Deacetyl ase I nhibitors and Uses Thereof Rel ated Applications [0001] The
present application clains priority under 35 U S.C. 119(e) to U S

provi si oreb 2paveant9sappl i cati on, USSN 61/082, 899, fil es »Pamgus2@y/ o288, which
i's incorporated herein by reference. Background of the Invention [0002] The
I dentification of snall orl(‘gg\i ¢ nol ecul es that affect specific biological

functions is an enddeacetylase inpubitossandiUsesyl hereefdi ci ne. Such

nol ecul es are useful as therapeutic agents and as probes of bi ol ogi cal
function. In but one exanple fromthe energing field of chem cal genetics,
in which small nolecules are u alter..the function of biol ogical

nol ecul es to which they bind, gastéegﬁ‘&pi‘ﬁﬁ"&s have been useful at

el uci d@00ng siThedreseheapplivaionodlaipat frivayy uider 36U 8851 BHEEAL. prot ei n
knockout s, .t hereby causing a |loss of protein function (Schreiber et ah, J.
Am - CrERY sisgal paigrbapplicesion SA88N Qi QRO iles dlrds, 2008, Bylgeh 's ingmporated 3)
Addi tional Y reflig b0 the interaction of these small nolecules wth

particul ar biological targets and their ability to affect specific

bi ol ogi cal function, they may al so serve as candi dates for the devel opnent
of therapeutics. [0003] One_biological target of particular interest |lately
i s histone deacetyl ase (seeBarkgroupdpfithe Inyeatien ssi on of the use of

i nhi bi fp902) Of TiHe 4T AR S M ABGari@ IR dsRALITREL %{ﬁﬁifﬁad?&lgéi:c Marks et
al . Nature Reviews Cancer 2001, 7,7194; Johnstone et al. Natur E?ew ews Drug
Di scoviangtigBd2an énde2ear, thatampatts both IgoloRp hed medj@i0 , S@h; mbleGilesPat astful

o 5 traReBisBP S 59 Fupiben b oloBibal BAPUH T E Raf SHER R ASH! n o

pr ot ei diflerbHpitIN o PERIiL AleleAEticBNR BB Sl Ald1QulRfaré YKIANS alteiSthe WGRBhAYS a
critical role in regulating cellular functions. HDACs are zi nc hydrol ases

t hat rafduelagisalmpplecesproewkich thayHrind,ghesd saalecu¢shave beort usefid at abeidpting ysi ne

resi du | e ej.ns. and other. transcriptional .regul ators (Hassig
ot ol - oIS b R o8 AL FORIL LB AR B (R

cel | ul @rpro@info@ytsor (Sahrettenter o, Lahl CHBAPSoANWI 11 £5888 MittBiBon, AMInAt | east
one HDAC inhi bitor has been shown effective in treati nﬁ an ot herw se

r ecal cAerBiat e br3)( dditimally: dugito the infgraqtionod Hesse smalmolgarxes, wigl,

1621- %&ular%i@%ﬁﬂal%& and their ability to affect specific biological function, they may
also serve as candidates for the development of therapeutics.
[0003] One biological target of particular interest lately is histone deacetylase (see, for
example, a discussion of the use of inhibitors of histone deacetylases for the treatment of
cancer: Marks et al. Nature Reviews Cancer 2001, 1,194; Johnstone et al. Nature Reviews
Drug Discovery 2002, 1, 287, see also U.S. Patent 7,250,504; U.S. Patent 6,777,217; U.S.
Published Application 2005/0287629; each of which is incorporated herein by reference).
Post-translational modification of proteins through acetylation and deacetylation of lysine
residues plays a critical role in regulating cellular functions. HDACsS are zinc hydrolases that
modulate gene expression through deacetylation of the N-acetyl-lysine residues of histone
proteins and other transcriptional regulators (Hassig et al. Curr. Opin. Chem. Biol. 1997, 1,
300-308). HDAC: participate in cellular pathways that control cell shape and differentiation,
and at least one HDAC inhibitor has been shown effective in treating an otherwise
recalcitrant cancer (Warrell et al. J. Natl. Cancer Inst. 1998, 90, 1621-1625). Eleven human
HDACs, which use Zn as a cofactor, have been characterized (Taunton et al. Science 1996,
272,408-411; Yang et al. J. Biol. Chem. 1997, 272, 28001-28007; Grozinger et al. Proc.
Natl. Acad. Sci. U.S. 4. 1999, 96, 4868-4873; Kao et al. Genes Dev. 2000, 14, 55-66; Hu et al.



HDACs, which use Zn as a cofactor, have been characterized (Taunton et al.
Sci ence 1996, 272, 408-41 1; Yang et al. J. Biol. Chem 1997, 272,

28001- 280W0;20@vazionger et al. Proc. Natl. Acad. Sci. U BCAUS199004298,
4868-4873; Kao et al. Cenes Dev. 20002 14, 55-66; Hu et al.J. Biol. Chem

2000, 275, 254- 15264 al_. Proc. Natl ad Ci . . 2001, 98,
10572-4@5@17,&2%&‘11’$’ 2?5’61%.9%&?%‘%‘%@266&?’- Byr. Nfﬂgggafég‘) I.U-Sr#eg%'ﬁn@ﬁber s
fall iﬁis‘?zh%?ﬁ, VEIS LY BeRH8£3001C 128851 304- 136 1N Phdsk embds Afldhio i@l seven
HDACs have been i1dentified which use NAD as a co-factor. €[10004] There

r emai nslageddasdes @tassrbibamblBntAmadiiidonahseven $J2A s haveleeenddentified Wikieh bi t or s
(e.g., H i nhbitors) for treating di seases associ ated wi th aberrant
deacet$¥ R0 uch as cancer. Summary of the Invention [0005] The

pr esenfpod4)V entiher efAis A8 el ByrehoRkGREd@i Mh@sLmbrhipetifieldeaddtflaseinhibiterof
preparing and using these novel conpounds. In certain enbodi nents, the

deacet (glgadEDAGhinhbitas)sfon treatingsdissnsesrsaecdatod aath abpmant)depegiylase astiyity spch
certain enbodi nents, the deacetylase inhibitors are tubulin deacetyl ase
(TDAC) i ARTBi tors. The inventive conpound may be useful in the treatnent of
proliferative di seases such as cancer. [0006] For exanple, in one apsect,
the present invention provides novel conpounds of formula (lI), (1) wherein
R2, R3, R4, R5, m n, k, andSpmaparynf thelnyeddioRerein. In certain

enbodi : i a iR Snd Pheltdd3of 4 5. 6,
or 7. @G@Zrtghﬁﬁ?‘ggﬁpg%n o?,pq%ld%gncgggr%t g?tygﬁgﬁg'{ll ng er(ii etey. Ig certain
enbodi prepdring 482 usihgath@edoveh@ingidunds. ginaieptainl emtmelihents, therldeabetybases, R2 is an
acyl noiety. In_certajn enbodjments, is selected fromthe. group
consi sihiwfoprare histgnegepeatylase HEA@@@%@EP | in ‘Nﬁéﬁd%@&&‘“&f‘%ﬁhfg\leWNHz oH
> NHC&.QE@%se inhibitors are tubulin deacetylase (TDAC) inhibitors. The inventive compound

may be useful in the treatment of proliferative diseases such as cancer.

[0006] For example, in one apsect, the present invention provides novel compounds of

formula (I),

(Ra)m
¢
G 0
s
(Rs)p H ;
@

wherein Ry, R3, R4, Rs, m, n, k, and p are as defined herein. In certain embodiments, m, k,
and p are 0.. In certain embodiments, nis 3, 4, 5,6, or 7. In certain embodiments, R? is a
metal chelating moiety. In certain embodiments, R?is a Zn?* chelating group. In certain
embodiments, R? is an acyl moiety. In certain embodiments, R? is selected from the group

consisting of:



- NHCOCH2SH I n certain enbodi nents, the conpound is of the formula: W-161.
The invention al so provides various pharmaceutically acceptable forns of

t he i nverwoOwelooampeunds, for exanpl es, stereoisoners, eRramuSeINIBIL3S
tautomers, salts, solvates, hydrates,3co-crystals, and pol ynorphs. [0007]

I n anot her aspect, the present invention provides pharpaceuti cal
conpositions conprising a therapeubically effeaive ¥ of a conpound of

formula (1) and a pharmaceuti cal | y|laccept abl ejﬁgi pi n certain
enbodi nents, the pga;@@geutical j Hon%al 71 he treatnent of a
proliferative disease such as cafcer.H[0008] 4 n yEt angt her aspect, the

present invention provides nethodsgfor i ti ng deaceipyl ase activity in a
subj ect or a bi ol ogf 2Mganpl e, coffpris gdm ni stering to said subject,

or contacting said biol ogical sge . W anount of a conpound of the

i nvention effectiv?_lgbbGNHpkt ace¢ylas= activity in the subject or

bi ol ogi cal sanple.sIn certain enbodi nents,,the nethod is used to
specifically inhibit histone deacetylase activity in the subject or

bi ol ogi cal sanple. In certain enbodi ment —tu\i}ﬁ%&ﬁ& Rod is used to
specificallyinhibit a particuéJir F@éﬂ"ﬁ@'ﬁ eacefyl'ase activity in the

subj ect or biologigal s leTH enbodi nents, the conpounds
specifically inhibit particul ar HDAC ( &-g-NHJd2MIsAc HDAC2, HDAC3, HDACA,
HDAC5, HDAC6, HDAC7, HDACS, AC9, HDACI O HDAC 1) or class of HDACs
(e.g., Cass I, Il aanH/\(tél 1] ._N"’PQ“Q'W'& n enbodi nents, the inventive
conpound specificalty inhibits HDACG6. In ir,]ﬁ i rgg_pdi ments, the nmethod is
used to specifically inhibit tubulin deacktyl'adeé ativity in a subject or a
bi ol ogi cal sanple. [0009] | @ c&HCAGH8Hbodi nents, the present invention
provides a nethod of treating a proliferative disease (e.g. , cancer,

beni gninesplimesbodiHeaisITRdRONMPosRB B thefonantaat ory di sease, diabetic
retinopathy) conprising admnistering a therapeutically effective anmount of
a conmpound of formula Q9 a subject with a proliferative disease. In
certain enbodi nments, t esent invention provides a nethod of treating
cancer (e.g., such as ¥ #ing tunor cell death or inhibiting the growth
of tunor cells) by adm niyYStering a therapeutically effective anobunt of a
conmpound of forrmula (I) tlo a subject in need thereof. Exenplary cancer

i N
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WT-161.

The invention also provides various pharmaceutically acceptable forms of the inventive
compounds, for examples, stereoisomers, enantionmers, tautomers, salts, solvates, hydrates,
co-crystals, and polymorphs.

[0007] In another aspect, the present invention provides pharmaceutical compositions
comprising a therapeutically effective amount of a compound of formula (I) and a
pharmaceutically acceptable excipient. In certain embodiments, the pharmaceutical
composition is useful in the treatment of a proliferative disease such as cancer.

[0008] In yet another aspect, the present invention provides methods for inhibiting
deacetylase activity in a subject or a biological sample, comprising administering to said
subject, or contacting said biological sample, with an amount of a compound of the invention
effective to inhibit deacetylase activity in the subject or biological sample. In certain
embodiments, the method is used to specifically inhibit histone deacetylase activity in the

subject or biological sample. In certain embodiments, the method is used to specifically



but are not limted to, breast cancer, cervical cancer, colon and rectal
cancer, |eukem a, lung cancer, nelanoma, nultiple nyel ona, non-Hodgkin's
| ynphorme, wOynmhmam®s ovari an cancer, pancreatic cancer, PpPCOASat08/0c28EEr,
skin cancer, and gastric cancer. In certain errbodi ments, the inventive

ar o asBOnCt Ereena B BHE nisern Bl it fulge TREPERR Spliadpin

nyel oc¥hbediafedts) eRBARLASS @ehﬁ@iﬂeﬁhﬁiﬁn @ﬁednemhﬂ HDAT (B! ADNEE Hmncqer tain
embodi nents, the inventive conpounds are useful in the teat ment of

cut aneBIPAG3,JEPACHy HBrSm H@K@) HDpe7, dﬂﬁﬁ@ﬁnﬂ@rﬁrﬁ& HHaAGd i HDErla@r by any
met hod 0 e ar rrent ds, are
adm ni s %Sr(\)g(}"g‘?‘g egOrd ?bsgrl’glrllt era I;D eIn CS nemboafnrlgn\?sé(r%lgél]gwgrl“hvter arterial,

| Nt r anmysapdaid, spacflﬁézﬂry mhiwtut}ﬂmaes Ih &r&@ﬁ ema&»dln{eﬁ&;ﬂie métod viged toe
conpounds_ are al so useful as tools to probe biological function. The
conpoupResifieally irhibi apulip dgrcsblasgeastviek By subiesh oba biodogical samalee bi ol ogi cal

th f
Crgna, 10002} 0 fick A SRR GRE e bl SVERAHT BRI aticilo@ STREARES, o
pr esenprdluﬁcvremd diseape (g, demcee banids néoplaspn @m&rmmgmemmsm disflanfimatoey i nvent i on

and |nterrred| es thereqf, Such rret ods conprise react
al dehydieassniia emcr{atlwgw ROMRIIBIAE 2 waf»tarz%%ﬂt?afrﬁeav?ﬂlkgegf@&ms%mawt&f

provi dg 9?13 lal(B't84!s@bield w1tﬁ)§%h§liﬁ:ﬂa90§ d{s%@ﬂm Péﬁalﬂ tib8iEndits,
nct i ona

specific groups and chem c ternms are described in nore detail
bel ow. t}ié(preqautmmsxﬁmnqdrovlkiesa methexdtdforeatingeanche(e g,aduck be affedtmganmor cdht i f i ed

d th t Tabl f I : S ' Handbook
of et P niiith 6 eEvinS fmpicciS) R pRBUTERE & LRPrEpReA B RIHo | onal
groups al%ﬁmg%%ﬁipbﬁndisf fd?ﬁﬂlaa@) Q)easﬁibﬁééﬁﬁm hdeg rtl‘i‘ér@of Mtﬁﬁle@p@hﬁ&r iRy al
principles of organic chemistry, as well as specific functional noieties

and r ehuttdre notylimuedtog breastidonekri wr@@mncerLqu and sectal panegs 18kemda, Ilung

h
v Bt Sieldibht, BRRGRE pGR mh Rkt R AitrR S R, Phidh cRgt vor i

2001; paicpédtic coRdER RBQARIcHLcds) Gamitdhcdr, aﬂ@gmﬁa&a@eﬁ In\éeHaBahbosaess, | nc.
New Yor k, 1989; Carruthers, Some Mddern Met hods of Organic Synt he5|s 3rd

Edi t i ofc iTxenbive ggmpPoRIdsereagtivepgaiast ledamin icalifeandimelanomp gelis, g tug 8rt ent s
of eac Iﬂse(?llfll f‘é’p{h% rlreg{n"?edt A PJURQ&?&S?Q g.r,] %}%ﬁ&d,Q%'bﬁB&;tﬁp&?felocytlc and

lymphoblastic leukemias) and malignant melanomas. In certain embodiments, the inventive
compounds are useful in the treatment of cutaneous T-cell lymphoma (CTCL). The
compounds may be administered by any method known in the art. In certain embodiments,
the compounds are administered orally or parenterally (e.g., by intravenous, intrarterial,
intramuscular, and/or subcutaneous injection).

[0010] The inventive compounds are also useful as tools to probe biological function.
The compounds may be used to probe gene expression or to elucidate biological pathways.
In certain embodiments, the compounds are used as probes of signal transduction pathways.
[0011] In still yet another aspect, the present invention provides methods for preparing
compounds of the invention and intermediates thereof. Such methods comprise reacting an
aldehyde-containing compound with a hydrazide-containing compound to provide a

compound of formula (I).

Definitions
[0012] Definitions of specific functional groups and chemical terms are described in

more detail below. For purposes of this invention, the chemical elements are identified in



[0013] It wll be appreciated that the conmpounds, as described herein, may
be substituted with any nunber of substituents or functional noieties. In
gener al , wbeotrenmossubstit ut ed” whet her preceded by thepcenuseioopoienal |y"
or not, and substituents contained in5formulas of this invention, refer to

th | t dj cal -
of a ?E@@ﬁei?@wgﬁﬂﬁ (o0 Tabl et e lemiy AN Gt Phsb Wﬁ@e@"fwﬁad' cal
Speci e Rs bﬁﬂsﬁ@s&gh%@derwdkﬁm% ﬂlmgn@lrﬁo%@a?& igbh@Blly 8&fiiRataed from a

speci fied group, the substituent may be either the same or dlfferent at
every mmlqudhere% Additionradlye general ipsintiplen of orgasid thaetry,uas mﬂ@émlﬁ@ ed to

i ncl ud erm.ssible substituents r oad

as pectﬁm&ﬁ@a RS éeag'i.%li% ﬂ%‘%ﬁf%bﬁ%ﬂ%gmgcgﬁ (gr ya 081)7’3 Somﬁ’br anched
and unghrResieScicnad B@§]¥§ Shesafitt] 1099,;E51mielY Sikd Wlarchl MBRHH' £A@hcbd DRgdniat i C,

al i phatic and eteroa |g&1at ic, car bon and het er oat om substituents of

or gani €k @mﬁ%%d@dltl%ﬂo Wideye® SonsitIre.sNew ¥orki J001; heraskoRomaeehetiuire as

ni troggn av 00¢/ e S tuents
of or R B A B ST BRI RG ARREY Bl PN REH ) BefrctiBah |2
het er opfegigEs onngW Syitfeesist, BIF Editi’b\ne@hm‘bﬁdg@Uﬁ%rmﬂytIEmiedambnbge, 108Vt ed in
any manner by the perm ssible substituents of Orgéﬁl c conpounds.

