WO 2010/ 011296PCT/ US2009/ 004235 1 Deacetyl ase Inhibitors and Uses Thereof
Rel ated Applications [0001] The present application clainms priority under 35
U S.C  MO(ejo/tiok. S. provisional patent application, BESNSEHLYO823899,
files July 23, 2008, which is incorpotated herein by reference. Background
of the Invention [Q002] The identification of small_organic nol ecul es that
affect specific bi dDegcetylasednhibitoxs andddsesoFhereofi npacts both

bi ol ogy and nedi ci ne. Such nol ecul es are useful as therapeutic agents and
as probes of biological function. In but one exanple fromthe energing
field of chem cal genetics, in i smal | .nol ecul es are used to alter the
function of biological nolecul %‘?ﬂ}tg‘i]mp lﬁa??{gy bi nd, these nol ecul es have
been u@edll atThelpresedppligationgdisimstpriviisg usddr 85 WEIO\VERYD(EModLS] Ng as

chem cal protein knockouts, thereby causing a |oss of protein function

( Schr efBEIsiogal Eﬂﬁ?mﬁpplﬂﬁﬁtlo@ﬂéﬁNé&g&zs@QQﬁles July 2353088, whieh isiigepiporaiedm  and
Bi ol ., Additionally, due to the interaction of these snall

nol ecu}feéég\%ytr#epr)%%cte'i cul ar biological targets and their ability to affect
specific biological function, they may al so serve as candi dates for the

devel opnment of therapeutics 0003] One bi ol ogical target of particular
interest lately is histone 3@%5&%“?5‘@“(‘%9&‘1"“\"89 exanpl e, a di scussion of

the us@ogl) i nWh@iia&ﬁi%ic%o%ﬁmreorgme%&&1&&?&%&%&%@%&3&%%%& pf cancer:
Mar ks et alL Nature Reviews Cancer 2001, 1,194; Johnstone et a Rlature
Revi ewsingiang iPars enrleavyr tha@t0mpadts 28t bislogy ahd mediciie. FatchnholZq&arb ddefull. S.

Pat ent 777, 217; U S.  Published .Application 5/0287629;, each of which is
i ncor p%?g?r Bé“ﬁlgragf:#s Byd F‘%Pré’k’%%tgﬁlf%%?f&f‘f’%% Izlg’tq?ué QBF SXATRRIE ?‘8&1 thsn of

pr ot ei digerbiteqitad oPaRIME A e REtiANE ViR Shilll ald1emfard ¥SIINS alteshewaRBhays a
critical role in regulating cel lul'ar functions. HDACs are zinc glédml ases

t hat rafduelagisalaplecelsproewhich theythrindighesd eaalecu¢schave beert useid anekicitating | ysi ne

ot G e REROERRRRRE Pl 8 Cehich SRRES LRIGRNE, ErBY Rifiga bR oo O
cel | ul @rpro@info@ytsor (Sahrettenter o, Lahl CHBAPSoANWI 11 £5888 MittBiBon, AMInAt | east

one HDAC inhibitor has been shown effective in treati nﬂ an ot herw se
r ecal i Biat> e br3)( idditignallgy dugito shevateractioned dhese smell majemilesgpith
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Bi ol . aliveservel®Sandiddaes @880 derBéiiient Gf tderapgaticset at Proc. Natl. Acad. Sci.
U S A 9, 96, .4868-4873; o et .all Genes Dev., 2000, 14, 55-66; Hu et aL
VO 201@&@@129%@8@66@%&5@@@@? ipfeggst [aggl iy histone deacptylasegsasqfors 64,
Zhou edga@fple. B | i - : nter el
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activity such as cancer. ) '
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.



Summary of the Invention [0005] The present invention provides novel
deacetyl ase i nhibitors and net hods of preparing and using these novel
conmpoundswolniooanz9ai n enbodi ments, the deacetyl ase i nhi pcrarsgooanes2Bs st one
deacetyl ase (HDAC) inhibitors. In certain enbodinents, the deacetyl ase
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CancefrostQ%b’fqverﬁe@émk GScze'nBe 2011, 207, elcam 135¢). PTIRSE RienbRy SRl lﬁ@, tRfe@Vi des

novel conpounds of fornula (1), ') wherein R2, R3, it4, R5, n, k, and
p ar e mbtaleflassesi(chass Bilhand Al)c gt additiesmabsiendHDACS hﬂvmbeeanderplf@devmch In
certain dlmeﬁots nis 3, 4, 5 6, or 7. In certain enbodinents, R2 is a
met al f i2G SAIPEPY. In certain enbodinents, R2 is a zn2+ chel ating

gr oup. [obd4)cer traer r@ﬁiﬁﬁﬁ'a@%@@i Sor érel potehd and/¥ moRd Qie&ﬁdd&a&&?lh@d ihibitors
enbodi rrents R2 is selected fromthe group consisting of:

WO
2010/ OER2IEPAT inkbiowsy fooreadigdiseaseg-msoqiahritrberrapidonfatyiase activity such

as cancer.

