g, 66% as a white solid. Synthesis of Internediate
11: WD 2011/091213PCT/ US2011/ 021982 911 A mixture of amne 10 (0.84 g,
6.94 mol ), bromde 9 (2.06 g, 5.78 mmol), Cs2CXB (4.52 g, 13.8 mmol),
Pd2( dba&yatheSd ofnintertned&® 4ol ) and Xant phos (81 ng, 0.14 nmol) in tol uene
(20 mM) was degassed and stirred at 100 C overnight. The.reaction m xture
was cooled to rt 5and filter through Celite. The filtrgte was evaporated

to dryness and t SIH |f| eg by sq a gﬂ t ogr aphy
(petrol eum et her OAc'||= 1/ 1) Oto 9 % as pale yellow
oil. Synt hesr's f)\N
4- (2, 6-di et hyl phenyl &m no) - N- ( 7- (hydroxyam no) - 7- oxoheptyl) N10

met hyl benzam de 11 A mxture of the compound 41 (1.58 g, 4.00 mmol ), 2N

sodi um hydroxi de (10 m in MOH (8 nm) and DCNléEQ m ) was
stirredM{Nag fléﬁnlﬁmswdd%t% %&Utlmrﬂ@ﬁ(%%ﬁﬁuﬁé 3((?2@3gg1 1 QOH%E}O%S

a1 Pred' Sprod EamBBE S b S A K amitnha Sfuil Wi ReUBRM O 1Rz
HCL t 0 g dhd Abh&Ed HEMYRA(2:@0mT Y Tl?é”ﬁrgaﬁlb?ayEﬁ&zhéjwﬁsh\é’é%vﬁlx&zﬁt@ic(tﬁﬁol’fﬁ) h Et OAc
(10 nml). The organic | ayer was washed with water (20 m ), and brine (20

m ), drhired (&x289mINa280drjedewapdiat@dEvrporatoumcofitee sofl Yamt tefixCvhrégel8d (1. 55 g,

98 % solid. 20Exanple 3: Synthesis of
2-(2, 66(27@8w4lg@heny| ani no) - N- ( 7- ( hydr oxyani no) -
7- oxoheptyl) - N-net hyl pyri m di ne-5- car boxam de

10  Synthesis of intermediate 6

O o)
N/j)kOH \N/\/\/\)J\O/ O o)
| H /\/\/\)J\ -
o : Sl °
H HJ\N/

4

6
A mixture of compound 4 (270mg, 1.11mmol), compound 5 (231mg, 1.33mmol), HATU
(506mg, 1.33mmol), DIPEA (574mg, 4.44mmol) in THF (30 mL) was stirred at rt overnight.
The reaction mixture was filtered. The filtrate was evaporated to dryness and the residue was

15 purified by pre-TLC (PE/EA=1/2) to give a brown oil (320mg, 72%).

Svynthesis of 2-(2.6-dimethylphenylamino)-N-(7-(hvdroxyamino)-7-oxoheptyl)-N-

methylpyrimidine-5-carboxamide

o o 0 o
N N/\/\/\)J\o/ NHzOH NaoH Nl/j)‘\’r/\/\/\)J\NHOH
P MeOH/DCM N)\N/

N"ON
N H

6

20
A mixture of the compound 6 (200mg, 0.50mmol), NaOH (2M, 2mL) in MeOH (8mL) and
DCM (4mL) was stirred at 0°C for 10min. Hydroxylamine (0.4mL) was cooled to 0°C and

added to the mixture. After the resulting mixture was stirred at rt for 20min, the organic
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Reaction Schenme NH20H, NaOH 00 NNNHOH NNI H MeOH DCM Synt hesi s of
intermediate 2 0 N-\)LCD HON 1 0 POCI 3, DVMAPN) . LCD 1 , refluxCl-N 2
WO 2011/091213 PCT/US2011/021982

solvent was removed in vacuo. The residue was acidified with 1M HCI to pH 7 and extracted
with EA. The organic layer was washed with water (2x20mL), brine (2x20mL), and dried
over Na SOy, evaporated to dryness, and the residue was purified by pre-TLC
(DCM/MeOH=5/1) to give a brown solid (106mg, 53%).