Con?l nike ientie ;@flteﬁltfbsfteﬁ?}u%‘fvblchﬁﬁ ingprpamtekhezeinibyitelsedBy this i nvention are
preferggy L T Qél%(p&;r@ﬁmk% it IR bORfindd Ak, RTMRUIGS teal ul i

the trea ative di seases, Inclading, but not
| i m t edith ang amBbeér ofEhbsttteesrm d]Sfuabﬂl(B‘lal madetigs.eth gmeeal,rthe paref ‘ésuhiﬂtyted’éf ers to

conmpounds whi ch possess st gbil.it uff|C|et to al | ow man t d which
el nt awheth?rdormﬁdeéﬁ 5 grm et ot s o oS ERS CERETRRT BB tte 1o

be detgediGde <‘[3rft§ T glaf:%ex‘?t oF WE AioBE R PIdidA® inQhifén §thuPRurk dvifirheisef ul for
t he purposes ef al her Certain conpounds of the present

| nventiadivabelin speoified sebwitecntr “ﬂmenmyhmmnelmsm@nne ABY gived stricturegaay exi st

in varlou so ric for te rs and/ di ast greo Thus,
i nvent‘i"?/ W&%mé’ﬁ?j&%'hgpﬁg‘é@ 8@?6?%%%{;%%’}1@. BRY IF?ilgFougf ﬁ'&fyg%letu?nrg t he
form ofhag Be bﬁH’ér\fhéjﬂﬁ‘llle SNANtiAMER ovefll RSsitRIne C0RIse@ he @AY TR fein@ “sotMiBIted’Or maY
be in theformof a m xture of stereoisoners. In certain enbodi nents, the

conpouisgenigmplaed forineludé akh pemeissiblgsubsiseanis ofnraeningempoyndse Ik aibroagt her

eroe) eSS PP SRR SERCIEAIRLS o A,

nmore  carbocyclic and heterocyclic, aromatic and nonaromatic, aliphatic and heteroaliphatic, carbon
and heteroatom substituents of organic compounds. For purposes of this invention,
heteroatoms such as nitrogen may have hydrogen substituents and/or any permissible
substituents of organic compounds described herein which satisfy the valencies of the
heteroatoms. Furthermore, this invention is not intended to be limited in any manner by the
permissible substituents of organic compounds. Combinations of substituents and variables
envisioned by this invention are preferably those that result in the formation of stable
compounds useful in the treatment, for example of proliferative diseases, including, but not
limited to cancer. The term “stable”, as used herein, preferably refers to compounds which
possess stability sufficient to allow manufacture and which maintain the integrity of the
compound for a sufficient period of time to be detected and preferably for a sufficient period
of time to be useful for the purposes detailed herein.
[0014] Certain compounds of the present invention can comprise one or more asymmetric
centers, and thus can exist in various isomeric forms, e.g., stereoisomers and/or
diastereomers. Thus, inventive compounds and pharmaceutical compositions thereof may be

in the form of an individual enantiomer, diastereomer or geometric isomer, or may be in the



doubl e bonds that can exist as either the Z or E isoner, unless otherw se

I ndi cated. The invention additionally enconpasses the conpounds as

i ndi vi duavoizemmai®esubstantially free of other isonmers aou/uskeenneaess vely,
as mxtures of various isoners, e.g.,6racemc mxtures of stereoisoners. In
additipn taq the aboye-nentioned conpounds per se, this inveptian also
enconpEDed ARG AR BLTF e ROy do B AR ERTOAE b SoTBRouHE SEEgRYERGs and
CONMPOSirk ieAARipAFIEINFIONAS B RFtafiitRerCRRBRRANAE s, rhiRBkE] oMIGESisemBAr 1 cul ar
enantioner is desired, it may, in sone enbodi nents be provided

subst adigstetepipetsrazeprsvidede corr espondi ng enanti oner, and may al so be

referr as."optically enriched,” "Qotica enriched, " as used herein,
oane. O05P, ¥ ucBBGR Fefetriarpaindn s TBerbRt ey BEfonct € or b1 on of
one engiiblebads that caLédist 43 cRRBIOHE PRI isbhRr, AANRO bidriviSe IR@ited THe at | east

about 90% by wei ght of a preferred enantioner. |In other enbodinents the
c onpoumyentionAsidiionplly encempassestheenmpoundsas pdigidwrt isongsssubsiantaldy fge oki ght

of a desir. ' . fer. e ] be, | . rgmracemc
it ur A0SR0 Rkt S eIV el i gl AERiGRRG Chi v
hi gh pstessisometst Guadditibn et o ap-myentibitd gompuhintli perf @ thid indBntévichalso
crystallization of chiral salts or prepared by asymetrjc syntheses. See,
for exdlifgmpassespharmacattically aggeptadl ativesaf dhase 6RMRANIRAHEICAMPEFHIEORSY | ey

I nter sgdg%m YR5K dds Wlen et ah, Tetrahedron 33:2725 (1977);
Eliel, St ereogcwgevrérst rycg\}l%gar%son Compounds (McGrawHi I, NY, 1962); WIen,

Tabl es[0016Res dVhemg pAgenls eamaidhutriis désitRdsio may| imnene.entGBliéntsbe El i el ,
Ed., Univ. of Notre me Press, Notre Dane, IN 1972). [0Ql7] .The term
“acyl "Proxideq §1é‘aftawé1@lé>?_ﬁr,ee ngf@r@ﬂﬁap%d%mwm% ﬁlecﬁr%.‘/ ﬁ&%ﬁ%ﬁeﬂaﬁy Py,

e. 9., «dekichllRenrichBEP eidptRaily eARcHRI PRAES herdiny f¥Ghd that A6 LEMPBIPRFhAde:
heterocyclic, aryl, heteroaryl, (aliphatic)aryl, (heteroaliphatic)aryl,
het er oap pihsighificantlyl greater propertival df phaehantiooteer buegrtajn embedimentsithe eby each
of the aliphatic, heterogliphatic. ., aryl,. eteroaryl npoieties i.s

aubst | iSRG, Fat 5a oF S lreshant oty wisl { EPEIRRF g Rarfin 5 by,

al i phaghBodifeh® tgaddnifbaint 6s madY ip oP4t 184k BbARIDSYs, TBYE DTES DSV BT Dy

ni trogen containing functionality {e.g., formng a carboxylic acid, ester,

or am Weightiefca desitad prapfionfepoReyferiadeenantiomensimaynle iselatedfromy sacgmtier ei n,
I ncl de%ﬁctgr% By %1% H{eﬁ{oﬁqm%% 4 RREE Léf(fflllteg(?n the art, including chiral high pressure

liquid chromatography (HPLC) and the formation and crystallization of chiral salts or
prepared by asymmetric syntheses. See, for example, Jacques et al., Enantiomers, Racemates
and Resolutions (Wiley Interscience, New York, 1981); Wilen et al., Tetrahedron 33:2725
(1977); Eliel, Stereochemistry of Carbon Compounds (McGraw-Hill, NY, 1962); Wilen,
Tables of Resolving Agents and Optical Resolutions p. 268 (E. L. Eliel, Ed., Univ. of Notre
Dame Press, Notre Dame, IN 1972).

[0017] The term “acyl”, as used herein, refers to a carbonyl-containing functionality, e.g.,
-C(=O)R’, wherein R is an aliphatic, alycyclic, heteroaliphatic, heterocyclic, aryl, heteroaryl,
(aliphatic)aryl, (heteroaliphatic)aryl, heteroaliphatic(aryl) or heteroaliphatic(heteroaryl)
moiety, whereby each of the aliphatic, heteroaliphatic, aryl, or heteroaryl moieties is
substituted or unsubstituted, or is a substituted (e.g., hydrogen or aliphatic, heteroaliphatic,
aryl, or heteroaryl moieties) oxygen or nitrogen containing functionality (e.g., forming a
carboxylic acid, ester, or amide functionality).

[0018] The term “aliphatic”, as used herein, includes both saturated and unsaturated,
straight chain (i.e., unbranched) or branched aliphatic hydrocarbons, which are optionally

substituted with one or more functional groups. As will be appreciated by one of ordinary



straight chain (i.e., unbranched) or branched aliphatic hydrocarbons, which
are optionally substituted with one or nore functional groups. As wll be
appr eci atwa 2ow/ameéof ordi naryskill in the art, "ali phatct/uscevion2ehded
herein to include, but is not Iimted7to, alkyl, alkenyl, alkynyl noieties.

Thus, d cein, .the.t "al kyl". i ncl ud trai gh b d al kyl
o oupsKIAIT B Ao qoiRBAt 5 iR Mt feiseledtuh s roseufedtior Brb LGN as
" al kerbii()';r'lyl 'lr'ﬁkﬂii"ﬂ@gy Thug l@lg u'ééhlehéri:ilﬁgthf Eéeﬁlf ‘*%EK)‘TD ifoludés sH&%gt ST rafkhell Iaﬁkyt] ermns

“al kyl",” "al kenyl ", "al kynyl" anc i ke enconpass th substitutéd and
unsubsgroups: etin gealogais convension appliasitb othiemmgenesic tegnasiell ab Ealbemy]”, “latkywey!”al kyl "

[ d to i.ndi t hose al kvl ar subst .t ut.ed, unsybsti.t uted,..
br ancritd O iBoF EHErReaR Asdreeicts WaRstR ARl ity Toy AR e ke
enbodi dilebinpassttoth albshituteddrigamshbstinde @by IEPHRSeBbRIiRKEM, ddustde

i nvention contain 1-20 aliphatic carbon atons. In certain other

enbodiheseins lowpreallgylys used|tq éndicate thase alkilgrohpsysubstisutedpinsylestituted,t he
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[0020] The term “alicyclic”, as used herein, refers to compounds which combine the
properties of aliphatic and cyclic compounds and include but are not limited to cyclic, or
polycyclic aliphatic hydrocarbons and bridged cycloalkyl compounds, which are optionally
substituted with one or more functional groups. As will be appreciated by one of ordinary
skill in the art, “alicyclic” is intended herein to include, but is not limited to, cycloalkyl,
cycloalkenyl, and cycloalkynyl moieties, which are optionally substituted with one or more
functional groups. Illustrative alicyclic groups thus include, but are not limited to, for
example, cyclopropyl, -CH;-cyclopropyl, cyclobutyl, -CH;-cyclobutyl, cyclopentyl, -CH,-
cyclopentyl, cyclohexyl, -CH;-cyclohexyl, cyclohexenylethyl, cyclohexanylethyl, norborbyl
moieties and the like, which again, may bear one or more substituents.
[0021] The term “alkoxy” (or “alkyloxy”), or “thioalkyl” as used herein refers to an alkyl
group, as previously defined, attached to the parent molecular moiety through an oxygen

atom or through a sulfur atom. In certain embodiments, the alkyl group contains 1-20



functional groups. Illustrative alicyclic groups thus include, but are not
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- CH2 Ot o1 deidd @f%bom@k‘gf\lﬁ@ invéatid BRI, bulGrOhBXlimited to aliphatic;
heteroaliphatic; aryl; heteroaryl; alkylaryl; alkylheteroaryl; alkoxy; aryloxy; heteroalkoxy:;
heteroaryloxy; alkylthio; arylthio; heteroalkylthio; heteroarylthio; F; C1; Br; I; -OH; -NO»; -
CN; -CF;; -CH,CF3; -CHC1,; -CH,0H; -CH,CH,0H; -CH,NH,; -CH,SO,CH3; -C(O)Ry; -
COx(Ry); -CON(Ry)2; -OC(O)Ry; -OCOzRy; -OCON(Ry)2; -N(Rx)2; -S(0)2Rx; -NRx(CO)Rx
wherein each occurrence of Ry independently includes, but is not limited to, aliphatic,
alycyclic, heteroaliphatic, heterocyclic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl, wherein
any of the aliphatic, heteroaliphatic, alkylaryl, or alkylheteroaryl substituents described above
and herein may be substituted or unsubstituted, branched or unbranched, cyclic or acyclic,
and wherein any of the aryl or heteroaryl substituents described above and herein may be
substituted or unsubstituted. Additional examples of generally applicable substituents are
illustrated by the specific embodiments shown in the Examples that are described herein.
[0024] In general, the term “aryl”, as used herein, refers to a stable mono- or polycyclic,
unsaturated moiety having preferably 3-14 carbon atoms, each of which may be substituted or
unsubstituted. In certain embodiments, the term “aryl” refers to a planar ring having p-

orbitals perpendicular to the plane of the ring at each ring atom and satisfying the Huckel rule
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one aromatic ring. In certain embodiments, “aryl” refers to a mono- or bicyclic carbocyclic
ring system having one or two aromatic rings including, but not limited to, phenyl, naphthyl,
tetrahydronaphthyl, indanyl, indenyl and the like.
[0028] The term “heteroaryl”, as used herein, does not differ significantly from the
common meaning of the term in the art, and refers to a cyclic aromatic radical having from
five to ten ring atoms of which one ring atom is selected from S, O and N; zero, one or two
ring atoms are additional heteroatoms independently selected from S, O and N; and the
remaining ring atoms are carbon, the radical being joined to the rest of the molecule via any
of the ring atoms, such as, for example, pyridyl, pyrazinyl, pyrimidinyl, pyrrolyl, pyrazolyl,
imidazolyl, thiazolyl, oxazolyl, isooxazolyl, thiadiazolyl, oxadiazolyl, thiophenyl, furanyl,
quinolinyl, isoquinolinyl, and the like.
[0029] It will be appreciated that aryl and heteroaryl groups (including bicyclic aryl
groups) can be unsubstituted or substituted, wherein substitution includes replacement of one

or more of the hydrogen atoms thereon independently with any one or more of the following
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het er osevgh, prefemblyythyeerty Iterocfarbon atoms. Suitable cycloalkyls include, but are not limited
to cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and the like, which, as in the
case of aliphatic, alicyclic, heteroaliphatic or heterocyclic moieties, may optionally be
substituted with substituents including, but not limited to aliphatic; alicyclic; heteroaliphatic;
heterocyclic; aromatic; heteroaromatic; aryl; heteroaryl; alkylaryl; heteroalkylaryl;
alkylheteroaryl; heteroalkylheteroaryl; alkoxy; aryloxy; heteroalkoxy; heteroaryloxy;
alkylthio; arylthio; heteroalkylthio; heteroarylthio; F; C1; Br; I; -OH; -NO,; -CN; -CFj3; -
CH,CFj3; -CHC1,; -CH,OH; -CH,CH,0H; -CH,NH,; -CH,SO,CH3; -C(O)Ry; -CO2(Ry); -
CON(Ry)2; -OC(O)Ry; -OCOzRy; -OCON(Ry)2; -N(Ry)2; -S(O)2Ry; -NRx(CO)R wherein
each occurrence of Ry independently includes, but is not limited to, aliphatic, alicyclic,
heteroaliphatic, heterocyclic, aromatic, heteroaromatic, aryl, heteroaryl, alkylaryl,
alkylheteroaryl, heteroalkylaryl or heteroalkylheteroaryl, wherein any of the aliphatic,
alicyclic, heteroaliphatic, heterocyclic, alkylaryl, or alkylheteroaryl substituents described
above and herein may be substituted or unsubstituted, branched or unbranched, saturated or
usaturated, and wherein any of the aromatic, heteroaromatic, aryl or heteroaryl substituents

described above and herein may be substituted or unsubstituted. Additional examples of
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aromatic, heteroaromatic, aryl or heteroaryl substituents described above and herein may be

substituted or unsubstituted. Additional examples of generally applicable substituents are
illustrated by the specific embodiments described herein.

[0032] The term “heterocycloalkyl”, “heterocycle” or “heterocyclic”, as used herein,
refers to compounds which combine the properties of heteroaliphatic and cyclic compounds
and include, but are not limited to, saturated and unsaturated mono- or polycyclic cyclic ring
systems having 5-16 atoms wherein at least one ring atom is a heteroatom selected from O, S
and N (wherein the nitrogen and sulfur heteroatoms may be optionally be oxidized), wherein
the ring systems are optionally substituted with one or more functional groups, as defined
herein. In certain embodiments, the term “heterocycloalkyl”, “heterocycle” or “heterocyclic”
refers to a non-aromatic 5-, 6- or 7- membered ring or a polycyclic group wherein at least one
ring atom is a heteroatom selected from O, S, and N (wherein the nitrogen and sulfur
heteroatoms may be optionally be oxidized), including, but not limited to, a bi- or tri-cyclic
group, comprising fused six-membered rings having between one and three heteroatoms

independently selected from oxygen, sulfur and nitrogen, wherein (i) each 5-membered ring
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heteroaliphatic, heterocyclic, aromatic, heteroaromatic, aryl, heteroaryl, alkylaryl,
alkylheteroaryl, heteroalkylaryl or heteroalkylheteroaryl, wherein any of the aliphatic,
alicyclic, heteroaliphatic, heterocyclic, alkylaryl, or alkylheteroaryl substituents described
above and herein may be substituted or unsubstituted, branched or unbranched, saturated or
unsaturated, and wherein any of the aromatic, heteroaromatic, aryl or heteroaryl substitutents
described above and herein may be substituted or unsubstituted. Additional examples or
generally applicable substituents are illustrated by the specific embodiments described herein.
[0033]) Additionally, it will be appreciated that any of the alicyclic or heterocyclic
moieties described above and herein may comprise an aryl or heteroaryl moiety fused thereto.
Additional examples of generally applicable substituents are illustrated by the specific
embodiments described herein. The terms “halo” and “halogen” as used herein refer to an
atom selected from fluorine, chlorine, bromine, and iodine.

[0034] The terms “halo” and “halogen” as used herein refer to an atom selected from

fluorine, chlorine, bromine, and iodine.
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[0039] The term “alkynylidene”, as used herein, refers to a substituted or unsubstituted,

or

linear or branched unsaturated divalent radical consisting solely of carbon and hydrogen
atoms, having from two to n carbon atoms, having a free valence “-* at both ends of the
radical, and wherein the unsaturation is present only as triple or doulbe bonds and wherein a
triple or double bond can exist between the first carbon of the chain and the rest of the
molecule. In certain embodiments, the alkynylidene moiety has 2 to 6 carbon atoms.

[0040] Unless otherwise indicated, as used herein, the terms “alkyl”, “alkenyl”,
“alkynyl”, “heteroalkyl”, “heteroalkenyl”, “heteroalkynyl”, “alkylidene”, alkenylidene”, -
(alkyDaryl, -(heteroalkyl)aryl, -(heteroalkyl)aryl, -(heteroalkyl)heteroaryl, and the like
encompass substituted and unsubstituted, and linear and branched groups. Similarly, the
terms “aliphatic”, “heteroaliphatic”, and the like encompass substituted and unsubstituted,
saturated and unsaturated, and linear and branched groups. Similarly, the terms “cycloalkyl”,
“heterocycle”, “heterocyclic”, and the like encompass substituted and unsubstituted, and

saturated and unsaturated groups. Additionally, the terms “cycloalkenyl”, “cycloalkynyl”,



enbodi nents descri bed herein. The terns "hal 0" and "hal ogen" as used herein
refer to an atom sel ected fromfluorine, chlorine, bromne, and iodine.
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pro-drugs may also be altered by appending a functionality onto the compound, which may
be catalyzed by an enzyme. Also, included are oxidation and reduction reactions, including
enzyme-catalyzed oxidation and reduction reactions. Certain exemplary pharmaceutical
compositions and pharmaceutically acceptable derivatives will be discussed in more detail
herein below.

[0042] By the term “protecting group”, has used herein, it is meant that a particular
functional moiety, e.g., O, S, or N, is temporarily blocked so that a reaction can be carried out
selectively at another reactive site in a multifunctional compound. In preferred embodiments,
a protecting group reacts selectively in good yield to give a protected substrate that is stable
to the projected reactions; the protecting group must be selectively removed in good yield by
readily available, preferably nontoxic reagents that do not attack the other functional groups;
the protecting group forms an easily separable derivative (more preferably without the
generation of new stereogenic centers); and the protecting group has a minimum of additional
functionality to avoid further sites of reaction. As detailed herein, oxygen, sulfur, nitrogen
and carbon protecting groups may be utilized. For example, in certain embodiments, as

detailed herein, certain exemplary oxygen protecting groups are utilized. These oxygen
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tissues of humans and lower anlmals w1thout undue toxicity, irritation, allergic response and
the like, and are commensurate with a reasonable benefit/risk ratio. Pharmaceutically
acceptable salts are well known in the art. For example, S. M. Berge et al., describe
pharmaceutically acceptable salts in detail in J. Pharmaceutical Sciences, 1977, 66, 1-19,
incorporated herein by reference. Pharmaceutically acceptable salts of the compounds of this
invention include those derived from suitable inorganic and organic acids and bases.
Examples of pharmaceutically acceptable, nontoxic acid addition salts are salts of an amino
group formed with inorganic acids such as hydrochloric acid, hydrobromic acid, phosphoric
acid, sulfuric acid and perchloric acid or with organic acids such as acetic acid, oxalic acid,
maleic acid, tartaric acid, citric acid, succinic acid or malonic acid or by using other methods
used in the art such as ion exchange. Other pharmaceutically acceptable salts include adipate,
alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate,

camphorate, camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dodecylsulfate,

ethanesulfonate, formate, fumarate, glucoheptonate, glycerophosphate, gluconate,
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refers to those prodrugs of the compounds of the present inveéntion w
scope of sound medical judgment, suitable for use in contact with the issues of humans and
lower animals with undue toxicity, irritation, allergic response, and the like, commensurate
with a reasonable benefit/risk ratio, and effective for their intended use, as well as the
zwitterionic forms, where possible, of the compounds of the invention. The term “prodrug”
refers to compounds that are rapidly transformed in vivo to yield the parent compound of the
above formula, for example by hydrolysis in blood. A thorough discussion is provided in T.
Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems, Vol. 14 of the A.C.S.
Symposium Series, and in Edward B. Roche, ed., Bioreversible Carriers in Drug Design,
American Pharmaceutical Association and Pergamon Press, 1987, both of which are
incorporated herein by reference.

[0046] As used herein, the term “tautomer” includes two or more interconvertable
compounds resulting from at least one formal migration of a hydrogen atom and at least one

change in valency (e.g., a single bond to a double bond, a triple bond to a single bond, or

vice versa). The exact ratio of the tautomers depends on several factors, including
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such datenstidnde, Ndwy d(?ookgl 1@81) Mrl&m&ll—labml SelraabdronBBRIRL & 9377);(1]ElﬁdflaE &.

| over e}g’ter}éochelrjvll;tgyng gar% orm)goun s Jl\?cn(? aw—Hill, NY, 1962); Wilen, S.H. Tables of
Resolving Agents and Optical Resolutions p. 268 (E.L. Eliel, Ed., Univ. of Notre Dame Press,
Notre Dame, IN 1972).
[0048] “Compound”: The term “compound” or “chemical compound” as used herein can
include organometallic compounds, organic compounds, metals, transitional metal
complexes, and small molecules. In certain preferred embodiments, polynucleotides are
excluded from the definition of compounds. In other preferred embodiments,
polynucleotides and peptides are excluded from the definition of compounds. Ina
particularly preferred embodiment, the term compounds refers to small molecules (e.g.,
preferably, non-peptidic and non-oligomeric) and excludes peptides, polynucleotides,
transition metal complexes, metals, and organometallic compounds.
[0049] “Small Molecule”: 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”



[0044] Additionally, as used herein, the term"pharmaceutically acceptable
ester"” refers to esters that hydrolyze in vivo and include those that break
down readwbyoioniiive human body to | eave the parent conpeamaSee0mosas t
thereof. Suitable ester groups include, for exanple, those derived from

har naceuti cal | t abl | i.phati b i i.ds, ticul
P KanorampogepBer aBrRl e EP & Sty Kared Ta iR Skidrsfebach
al kyl  ofrbatl-k@Buh boRAl 4nd @Q%&HEEG@QH&E%PP@@thaM@ $/aRN, ReferdtPPResat ONs.