Summary of the Invention
[0005] The present invention provides novel deacetylase inhibitors and methods of
preparing and using these novel compounds. In certain embodiments, the deacetylase
inhibitors are histone deacetylase (HDAC) inhibitors. In certain embodiments, the
deacetylase 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
£
(Ry)g 0
s
(Rs)p H n

@
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:



- NHCOCH2SAC - NHCONHNFI 2 - NHCOCH2OH - NHCOCH2SH I n certain enbodi nents, the
conpound is of the formula: OH (CH2)6re- W-161. The invention al so
provi des wanomugi1phar maceuti cal ly acceptabl e fornms of treTiusz@9t0D4285
conpounds, for exanples, stereoisoner8, enantionners, tautoners, salts,

sol vates, hydrates, co-crystals, and pol ynorphs. [00 n anot her aspect,
the present invention provides phaomaceut I cal @@nposy ¥ conprising a

tEerapeutipaI:Y ef ecti;glannunt a co ound [pf fo (I') and a
pharmaceutical |y ageeapd e exc padiAtent s, the
pharmaceutical conmposition is us fuI mn theeﬁ+eatﬁent of a proliferative
di sease such as capncer. [0008]1n ygt angtheryaspect, tpg present invention
provi des methods f ¢@iNDi ting defcety activity in a subject or a
blpgog!c?l sanFIe conpr|3|ng %i- f QA0 said subject, or contacting
sai I ol ogi ca z?pl nmou of Ja conmpound of the invention
effective to inhi deacetylase act|V|ty&hp t he subject or biological
sanple. In certain enbodinents, the netho i’s used to specifically inhibit
hi st one deacetyl ase activity in t he subJ%gt 5¢ gpgi cal sanple. In

td speci

certain enbodi nents, the net%?g“q%éﬁﬁah |%ally
H 0O
\I/ g—NHCOCHZSAc

N E—NHCONHNH
’7?‘/ \OH 2

g—NHCOCHZOH
g-—-NHCOCHZSH

In certain embodiments, the compound is of the formula:

ON\O\/“\ )]\(CHZ)G/“\ O

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



WO 2010/ 011296PCT/ US2009/ 004235 4 inhibit a particul ar histone deacetyl ase
activity in the subject or biological sanple. In certain enbodi nents, the
conpoundswepenvdiimal | y i nhibit a particular HDAC (e.g., PEHDAG20090DAGCR,
HDAC3, HDAC4, HDAC5, HDAC6, HDAC7, HDAC8, HDAC9, HDAC10, HDACl1l) or class

of HDACs.(.e.q..,. S 1, 1 d/or .1l1). 1n certain,enbqdi nent t he
hvent MSE Hitigiar E5iont ArtsePiiperhiivinr FiheBuBan of hISPEd SRRl daichiARs, t he
et hodeinBodisifRdltst ﬂlescpﬁfbbﬁﬁ&adpwﬁwgi hibit patibdlatEBART ¥d ASHDRCC T HDXO2D a
subj ect or a biol ogi cal sanple. 009] I n certain enbodi nents, the present

i nvent HEMAG3.dVPAES, HDACHHDACH HRACHFRAESBoHDACAHRACADsHBRAC 13 0F. |
cancer,, bend | a o] i sease, 1nfla i.sease, diabetic
reti no%%?%%ﬁ@é‘%??ér%ﬂségm Al @%ﬂ?)hgnaceﬁﬁlgre%%& qléz}gﬁltt@é i’eﬁfvg WS ve amount of
a conpestiponid spe¢ifitdlyy inhibits IBACED]I€ Edrtaih Elbadifieats, firmaéthy@isdisséase. 1 n
certain enbodi nents, the present invention provides a nethod of treating
cancer sgesifigally inhabit gibulin deaeetylgseraghmity Bea subjreheha Biologiealisampleg t he growt h
of tu | . Myl i d i f i t of a
corpoulfoSF! ; Jh chafHUREh Gl Ut Bt TAREHES PRId6s B 0L VBRI, O