5
Example 4: Synthesis of N-(7-(hydroxyamino)-7-oxoheptyl)-4-
(hydroxydiphenylmethyl)benzamide
Reaction Scheme
o Y
2! ~ 3
Br\©\ HO\C HCI H NWO HO\C
COOH ©/ \©\ ©/ H
COOH \QTNMO\
1 ) o, 0
5
NH,OH C\@(H
- N NHOH
T \/\/\/\[O]/
o ©
Br\©\ HQ\C
w0
COOH
10 ! 2

To a solution of 1 (201 mg, 1 mmol) in dry THF (5 ml), n-butyllithium solution (1.6 M in
hexane, 1.5 ml) was added dropwise at -65°C. After 5 minutes, a solution of benzophenone
(182 mg in 5 ml dry THF) was added over 10 minutes (exothermic). The mixture was stirred

15 for further 30 minutes at -65°C and overnight at r.t. The reaction mixture was quenched with
sat. NH4Cl (10 ml) and concentrated under reduced pressure. The mixture was acidified to pH
4 with 2N HCI, extracted with ethyl acetate (2X10 ml). The organic layer was separated,
dried over Na2S0O4 and concentrated to dryness. The residue was purified with prep-TLC
(DCM/MeOH = 10:1) to give compound 2 as a white solid (205 mg, 67%).

20
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A m xture of the conpound 1 (2g, 12mml), DVAP (1.32g, |l mml) and
POC13(20nmL) was 5 heated at reflux for 1.5h. After renoval of the solvent,
EA was aoweaotinditie resi dual. The pH of the m xture wasPaujusst1@621982 7 Wit h
aq. NaOH (2M, the organic |ayer was then separated, washed with brine.
After renoval of the solvent, the residual was extracted with PE and dried
over Na2504, evaporation of the solvent gave a |light yellow solid (1g,

45% . 1 0Synt i{s of internediate 3 A mxture of aniline (325ny,

2. 68mmuol ), congéjnd 2 (SQQgg 2. 68mol ) , (370ng, 2.68mmmol) in DWF
(10m.) was degaSsed and stlfYAd”Hfﬁﬂ40C @l ni ght. The reaction nixture was
cooled to r t er ed—FhefittFat HP wat er (2x20nL) and

brine 1 5 ( omis Lracted with EA vayf‘/r\we\ﬁ/cu\rled over
Na2504, and evaporate to dryness. The resi due s purifiediby silica gel
chr omat ogr aphy (2PE/ EA=5/1) to give the crude products as a br own oil (320ny,

44% . Synthesis of internediate 4 34 2M NaCOH (15nm.) was added to a

sol ution of the conmpound 3 (320 18m’r0|(5v8 EtOH 5 (15nL). The m xture
was st if peytion oshd dne. Lo mmopy DQIQJ?Q@E & myaeh). HPBYdd2Wig - %M HCL and

extract r
(2x20m. Oglra?lgg I%?gz(i%n%% @I)]gir ?ggqu\)/glrm%ggfﬁ@é :I/}g[ggl‘raéaj%l Yb(r)ljé]é]rg%@%oﬁle sol vent
lef 6 a mixitre wa® bormbe@@ﬁt@drgnd@Muced\lpﬂe@ﬂré\ﬁﬁi tHE NidddueNvas JpulNfibd bly Pref-Ti&t ur e of

conmpound 4 270 11mm und (231rrg, 1. 33mml ), HATU (506nyg,
1. 33m’rdP)glVCI§1°P@R ’@dj%&ﬁﬁn yel! Mﬂﬁrg@ (30 mL) was stirred at rt

overnight. Th eaction m xture was flltered. he filtrate was evaporat ed
to dryness an@he resi due was 15 purified by 0 TLC (PE/EA=1/2) to give a
brown oil (329 72% . Synthesis of
2-(2,6-di he yl am no)-N-(7- (hyc”Ho&wa oheptyl) - Nmet hyl pyrim d
i ne-5-carb m d N H NHOH
\/\W
(0] O ')