Exanpl es ofj@lgarticul ar esters include formates, acetates, propionates,
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yield the parent conpound of the above formula, for exanple, by hydrolysis
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Seri es, ., Bioreversible Carriers in Drug Design,
Aner i cl5Fhar rivietaltdhelkorAs gsaised heminatie téter YaethcliRlaer’, ref®8, anfyot h of whi ch

are incorporated.herein by referepce. [0046 .used hergin, the term
"t aut OWQL’C“ CrPE MY ﬂl?%ds brea %O?W‘é)ﬁ‘lmf}lﬁgﬁ’e& t%ﬁﬁlﬁffﬁg)sw}ﬂéélﬁ‘i‘ett?ldﬁn'f rom
at | eaf] 06 &HQMPRry Thitodihfs, A maalh [0 8eA 81 @l nifleubAS mORE hhange in

val ency (e.g., a single bond to a double bond, a triple bond to a single
bond, ®inds”de awestalddn, illselutirnonakiag itoineyailable fonuscoimmhemikabenzignatic sever al

factors, 1ncludingtenperature, solvent, and pH Tautonerizations (i.e., the
react | BACYIS TR et b2 palifen heriPases Znysill B s Kihss o
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chelators.
[0051] As used herein the term “biological sample” includes, without limitation, cell
cultures or extracts thereof; biopsied material obtained from an animal (e.g., mammal) or
extracts thereof;, and blood, saliva, urine, feces, semen, tears, or other body fluids or extracts
thereof. For example, the term “biological sample” refers to any solid or fluid sample
obtained from, excreted by or secreted by any living organism, including single-celled micro-
organisms (such as bacteria and yeasts) and multicellular organisms (such as plants and
animals, for instance a vertebrate or a mammal, and in particular a healthy or apparently
healthy human subject or a human subject affected by a condition or disease to be diagnosed
or investigated).
[0052] The biological sample can be in any form, including a solid material such as a
tissue, cells, a cell pellet, a cell extract, cell homogenates, or cell fractions; or a biopsy, or a
biological fluid. The biological fluid may be obtained from any site (e.g., blood, saliva (or a
mouth wash containing buccal cells), tears, plasma, serum, urine, bile, cerebrospinal fluid,
amniotic fluid, peritoneal fluid, and pleural fluid, or cells therefrom, aqueous or vitreous

humor, or any bodily secretion), a transudate, an exudate (e.g. fluid obtained from an abscess



R- and S-enantioners, diastereoners, (D)-isoners, (L)-isoners, racemc

m xtures thereof, and other m xtures thereof, as falling within the scope
of the inwenvicani2vkor i nstance, an isoner/enantioner MaPCTIUS2@0/M0®4235
enbodi nents, be provided substantially free of the correspondi ng
enantionmer, and.may.al so be.referred.to as . "opti |y enriched.”
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| aboratory or found in nature. Snall nol ecul es, as used herei.n, can refer

to conponadi desiaed, shecbiolegiaat sample srayche sukiseted fo REsliErnany PEOGESSIAS: sral |
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Brief Description of the Drawings

[0054] Figure 1. Synthesis of an HDAC-biased library. The compounds of the library
were prepared by conjugating an aldehyde-containing compound to a hydrazide-containing
compound with a metal chelating moiety.
[0055] Figure 2. High-throughput, high-content, quantitative detection method for
identifying HDAC inhbitors. Cells are seeded in 384-well plates (2,000 cells/well) and
treated with test compound, fixed, and then stained with Hoechst (nuclei), primary anti-
AcTubulin monoclonal antibody and anti-AcHistone polyclonal antibody, then with
compatible fluorophore-conjugated secondary antibodies. After automated image acquisition
a custom analysis script identifies and masks cells, then derives quantitative fluorescence data
from FITC (AcTubulin) and rhodamine (AcHistone) channels (MetaXPress; Molecular
Devices).
[0056] Figure 3. WT-161 Induction of AcTubulin (Red) and AcHistone (Blue) by HCS.

As described in Figure 2, the high content acetylation assay was employed to determine the



car bon-car bon bonds, and has a nol ecul ar wei ght of |ess than 2000 g/ nol,
preferably |l ess than 1500 g/ nol, although this characterization is not
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i n solUutron, nmaking Pt unavarlable for use Fn chem cal7enzymatic reactions.
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preci pitate net Il ons are not consi to be neta ators. [0051] As
used h@ANIQ) tsHamkee bynah himdobombio asetyhitet' lysine inithesontext dfbart isbfonmt at i on, cel |

| t tracts th f. bi opsi.ed natefi t ai f i mal
Con - Testnmosbie. oBichiict Bt ing woPedghbr it on HRARs 1.8 6 and 8 HIAES "Senen,
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par ti cddadétyRsd@étividyy or apparently heal thy human subject or a human subj ect
affected by a condition or disease to be diagnosed or investigated). [0052]

The bilP8Yi calFigaash Selechivednhibitign of HRAGC6 by Y Tidiod dn & hosoggneess @ssadii such

as a pobust assay for HDACs 1, 2, 3, 5, 6, and 8 have been established. Inhibitory constatns (K;)
for HDAC inhibitors are presented and color coded by potency (<10 nM = red; 11 nM-
100nM = yellow; 101-1000 nM = green; >1000 nM = blue). Inhibitory constants were
determined by the equation K; = [I]J/(((Vo/Vi)x(1+[SV/Km)) — ([S}/Km) — 1), where [I] is the
concentration of inhibitor, [S] is the concentration of substrate, Vy is the initial activity of
enzyme without inhibitor, V; is the activity of enzyme with inhibitor, and Km is the Michaelis
constant. Potent inhibition of HDAC6 by WT-161 is boxed.
[0060] Figure 7. Superior Synergy for the combination of WT-161 and bortezomib
compared to other HDAC inhibitors. Synergistic effects on cell proliferation were
determined by varying concentrations of each HDAC inhibitor in the presence of varied
concentrations of the proteasome inhibitor, bortezomib. Two cultures of human multiple
myeloma cells were used for this study. Data presented are the 1Csy data for the HDAC
inhibitor studied (first column) in the presence of increasing concentrations of bortezomib (0,
2.5 nM, or 5.0 nM). The measurement of cell proliferation used is the Cell TiterGlo assay
(Promega),which uses bioluminescence to report on ATP content in cultured cells. Among
all HDAC inhibitors studied, the most pronounced synergy was observed with WT-161 and
the HDACS6 inhibitor, tubacin, both shown in red (dose reduction indices greatest).



tissue, cells, a cell pellet, a cell extract, cell honogenates, or cell
fractions; or a biopsy, or a biological fluid. The biological fluid nay be
obt ai ned woamoany29si te (e.g., blood, saliva (or a nouthpreadis2@ondeshni ng
buccal cells), tears, plasma, serum 2rine, bil e cerebr ospi nal fluid,
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i ncl udizomdange dibeary pf HDAG éshibiters basgdangeetylasd é‘ﬂb%@sﬁn@aﬂ@%{ latest higfose.ol ogi cal
pur poses. Biol ogi cal sanples also include m xtures of biological nolecules
i ncluding proteins, |ipids, carbohydrates and nucl eic acids generated by
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separat| Brief, Desc tlon of the awi ngs [0054] Figure 1
o e iogs 2 Ak SEesiata A et BrveRve L2 EhE bt by bphis
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hydr azi de- cont ai ni ng conpound with a netal chelating noiety. [0055] Figure

2. Hi gprolifergtingtihseaseshsugh-aseaneent , quantitative detection method for
identifying HDAC i nhbitors. Cells are seeded in 384-wel| plates (2,000
cells/well) and

Compounds of the Invention

[0064] In general, the present invention provides compounds of the formula (I):

(Ra)nr
=
(Ry)g 0
SR
(Rs)g H ;

@

wherein
n is an integer between 1 and 10, inclusive;
m is an integer between 0 and 5, inclusive;
k is an integer between 0 and 5, inclusive;
p is an integer between 0 and 5, inclusive;

R? is an optionally substituted acyl moiety



treated with test conpound, fixed, and then stained with Hoechst (nuclei),
primary anti- AcTubulin nmonoclonal antibody and anti-AcH stone polyclonal
ant i body,woher/om19k conpati bl e fl uorophore-conjugat ed secon$asog/oed28s bodi es.
After autonmated i nage acquisition a cust om anal ysis script identifies and
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AcHi st one (Bl ue) escribed in Figure 2, the hi gh cont ent
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Doser esponse dat a from Fi qure have been used to _generate EC50 val ues of
cel | ul ‘cN(Rm)stNH@(aﬁtht @Du&(&c)ad’é‘tmlateﬁﬁwféﬂﬂé@t@ Wpudepgndentlij@se data are
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a cellular assay measuting global effects on acetylation. TDAC activity is
a sur r Sightytamipashatereanloxys pr heiprearyilthly BRtESn in cultured cells. [0058]

Figure 5. HRAG @dﬂff%bggh%%e ZaYc‘i o eg@tiySJbs‘?i'?ﬂthPoﬁuﬁﬁB?&ﬂl&ﬁUﬁfﬁﬁé}féd(o?ANC) s

| i nked by an"am Ine 1n the context of an
i sof or usehechetd atiphaties t ydlie. orlacyctlm; substitnted orsunsulpitituted brandhed patebrangheiDACs

1, 2, 3, 6.. HDAC .h d
substrh%tér%ggp hatigy,supsti zes acg%ﬁj %ﬁ%g o ng‘jﬁ@\gg ﬂo%ﬁ’ H’E?jir%ren) whi ch
| s det Ggéu%gnﬂu{édr 6hcidd B &Krﬁcﬁéd&yﬁ%@sﬁﬁﬁe@bmubaﬁd@ﬂ brandiRalordat a

capture ter a pre-incubation phase (30 m nutes) provides a Kkinetic
assess netrhndfed hetcaryl; 9Bpaci(FO)Ry;. QQ)BJBQ]CNJ-@@% -8Rp S QR i-$O2RextrN% i on
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i bi hBoa. @ ERER Aduah Aiphetic 50 Anerodlac (relélyr seyl mdiotd N
10OnM —9ye I owlﬂlo 0%‘6 %M = ig?JPeen cﬁ%oo nM —ﬁjtghleueh_{l |¥1h| bi tory constants
<]

wer e den emhmctybayh@th@aeqmwtanalko&y,[an]lm (@Uo2bjos epylthicsjapkpoy alkylaping, 7
mﬁ(y?m{nn]o hésteroaryloxy, or heteroarylthio moiety;

Rs is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or unbranched acyl; substituted or
unsubstituted, branched or unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; -ORg; -C(=0)Rg; -CO2Rg; -CN; -SCN; -SRg; -SORg; -SO,RE; -NOy;
-N(Rg)z; -NHC(=0)Rg; or -C(Rg)s; wherein each occurrence of Rg is independently a
hydrogen, a protecting group, an aliphatic moiety, a heteroaliphatic moiety, an acyl moiety;
an aryl moiety; a heteroaryl moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino,
dialkylamino, heteroaryloxy; or heteroarylthio moiety; and pharmaceutically acceptable
forms thereof.

[0065] In certain embodiments, n is an integer between 1 to 8, inclusive. In certain
embodiments, n is an integer between 2 to 8, inclusive. In certain embodiments, n is an
integer between 4 to 8, inclusive. In certain embodiments, n is an integer between 3 to 6,
inclusive. In certain embodiments, n is an integer between 4 to 6, inclusive. In certain
embodiments, n is 3. In certain embodiments, n is 4. In certain embodiments, nis 5. In

certain embodiments, n is 6. In certain embodiments, n is 7. In certain embodiments, n is 8.



concentration of inhibitor, [S] is the concentration of substrate, VO is
the initial activity of enzynme without inhibitor, Vis the activity of
enzynme Wwb 2omiiiissor, and Kmis the M chaeli s constant pciPatseomw/0d4285 bi ti on
of HDAC6 by V\7I'- 16 1 I s boxed. [0060] Bigure 7. Superior Synergy for the
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In certain embodi ments, the deacetylase inhibitor is a histone deacetyl ase
( HDAC) cyiclihiobatystic, substifated i nnguhstifuted, branghdsbeti unbranshed hlephagacbt gdrtagie
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and aris butds In cartpin epabedimgntseRs isgyche of adyehatsphituie %@bsgﬁ%qﬁl as cancer.
branched or unbranched heteroaliphatic. In certain embodiments, Rj; is substituted or

unsubstituted, branched or unbranched acyl. In certain embodiments, Rj is substituted or
unsubstituted, branched or unbranched aryl. In certain embodiments, Rj is substituted or
unsubstituted, branched or unbranched heteroaryl. In certain embodiments, Rj is -N(Rc¢),. In
certain embodiments, R3 is -N(R¢)2, wherein R is hydrogen or C,-Cg alkyl. In certain
embodiments, R3 is -NHR¢. In certain embodiments, R3 is -NH,. In certain embodiments,
Rj is —OR¢, wherein R¢ is hydrogen or C,-C¢ alkyl. In certain particular embodiments, Rj is
—OH. In certain particular embodiments, R3 is -OMe. In certain embodiments, R3 is —SR¢,
wherein R¢ is hydrogen or C;-C¢ alkyl. In certain particular embodiments, R3 is —SH. In
certain particular embodiments, R3 is -SMe. In certain embodiments, Rj is branched or
unbranched acyl. In certain embodiments, Rj is -C(=0O)Rc¢. In certain embodiments, Rj is —
C(=O)Rc, wherein R¢ is hydrogen or C;-Cg alkyl. In certain embodiments, Rj is —
C(=0)CHj. In certain embodiments, R3 is —C(=0)ORc¢. In certain embodiments, Rj is —
C(=0)ORc, wherein R¢ is hydrogen or C;-Cg alkyl. In certain embodiments, Rj is —
C(=O)N(Rc)z. In certain embodiments, R3 is -C(=O)NHR¢. In certain embodiments, Rj is —
C(=O)NHa;. In certain embodiments, R3 is -NHC(=O)R¢. In certain embodiments, Rj is —
NHC(=O)Rc, wherein Rc is hydrogen or C;-Cgalkyl. In certain embodiments, Rj3 is —SORc.



Compounds of the Invention [0064] In general, the present invention

provi des conpounds of the forrmula (1): (I) wherein n is an integer between
1 and 10,woreinmgi2ee; mis an i nteger between 0 and 5, i mciruseaoe/00435s an

i nteger between 0 and 5, inclusive; pR4is an integer bet ween 0 and 5,
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unbr angiyegiAbdte 1 ik CECRY Ohicerifih éaboalhénts, FURSLNOYt ed or unsubsti tuted,
branched or unbranched heteroaliphatic; substituted or unsubstituted,

br ancHO87dr uibeertaii embaahmeptss Rt hytdneged. dn centain bmbodiments, Rarisihadpgan. or

unbr anched .aryl;; d or su che u ed
ot or i cfaodtHaR, B it Aodhe AR dritiafinenté 00 Shigihe "IRGAEIC,
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I ndependently a hydrogen, a protectlng group, an aliphatic nojety,
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di al kyq’%l?ﬂdﬁge%ﬁ’eﬁ"e¥ ?@ﬁ g(??) Mlé %%%‘ﬁ%‘%@#@l? |%4algr10£eg{]}§/l Iéﬁéﬁ%gh hydr ogen;
hal ogesmbdayatits, RY isatiyt! 11Ccer&ub€thbddimeﬁitsolk4 ispsoat iﬁc&rwhembemmft By
unbranched al i phati c; ci;d Ic or_ acyclic, substjitut e&l unsubsti t ut ed,

br anche@uil InsriancerabodismenisoRy 1Sr%f‘élﬂ‘i oF acypligy tSP?%‘tt‘étﬂ SF “’Eﬁ\’?étb%‘ﬁth ut ed,
br anc ho"rgncg{ed p %%Ei h%ﬁ% pﬁh‘tl?étfn ég,hsﬂl ibdd lg ﬁﬁﬁistlnH{E@BP hed or
unbr anc u

ary tltute uns stltut unbr anched
het er Qﬁfsybstltutedﬁ I:Danc-h@ﬂ Gﬂﬁnﬁbrﬁhchedl@ﬂﬁ In ¢Edin eﬁiﬁbldlmdﬁ‘t% R4-1SORBHtWECHR ; - NO2;

 nclopSHAEIRoR HigtsPd Shunrep st el ﬁg%%sﬁ%ﬁnﬁqﬁf% A e,
B P e o o o
di al kydeaﬂammnbdMemts,aRyﬂseMRo)zr Whetmhars)/hﬁdmgwnrm@t% alkdl. ils Chly%lnogen
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br anchrgisQORI WRASARY is hydrogen or C,-Cg alkyl. In certain particular embodiments, Ry is
—OH. In certain particular embodiments, R4 is -OMe. In certain embodiments, R4 is —SRp,
wherein Rp is hydrogen or C;-C¢ alkyl. In certain particular embodiments, R4 is —SH. In
certain particular embodiments, R4 is —SMe. In certain embodiments, R4 is branched or
unbranched acyl. In certain embodiments, R4 is ~C(=O)Rp. In certain embodiments, R4 is —
C(=O)Rp, wherein Rp is hydrogen or C;-Cg¢ alkyl. In certain embodiments, R4 is —
C(=0)CH3. In certain embodiments, R4 is —C(=0)ORp. In certain embodiments, R4 is —
C(=0)ORp, wherein Rp is hydrogen or C;-Cg alkyl. In certain embodiments, R4 is —
C(=0)N(Rp),. In certain embodiments, R4 is -C(=O)NHRp. In certain embodiments, Ry is —
C(=O)NH,. In certain embodiments, R4 is -NHC(=O)Rp. In certain embodiments, R4 is —
NHC(=0)Rp, wherein Rp is hydrogen or C,-Cealkyl. In certain embodiments, R4 is —SORp.
In certain embodirhents, R4 is —SO;Rp. In certain embodiments, R4 is —CN. In certain
embodiments, R4 is —=SCN. In certain embodiments, R4 is -NO;.
[0072] In certain embodiments, Rs is hydrogen. In certain embodiments, Rs is halogen.
In certain embodiments, Rs is fluorine. In certain embodiments, R; is chlorine. In certain
embodiments, Rs is bromine. In certain embodiments, Rs is iodine. In certain embodiments,
cyclic or acyclic, substituted or unsubstituted, branched or unbranched aliphatic. In certain

embodiments, Rs is C|-Cgalkyl. In certain embodiments, Rs is methyl. In certain

embodiments, Rs is ethyl. In certain embodiments, Rs is propyl. In certain embodiments, Rs



het eroal i phatic; substituted or unsubstituted, branched or unbranched acyl;
substituted or unsubstituted, branched or unbranched aryl; substituted or
unsubst i twoedio/dnmached or unbranched heteroaryl; -0R EpCT@S2@pRo435 - CO
2RE; -CN. -SCN; -SRE; -SORE; -SO2RE; 25N2; - N(RE)2; -NHC( =0)R E; or

- erein each occurrence of ..RE is i.ndependent
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DI et Y bradbhed ot lunBRinEhed helerbBSlifafal Y cdiéMbodileaiyR ﬁrsylbameda)lr kyl t hi o;

aryl thio; am no, alkylanino, ‘dialkylam no, heteroar yf oxy; or heteroarylthio

moi et yunsubstityteds bmcdwduocanblganahﬁdeqwhblmeceﬂ@mmhqdanm, Rs[l@@%}ltutqd eertain

emboai Rnpatfd; Galtherh ERERRANRE 13 i er RSl & s REERRE

enbodi gBdbstituted] &aﬁéheuro&@gefanaeédmo&yt OIn&,ertaimCAmtsddVrﬁentb JRLIGFNERA),. In
enbodi nents, n I s an integer between 3 , inclusive. In certain

enbodi #EHEempodimeats, Rt Ele WRERSHN Re ﬂ&il}tsirogqmqu%r%alkyln Ingertainn
enbodi QBB &imeﬂts' ﬁS% I\lll-ri'R r{@érﬁlfﬁgﬁ%l%ﬁ{s R; ﬁ II\ﬁ'IQG In c@rtglﬁr %ﬁdoﬁlments

enbodi nent s, ain'e I'n cer
enmbodi Relmt—SOng wierein RIEI‘is hﬁirbgﬁ:mme(ﬂbdd hlk?htl%l ceﬂamq)a&lc{uwﬁbﬁibddnnaﬁs tRa i8
enbodi nents, mis O. Eﬂ_certaj n enbodi nent s, certain

enbodi MERk N CAFHE particplar embOdiments s dt ﬁ@Mes In ﬁFlﬂ%mgmbpama@t% &sis —SRe,
omooct Wheiet RO Hydfoeen 0E]ICI dcAOTH B @hfzﬁe&some&@s Ry 4 I8igeR i n