i ncl udproliferativar diseast (d g ntdneer, benigh hegdhsm,aucEmmuerdiseasd, iflanaatorycol on and
rectal cancer,. |eukem a ung cancer, . nmel anomg, nultip]e el oma,

non- HoBgRAsH: %‘a‘Pe;?Wﬂﬁf_b‘FPd’Pfhyb RPRBHENE AdminIstAriRgH %peﬁa??ﬂye%f?q_yce% amewnt of

pr 05t h 8ot BBGR o fBlthilla ¥H6 3'subROCWARS béIFCGAVE Blscast 1 kAR BrBBOMTENL S,

t he inventive conpounds ‘are active agalnst | eukema cells and nel anorma
cel | s, therplesehtimventmnysevides 4 orthodefitreatingreaicente. 4. ckk as effeqtimggumonyal oi d,

el anofieh of iREREh b iBo ARy pimurilr ot £ irpaenuetdfilie u 1
the treabiRNYf aQbnfpdhANELERImMALLE) 1o d mﬁéw Pnde@ thdrdof. E&gﬁgﬁg%ﬁ&? ifBhYdebe

adm ni stered by any nethod known in the art. In certai odi nents, the
conpouhutsare net laditedyios brsasictanees) ¢eyvioal qanearnedompndrectal gancepyeukemiaenpus,

i ial, i | d/ ) i njection). [0010] Th
| nvent PUECE ARBRES PHRe s s R - BRI DR B bR gl CHRET on.
The copneie caRder iftodisR EahcerNkabeanger) an@ ¥tes 6dneer. Olh deftail digbddiahents,

bi ol ogi cal pat hways. In certain enbodi nents, the conpounds are_ used as
pr obes thsfinygngiyg compapnss ee adivepaeinsidpakeniagelly and melapemy gells; and Has aggspect |

the pr te] i ! h -Qr i .n of the

i nvent Eanteioh Yty BE R AR TE - ARIGE, RRERRRC I ERMPRAARE 01 ' an

al dehy tienphoblasiic lcaiernagpadsialigriant meliyidmaz.i Heeettaint ahbodigenthe umentioe
provi de a conpound of fornula (1). Definitio 0012 | nitions of

speci fP‘émP%thfltsiaEFn‘éﬁe&t‘Jﬂ‘b s‘reéﬁﬂelgt?éﬁi“@ﬁ?o‘{sgrﬁ%ﬁé(}‘@%%%‘gﬁ& - TReypre det aj |
bel ow. 4SS i Y=Yeu! I t Ldentified
B b i R e U A R LSl A
t he El ¢raonpoudisSire edwirosterebiamal hoarkpanént@hbyriasg.r by amciveiyus) ntrart@isaln Ed. |

i nsi de. cover, and (f/ggci fic functional groups are generally defined as

descr i ERMYIEYR5 And/REsHOCPBRERUS NSy al princi pl es of organic chemistry,

as wel [0029] SPepid ihbedtive CohipBandsme Blsb @Sefansk to6R S bfﬂUe)biol@%i@al%ﬁ@ﬁdrp_ed in
Organic Chem stry, Thomas Sorrell, University Science Books, Sausalito,
1999; The compeundvmayrbeNtsed ko prohe gemecexpradsiparir ¢o chueidatethiglogBahpathivayson, John

Wile Sons., |lnc,. York, 2001: Lar,ock, .Conprehensi v ani,c
T anat B S srBSmetEy ¥ Rotbe B8 are bR frapis PR 20 R0PASp e A vy o
Moder n 0@t podsinGtill Gegaivitiier Aypdchabé fresadit nvedtibn provides mixthetibefolplepiind t Y

Press, Canbridge, 1987; the entire_contents of each of which are
i ncor peerapeunds of Bierinysptiopfapd épferanediates 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 will be appreciated that the conpounds, 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 ' t di cal
e R T R R Rl A R s
str uctmaepﬁjmesbﬁs“sm)s{fngfdefcsderw&kﬁé@i&*ﬁ ﬂlﬁamnelrg%oﬁwa% igbnaally defiRatad from a

speci fied group, the substituent may be either the same or dlfferent at
every ¢ﬂ5smlqudh¢rems Additionradlye general ipsintiplen of orgasid thaetry,uas webrasespgdifieed t o