4

A solution of 4 (124 mg, 0.27 mmol) in MeOH (5 mL) was treated with NaOH (sat. in

10  MeOH, 1.0 ml) and aq. NH,OH (50 wt%, 0.55 ml) sequentially and was stirred at r.t for 30
min. The reaction mixture was slowly acidified to pH 6-7 with 2N HCI, and extracted with
ethyl acetate (2X5 ml). The organic layer was separated, dried over Na2SO4 and
concentrated under reduced pressure to afford the titled compound as a yellow solid (111 mg,
90%).

15

Example 5: HDAC Enzyme Assays

Compounds for testing were diluted in DMSO to 50 fold the final concentration and a

ten point three fold dilution series was made. The compounds were diluted in assay buffer (50

20 mM HEPES, pH 7.4, 100 mM KClI, 0.001% Tween-20, 0.05% BSA, 20 uM TCEP) to 6 fold
their final concentration. The HDAC enzymes (purchased from BPS Biosciences) were
diluted to 1.5 fold their final concentration in assay buffer. The tripeptide substrate and
trypsin at 0.05 uM final concentration were diluted in assay buffer at 6 fold their final
concentration. The final enzyme concentrations used in these assays were 3.3 ng/ml

25 (HDACI), 0.2 ng/ml (HDAC?2), 0.08 ng/ml (HDAC3) and 2 ng/ml (HDAC®6). The final
substrate concentrations used were 16 uM (HDAC1), 10 uM (HDAC2), 17 uM (HDAC3)
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10

15

and 14 pM (HDACS). Five pl compounds and 20 ul of enzyme were added to wells of a
black, opaque 384 well plate in duplicate. Enzyme and compound were incubated together at
room temperature for 10 minutes. Five pl of substrate was added to each well, the plate was
shaken for 60 seconds and placed into a Victor 2 microtiter plate reader. The development of
fluorescence was monitored for 60 min and the linear rate of the reaction was calculated. The

IC50 was determined using Graph Pad Prism by a four parameter curve fit.

Unless otherwise defined, all technical and scientific terms used herein are accorded the

meaning commonly known to one with ordinary skill in the art.

Equivalents
Those skilled in the art will recognize, or be able to ascertain using no more than

routine experimentation, many equivalents of the specific embodiments of the invention

described herein. Such equivalents are intended with be encompassed by the following

claims.
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CLAIMS:
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or pharmaceutically acceptable salts thereof.

2. A pharmaceutical composition comprising a compound of claim 1, or a

pharmaceutically acceptable salt thereof, together with a pharmaceutically acceptable carrier.
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3. A compound of claim 1, or a pharmaceutically acceptable salt thereof, for use in a
method of selectively inhibiting HDAC6 over other HDAC:s in a subject, wherein the compound

is for administering to the subject.

4. Compound for the use of claim 3, wherein the compound has a selectivity for

HDACS6 of 5 to 1000 fold.

5. Compound for the use of claim 3, wherein the compound has a selectivity for

HDAC6 when tested in a HDAC enzyme assay of about 5 to 1000 fold.

6. A compound of claim 1, or a pharmaceutically acceptable salt thereof, for use in a
method of treating a disease mediated by HDAC-6 in a subject, wherein the compound is for

administering to the subject.

7. Compound for the use of claim 6, wherein the disease is cancer or a proliferation

disease.