I'n certain e 0|rrets I's 2. In ceftain
enbodi netdisparkicular dnbddimestst Bj is —GSM@dInmm'm, eri{bochmdnts {ROB®farichedter t ai n

ehod Haeaehe] ap. 3n frfif Erbatindii dainei Q)R 18 cotait ABaESn, R s
embodi TR Ry, MhbfirtRe [ARRIgdlr CLE SRy P TROUKR Birbod MmO R -b(=CYThp are

0. In certain enbodi nent’s he sum of K, pis 1 In certain

enbodi re¢ergin thbodgmlnnt@,mes —“C(=enaRp. Irscmam mb@dlmms, Bnbocﬁ(rr@d@g,e, t he sum
of m k, an r odlrrent t he, sum. of is 4.
" cer PPRLRB Bz br R HRE R S St B A NGERE H i
enbodi p&isembSdib@ni3y Rt RIEI=0)NHRG! ta icBrtdfRabotRidnss, RE3s L@(*@jNHberIn I n
certain enbodinents, R3 is fluorine. In certain embodi ment s

chi or i fstain pmbediments, BmﬁocN Irl@(ﬁ@)RsRén icertaip grbadimants, Reis aNHCén@éI&m,rrent s, R3
Lzshgg%@?ﬁ ISE Fsebﬂl){ggdc%e 0 i Lf’n anc I1 pﬁ&qlﬁ(é}(&{ Rn5 lée?"'té;?t 'IB#%E%I ment s,
i s Q Cemb&dimentshRe &r+tS0,R e hi oelitairn Bfnbodllﬁ&n'ts Rigid -HYIN. Ih dercadn embodiments,
Rs5is =SCN. In certain embodiments, Rs is —-NO,.
[0073] As defined generally above, R?isan optionally substituted acyl moiety. In certain
embodiments, R? is —C(=0)R*, wherein R* is selected from —OR® or -N(R®),, wherein R® is
hydrogen or an optionally substituted alkyl moiety, and wherein RC is hydrogen, —OH, an
optionally substituted aryl moiety, or an optionally substituted heteroaryl moiety.
[0074] In certain embodiments, R? is the group —C(=0)R”, wherein R* is —ORB, wherein
R® is selected from hydrogen and optionally substituted alkyl moiety.
[0075]  In certain embodiments, R? is ~CO,H.
[0076] In certain embodiments, R? is the group —C(=0)OR®, wherein R® is an optionally
substituted alkyl moiety. In certain embodiments, R? is -CO,CH;, ~CO,CH,CH3, —
CO,CH,CH;CH3, or -CO,CH(CH3),. In certain embodiments, R?is —CO,CHs;.
[0077] In certain embodiments, R? is the group —C(=0)R*, wherein R* is ~N(R"),, and
wherein R is hydrogen, —OH, an optionally substituted aryl moiety, or optionally substituted
heteroaryl moiety.



enbodi nents, R3 is ethyl. In certain enbodinents, R3 is propyl. In certain
enbodi nents, R3 is butyl. In certain enbodinents, Ris cyclic or acyclic,
subst i t utwad 20r0/am®absti t ut ed, branched or unbranched heteramboophai2se. |n
certain enbodi ments, R3 is substitute® or unsubstituted, branched or

A R g R G M R RO S
subst i {,Héremh 1@? isUTRYDA & gtiéhﬁlqjy subsafediedy DioieRR baeﬁm&ug?hsﬁma hetetdargler t ai n

enbodi ments, R3 is -N In certain enbodi ments is -N 2,
\A,herelmoﬁt)’ls hydrogen or C1-C6 al kyl. In certain enbodinents, R3 is -NHRc.

In cer od| nent s I ai n enbodi nent s, R3 is -ORc,
wher ei Iﬁ?ﬁ?gl ﬂﬁfﬁ%ﬁgﬂlb@m&ﬁs@g I_‘LT _d‘)mﬁélgrtal n particul ar enbodi nents,
R3 is {0080} | nlﬁeéﬁah@nmaaﬁmem R mﬂibcg%lrﬁarc(&o)ﬁmsc “(Ht%m RAicgr t ain

embodi ments, R3 is -SRc, wherein Rc is hydrogen or C -06 al kyl . In;ertaln
parti centinakbypuhstituied aryl erontionalty substituged heterpanyhr In Q,eatlam erahgsHaeASnRslS R3 s

- SMe. t g 0, ed acyl In certain
erbodi HEFElP RAOIPR Bkt R Eh Sk SUBHuRE MIPERIIRREC 2% L e

wher ei |00RL] i s Thyeltaig embadiniéhtsf;l?éhskwe group -e@(#()&)Nm{IeCUbﬂﬂrm sn aRd meiety
C(=O CH3. In certain enbodinents, R3is -C(=0O ORc- In certain enbodi nents,
R3 is of the sWyati¥E: wherein Rc is hydrogen or C -06 alkyl. In certain

enbodi ments, R3 is - C(=0Q N(Rc)2, In gertin enbodinents, R3 is -C(=0)NHRo
In certain embodi ments, R3 is - § n certain enbodi nents, R3 is
-NHC(=O)Rc. In certain enbodi nents, NHC(=O) Rc, wherein Rc is
hydrogen or C -C6al kyl. In certain enpegifitents, R3 is -SORc.ln certain
enbodi nents, R3 is -SO Rc- In certai ff enbodi nents, R3 is -CN. In certain
enbodi nents, R3 is -SCN. In certai WOenbodi nents, R3 is -NO 2. [0071] In

cer L RO R e Bl PO e SR RO B oo

chl or i damplé) ReeohiprRe LA ichBIRtiAg gf¥hpl $n Bér@dh BRAboditHeY, Rélmseqaemﬂye nts, R4
is iodine. In certain enbodinents, cyclic or acyclic, substituted or

unsubsene anead thofollapirgistaicturesr anched al | phatic. In certain enbodinents, R4
is C-C6al kyl. In certain enbodinments, R4 is nethyl
enbodi ments, R4 is ethyl. In certaPn errbodi menQs, R4

. Lagcertain
By opyl . I n certain
enbodi ments, R4 ig butyl. In certafn enBﬂdlnents / yclic or acyclic,
el weferoal i phatic. In

substituted or un QHuted, b c
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certain enbodi nents, R4 is subst' tut or
—NHCOCH,Br

3"—NHCONHOH

H o
\l/ g—-NHCOCHZSAc

N E—NHCONHNH
'7?‘/ \OH 2

E—NHCOCHZOH
g—NHCOCHZSH

In certain embodiments, R? is of the formula:

g—COZH

In certain embodiments, R? is of the formula:



unsubstituted, branched or unbranched acyl. In certain enbodinents, R4 is
substituted or unsubstituted, branched or unbranched aryl. In certain
enbodi nenwe,20f1i®6subst it uted or unsubstituted, branchedTars2emboesshed
heteroaryl. In certain enbodinents, RFis -N(R D)2. In certain enbodinents,
R4 is -N(R D wherein RDis hydrogen or Cl1-C6 alkyl. In certain

enbodi nents, R4 is -NHR D In certain enbodinents, RA is -NH 2. In certain
enbodi ments, R4 is -OR D, wherein RD is hydrogen or Cl-C6 alkyl. In certain
particul ar enbodi nents, R4 is -OH 1In certain particular enbodinents, R4 is
-Ove. In certain enbodinents, R4 is -SR D, wherein RDis hydrogen or Cl-C6

alkyl. In certain particular enbodi nents, R4 is -SH In certain particular
enbodi nents, R4 is -SMe. In certai i ments, R4 is branched or
unbranched acyl. In certain enbodifents, R4 is -C(=OR D In certain

enbodi in &8bdfime 1) &@@ in RDis hydrogen or G -C6 alkyl. In
certaiﬂFg%%gllné%ﬁg?néégiéﬁgﬁki:: Eﬁb. In certain enbodinents, R4 is
-C(=O OR D. In certain enbodi nent R4 is - C(=OOR D, wherein RDis
hydrogen or C -C6 alkyl. In certaign enbodi nents, R4 is - C(=0)N(R D)2- In
certain enbodinents, R4 is -C(z0) mbmncatmneMmmnmn& R4 is -
C(=0)NH 2. In certain enbodi nengs, is -NHC(=OR D In certain
enbodi ments, R4 is - NHC(=O R D, wherein RD is hydrogen or Ci-C6alkyl. In
certai p. enbodi neni. RAn1 S, - D [n.certain enbodinents, R4 is -SO 2RD. In
certai %e:%bnd?ngg%c{@,bnﬁ?i%qf . Olrrrllluiéértai n enbodi ments, R4 is -SCN. In
certain enbodinents, R4 is -NO . 80072] Rcertain enbodi nents, R5 is
1

hydrogen. In certain enbodiments, jR5 i§ dagen. I n certain enbodi nents, R5
is fluorine. In certain enbodinmenlls, R hlorine. In certain

enbodi nents, R5 is bromne. In&erta™n enpodi nents, R5 is iodine. In
certain enmbodinents, cyclic or acyclHc, slubstituted or unsubstituted,
branched or unbranched aliphatic. In certdin enbodi ments, -R5 is G -C6al kyl .

In certaiol, € diments,.R5 is methyl. In certai i t. R5 i t hyl .
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I n cer by} eneadaRel folRMing cdinpowrlsCyhidrein 10 425y6,lorg: substituted or |
unsubstituted, branched unbranched heteroaliphatic. In certain

enbodi nents, R is subsgi ed or unsubstituted, branched or unbranched
acyl. In certain enbod $, R5 is substituted or unsubstituted, branched
or unbranched aryl. In ai n enbodi nents, Ris substituted or
unsubstituted, branched unbranched heteroaryl. In certain enbodi nents, R
5is -N(RE) - In




certain enbodinents, R5is -N(RE) , wherein R E is hydrogen or C 1-C6
alkyl. I'n certain enbodinents, R5 is -NHRE. In certain enbodinents, R5is
-NH 2 . Iwocerciaiéenbodi nents, R5 is -OR E, wherei n RCEUSs0daporegyen or
g-C6 alkyl. In certain particular esbodinents, R5is -OH 1In certain
particul ar enbodi nents, R5 is -Ove. In certain enbodinents, R5is -SR E ,
wherein R E i s hydroge S, 1-C6 alkyl. In certain particular enbodi nents,
R5is -SH 1In certain ul ar enbodi nents, R5is -SMe. In certain
enbodi mrents, R 5 is branched or unbranched acyl. In certain enbodi nents, R
5is -C(=ORE. In certainyenbodi nents, R5is - C(=ORE, wherein RE is
hydr ogen or C 1-C6 al kyI In certain enbodinents, R5is -C(=OCH3 . In
certain enbodi nents In certain enbodinents, R51i s
-C(=O OR E, wher C 1- al kyl. Hn certain

enbodi nents, R 5 . LQ_certjpi n enbogi ments, R5 is
-C(=ONHR E . In Ce i RO, (gg) onl N certain
enbodi nents, R5 is -NH(=OR E . In certain enb 'hents R5is

-NHC(=O) RE, wherein R E js hydrogen or G-Cé6alkyl. In certain enbodi ment s,
R5is -SORE . In cer RXenbodi ments, R5 is -SO 2RE. In certain

enbodi nents, R5 is - certain enbodi ments, R5is -SCN. In certain
enbodi mrents, R5is -N [0073] A s defined generally above, R2 is an
optionally substituted agyl noi ety. In certain enbodinents, R2 is -C(=OR

an optionally subs e > noi ety, an wherein R is hydrogen, -OH, an

optional |l y subst i or tional |y substituted heteroaryl
noi ety. [0074] | N the grpup -C(=O R A, wherein R
Ais -OR B, whererx i €ct e ro yd ge)y anc gL, i onal |y

substituted al kyl noiety. [0075] In certHin enbodi nents, RFis -CO 2H .
[0076] In certain enbodinents, R2 is the group -C( O)CR B, wherein RBis
an optionally substituted al kyl noiety. In certain enbodinments, R2 is -CO

or@@hdktadefically @@ﬁhﬂ@f&%&er@f hC&ridti€rebbdiinénts, h is £.€Ir &irtain
enbodl ments, R2 is -CO 2CH3 . [0077] In certaln enbodi nents, R2 is the

gr oup emieod@lpptA n ifde rlgicArtan gmbodimerits, @)is 6. A geriin KEbPdiEENSH A IR | ss
hhyyd en Fiolsl | noiety, or optionally
substi ut d hé?%aéﬁgﬁng%l et @t d?%lﬂrvhtcge glétl?drl;)éenbodl ments, R2 is the
group -C(=O R A, wherei is -NHR C, and

N
\O\/ | O
/N\ )]\ )j\ /OH
u (CH2)s ”

or a pharmaceutically acceptable form thereof.

[0085] Some of the foregoing compounds can comprise one or more asymmetric centers,
and thus can exist in various isomeric forms, e.g., stereoisomers and/or diastereomers. Thus,
inventive compounds and pharmaceutical compositions thereof may be in the form of an
individual enantiomer, diastereomer, or geometric isomer, or may be in the form of a mixture
of stereoisomers. In certain embodiments, the compounds of the invention are enantiopure
compounds. In certain other embodiments, mixtures of stereoisomers or diastereomers are
provided.

[0086] Furthermore, certain compounds, as described herein may have one or more

double bonds that can exist as either the Z or E isomer, unless otherwise indicated. The



wherein Ris -OH an optionally substituted aryl noiety, or optionally
substituted heteroaryl noiety. [0079] In certain enbodinents, R2 is

- C(=O) NHGOW0 2pDaB8®J961 n certai n enbodi ments, R2 is the gregp/usaieo@)4BIR C,
wherein Rc is an optionally substitut®d aryl or optionally substituted

heteroaryl. | ertain enbodi ts, R2 i.s t.he. - C(=O)NH R
an oprstnonydafBeef SreBmPayr TSR D SR AL B PR RGO HeTs! R s
the gr@ug ls&ﬁthﬁMBt&naw@r%ml%@mwmbumbﬁéﬁé 8k, thenst migitsf [0082]
In certain enbodi nents rises a metal chel afi ng functional group.

For exd¢rpbieomersc bnpddlfs@sththzabevecménmnedgogxp@u@ds neri se.dhisanyensieb glfome nt s, R

is selected any ,one on the f ct
| N5 Eadey pRRaR Ry AEpiaBle AR i B dias MY EbRIpR ol -0 R
R i s ofonigiRidedn@lor diork c6Bbldy ofelid iventtiodioie bk snor&phameitedtivally or nrul a: -

CO2Me I n certain enbodinents, Ris of the formula: In certain enbodi nents,
Ris &CCGM@IF%WWSC’F@Q@B]VCSFM exarrpl e, in certain enbodi ments, a compound

of foglraugﬁ <[ h&&ftﬁg IJJeﬁﬁa@ v f;‘,raJaré tgrg},thﬁ%r h %@ggg@géwmerei n

nis arnaceu acce
certai madeﬂmmm G(blﬁhtldsnsl 331d4fnay| msteustoae or eotwatinadon of polymerghs dfithecert ai n

enbodi nents, nis 6. In_certain,enmbodi ne is 7. [0 certain
embodi GeEHoynd forming parh of this Y ERIAM n%"? %xa“?ﬂt'l éh%WSP é‘%f’fpgéhayy ccept abl e
form ther 6fid-anbR? §§étper 2 RirfY ditfafent S8166R%, MY dHRTORURREREE VIR o8 One or

nore asymmetric cen
recrystallization; by performing crystallizations at different temperatures; or by using various

modes of cooling, ranging from very fast to very slow cooling during crystallizations.
Polymorphs may also be obtained by heating or melting the compound followed by gradual
or fast cooling. The presence of polymorphs may be determined by solid probe NMR
spectroscopy, IR spectroscopy, differential scanning calorimetry, powder X-ray
diffractogram and/or other techniques. Thus, the present invention encompasses inventive
compounds, their derivatives, their tautomeric forms, their stereoisomers, their polymorphs,
their pharmaceutically acceptable salts their pharmaceutically acceptable solvates and

pharmaceutically acceptable compositions containing them.

Synthesis of Inventive Compounds

[0088] As would be appreciated by one of skill in the art of organic chemistry, the
compounds of the invention may be prepared by any number of synthetic routes. In certain
embodiments, a compound of formula (I) is prepared via condensation of a hydrazide
compound of formula (IT) and an aldehyde compound of formula (III) as shown in Scheme 1

below.

Scheme 1.
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(CH2),R? (CH2)nR?
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and thus can exist in various isoneric forns, e.g., stereoisoners and/or
di astereoners. Thus, inventive conpounds and pharnaceutical conpositions
t her eof e 2bm/dimoshe form of an individual enanti omer, pPdTast@mes8s , oOr
geonetric isonmer, or may be in the falmof a m xture of stereoisoners. In
certain enbodi ments, the, conpounds of the jnvention ar nant i opur e
conpouf88dl | nInesriain gmpedigenisniis AreasAt yeH{opRPwdes? “?f%’%e‘gﬂ’%%%f‘g or
diastQ% § oRfEmR{LVi ded. [0086] Furthermore, certain conpounds, as
descri bed herein may have one or nore doubl e bonds that can exist as either
the Z or E isoner, unless otherw se indiGated. Theinvention additionally
enconpasses the conpounds as individual | soners substantially free of other
isoners and alternativel y,Rlas m ures various isoners, e.g., racemc

m xtures of stereoisoners. | di??n to hﬂH?pw%e-nentioned conpounds se,
this invention al so enconpasses pharhaceutically acceptable derivatives of

t hese conpounds and, co ih,ti-ons..conpri sing one or nore conpounds of the
i nvent?r(?%ﬁ'aa‘iﬁfﬁcag]ry %ngég%ﬁg?rﬁnaghgﬁcﬁ?’cal |y accept abl e exci pi ents or
addi t i WEs&einf 0087] Conmpounds of the invention nay be prepared by

crystallization of the conmpound under different conditions and may exist as
one or a cohisiandnteser ketwesal harsk Hhan@desivéie conpound forming part of this

i nvention. For exanple, di ent pol ynmor phs nmay be identified and/ or
nts, or different m xtures of solvents for

prepared using different

recrystallization; Hﬁﬁpe ' ng crystallizations at different
tenperatures; or by using™g#1 ous nodes of cooling, ranging fromvery fast
to very slow cooling during|crystallizations. Polynorphs may al so be
obt ai ned by heating a el 1N Qg conpound foll owed by gradual or fast
cooling. The preseng may be determ ned by solid probe NWR
spect roscopy, |Raspd erential scanning calorinmetry, powder
X-ray diffractogram W ques. Thus, the present invention
enconpassesRl isventi ve conpounds, thei% ;derivatives, their tautoneric forns,
their stereoisoners, their polynorphs, their pharmaceutically acceptable
salts ‘F‘Hé?‘i‘“ﬁ‘?ﬁffnﬁﬁ%ﬁ?i c?é‘filsy"ﬁ"@é\ﬁ{‘)abl e sol vates and pharnaceutical ly
accept abl e lg:gr%qﬁ{eggmwg@m ahds Ndclukiosy Synt hesis of Inventive Conpounds
[0088] As would be appreciated by one of skill in the art of organic

cheni stry, psean integer between 0 and 5, inclusive;

¥
I
H
»

sy (-

R? is an optionally substituted acyl moiety

R is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or unbranched acyl; substituted or
unsubstituted, branched or unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; -ORc; -C(=0)Rc; -CO2Rc; -CN; -SCN; -SRc; -SORg; -SO,R¢; -NO»;
-N(Rc),; -NHC(=O)Rg; or -C(Rc)s; wherein each occurrence of Re is independently a
hydrogen, a protecting group, an aliphatic moiety, a heteroaliphatic moiety, an acyl moiety;
an aryl moiety; a heteroaryl moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino,
dialkylamino, heteroaryloxy; or heteroarylthio moiety;

R4 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or unbranched acyl; substituted or
unsubstituted, branched or unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; -ORp; -C(=0)Rp; -CO2Rp; -CN; -SCN; -SRp; -SORp; -SO;Rp; -NO»;
-N(Rp)2; -NHC(=0)Rp; or -C(Rp)s; wherein each occurrence of Rp is independently a



conpounds of the invention nmay be prepared by any nunber of synthetic
routes. In certain enbodi nents, a conpound of forrmula (1) is prepared via
condensatwonomioiadiydr azi de conpound of fornula (11) ane#canusadodehmede
conpound of forrmula (I11) as shown i B1Schenme 1 bel ow. Schene 1.[0089] In
certain enbodi nents, the present jnvention provyides a nethod of preparing a
conpouffiregens 8 PRRIFINE SO, BRAPRERUSPPIER! P;?e%wllaﬁatﬂ OB AP LB et

Wher ei g afyl hdichy) d HEGO5Y1 Btetpeilkoky2 R 15, alkgﬁhiH,S hyRhioThin$n A RIKyHrE8!
between 0" and 5, inclusive; kK'is an integer between 0 and 5, inclusive; p
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uns ubshétengakphatipy substifateder unsuhstifiers dranched orsutbsaniched aeylovubstiaitadari t ut ed,
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al i phati c noi et E a heteroaliphatic noiety, an acﬁE,rrpi ety; an aryl noiety;
a het e &e) -WHCETQ)Reapk xRe)za sy eack) qegymence of Reys independspilng

al kyl apg di ' XM | ' ' R 1S
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br anc hadaryt moidoy;areierdargl mpleay;i atkoxyy atylaxyoalkgltifiol aylthsy bstind, atkythmino,
unsubstj{ui ed, Qranched or qﬂ}ppgranclir}gcj het eroal i phatic; substituted or

uns ubs@iRtKYIARINOHIELHEHEIPXYr OLRRITTAAYHE BEWHs substituted or unsubstit ut ed,

branch sineanghed aryl; substituted or unsubstituted, branched or
unbrang(ﬂg@{%%?eroa?yl; -OR; -C(=0)R D, -C2R ; -CN, -SCN, -SRD; -SORD;

-SC2R ; - NOd) proM{dR a RydrapidCof @rRuld (Ib: - C(R0) 3; wherei n each occurrence of
RO is independently ahydrogen, a protgcting group, an aliphatic noiety, a
het er oal i phatic noiety, an acyl noiety;

HoN
\” (CH)R?

>

(1)
(ii) providing an aldehyde of formula (III):

o

(1)
and
(iii) reacting a hydrazide of formula (IT) with an aldehyde of formula (III) under

suitable conditions to provide a compound of formula:

0
R N )j\
N \”

[0090] One of ordinary skill in the art will appreciate that a wide variety of reaction

(CH,),R?

conditions may be employed to promote each of the synthetic transformations as depicted in



an aryl noiety; a heteroaryl noiety; al koxy; aryloxy; alkylthio; arylthio;
am no, al kyl am no, di al kyl am no, heteroaryl oxy; or heteroarylthio noiety;
and R i s Woadnogamshal ogen; cyclic or acyclic, substitutred/use009/004235
unsubstituted, branched or unbranchedal i phatic; cyclic or acyclic,

substi fyted or ubsti.tuted, branched or,. unbranched heteroaliphatic;
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2001; and rehensi ve Organi ¢ Tr.ansf or mai.ons dition,

: C.. Larock,
John' W5 el esHaIn opaeRidmeRts RpPONmatelY | aﬁw@ﬁ%{r{%ﬁ‘é'@ isurend on | <
perfor WOklﬁla Qécgl &aléﬁé Hiet'ﬂta hyhﬁzﬁl@ i{ fdell iR AROLLERIM In cEH&NOT gani
solvent''is a po r

otic solvent. I n certain enbodi nents, the reaction is
per f or emtjodlmedtsnmmqmmeﬂy)i |eqve1V€llBle®) the hydrezide a8 wsedndralippeonimatelsha-5r eact i on

Ir Zacr:)te Ir %cﬁnﬁgntis Qf t?lle g?&etﬂycllé grursrgmn t‘ﬁe g’e[a)M: z)n innce(lz'teagl} grlngocﬁrrgggt% approx1fna¥ely 1
equivalent of the more expensive starting material is used, and multiple equivalents of the
less expensive starting are used.

[0092] In certain embodiments, the synthetic method is amenable to high-throughput
techniques or to techngiues commonly used in combinatorial chemistry. Therefore, in certain
embodiments, a library of inventive compounds is prepared by using a variety of aldehydes
and/or hydrazides in multiple reaction vessels. For example, Figure I shows multiple

starting materials that were used in the synthesis of a library of inventive compound.

Methods of Treatment

[0093] In general, the compounds of the invention are inhibitors of deacetylase activity.
The compounds may inhibit histone deacetylase, tubulin deacetylase, or other deacetylase
activity. In certain embodiments, the compounds of the invention are inhibitors of histone
deacetylases (HDAC) and, as such, are useful in the treatment of disorders modulated by
histone deacetylases. For example, in certain embodiments, the present invention provides a
method for inhibiting deacetylase activity in a biological sample or a subject, which method
comprises administering to the subject, or contacting the biological sample, an effective
amount of an inventive compound or a composition thereof.

[0094] In certain embodiments, the deacetylase activity is histone deacetylase activity. In

certain embodiments, the compounds specifically inhibit a particular histone deacetylase



perfornmed at a tenperature between about 40 OC to about 80 OC, or about 50
0OC to about 70 OC. In certain enbodi nents, the reaction is perforned at a
t enper at we 20fo/mbmyet 60 OC. In certain enbodi nents, appPoxiusadoeioy421s

equi val ent of each of the al dehyde am# the hydrazide is used. In certai n

appr oxtang ¢ 5L HACT DA el FAC FoTparmtitc 7 aTaL FpatE Tinalfh o
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and appr oxi mately 2-5 equival ents of the al dehyde 75 used in the reaction.

| n cer tatam embodinentss the capmmmd specifioplly inhibitsB3D&G 1. dh cetieinreprwdimentnsi ve
starti mat er i ui t f.the |

ctart 18 careotipecTigBE iR HPAGH Tofstan et i g AFRRfFY mfhod 1<
amenabigcifRally Hhibiy@DAUEIt techni ques or to techngiues commonly used in

conbinatorial” chem stry. Therefore, in certain enbodinents, a library of

|h n\ée nt [0985k ondo &ﬁﬂ@nlemhﬁﬂémﬁ% dhegeagetybage activiietybulin dspeseHgsscastiziin g“r
ydrazi des in It| reaction

mul ti pfS é{s 21 eppodi t cgfngoflﬁaf’y%?@eﬁg%ﬁ)san Lﬁo{{te‘%ﬂslﬁg a&aﬁ%{%r ary of

| nvent {MBACYHRDUB GucHVBiehQ,Gﬁll o therteatmanbf h d9ader bﬂ digease madduldtedbg anpounds

of the invention are inhibitors of deacetylase activity. The conpounds nmay
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activi d on are
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certain embodiments, the subject is a human (e.g., child, juvenile, adult, male, female). In
certain embodiments, the subject is an experimental animal such as a mouse, rat, dog, or non-
human primate.
[0098] Exemplary proliferative diseases include, but are not limited to, cancer (e.g.,
glioblastoma, retinoblastoma, breast cancer, cervical cancer, colon and rectal cancer,
leukemias, lymphoma, lung cancer (including, but not limited to small cell lung cancer and
non-small cell lung cancer), melanoma and/or other skin cancers, multiple myeloma, non-
Hodgkin’s lymphoma, cutaneous T-cell lymphoma, and other lymphomas, ovarian cancer,
pancreatic cancer, prostate cancer, gastric cancer, bladder cancer, uterine cancer, kidney
cancer, testicular cancer, stomach cancer, brain cancer, liver cancer, and esophageal cancer),
benign neoplasms, inflammatory disease, and autoimmune diseases.
[0099] In certain embodiments, the inventive compounds are also active against leukemia
cells (e.g., leukemia cells and melanoma cells) and thus are useful for the treatment of
leukemias (e.g., myeloid, lymphocytic, myelocytic and lymphoblastic leukemias). In certain
embodiments, the inventive compounds are useful in the treatment of cutaneous T-cell

lymphoma (CTCL) and skin cancers (e.g., squamous cell carcinoma, basal cell carcinoma,



specifically inhibits HDAC6. [0095] In certain enbodi nents, the deacetyl ase
activity is tubulin deacetylase activity. In certain enbodi nents, the
conpound WO 20tv1iavéenti on is an inhibitor of a tubulin seaastylmasesy TDAC)
and, as such, are useful in t he treatdent of a di sorder or disease

nodul ated by a ulin ce l.ase, [.009 ther th resent
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[00102] In certain embodiments, the compounds are useful in treating inflammatory
diseases of the skin such as psoriasis or dermatitis.
[00103] In certain embodiments, the compounds are useful in the treatment of
neurofibromatosis.
[00104] A therapeutically effective amount of an inventive compound comprises
administering an amounts and for such time as is necessary to achieve a desired result. 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 disease, the particular anticancer agent, its
mode of administration, the desired outcome, and the like.
[00105] In certain embodiments of the present invention a “therapeutically effective
amount” of the inventive compound or pharmaceutical composition is that amount effective
for inhibiting deacetylase activity (e.g., HDAC and/or TDAC activity) in a subject or a
biological sample (e.g., in cells). In certain embodiments, a particular deacetylase activity
(e.g., HDACI1, HDAC2, HDAC3, HDAC4, HDAC4, HDACS, HDAC6, HDAC7, HDACS,
HDAC9, HDAC10, HDACI11) is inhibited by about 10%, about 20%, about 30%, about 40%,
about 50%, about 60%, about 70%, about 80%, about 90%, about 95%, or about 99%. In

certain embodiments, the inventive compound inhibits HDACG6, and a therapeutically



enbodi nents, the inventive conpounds are useful in the treatnent of
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the corPoeThEedi®8useful in the treatment of neurofibromatosis. [00104] A
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anountof restenasis afbleasd Yapeele siaient tritravmashachas angipplasty @pdpissting.obor s t hat
amou ntex%Hp?eC, tlt.' i¥ ?:ontemplated that the compounds of the invention will be useful as a coating

for implanted medical devices, such as tubings, shunts, catheters, artificial implants, pins,
electrical implants such as pacemakers, and especially for arterial or venous stents, including
balloon-expandable stents. In certain embodiments inventive compounds may be bound to an
implantable medical device, or alternatively, may be passively adsorbed to the surface of the
implantable device. In certain other embodiments, the inventive compounds may be
formulated to be contained within, or, adapted to release by a surgical or medical device or
implant, such as, for example, stents, sutures, indwelling catheters, prosthesis, and the like.
For example, drugs having antiproliferative and anti-inflammatory activities have been
evaluated as stent coatings, and have shown promise in preventing retenosis (See, for
example, Presbitero P. et al., “Drug eluting stents do they make the difference?”, Minerva
Cardioangiol, 2002, 50(5):431-442; Ruygrok P.N. et al., “Rapamycin in cardiovascular
medicine”, Intern. Med. J., 2003, 33(3):103-109; and Marx S.O. et al., “Bench to bedside: the
development of rapamycin and its application to stent restenosis”, Circulation, 2001,
104(8):852-855, each of these references is incorporated herein by reference in its entirety).
[00111] Accordingly, without wishing to be bound to any particular theory, Applicant

proposes that inventive compounds having antiproliferative effects can be used as stent



for inhibiting deacetylase activity (e.g., HDAC and/or TDAC activity) in a
subject or a biological sanple (e.g., in cells). In certain enbodi nents, a
parti cul avodemoaizbase activity (e.g., HDAC, HDAC2, HDARC3/USkidN@d423+DACA,
HDAC5, HDAC6, HDAC7, HDAC8, HDAC9, HD®C O HDACI 1) is inhibited by about

10% about 20% about 0% bout 40% .abou about 600/ about 709%
Sbout GEPESEler Dot JHE deluBYdeRiten Haet Akt the PRl SHETR RN o, ¢ he

| nvent je\ et BT Ichos R AR Sﬁdﬂ@%m@%ﬁn& benc Ep&adldry@ffd‘oafew ve amount of
t he conpound inhibits HDAC6 by at |east about 25% | east about 50% at

| east landmttawls%vms ae dmabtd b g6 tPagmnes 6,090I68%515,986, Qi’és ard h3ekdabi kbait s of

o B WEXGRAR o ot LR G BEb Y AR maf e 0 =
prolif ﬁﬂﬁhé&@ldlﬁroxﬁﬁé QBElchﬁoﬁcﬁiﬂEf poly &Ry leRdBly B8], ngaytaedaaadtlhtﬂy(eéét@cdos of

the proliferative di sease. 4»00 07] In certarn enmpodi nents of the present
i nvent glyeplic acidepalpeliieelicaacids cdnieserving asetaienend wixtures thasgadnihhg cogéngsound or

phar mace f

i nhi bi ¥ i‘)ﬁ@aﬂé DR cBDerkd bl A0 AHIR o s *H"’*"VSS’“{%W‘*%F@S?“?OO108]
For expgolpdtRylehdglgeslt phospholiysids, rmabmbuiaﬁens:thaneoﬂnﬁmmﬁe:ouaenad relaas¢ he
treatnent of  bal dness based on the discovery that HDA |nh (LI on

( par t | dEFasarisicHDARS CORPPHIIQ- o‘ﬂ)"aEFfé!é%@O‘é‘ﬁe?lH@%m@i 4 P%‘E} PhORTY0.  HDAC
| nhi bi édaﬁﬁg R S 'ar%:'gé@ﬁ_ {#éfok gtyv@i%ﬁn beRG s LABFhiA the &9@&9 %r,
odl nts, the

Addi ti ona I'n certain resent 1 nvention provid
met hoda(anfplé est ]Pathtpﬁﬁtl 0.888] 6,273,8L3;i60218, k&il;rﬁ;?ﬁﬂ;;lﬁg @a48,h2 516623 lr@Oa

e RS LT BT B0 5 BT Sl LTS by 0,2 e

al so Tifdchiish U@zédmomx@refawaf%lcm;&B%yae@ﬁereinmef&mhﬁ igubj ect to
trauma such as angi opl ast’y and stenting. For exanplé, it is contenpl at ed

t hat téngiretyjrpborretemple, stentsinmayele ¢aatedwivith p(blermgsdﬁlg C%ug!itftsda/tdln@ng the

I mpl ant ed nmedj cal deV| such as eters. artificial

i mpl anYtEnt iRPRymeEE) é‘t&?q(i'étéqn ‘?rrFBFaé'ﬁrf%ﬁ"ﬁ tﬁﬁggg‘h Bﬁ% B9 B 8pecial ly for
ar t er i @hbQim¢Re) Suifabhs @hiesalsi fHCIhY GinPEntdld dmbeqmaaaai@b@npmme and I n certain
enbodi ments i nventive conpounds may be bound to an inplantabl e nmedical

devi cenondexigmageriads, apdmay bewhossa frems the/mpeiplssysh ppaigkelditapiansalioyscdeds t he
| npl anct) bll)ceorgpa\ﬁbfe polylger%eﬁ§(ﬁ6£elg %ﬁﬁur&mg ﬁ@?étﬁyleﬁ&e efhg)léﬁglhyleac%&'@ou nds

may be
copolymers, efc. In certain embodiments, the inventive compound is coated onto a stent for

insertion into an artery or vein following balloon angioplasty.

[00112] 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 in classes
and subclasses herein, 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 in classes and subclasses herein, and a carrier suitable for coating said implantable
device.

[00113] 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



formul ated to be contained within, or, adapted to release by a surgical or
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described herein, or a metabolite or residue thereof.

[00117] As described above, the pharmaceutical compositions of the present invention
comprise a pharmaceutically acceptable carrier, which, as used herein, includes any and all
solvents, diluents, or other liquid vehicle, dispersion or suspension aids, surface active agents,
isotonic agents, thickening or emulsifying agents, preservatives, solid binders, lubricants, and
the like, as suited to the particular dosage form desired. Remington’s Pharmaceutical
Sciences, Sixteenth Edition, E. W. Martin (Mack Publishing Co., Easton, PA, 1980) discloses
various carriers used in formulating pharmaceutical compositions and known techniques for
the preparation thereof. Except insofar as any conventional carrier medium is incompatible
with the compounds of the invention, such as by producing any undesirable biological effect
or otherwise interacting in a deleterious manner with any other component(s) of the
pharmaceutical composition, its use is contemplated to be within the scope of this invention.
Some examples of materials which can serve as pharmaceutically acceptable carriers include,

but are not limited to, sugars such as lactose, glucose and sucrose; starches such as corn



copolyners, etc. In certain enbodi nents, the inventive conpound is coated
onto a stent for insertion into an artery or vein follow ng balloon
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glycerol, tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan,

and mixtures thereof. Besides inert diluents, the oral compositions can also include adjuvants
such as wetting agents, emulsifying and suspending agents, sweetening, flavoring, and
perfuming agents.

[00119] Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing or
wetting agents and suspending agents. The sterile injectable preparation may also be a sterile
injectable solution, suspension or emulsion in a nontoxic parenterally acceptable diluent or
solvent, for example, as a solution in 1,3-butanediol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer’s solution, U.S.P. and isotonic sodium
chloride solution. In addition, sterile, fixed oils are conventionally employed as a solvent or
suspending medium. For this purpose any bland fixed oil can be employed including
synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid are used in the
preparation of injectables.

[00120] The injectable formulations can be sterilized, for example, by filtration through a

bacterial-retaining filter, or by incorporating sterilizing agents in the form of sterile solid
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powders, and granules. In such solid dosage forms, the active compound is mixed with at
least one inert, pharmaceutically acceptable excipient or carrier such as sodium citrate or
dicalcium phosphate and/or a) fillers or extenders such as starches, lactose, sucrose, glucose,
mannitol, and silicic acid, b) binders such as, for example, carboxymethylcellulose, alginates,
gelatin, polyvinylpyrrolidinone, sucrose, and acacia, ¢) humectants such as glycerol, d)
disintegrating agents such as agar--agar, calcium carbonate, potato or tapioca starch, alginic
acid, certain silicates, and sodium carbonate, €) solution retarding agents such as paraffin, f)
absorption accelerators such as quaternary ammonium compounds, g) wetting agents such as,
for example, cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin and
bentonite clay, and i) lubricants such as talc, calcium stearate, magnesium stearate, solid
polyethylene glycols, sodium lauryl sulfate, and mixtures thereof. In the case of capsules,
tablets and pills, the dosage form may also comprise buffering agents.