8. Compound for the use of claim 7, wherein the disease is lung cancer, colon
cancer, breast cancer, prostate cancer, liver cancer, pancreas cancer, brain cancer, kidney cancer,
ovarian cancer, stomach cancer, skin cancer, bone cancer, gastric cancer, breast cancer,
pancreatic cancer, glioma, gliobastoma, hepatocellular carcinoma, papillary renal carcinoma,

head and neck squamous cell carcinoma, leukemias, lymphomas, myelomas, and solid tumors.
9. Compound for the use of claim 7, wherein the cancer is multiple myeloma.
10. Compound for the use of claim 6, wherein the disease is Wilson's disease,
spinocerebellar ataxia, prion disease, Parkinson's disease, Huntington's disease, amytrophic

lateral sclerosis, amyloidosis, Alzheimer's disease, Alexander's disease, alcoholic liver disease,

cystic fibrosis, Pick's Disease, spinal muscular dystrophy or Lewy body dementia.
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11. Compound for the use of claim 6, wherein the disease is theumatoid arthritis,
osteoarthritis; rheumatoid spondylitis; psoriasis; post ischemic perfusion injury; inflammatory
bowel disease; chronic inflammatory pulmonary disease, eczema, asthma, psoriasis,
ischemia/reperfusion injury, ulcerative colitis, acute respiratory distress syndrome, psoriatic
arthritis, infectious arthritis, progressive chronic arthritis, deforming arthritis, osteoarthritis,
traumatic arthritis, gouty arthritis, Reiter's syndrome, polychondritis, acute synovitis and
spondylitis, glomerulonephritis, hemolytic anemia, aplasic anemia, idiopathic thrombocytopenia,
neutropenia, ulcerative colitis, Crohn's disease, host versus graft disease, allograft rejection,
chronic thyroiditis, Graves' disease, schleroderma, diabetes, active hepatitis, primary binary
cirrhosis, myasthenia gravis, multiple sclerosis (MS), systemic lupus erythematosus, atopic
dermatitis, contact dermatitis, skin sunburns, chronic renal insufficiency, Stevens-Johnson
syndrome, idiopathic sprue, sarcoidosis, Guillain-Barre syndrome, uveitis, conjunctivitis,
keratoconjunctivitis, otitis media, periodontal disease, pulmonary interstitial fibrosis, asthma,
bronchitis, rhinitis, sinusitis, pneumoconiosis, pulmonary insufficiency syndrome, pulmonary

emphysema, pulmonary fibrosis, silicosis, or chronic inflammatory pulmonary disease.

12. A compound of claim 1, or a pharmaceutically acceptable salt thereof for use in a
method of treating a subject suffering from or susceptible to multiple myeloma, wherein the
compound is for administration in a therapeutically effective amount to thereby treat the subject
in need thereof.

13. Compound for the use of any one of claims 6 to 12, wherein the subject is human.

14. A compound of claim 1, wherein the compound is selected from:
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or a pharmaceutically acceptable salt thereof.

15. The compound
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or a pharmaceutically acceptable salt thereof.

20. The compound

0
N™ " HN NHOH
)l\ D \/\/\/\W
N™ °N 0]

”
21. A pharmaceutical composition comprising the compound
o} o
N z N/\/\/\)J\N/OH
oy :
N \N
or a pharmaceutically acceptable salt thereof, together with a pharmaceutically acceptable

carrier.

22. A pharmaceutical composition comprising the compound
0] 0]
NP N/\/\/\)]\N/OH
Qe :
A
N N
together with a pharmaceutically acceptable carrier.

23. The compound:

or a pharmaceutically acceptable salt thereof, for use in a method of treating multiple

myeloma in a subject, wherein the compound is for administering to the subject.
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24. The compound:

or a pharmaceutically acceptable salt thereof, for use in a method of treating multiple

myeloma in a subject, wherein the compound is for administering to the subject.

25.  Use of a compound according to claim 1 or a pharmaceutically acceptable salt
thereof, for the preparation of a pharmaceutical composition for treating a subject suffering from

or susceptible to multiple myeloma.

26.  Use of the compound:

or a pharmaceutically acceptable salt thereof, for the preparation of a pharmaceutical

composition for treating a subject suffering from or susceptible to multiple myeloma.

27.  Use of the compound:
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© |
or a pharmaceutically acceptable salt thereof, for the preparation of a pharmaceutical

composition for treating a subject suffering from or susceptible to multiple myeloma.
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