[00124] Solid compositions of a similar type may also be employed as fillers in soft and

hard-filled gelatin capsules using such excipients as lactose or milk sugar as well as high



and anti oxi dants can al so be present in the conposition, according to the
judgnent of the fornulator. [00118] Liquid dosage forns for oral

adm ni st raDi2or/aim®bude, but are not |imted to, pharnmacedriusaddopoestept abl e
emul si ons, m croenul sions, solutions Msuspensions syrups and elixirs. In

2 O 51 B SRR LR st g R R PR BT 2 1 e
sol venfiggedsOtapailes, zmmg aAd 8Rintiled R6n B@Efe%hlfeu%& Sdatiig @ﬁlcﬁstﬂé}ﬂs sthCe3dteric

i sopropyl al cohol, ethyl carbonate acet at e, benzyl al cohol , benzyl

benzoageatings Wthwecognymwell kngwhin ghle@herrgqoye@ﬁ;al formulating aror Fhayi ey 0| |'s
Ses aneOBi ) FonER drARTARE ap GO ML 2o B Ot g R Rel S pEP RIS sR0C

and f aﬁdthe&@grédleﬁttsaroﬁI)Qbr pfvfé:reht&adny, anglcértati paresf ﬂ;bemesxfnal Bed esttonalle) t
di luents, ;the oral conpositions can al so include adjuvants such as wetting

agent sin afglrysdmpanagr. Jbermplenehrmbgsd Wosgm&f@ﬁpm e pyedyipelpdyy, and
f | '
per u&@?m@ﬂ@?ﬁbcstankgsoérpdl%mle@ %h&%ﬁB%ﬁM G s%ﬁ o p% Fﬁagaaﬁ% angﬁc %ﬂ ﬁg o

i nj ec € aqueous or ol eagl nous suspensi ons may |'ate
the k nm/\ﬁllas fn sedi :mg;l Iend-fillbd geldtin pepsalasgsimg svelt exaigienyasixtandr mikhgar ng

agents. ste e bl e par | so be a sterile injectable
sol uti %We ashig F\ ﬁ?f’“&#‘"é‘ﬂ& é)ﬁf‘ﬁﬁn%g Pf‘é‘ﬁ?é&?él glal‘teent erally acceptabl e
di | uenfoo@ssE Ol Mctivd B5mBNRIR CEn al§§ b@n‘?x%é%'eﬁ@a ﬁlaﬂed‘?foHHt\ﬁﬂ?&{eodr méYaong t he
accept abl e 'vehi cl es and solvents that my b | oyed are water, Rlnger

sol ut i @m,lplehtSaPnota«hdbo\@othsohéddsagmfomfmﬁ talbiesodmgececncaplsnleadnﬂlls,

sterile, fixed oils ar nventi on e oyed as a sol vent endi ng
Lo | Sonll i & R B TR S SR SR Bl

synt hetdAinBPaRt othér (HalhyCREN {BSwn inthe PhbirhfButidad Ednhdatingsars Ualtugs s&iael c
acid are used in the preparation of ihjectables. [00120] The injectable

f or nul desappfprmatharctive @pmlppmmay (bﬁ aémazwél veith atyledst pre iettahluent wighgs a

bact er| ret |n| fil o, r r|I|2|n in the
form o?u%s?sgr °re>% Scti%rf)h‘pggc do % ﬁ}; (g%‘i)r% e dligrg%:iarsed I n
steri | gddiaérel sWstadbésedthért tBan hﬁrtlda]ueﬂt& 2. ?tamﬂﬂihg mmmrdaﬂfs aInd ouseetab[lémﬂgz 1] In
order to prolong the effect of a drug, is often desirable to slow the

absor ptidd puchrasipagngsipgg steapaie %%amraﬁ@é@bllr@rcellhlpﬁea micthe case qf spRMSSon. Thi s
may beyetoMm ﬂlﬁé}% &’&éa{g@ﬁ)rms may also comprise buffering agents. They may optionally

contain opacifying agents and can also be of a composition that they release the active
ingredient(s) only, or preferentially, in a certain part of the intestinal tract, optionally, in a
delayed manner. Examples of embedding compositions which can be used include polymeric
substances and waxes.

[00126] 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,



use of a liquid suspension or crystalline or anorphous material w th poor
wat er solubility. The rate of absorption of the drug then depends upon its
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crystalline form Alternatively, del ajled absorption of a parenterally
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[00127] In certain embodiments, the pharmaceutically acceptable topical formulations of
the invention comprise at least a compound of the invention and a penetration enhancing
agent. The choice of topical formulation will depend or several factors, including the
condition to be treated, the physicochemical characteristics of the inventive compound and
other excipients present, their stability in the formulation, available manufacturing
equipment, and costs constraints. As used herein the term “penetration enhancing agent”
means an agent capable of transporting a pharmacologically active compound through the
stratum corneum and into the 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 of drugs through the skin. See, for example, Percutaneous
Penetration Enhancers, Maibach H. 1. 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 ef al., Chemical Means of Transdermal Drug Permeation Enhancement in
Transdermal and Topical Drug Delivery Systems, Gosh T. K., Pfister W. R., Yum S. I.
(Eds.), Interpharm Press Inc., Buffalo Grove, Ill. (1997). In certain exemplary embodiments,



[00124] Solid conpositions of a simlar type may al so be enpl oyed as
fillers in soft and hard-filled gelatin capsules using such excipients as
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topi Calelther providing a rate controlling membrane or by dispersing the compound in a polymer
matrix or gel.
[00129] The compounds of the invention are preferably formulated in dosage unit form for
ease of administration and uniformity of dosage. The expression “dosage unit form” as used
herein refers to a physically discrete unit of therapeutic agent appropriate for the subject to be
treated. It will be understood, however, that the total daily usage of the compounds and
compositions of the present invention will be decided by the attending physician within the
scope of sound medical judgment. The specific therapeutically effective dose level for any
particular subject or organism will depend upon a variety of factors including the disorder
being treated and the severity of the disorder; the activity of the specific compound
employed; the specific composition employed; the age, body weight, general health, sex and
diet of the subject; the time of administration, route of administration, and rate of excretion of
the specific compound employed; the duration of the treatment; drugs used in combination or

coincidental with the specific compound employed; and like factors well known in the

medical arts (see, for example, Goodman and Gilman’s The Pharmacological Basis of



formul ati on conprises a carrier system Pharmaceutically effective carriers
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depend or, several factors, |nclud|ng t he
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 desired effect for the same disorder
(for example, an inventive compound may be administered concurrently with another
immunomodulatory agent, anticancer agent or agent useful for the treatment of psoriasis), or
they may achieve different effects (e.g., control of any adverse effects).
[00133] For example, other therapies or anticancer agents that may be used in combination
with the inventive compounds of the present invention include surgery, radiotherapy (in but a
few examples, y-radiation, neutron beam radiotherapy, electron beam radiotherapy, proton
therapy, brachytherapy, and systemic radioactive isotopes, to name a few), endocrine therapy,
biologic response modifiers (interferons, interleukins, and tumor necrosis factor (TNF) 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,
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palliative treatment encompasses painkillers, antinausea medications 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).

Kits

[00135] In certain embodiments, the present invention provides kits for conveniently and
effectively carrying out the methods in accordance with the present invention. In general, the
pack or kit comprises one or more containers filled with one or more of the ingredients of the
pharmaceutical compositions of the invention. Optionally associated with such container(s)
can be instructions for administration, including dosage recommendations, and/or a notice in
the form prescribed by a governmental agency regulating the manufacture, use or sale of
pharmaceutical products, wherein the notice reflects approval by the agency of manufacture,

use or sale for human administration. A kit may include multiple dosage units. For example,



conpound in the proper nedium As discussed above, penetration enhancing
agents can also be used to increase the flux of the conmpound across the
skin. Thewpavw/aaysbe controlled by either providing a PrarascanoaBsi ng
nmenbrane or by dispersing the compount in a polyner matrix or gel. [00129]
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activity (e.g., HDAC4, HDACS, HDAC6, HDAC7, HDAC9a, HDAC%9b, HDRP/HDAC9c,
HDAC10); exhibit HDAC Class III inhibitory activity; exhibit the ability to inhibit HDACI
(Genbank Accession No. NP_004955, incorporated herein by reference); exhibit the ability to
inhibit HDAC2 (Genbank Accession No. NP_001518, incorpofated herein by reference);
exhibit the ability to inhibit HDAC3 (Genbank Accession No. 015739, incorporated herein
by reference); exhibit the ability to inhibit HDAC4 (Genbank Accession No. AAD29046,
incorporated herein by reference); exhibit the ability to inhibit HDACS5 (Genbank Accession
No. NP_005465, incorporated herein by reference); exhibit the ability to inhibit HDAC6
(Genbank Accession No. NP_006035, incorporated herein by reference); exhibit the ability to
inhibit HDAC7 (Genbank Accession No. AAP63491, incorporated herein by reference);
exhibit the ability to inhibit HDAC8 (Genbank Accession No. AAF73428, NM_018486,
AF245664, AF230097, each of which is incorporated herein by reference); exhibit the ability
to inhibit HDAC9 (Genbank Accession No. NM_178425, NM_178423, NM_058176,
NM_014707, BC111735, NM_058177, each of which is incorporated herein by reference);
exhibit the ability to inhibit HDAC10 (Genbank Accession No. NM_032019, incorporated
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to be mgintdNRdn vido 8t inl andhalstidieMes baéifichipbcdepeabld@nag ebl xenpgrafied may
achieve a desired effect for the same disorder t(for exanpl e, an inventive
&b,

conpounadelagndéer exbihiia hempewticRiodls (e apjinym Faist AN EIratiaeEis R AL At or v
agent $nrtl$rctgr&%ﬁaggﬁé}}lotggraggﬁﬁ%z glséﬁ§ful for the treatnent of psoriasis), or

achreve eren e.g., control of any adverse effects).
[00133[]00113)9] exadutailedah bierexehpiifioatéen leareiajini assays ¢ detgenning themb:ilinymf be used
in conbination with . the inventiv npaunds, of the esent .i.nv i on
i ncl udenaRpugds 1, inhibif; C@P?Fércﬁﬂygr‘(‘?’% %ﬁﬁlnén‘l"’éwvéfaﬁ?ﬁf"é"g{ %f@‘l%fff ., neutron

beam r@;ﬁué%t@ﬁf(ﬁw Iﬁlc‘éﬁﬁlﬁ%é?%g{ﬂoﬁﬁgérﬁst h§fedRVe cOthpSRHds EQﬁi'bﬁmﬂso values <

brachytherapy, ‘and systenic radi oactivé |sotopes, to nane a few), endocrine
t her ap§Q pMi. dhagitsinretspentbedimetits, iisventie norapéuerds eshibitdCer vadudsih4Q nihdlnt unor

necrosi s fac to nane.a fe [t n era agents
o at i ah tripmeaS BReEiecorwpolnd it vRul S 200, HEfSRlL. ooeo
chenot HigL aREBdimefts U Sentive Cc'oHﬁ’Joﬁﬂds é?&ﬁbl@@s {/é.lﬁésf €00 o4 alkydraaid &ﬂeld rugs
(mechl or et ham ne, chl or anbuci | }o{g ospham de, Mel phal an, |fosfam de),

ant i me¢rabadiinests, menh@tqomp@uec)s e)@uhlt oaaiua‘gﬁrwsptl\é Bneerpyi pibic| ne

t 6- Me
2pi nal GnBFebRe FoPRBIgarAsaRes AT 7 Hues £ 7SR ey PR ")

podophﬂﬂvéﬁm@oﬁﬁ)oﬁﬁam&mﬂmso vaiuBOE S8GEVI, InkePairesthe) emisuth inbite} ineentive
( Doxor ubi ci n, Bl eonyci M to Ci n) ni trosoureas (Carmnustine, Lonustine),

i nor ga¢rnepduads exabi atiahes & be M.aln gertamegimbodimentacipuenitye saewpUndin d
SR L R e S S e o o
Mer c k mmsat; 0.7S¢M.nheeaﬁalih &lbodifif2ts, inventevet donepounds exhibit ICs values < 0.5

uM. In certain embodiments, inventive compounds exhibit ICsq values < 0.25 uM. In certain

embodiments, inventive compounds exhibit ICs values < 0.1 pM. In certain other

embodiments, inventive compounds exhibit ICso values <75 nM. In certain other

embodiments, inventive compounds exhibit ICsy values < 50 nM. In certain other

embodiments, inventive compounds exhibit ICsy values <25 nM. In certain other

embodiments, inventive compounds exhibit ICsy values < 10 nM. In other embodiments,

exemplary compounds exhibited ICsq values < 7.5 nM. In other embodiments, exemplary
compounds exhibited ICsy values < 5 nM.

Examples
[00140] The representative examples which follow are intended to help illustrate the
invention, and are not intended to, nor should they be construed to, limit the scope of the
invention. Indeed, various modifications of the invention and many further embodiments
thereof, in addition to those shown and described herein, will become apparent to those

skilled in the art from the full contents of this document, including the examples which



contents of which are hereby incorporated by reference. See al so the

Nati onal Cancer Institute (CNI) website (www. nci.nih.gov) and the Food and
Drug Admwo=breatiizzs (FDA) website for a |ist of the FDArPappsevedo2sEol ogy
drugs (MMleda gov/ cder/cancer/drugligtfrane) . [00134] In certain
enbodl har mace |cal sitions of the prese |

£ ur ¢ nefoTRtsind BE R Gl ne PBR Briepiarmpun eited ByEie at shooyf Rortner
chenot hes@Redated e d{r&rss BtlehWAk intRdated; Me &fﬁ%rpd;ﬁem@dﬂééchwa&e feh@emReuti C
agents for conjoint administration or ‘inclusion in a pharmaceuti cal
conposé¢itdddrerein are incorparatadrerein btym:fsrqmv @cnbfrlp mllmsawebhe slatefphogsd The

chenot apeutic ent . and/ or ent e an ne. of a
munber YPoE e Rpidt iaperF sodfiond e iast Sxtrp BRSOk af b idRRest on.
For puwhith@an 6t alldifed OMBOpiaetice bhlistiaventionah ktk ahmm"enﬁmfdemsmh and tiRat ment
that is focused on the relief of synptons of a disease and/or side effects
of a temHyglenss theraodgi nen, but is not curative. For exanple, palliative
treat ment enconpasses painkillers, antinausea nedi cations and anti-sickness
drugs. In addition, chenotherapy, radiotherapy and surgery can all be used
pal | i aEkambple 1.t $ithesis of Bxémplage Compounits foi Usous HPA Odnhibitorsre; e.g., for
shrinking tunors and reducing pressure, bleeding, pain and other synptoms
of can@é’f’%’al Resceiption 85ynthsticddedadsn enbodi ments, the present invention
provid f | hods in
ooVl SRR RN BB BRI K80 B AVl Bl oS
conpr i peparinmgecompavndesioniar & the igvehtilve eoinpmurhls (daﬁ:rﬂmed hereen of retdvant ngr edi ent s
of the. pharnaceutic 05|t|on% of the I nventjon tlonatm%Passociated
t

with sIEHMERIRes; ?Fe‘i”?alLﬁ‘S‘E OP QBAPTRYIRLINN, UpeSy Tinistratien g ncl udi ng
dosagecy; RAH ABPbe 8 MREsta notice in the formprescribed by a

gover nnent al agency regul ating the manufacture, use or sale of

phar mal9d42]c alMpreouercthe pradtigionemis directadta the Sp@hﬁegulsiawmmmmnpwt he agency
of manuf ac e or sale. faor human ad strati i ncl ude

mul 11 phe s it e Bent S Sinedh yRHOR R RIHIALy ShRBPS s aimERieL "F or

mul ti pierddys, weeks, or nonths. In certain enbodinents, the kit include a
week- supp{‘é of the inventive conpound or conposition thereof. In certain

enbodi 94 {The cempounds ofdhisdnysmhion asd gheirpreparatien ¢amherndgesteadrigaherd or
corrposb}i; {h%réxmsfeg %a‘t illustrate some of the processes by which these compounds are prepared

or used. It will be appreciated, however, that these examples do not limit the invention.
Variations of the invention, now known or further developed, are considered to fall within the
scope of the present invention as described herein and as hereinafter claimed.

[00144] According to the present invention, any available techniques can be used to make
or prepare the inventive compounds or compositions including them. For example, a variety
of a variety combinatorial techniques, parallel synthesis and/or solid phase synthetic methods
such as those discussed in detail below may be used. Alternatively or additionally, the
inventive compounds may be prepared using any of a variety of solution phase synthetic
methods known in the art.

[00145] It will be appreciated as described below, that a variety of inventive compounds
can be synthesized according to the methods described herein. The starting materials and
reagents used in preparing these compounds are either available from commercial suppliers
such as Aldrich Chemical Company (Milwaukee, WI), Bachem (Torrance, CA), Sigma (St.
Louis, MO), or are prepared by methods well known to a person of ordinary skill in the art
following procedures described in such references as Fieser and Fieser 1991, Reagents for
Organic Synthesis, vols. 1-17, John Wiley and Sons, New York, NY, 1991; Rodd 1989,



Research Uses and Assays [00136] The inventive conpounds are al so useful as
tools to probe biological function. For exanple, the inventive conpounds
may be uswo 20wm/qudbe bi ol ogi cal pathways that depend onPpdeamsetogloasss (e. g.,
HDAC or TDAC) activity. In certain emsodi nents, the inventive conmpounds may
be used to. pro ene,expression. In certain enbodi nents, the i ntive
conpou&@@nﬁgyQgéh%EQJRPHQBWBbéoghﬂ6%%55¥TPTg%??#T%Pﬁ?c% QWﬁQQPjE ording to
t he Pr &s&iMc RENEBLE, ABLs. 1129 J&MWIk¥§n&SGﬁ%9N&qﬁYm¥N§Q 199 8aviafthipoany of the
avai | abl’e assays known in the art Tor identifying conpounds havin

ant i prédwroad QrgdobCherhistiyt Bhed. JohnWieomdSonsnewgéorksNynahd Larpc

i nhi bi t ' l.i i phi bi.tory, i nhj.bi t d/
ont 1 pr ER0Y Epmpr IR RE DUy Ml edtdlinm X GRide SEERP ol Geb e o
non- cep gl av CHi Publish@s.OThdse s¥hdnid ar®hi@dbely Alustraiivd 6 Ru@hiethodobyHhichet C.

[00138] Thus, in one aspect, conmpounds of this invention which are of
par t i clie spmperdsed thip fjenden edndkesyntticsized,anf iverieusHppdificationsito dhege act i vit y;

exhi bi C S i i O { Vit . J ‘ H ,
Foaca) ChETR i O de B Yo it teric AR R N
HDACS, repind@d thisBRcd8ure HDACOb, HDRP/ HDAC9c, HDAC O); exhibit HDAC O ass ||
inhibitory activity; exhibit the ability to inhihit HDAC (Genbank
AccessilBidtlo. The stpargmateriglsoitermediateshandesompapnds phthisagsntiandnanbe t he

i it S ao] _ . ted
her ei ripgd sl pilifed B chiRRGRA (AFGRRES eibfing Hicitkdn Qo e ©
Ac c es sérgstalNaatidh] Sidghatograpghyp andithedikee They nay teeheraereiedd usng cimventitneal

abilit o.i nhi bi.t ACA (Genbank Accessi on No. AAD29046, i ncor porated
her ei n§ osi%f%ql%e&)o,wé%h?msaarﬁw eF'ir%Qiyiafao i nhi bi t HDAC5 (Genbank

Acces S@@mﬂb- UtTe 3 QattOmise iRGOLBE Rl Rfefiald 7 eftiith bRl F ¥ MiRble dhe
ability to’inhibirt HDACo (CGenbank Accession No. NP 006035, 1ncorporated
her ei nrebdily afcessihly dhrpuglxlabbiatory lsgnthesis by gnytomeiregsohatly HDaAliar (vitbnibaark.
Accession . AAPG349 i ncorporated herein by reference); exhibit the
b1 1 C)SPHORA RIS IS FERHBERACRLESIoGH SRanseefer S PIGHA 8486,
AF24566fmpotihdsS X0kcriB@cdbnefal Waing in bisbcldIsRrRA spéeek lepéial N by reference);
exhibit the ability to inhibit HDAC9 (Genbank Accession No. NM 178425,
NM 178423, NM 058176, MUBL4707, BA 11735, NM 058177, each of which is
i ncorporated herein b ence) ;

N
T
” (CHy)g ”

WT-161
O O O O O O
a) and b) RCHO
HoN. JOH RLAV N OH
Meo)j\(")glkOMe 2 N%N R . /U\(v)’u\ -
H H c) ~ N VN

a) NH,NH,, MeOH, 60°C; b) NH,OH/NaOH; ¢) DMSO, 60°C.

Representative procedure for the synthesis of biasing agents

[00148] To a solution of dimethyl ester (300 mmol) in methanol (150 mL) was added
hydrazine (4.5 mL, 150 mmol) at room temperature. The solution was stirred at 60 °C for 48
hours. The organic solvent was evaporated under vacuum. The resulting white solid was

suspended in pet ether (100 mL). The solid was filtrated and washed with pet ether (3x200



exhibit the ability to inhibit HDAC O (Genbank Accession No. NM 032019,

I ncorporatedherein by reference); exhibit the ability to inhibit HDAC 1

( Genbank wocersiiozysNo. BC009676, i ncorporated herei n bypreftse@aoed23s exhi bi t
the ability to inhibit tubulin deacte@yl ation (TDAC); exhibit the ability

to nodul ate the gl ucose-sensitive e ens do tream of, Ure2
exhi bi F‘&Sﬁ BEUREEXETSS 6@8@&3’]“1?‘%':}?’51 ? 3455 b‘f YC%WO‘E%‘?FZ‘ g?lr?ggun“?
mai Nt ajRgdy With\9% E&t}&!hol i A&th{Rhe éﬁlHHa@ﬁffbﬁbﬂ'%eamwdrﬁ&hylfésf@' |y acceptabl e

cancer cel% xenograft nodel; and/or exhibit a therapeutic profile (e.g.,
opt i rrumosalfl)elrwwwhﬁ@mhde effect) that is superior to existing

chenot ut ent s 00139 det aj exe | erein,
nC nos MPAA0E e RS ot hongRhy (s FiclobEfiatie KOs R Mcfidhtittod;

gr owt hy§ §hadiaBdddy SoMiti oo fOERAY R oRidE (BXB5 B 366. Cafnolpinesthandldollowed | n
certain other enbodinents, inventive co ounds exhibit I1C50 values < 50 niM

| n cerbfaa solutiprpf hydsoxylaminedydroshloside2 d3apiddrammobhingnethanslo Thal ues < 40
S‘\lrléna\k/? é%f&%raft]%mg?%ﬂ(ﬁéﬁtﬁre foPY8 %h%ée Aﬁl%'ﬁl%?‘ﬁgféﬁ ﬁ?&#&h&g&%ﬁ? val ues <
er e ex

30 n1\/l el%n certalin ot nts, “inventive conp oun S
val ueshydrgéhlofide (12.73@) 1 88. D nohdiPin meib@dmlrmstaﬁded m/thﬂtreaceonmmummﬂi;heexhl bi t

| C50 values < 10 nM In certain other enbqdi |nv ntive npayn

exhi bi €X9ee5ensq.all he suspensien }ﬂ\ﬁlethﬂn@é’}‘atséieﬁteéﬁ%g‘gﬂﬁ’f}ﬁf%re filtratian, fﬁ@ S@ﬁﬁpounds
exhi bi r’fﬁéébrﬁfa'ﬁ‘é&l HRQGSTR A Srated MHBEL YAk
corrpou%’ 43 e%% g;llntﬂ??%év%teéstﬁbn% I celﬁt ain Sem%% Fr?ent S, |anvlérﬁt ive
conpoufdhs resultinpisblid Gadrecaystedkized ifh ettMnol twicetot affand poiequipdwats.s, i nventi ve
conmpounds exhibit 1C50 values < 0.75 mM In certain enbodi nents, inventive
conpounds exhibit 1C50 values < 0.5 nM 1In certain enbodi nents, inventive

Comouﬁgéréﬁé a'ﬁ'vE phg_&u\‘@fdﬁﬁe iogplgég Mcy'llfyd}%ﬂd%'a%dmaﬂ'd@@m s, inventive

compoun I C50 val ues < I'n ‘certain ot her "enbodi nents,
i nvent [0ﬂd50brrp'15uﬂd9f aldehyietsolutidn (@2 dn DMSOB]M&S hddeddntoa b ohbydrazide

enbodi nen nt o] | G50 val yes,, < tain
other St GEAVER DG PR a el fRoBe sdemred PGS enIs s Badis | 1

cert ai ThhhtreEWROAIIRNNVEh 450NEDNSO dfRiRetigsat 93 MCHbE 11 RSl VEﬂeueﬁllﬁné.O nM
I n other enbodi ments, exenplary conpounds exhibited |1 C50 val ues < 7.5 nM

In ot heoluerhd@imdhves h@&t@drpganw ¢difp deridshan Theagty of the gaylhpdrazons v
Exanpl es

was analyzed by LCMS and predominantly one peak was observed for almost all compounds.

Example 2. Pharmacokinetics of WT-161

[00151] WT-III-161 (Wt: 458.55 for free base) was dissolved in 25% DMSO, 25%
Cremophor EL, and 50% saline to yield final concentration at 2 mg/mL for intravenous
administration (pH = 6-7). The solution was clear and light yellow, and the concentration of

WT-III-161 in it was confirmed by HPLC method with an accuracy of 116.92% (Table I).

Table I. Experimental Design

Target
No. of Test Arficle Dose Dose Target D(?se , Target Dose
Male ) Concentration Volume
Mice Formulation Route Level* (mg/mL) (mL/kg)
(mg/kg)
36 DMSO/Cremophor/Saline v 5 2 2.5

*The mice were fasted overnight for oral administration.

[00152] Study Design. Study design, animal selection, handling and treatment were in
accordance with the Shanghai Medicilon Inc. study protocol (Shanghai Medicilon Inc Study



[ 00140] The representative exanples which follow are intended to help
illustrate the invention, and are not intended to, nor should they be
const r uedwoapiiiims t he scope of the invention. |ndeed, Peamiseam/004235
nodi fications of the invention and neiy further enbodi nents thereof, in

ki 1| o8 BROOTE VAR DB amice REodyoiteht S e o 2k vaBanram B Mefoi ng the.
exanpl gsfom el Prathaukaec shRidseABmARGHSe tahdoRfRy 6di@iedith kife RetimBatRBilps

literature cited herein. It should further be appreciated that, unless
ot her wikanimalii peatiopoinkle Ehettraatmens sehaduls igshew In babdle e Teafadditinnalaniskt ed

herein_are incorporated herein by reference to help illustrate the state of
the ar ﬁerellﬁseejag%f:@ge\ﬁ?ﬂ%snélﬁa(g rqaglgraglglrm]?grlvgs.i nportant additional information,

exenpl {60153} i OBload dargpies areccoMecel byasrdortith pttduleat breedgseaal 0083pf this
invention in_ its various enbodi nents and the equival ents thereof. Exanple

1. SynPR83i @250 Bxle Rpbah ¢, Goapgldrhenrs past-dese, aad ppmedintedlafics wdickther al
NPty an ! ! !
Descri R&Arpg})llgéen, ﬁg{}é@g}w@gg/g;&méi Q%é&édmﬁ tma!ngﬂés 4 RE 85'&%nﬁhléggn

herei n pro groun ornmation on preparing conpoun

Si m | amveteostdied at AOAT v bicamplyyisds trdaswiriatiod tigroasser. or r el evant
internediates, _as well as infqr jon on fornulatiqn, uses,. K and

adni ni $44128] onThi C%lﬁwaé@ﬁﬁeﬂwﬁ %}wa%@ws@ erpHped wipg a Ptﬂgmqsure

Mor eoV §huidt St8Sbhv/AASY sdestrSths _NS/NISEmsSiieg] fi ¢ gui dance and

exanpl ggmprég\%rgegg%ah }It,ﬁilas %charren?fge atlgng@)te?:)1 vari ous exenpl ary conpounds
and i n{6158Hi ab€sMISHMSedpparabisl 4B3ie TG systampompdseddn Aligentiligueht i on and

their eparati qn can Qe .ynderstood furt by. the exanpl es illustrate
Sone. o MEREHH el Ron RS BB o ttetr & B aREme G700 stned T
will bﬁn@ﬁ’ﬁ%ﬁa@&@(ﬂbo RV WasslsPaltrdntRBE aAt HIPWES pElfortid Usin® dn APB000

i nvention. Variations of the invention, now known or further devel oped, are

consi déripte quadfupble) wistiuiment fremsAB dec (Fanade) witkse ES! interéavei dieastadescr i bed
herein_and.as hereinafter clained. [[0014 ccordi to.the sent

ovent Pomisiy S5 bRl hElerd ik Tt dine MoafiSE R R RAE bR ABLER o ¢ e

I nvent iA¢etoaAARAUNAGStRinol WEROHPLCOi8dd. N&l] UHied GolvBRBand BlicriisaleWege a variety
of a variety conbinatorial techniques, parallel synthesis and/or solid

phase 8yalytical pradmer heféRS- such as those discussed in detail bel ow may be
used. fd(hgkf' at Pﬁ’a?!n&c&&n&fi%hkv%fbabkbz.é E@aosi Data Analysis Inc., Wuhn, China) was

used.

[00157) LC-MS/MS Conditions.

[00158] Chromatographic conditions: ColumnL Synergi Fusion-RP, 4pm (150 mm x 2.0
mm); Mobile phase: 0.1% formic acid:methanol:acetonitrile (5:90:5); Elution rate: 350
pL/min; Column temperature: 25 °C; Injection volume: 2 plL..

[00159] Mass spectrometry Conditions.

[00160] Scan type: positive MRM; Ion Source: Turbo spray; Ionization mode: ESI;
Nebulize gas: 8 L/min; Curtain gas: 8 L/min; Collision gas: 4 L/min; Ionspray voltage: 5000
V; Temperature: 500 °C.



i nventive conpounds nmay be prepared using any of a variety of solution
phase synthetic nethods known in the art. [00145] It will be appreciated as
descri bedwvbaebovai19hat a variety of inventive conpounds eam/useompniBesi zed
according to the nmethods described hetlein. The starting materials and
reagen&f used |nt reparing these conpounds are either avail able from
cormer JHRFT BI3AG Ps such as Al drich Chenical Conpany (M | waukee, W),
Bachenj (Torrance, [CA), Signa (PBt.pdipuil]s, MO| or arfe prepafjed by rethods
vel | knodmug mame per SQh gf QBdi pary ski|lDPi(v) | P @)t| B (vyw nOE [v)o¢ &P €9
describped in such|refergnces ap RFimser| and Fj eser 1991, Reagentsfcr Organji c

S nt he ) - 17 JGL\V\ \A@l g ai"ld SU-A - |nl \/Gi- kl\'/ 1 nn’l . '\I
1%89,Chenyvtwgfof & zzh%ou;%@fn%olsgﬁ 5 299 upp@b é&rer scilénce
Publ i s e(ﬁwnéﬁ Qggani[cokeact Iposas Vol 89 1F 48909 Jghn Myley and Sans,15New

Yor k, rch 2001, Advanced (rganicl Chenmisltry, 5th ed John WIley
and Sons, New York, NY; and Larock 1990, Cbnprehen3|ve Organi ¢

FL o RRBA] SoBisnRe i G A Py R RSBV oy o o

t he COH&?H@Q%yQﬁssbmlﬁg the\iel indfethanolRe yiYd 4 Fiasl @ﬁaenmdnwaooug/m An
nodi fi cations to these schenes can be nmade and will be sug gested to a

per sonaliquas péithinsautio wes difutedesing meﬂmph@ Preppae @ sereestdiiveorkingspbsigne of
[ 00146k 5?90 §t(ﬁ§§ ' As gﬁ& gr(hgd@pmtn ﬂ)'rﬁ 0?1 Standa n{%ﬂ‘g}rflgu&%ﬁlﬁhlgtlabé

i nvent roh ™ ay’ uri u5|n conve tec ues,

i ncl udsog, oo $0,a0] & 5 d% I {vb&tmﬁine@bysacahg paaLi merfghsrdhﬁqugepamy and
the like. They nay be characterized u3|n conventional methods, i ncluding
physi cabm@dn@tsahﬁapeaﬁler@ Bibes centainyeal 00 ndgblwlf plasmas Q0o sHuples ¥ers praParsd ed,
starti Il o] [ e55|bly
t hr ougE9 Isgg}n%altogru} @%ﬁ% ﬁigélilﬁg%ggl an@o%&%léégg%gg{ly fénl1 Fm‘fﬁ@\% %mtﬁﬁlg art.
Descr i piid fisdieoatdnyratien ofi8003260 pnd 8eg/mE §searithbleelier al gui dance for the

synt hesi s of conpounds as described generally and in subclasses and species
herein. WI-161 a) NH2NH2, MeOH, 600C;, b) NH2OH NaCOH c¢) DWVSO 600C.
Representative procedure for the synthesis of biasing agents [00148] To a
solution of dimethyl ester (300 nmol) in nethanol (150 nli) was added




hydrazine (4.5 nL, 150 mmol) at room tenperature. The solution was stirred
at 60 OC for 48 hours. The organic sol vent was evaporated under vacuum The
resul ti ngvetzntonismdbi d was suspended in pet ether (100 nieLT/URh@9med23s was
filtrated and washed with pet ether (52x200n1_) to renove excess starting

mat eri gl | ash chr.oma 0 sh ilic coI m eluting with
o6 et RaRi T RERRATRYPE AL CONPERSQI B r o Saltipn A1 aR S HOPl ot or -

nonohyfirazide as_whi TE sol1d. [O0L49] 0 @osRhglifon of m)nomet hyl este]
monohyldr azi de (9Blank pmeymount (Roafaers| |( %91% ) Jepeha |SonE G- of
sodi um hainpgi ¢@lgsing. partigle lded Glisaobied |i gg anol @fér&,\ﬁﬁ“ Hy (g-mb) Ut i on
of hydyoxyl ani ne (jayr pclv 2opldenegtaol)8g, r}g/mﬁm‘} I'n me nol plasthe*
react i eh—was—stirred —roomt enpera atbur Hr o Anat kb

r baot ~h
[~ SN B AV A § pure 2y [ RACAN R ACY | oatoilTr Ul

hydr oxyCaliraonSANtRNS| ori de (12 739 1 q > mml) in nethanol was_added|t o
the refctCoh td q@nch the ext®ss base.| Th8,090spensi onld0n metlhanbP0%as
heat ed| t oCe2f | Uix 19ef ore filtr&0i on. The soRjs80was| washidd wi t H 50680 of |hot
et hano| . ¢bg cormlloloed [ qul d wps evaporfat edsgonder| vacugm The reggbti ng
solid masar rbl)blﬁ)@ rged T etdranot [WI ce t OarroTra PUfgp ProducTSsg
Repr esprtat-vepraecetpre—for—the—coupttng U|0aby| fry-ch alzduc ard—at ﬂﬁilydts
[00150 7E- of de.l)Lde sol ution (ﬂ 2l M é IRV, Na was—addedi-nto-—25-m1 of

hydr az] deCs®l uli d99(0l2 Min BEEO . (25 ml 266 of HoAc 1% necdssary whed t he
al dehyd@€ S$anglessi c.) The mi xture was diluted with 450nL DVSO after heat|i ng

at 75 PChoH 12 hwers| The resgl ting so|| ut 4@00( 10 M) 188s heat ed 8@Qai n |at
75 0C oTad¥ g) “rISOO The pur| IQOOT the apcyl h}g@()azone wagpanal yzedopy LCVBS

and pr pdohpfant e peak—wag jobserved for gt most—at tyggompouynds. gExaml e
2. Phapna (:Q wp AT 1R167800151] - ".461m WY 119@8.55 for—tree—hase)

was di B@ﬁméaamnl@ﬁ d B9, r eppphor EL._and 50%saline to yield filnal
concentration at 2 ng[/nL for i ntravenous adni ni stfation (pH = GBf)beThe
sol uti anolyvas cllear and light yellow, and the concentration of dgfeminedgl in
it was med 10 HPLC20milhmedthahold an| accuracy pf 11®092% (Tabfrem ).

Tabl e |. "EB¥®riinent al | Design *The mice Were fastef overni ght |f calibvatain
adm ni stration. [00152] Study Design. udy desigph, ani mal sel ecgured,
handl i [ htThe Shanghai Medicilon Inc.
st udy prg% oco% ?ghang ai rl\/cgi&hglo]%ggp%ﬁg&gﬁﬁé%ém. BRDO701). Male CDO- 1 mice
(body WMeitghTheQCgatmpledAveyy preparedusadplicate.hi s st udy.

[00162] Stock solutions of Quetiapine (internal standard, IS) were prepared by dissolving
the drug in methanol to a final concentration of 200 pg/mL. This solution was diluted with
methanol to yield a final concentration of 50 ng/mL.

[00163] Plasma Sample Process. Plasma samples (0.1 mL) were transferred to
Eppendorff tubes, then 20 pL of methanol, 500 uL IS solutions (50 ng/mL) were added to it.
After vortexing for 1 minute and centrifuging for 5 min at 15,000 rpm, 2 pL of supernatant
was injected onto the LC-MS/MS.

[00164] Method Validation Results. The chromatographic conditions showed that the
blank plasma had no interference to the WT-161 and IS determination.

[00165] Calibration Curve. The analytical curves were constructed using six nonzero
standards ranging from 5 to 1000 ng/mL. A blank sample (matrix sample processed without
internal standard) was used to exclude contamination. The linear regression analysis of WT-
161 was performed by plotting the peak area ratio (y) against the WT-161 concentration (x)

in ng/mL. The linearity of the relationship between peak area ratio and concentration was



Bef ore the pharnmacokinetic studies, animals were randomy assigned to the
treatnment groups (3 aninmals per tinmepoint). The treatnent schedule is shown
in Tabl e WO 20m1ax9di t i onal mice were used to col |l ect pl aswarstbaw/oceBs br at i on
curves. [00153] Bl ood sanples were cadi3l ected by retro-orbital puncture at
pre-dose and 0.033, 0.083, 0.25 .0.5,.1,. 2, 4 6, 7, and. 24 rs

post - dBERONSEAd DtheFrEdion Sof RS (R Pbefibechos the lélmaéé%%,reﬁsweorfr‘ﬁﬁa brai n
ti ssuepgere harvested. Al the sanples and the dose fornulation were
stored at -20 C until bioanalysis or transportation to sponsor. [00154] The

concenl0&66]onsThefintygrassay acqunaqyl rasuta(rarged frm 89.80%et 124i9640)shnvg that dwsur e

i qui d_chromat ogr.aphv/,m spectronetry (LC-MS/ MS) nethod. [00155] LC M5/ MS
Appar alinﬁ%].ogﬁfg ‘g@e@@‘%%f'éé’ﬁg"r@ed an Aligent liquid chromatograph equi pped
with an isocratic punp ( 1100 series), an autosanpler ( 1100 series) and a
degasser (1_1100 series). Mass spectronetric analysis was perfornmed using an

API 300920} dresepoaamond esplibw HPECom AB | 1 anada) with an
i nterface. g _dat a acquNemingrCened cont r élacsly Coeem were cr i ng
Anal yst 1. Qwo]fe?%ar e from Amlg/thhy. Acet oni t(mg/mland net han%?&\%g?ye%l-PLC

grade. Al lfvogmgmisol vents andachem cal s wereo@aal ytical gradeigg2 better.
[ 00156 Pharmacokinetic software DAS 2.0 (Gaosi Data Analysis ITnc., Wihn,
Chi na) was used. [00157] LC-Ms/Ms Conditions. [00158] Chromatographic
condi t ] : nr.&qi n-RP, 4mm (150 mmx 2.0 nm; Mbbil e phase:
0. 1% foFHm G RN SR ETRr9 9o tt-o—-ate: 50— i n;
Col um t enpepRdase: 25-C, Injecti onCoRs., H&f ; ACCHIGEY ? Mass spectranetry
Condi tions. [00160] Scan type8 positive MRM 208n Source: Tur b®&pray:
| oni zation node: ESI; Neb2W76Z821g26): 8 L/ n99.730®0t&6)n gas:88B.71¥ (1l h:09)
Col lision gasp 4 L/mn; |p3preyidol t age235@0Q15.90enper adagra: (136039C. O her
paraneters. {QR101] Prepasakipry.of) standand 7gieokssp! ut | g4y Q196
sol uti =
a final concentration of 200 ng/nL. An

[00167] Pharmacokinetic Data Analysis. The concentration in plasma below the limit of

quantitation (LOQ = 5 ng/mL) were designated as zero. The pharmacokinetic data analysis
was performed using noncompartmental analysis modules in DAS 2.0.

[00168] Results and Discussion.

[00169] Pharmacokinetic after Intravenous Injection. The individual and average
concentration-time data for intravenously dosed group are listed in Table 3 and graphically
represented in Figure 8. Selected noncompartmental pharmacokinetic parameters following
an IV dose are listed in Table 4.

[00170] Following an IV bolus injection of WT-161 at 5 mg/kg, the value of systemic
clearance was 1.64 L/hr/kg, which corresponded to 30.37% of mouse hepatic blood flow
(5.40 L/hr/kg). The value of half-life (T;,2) for WT-161 was 1.41 hr.

[00171] The value of Cpax (at 2 minutes after dosing) following IV administration at a
nominal dose of 5 mg/kg was 1866.3 pg/mL. The value of AUC (o) for WT-161 was
3049.28 hr*ug/L.

[00172]) WT-161 distributes well in tissues. The volume of distribution at terminal phase
was 3.33 L/kg, which corresponded to 4.56 fold of the total body water (0.73 L/kg) in the

mice.



aliquot of this solution was diluted using nethanol to prepare a series of
wor ki ng solutions of 5, 2.5, 0.5, 0.25, 0.05, and 0.025 ng/nL. Six

cal i br at iwo 28teemamsd sanpl es contai ning 1000, 500, 100, pe@/US2@9/0842d5 5 ng/ L
wer e obtai ned by addi ng 20 n1_ wor ki ngs4sol uti on prepared above into six

Eppendarff tuhes cantainin | es were prepared
oy <pi Erbis 3 d0asins epfpatsRaeh kil WEHehE (o STEE ollewich Pusrevedous, ™1 Pang
0.04 nAﬂmlanFratﬂpala&l mgl.kg concentration of 800 200 and 8 ng/nml (see Table
1) . TablBmei(h)pPr epar ati on of Cal ConceniraipnSnadasaradngnlt i on and QC Sanpl es
*20 nL was counted aslextracti om2solvent, rbt as pl abfean Note: ThB QC

sanpl es werne prepar gL@n dupli GIE. [00162§L(§t ock solnNi ons of Qugti api ne
(i nternal gggandar dy3dgpomer e pigpayed by145gg‘§)s7ql Vi N0y dde8.4%" Ug |r767g3§§1anol to

a final o) entrat '9%56% 200 %?j Thi Sg ion wg @iﬁ“t ed thanol
| d I 0 / 0163
R vl i alletel i SR e

erred pendor1 L of
net hanol , %90 nL | 964t i ons g/ rrL) 8%added % ) Aft rteX| ng

for 1 mnutle and cehd2-63 ugi ng T55r745 mn a2631@ 000 rp}ﬂ8121 nmL of M§pkr nat ant

was injecte@d onto t88.62C M5/ N587[900164] Meldid Val i d86.18n Resul 16.44The

chr omat ogr @aphi ¢ congistidons showesgt hat t heq4Bgzank pl agggohad no igysrference

to the WI-16 1 and K oget erm napizgn. [0016p37 Cal i bragigg Curve.33hg

anal ytical Lurves we constru usi ng nonzero ndards r ing from

5 to 1000 6§/nL A §7k sanpl %Egﬁtrlx s%e proces‘gg% wthoutﬁlﬁternal

st andar d) S used t xcl ude am nat i The |ine regreSS|13ﬁ‘ anal ysi s

of WI-_1612%as nerfrﬁ‘InQd by pl (‘BIthnn t he M area ralfo (YA anaNAcr t he

WI- 161 concentration (x) in ng/rrL The Iineari ty of the rel ati onshi p

bet weeBLQ: aRelamethe liatit of quadtimtinoent r at i on wasdenonstrat ed by the

corr el 8Dt onSwadirflideviatiols (R) obtained for the linear regression of WI- 161.

[00166NATherﬂéﬁpﬂircalﬂ§8Mfaﬁedlé@lté)ét smipléd (ranged from 99.86%to 121 . 96%

showed that the nethod is reliable (Tables 1-2 below). Table 1. Dose

Sol ution Analysis Result by HPLC Nomi nal Cone. Cacul. Cone. Dose | evel

Accur atgblod. Selected Pharmacokinetics Parameters of WT-III-161 in CD-1 Mice Following
Intravenous Administration at Smg/kg

AUCp.y AUCp.c)y MRTw Tip: Tmax Vz CL; Crax
ug/L*hr pg/L*hr hr hr hr L/kg L/hr/kg ng/L
3023.25 3049.28 0.33 1.41 0.03 3.33 1.64 18663.45

NA: Not applicable

Example 3. General method of determining of in vivo activity against tumors

[00173] Although a variety of methods can be utilized, one exemplary method by which
the in vivo activity of the inventive compounds is determined is by subcutaneously
transplanting a desired tumor mass in mice. Drug treatment is then initiated when tumor
mass reaches approximately 100 mm?® after transplantation of the tumor mass. A suitable
composition is then administered to the mice, preferably in saline and also preferably
administered once a day at doses of 5, 10, and 25 mg/kg, although it will be appreciated that
other doses can also be administered. Body weight and tumor size are then measured daily
and changes in percent ratio to initial values are plotted. In cases where the transplanted
tumor ulcerates, the weight loss exceeds 25-30% of control weight loss, the tumor weight
reaches 10% of the body weight of the cancer-bearing mouse, or the cancer-bearing mouse is

dying, the animal is sacrificed in accordance with guidelines for animal welfare.



(mg/ ML) (mg/mL) IV-2ng/ L 2 2. 34 116.92 Table 2. Intra-assay Precision and
Accuracy Cone. (ng/mL) & Accuracy (% Replicates 8 200 800 1 9.76 (121.96)
199. 73 (99026)0/888B673 ( 111.09) 2 8.97 ( 112.13) 231. 80rCTAK20090)42928. 21 (
116.03) Mean 9.36 ( 117.04) 215.76 (167.88) 908.47 ( 113.56) [00167]

Phar macoki netic Data Analysis. The concentration in plasma below the limt
of quantitation (LOQ = 5 ng/nL) were designated as zero. The

phar WEQK&%%&PGEE&]WB%ﬁBPAm metdfiregd usi ng nonconpartnental analysis
nodul es in DAS 2.0. [00168] Results and Di scussion. [00169] Pharmcokinetic

after (0174l enGelbcultvre and Sransfationsndi Ag-durkht celld veeve fraggdeateshbent rat i on-ti ne

data foy intravenously d d, gro afe lis in Table 3 and.qgraphically
Fepr es SlseutPar R Gt o TEL A BBrdlrerg b FhesrPur &S s BRIl

par anetombirnt prokdigs. aells\wete harvasted UB htpettiansftadde 4. [00170] Fol | owi ng an
'V bolus injection of WI-161 at 5 ng/kg, the value of s%éstemc cl earance

was 1. W175hr | RBAGHss@ns. édﬂﬁ@@]@@&@amoesatgbhistﬁwwemﬁ% ddeam butysatesod f | ow
5.40 23l f-1 ] .
{001 71{eREL K8 s Sy B i Plpl! cidha Gl dos dicntea b oHE By . Moyl

adm ni $99RBYSH1FLOH ) NDitinuabprdcipitates werackightebwith 8 66u3 (1g000tLdprifidsteaéuie of
AUC (0- g f or W- 161 was, 3049.28 hr*ug/L. [00172] W- 161 dj st Li 1gut es wel |

in tis&uesh atiye’ G oM astivaiysyas dstarminedy scapitiatan coupng afdhe ghgl | /g,

whi ch g Qectic2id fibk aningé PGy phRE 1686, 29 2L4dgad 1 1yn the
m ce. Tgﬁéggmggm céolﬁ%glrﬁ@gtqf%nbo#] WETE1 e | I\fce Fol 'ow ng )

| nt r av €oapsuidinwvere atlded inddMSIO Srhy/thag fiiahassghconcCotnatems vare b9 DNMSD.asma

(ng/ m_}Cms were calculated using Prism 3.0 software. Curve fitting was done without constraints

using the program’s Sigmoidal-Dose Response parameters. All data points were acquired in
duplicate and IC50s are calculated from the composite results of at least two separate

experiments.

Equivalents
[00176] Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by the following claims.



1 2 3 Mean S.D 0 BLQ BLQ BLQ NA NA 0.033 13606.91 27492. 70 14890. 74

18663. 45 7673.25 0.083 9326.17 6082.36 8591.87 8000.13 1700.94 0.25 2193.58
1762. 06 MB@BA11064. 09 428.48 0.5 933.82 780. 44 1152. 3@CIAB264/00865 91 1
122.63 57.74 263.97 148.11 105.45 2 88¥.62 87.92 114.00 95.18 16.44 3 25.12
9.38 14.37 16.29 8.05 4 74.08 20.79 (_é 37 34.08 35.28 6 5.87 BLQ 6.57 4.15
3.61 8 BLQ BLQ BLQ NA NA 24 BLQ BLQEPYMNA NA BLQ Below the linit of

quant i iAtdt AcisiedS$:andard devi ati on NA: Not applicable, or fail to collect
sanpl es Table 4. Sel ected Pharnmacokinetics Paraneters of WI-111-161 in CD-|
M ce Foll ow ng Intravenous Adm nistration at 5ng/kg AUC (0-t) AUC(O - 0)

MRT( O [L*hr ng/L*hr hr hr hr L/kg L/hr/kg ng/L
3023, 28 30%9”%’06“%?%33‘9’&‘56&6% 33 1.64 18663.45 NA: Not applicable
Exanpl e 3. General nethod of det erg of in vivo activity against tunors

[00173] Although a variety of net pn be utilized, one exenplary method
by which the in vivo activity of pvent i ve corrpounds Is determned is

by subcut aneously transpl g 6:{3?1'1 désStred tunor nmass in mce. Drug
treatnment is then initiat® pR-KuUnNOr mass reaches approximately 100 m8

after transpl antatlon%& A suitagle conmposition is then

administered to the nf .sallneadalso preferably
SN

n is an integer between 1 and 10, inclusive;

wherein

m is an integer between 0 and 5, inclusive;

k is an integer between 0 and 5, inclusive;

p is an integer between 0 and 5, inclusive;

R? is an optionally substituted acyl moiety

Rj3 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or unbranched acyl; substituted or
unsubstituted, branched or unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; -ORc; -C(=0)R¢; -CO,R¢; -CN; -SCN; -SR¢; -SOR; -SO2R(; -NO»;
-N(Rc¢),; -NHC(=0)Rc; or -C(R¢)s3; wherein each occurrence of Rc is independently a
hydrogen, a protecting group, an aliphatic moiety, a heteroaliphatic moiety, an acyl moiety;
an aryl moiety; a heteroaryl moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino,
dialkylamino, heteroaryloxy; or heteroarylthio moiety;

R4 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or unbranched acyl; substituted or
unsubstituted, branched or unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; -ORp; -C(=O)Rp; -CO,Rp; -CN; -SCN; -SRp; -SORp; -SO2Rp; -NOy;
-N(Rp)z; -NHC(=0O)Rp; or -C(Rp)3; wherein each occurrence of Rp is independently a

hydrogen, a protecting group, an aliphatic moiety, a heteroaliphatic moiety, an acyl moiety;



adm ni stered once a day at doses of 5, 10, and 25 ng/kg, although it wll
be appreciated that other doses can al so be adm ni stered. Body wei ght and
tunor si zwoanw/tim®s neasured daily and changes in perceRrCTNSR09/004235 ni ti al
values are plotted. In cases where th¥ transplanted tunor ulcerates, the

wei ght Ios exc S 25-30% of c ntrol e tunor ht reaches
1006 of 2 WAl By ARdeafba3 motryscuas el Atk HBRE eoito: i, afiSiigar | ng
nmouse g@1kd¥dnide, Helf@oﬁf?ldﬁl of &t@,@&ryqtm(pﬁg,ew accordance w th guidelines for
ani mal welfare. Exanpl & 4. General "Bi ol ogi cal Assay Procedures £‘00174] Cel |

cul ture ans liﬂla(dslfgec,thainwn, ayadic do akedliccaibsgtutedrar unsehstifused, beangped or

el ectropora h of FAG t agge ruct;s f
expr es E‘F&) &%l ?‘Va? OhAE ¥ @%%eor ?'go ﬁ&ﬁ%ﬁi’f %O%Mbranc ed
post t r RétedotEpHa00; subS@thted]or HRAIbsEEREY, rarcBE] &C@{b@i&hh@ ﬁ@ﬂpﬂib@tﬁt@tbdmrs't ones

were isolated from but yrat etreat ed HeLa cel|s by hydroxyapatite

chr onatesybstihted largn@@d o kpran¢hed Pl substituied owmsub%l@g@?brarmsd 0917-921).

at a7 Costipshel B Erontl kRO REBM GNP e SRk R e

et hyl a0@Ht NHO(HOIR:; ka@(ww}ﬁrea@ eath(mmlmrdf%ds indepaidendna et aI
Sci ence 1996, 272, 408-41 1). npounds were added . in PMSO such that f| nal
assay ByHess pRIQteHin oW, f%ame meishisRdeterealiPhali GO, SR RGY PRPERi: 3. o

sof twa%x?flry&{ 1 iid DGy YRR aabi ersytg\fw&x églmm hits laBfind, R REbam s

Si gnoi esponse para ta“pol nts were acduired in
dupl i caiatkydamainb Ceferoary boxyabrhdterverythicomoickye andphmmatceutloaﬁga lateeptdblat | east
two separate experinents. Equivalents [00176] Those skilled in the art wll
recogn oFms thgretfe aple to ascertain using no more than routine
experinmentation, many equivalents to the specific enbodi nents of the
i nvention descri bed herein. Such equivalents are intended to be enconpassed
by t he2f ol Tiramgpasindiapeordingitorslaihdt, whsredh niisrktd 7,9nclisivl conpound of t he
formula (1): (1) wherein n is an integer between 1 and 10, inclusive;

3.  The compound according to claim 2, wherein n is 4.

4.  The compound according to claim 2, wherein n is 5.

5.  The compound according to claim 2, wherein n is 6.

6. The compound according to claim 1, whereinm is 0, 1, or 2.

7.  The compound according to claim 1, whereinp is 0, 1, or 2.

8.  The compound according to claim 1, whereink is 0, 1, or 2.

9.  The compound of claim 1, wherein the sume of m, p, and k is 0.

10. The compound of claim 1, wherein the sume of m, p, and k is 1.

11. The compound of claim 1, wherein the sume of m, p, and k is 2.



mis an integer between 0 and 5, inclusive; k is an integer between 0 and
5, inclusive; pis an integer between 0 and 5, inclusive; R2 is an

opt i onal lwo=otwtiizoat ed acyl noiety R3 is hydrogen; hal ogemusegoolode23npr
acyclic, substi tuted or unsubstituted8 branched or unbranched ali phati c;
cyclic clic, gsubstituted or unsubstjtut anched unbr anched
het ero ‘?od‘npoé‘f} ae5arding jo slaim s WhsHER %Qdﬂﬁp&?} ’h‘ﬁl&erﬁlf‘ %ﬁ%ﬁ‘id acyl :
substi ﬁyﬁxed)pror Uﬂﬁﬁl)ﬁtv{rﬁe‘ﬂénﬁ(h iSRRG Gr Gh oBﬂQﬁeﬁI}%B%tﬁfeﬁ'alk %sétytmcied or
unsubstituted, branched or unbranched het eroar?/ C(y51 O Rc; -CX2Rc;
_CN: - ®tvein RFs hydiogre; —Ofs@ﬂmtlonalm$ubsu(um§1)azy mizjeey(, ﬂ@)amoptlmallyq Rc) 3:
wherein,e tChd gurre f Rc is independently a hydrogen, a protecting
group,s"g’ﬁ éﬂ‘?g}"r‘ﬁ‘t‘?a&y , a heteroaliphatic noiety, an acyl noiety; an
aryl noi ety, a heter oaryl noi ety; al koxy; aryl oxy; alkylthio; arylthio;

am no, | am no, dial kyl am no, heteroaryl oxy; or heteroarylthio noiety,;
R4 is h%/dr mmnégéﬁlalre;)al whersin I%ml}?clq({zH substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched heteroaliphatic; substituted or
unsubst4.t urlﬁchont;mnd lpEdlairth 10WwhereliRglisaOR'; arglub $$ an ulbt&dmtly substitisd i t ut ed,
branched or unbranched aryl; substituted or unsubstituted, branched or

unbr andlkel heteroaryl; -OR; -C(=0)R D, -CQ2R ; -CN, -SCN, -SRD;, -SORD,

- SO2RD; - NO2; - N(RD) 2 -NHC( =0) RD; or -C(RD) 3; wherein each occurrence of
RD i s independently a hydr ogen, a protecting group, an aliphatic moiety, a
het er obS.i phtat compomné oy claam 1dcwhenaini létly—ﬁhb,a{@/}ﬂz@ﬂj eOHZCéIz@Hb,eo*rear yl noiety;
al koxy I oxy al kylthio; arylthio; am no, alkylam no, dialkylam no,

het erog}{?{:é or heteroarylthio nmoiety; R5 is hydrogen; hal ogen; cyclic or
acyclic, substltuted or unsubstituted, branched or unbranched aliphatic;
cyclic or acyclic, substituted or unsubstltuted branched or unbyanched

het er obf.i pTimaompcmud@f cl'aunela whemns&%aseteatedcﬁomﬁhﬁﬁ&lemd)whunbﬂ&nmhed acyl ;

bstit ed d o b tituted
o Hou bR Romn R tihills” s PR B ouihaly PotkiRugl HeroBiIR 'V epre.
_CN: -SCN. -SRE. -SORE; -SO2RE, -NC2; -N(RE)2; -NHC(=O)RE; or -C(RE)3:

wherein each occurrence of RE is |ndependently a hydrogen, a protecting
gr oup, 1an "B gomepound whckeiny 16awheresyRaisi-Wht i ¢ moiety, an acyl moiety;

18. The compound of claim 16, wherein R’ is an optionally substituted aryl moiety.
19. The compound of claim 18, wherein the aryl moiety is of the structure:
HO

20. The compound of claim 1, wherein the compound is selected from the group consisting
of:



an aryl noiety; a heteroaryl noiety; al koxy; aryloxy; alkylthio; arylthio;
am no, al kyl am no, di al kyl am no, heteroaryl oxy; or heteroarylthio noiety;
and phar nsoeotoaaddky acceptable fornms thereof. 2. The ceopasea9mceesding to
claiml, wherein nis 4 to 7, inclusi®e. 3. The conpound according to claim
2, wherein nis 4. 4. The.conpound according to claim2, wherein nis 5 5.
The conpound accordi ng Xhaim?2, wherein nis 6. 6. The conpound
according to claim1, nmis 0, 1, or 2. 7. The conpound according to
claiml, wherein pis or 2. 8. The conpound according to claim1,
wherein k is 0, 1, or 2. [9. The conmpound of claim1, wherein the sume of m
p, and k is O. 10. The cqQmpound of claim1l, wherein the sune of m p, and k
i , Wherein e sune Sf m p, and k is 2.12.
wher ei n q O RB, wherein RBis

selected from - N(R ) 2 : eyg, |s drogen r apomptional ly
substituted al kyl noiety, and ] hy an optionally
substituted aryl noiety, or an optlonall substltuted ﬁbteroaryl noi ety.

13. The conmpound of cI.~ 12, wherein R2 is -CO 2H. 14. The conpound of
claim 12, wherein R ; and Ris an optionally substituted al kyl. 15.
wherein.Ris-CH3,.-CH 2Q—|3, -CH 2CH2CH3, or -

substituted ar
noiety is of t f ~Jhestaqr m Xxyherein the
conmpound i s sel ected from t he group coqglstlﬁﬁﬁbf mhﬂreln i

7; and pharmaceutically acceptable fornms thereof.

N
w L
" (CHy); OH
R
:@v
[j N)k)k
' Z N (CH,); OCH

whereinn is 4, 5, 6, or 7; and pharmaceutically acceptable forms thereof.

21. The compound of claim 1, wherein the compound is:



21. The conpound of claim 1, wherein the conpound is:or a pharnmaceutically
acceptable formthereof. 22. A pharnmaceutical conposition conprising a

t her apeutwoabinoiefsbect i ve anmount of a compound of cl ai mPLCT/ts2E9M04235
pharmaceutical |y acceptabl e exci pi entéd 23. A nethod of inhibiting a
deacetyl ase activity, the _nmethod conprising steps of contacting a
deacetylase wth a co Voune of claim1. 24. The nethod according to claim
23, wherein the deacetlyl aselis purified. 25. The nethod according to claim
23, wherein the deacetyWasg is in a cell. 26. The nethod according to claim
23, wherein the deacetyl dse is HDAC6. 27. A method of treating a subject
with a proliferative disgrder, the method conprising steps of adm nistering

a therapeutical | y€Ng aADut of a conpound of glaim1l to a subject.
28. The net hod ag eifp the supject is a manmal . 29.
The met hod accord i mherﬁln %bmrfubjec is lwHan. 30. The
met hod according to [ , ' Erpdat i vendi sorder is cancer.

31. The nethod according to cI aim 27, vvhe'r‘el n the proliferati ve disorder is

an i nfl ammt or a e. 3 Lhg according to claim?27, wherein the
't of AevogetiglRt blefo gE, 200 "t ed i

prolifé&f era i ve di sorder associated with the
skin. 33. The nethod according to claim?27, wherein the proliferative

di sorder is cutaneous Tcell |ynphona. 34. The net hod according to claim?27,
wher ei #2t hé BhaspaesutigelromposiEion cgmpssingiatherapertcally eEethg ampung 8§T)ound

orally c8mp'01%c[ Sa5HP Y,SaJnYI a pharmaceutically acceptable excipient.

23. A method of inhibiting a deacetylase activity, the method comprising steps of

contacting a deacetylase with a compound of claim 1.

24. The method according to claim 23, wherein the deacetylase is purified.
25. The method according to claim 23, wherein the deacetylase is in a cell.
26. The method according to claim 23, wherein the deacetylase is HDAC6.

27. A method of treating a subject with a proliferative disorder, the method comprising
steps of administering a therapeutically effective amount of a compound of claim1toa

subject.

28. The method according to claim 27, wherein the subject is a mammal.

29. The method according to claim 28, wherein the subject is human.

30. The method according to claim 27, wherein the proliferative disorder is cancer.

31. The method according to claim 27, wherein the proliferative disorder is an

inflammatory disease.
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32. The method according to claim 27, wherein the proliferative disorder is a proliferative

disorder associated with the skin.

33. The method according to claim 27, wherein the proliferative disorder is cutaneous T-

cell lymphoma.

34.  The method according to claim 27, wherein the step of administering comprises

administering the compound orally or intraveneously.