i ncl ud erm.ssible substituents r oad
aspect ﬁm?tﬁ(g‘a RS éeag'i.%li% ﬁ%‘%ﬁf%bﬁ%%%@ '5%}' %08’;‘8 Somﬁ’br anched
and unghrResieScicnad B@§]¥§ IShgsafifty] 10993846ty Sild Plarchl MaRH ﬁAdﬂﬁzcéwmgmt ic,

al i phat| ¢ and et eroal i E&latl c, car bon and het er oat om substituents of

or gani €k @mﬁ%%d@dltl%ﬂo Wideye® Sons.Ire.sNew ¥orki J001; heraskoRowaeehettive as

ni troggn have 00¢ e S tuents
of " or SrEER BB e RO LRGSR Bl TOUS REEh Gy Sfrehbh |10
het er opfegigEs onngW Syitfeesist, BIF Editi’b\ne@hm‘bﬁdg@Uﬁ%rmﬂytIEmiedambnbge, 1087t ed in
any manner by the perm ssible substituents of, or gSF?I c conpounds.

Conbi nihe ieakirs C@flteéltfbsftCP?}U%W@CBﬁEF ingprpamtekhezeinibyitelsedBy this i nvention are
pref er th ful in
Pho. o0 Hkny 1 it BEpgrEcinll ok Bplioh iR, W08 <cHibdd R, BT ALoN (S8 O

| i m t edith ang amdber. of Bhbstiteems dsfuabtieia] meseties.eth gmeeal,rthemraf‘ésuhmtyted’éf ers to

conmpounds whi ch possess st gbil.it §uff|C|e t to al | ow manyfacture and which
el nt awheth?rdormﬁde@ﬁ {5 grm et oo s o1 oS SERS SRR Sirbas e £ o

be detgedfde h f i <‘[3rft§ il her laf:é}ﬁex?t o? ]g'fifo%hﬁfﬁdld&f‘sﬂh%dg&én §thuPeurk vitheheisef ul for

t he purposes Certain conpounds of the present
i nventiadivataia mnqb’mdsebstMMr “ﬂmenmyhmmnelmsw@nneasy ghven strigturegaay exi st

in varj ou so ric for rs and/ di ast gereo Thus,
v ent b e tR B maft T ofe SitistRieBE e les SRR o e R By BB laens T e
form Olfnay"?‘Be bﬁl‘i’ér\fhéjﬂﬁ&lle SRR ovefll FoSitRING WRUse@ he@RO RS feih “seidiRIted’Dr NMAY
be in the WD 2010/ 011296PCT/ US2009/004235 6 form of a m xture of

st er eoissontemplatechtocinelude all petsoissiblersubstiteants efnrpeningemppundse In abEdi on are

ANt | PR PERRIR: bRy RS SHNAYL AL M onlh K hfatfned.

stereo? |astereoners are pr rthernore, certain

conpoug¥Becyekic B hétblderclitg hdntaticryid Iham&oﬁiaﬁc Jailiphmticeardichedrealiyads, dabain can
exist as either the Z or E_.isoner, unl e@is3 ot herw se f:tgdl .cated. The
i nvent M%@G?@WP‘FWC’@H@BW@H%W@ %5 PHEROSEE O thiR PYHERD: i soner s

subst aﬂ&&%&éo&s%sﬁa%m%ggfg@ 2y $A0Ch B SLALERAL bNELY anyPfertiissiiié 5. Of

vari ous | SONers C mX stereol soners. In addition to
t he absabstitwentsiod bginmoummmdds pescribe] heréinsvhicly smisfyothe aakeocienobthpasses

har naceuti cal | y. accept abl e derivat.i ves of .t he unds and ¢ sitions
(F:)orrprl kg RV ﬁ: Igg Bﬁﬁglon[lﬁ)ﬁﬁ%ﬂﬁﬁ%‘?‘g"}edH?‘??‘&E‘Iaé’?' TR f’)}gﬁgr i's
desi rege rrrlidsiBTB ¥ubstifyeRRBE o?g&h%i&dmmﬁldpeceﬁﬂamaqgﬂs @ﬁmgm&ﬁ@bhd'v&ﬁ@@esof the

corres |ng enant | oner, may al so be referred to as "optically

enri chadn§10fie@dtytd:tsllhyeréwmmmw&‘ralds those dhadteesaltnn theefpnmatiomet stahde corrpound is
made u tio ne_enant certain
embodt FranpeeR st af st ha gy SRR S B va 8t o b e Pt cf

pref erﬁﬁ‘i’te@f@éﬁrﬂcmhe tkfin 0éthsle” Thiect Hereinsprefeeatil g nEfersnd compomitls wiickf at
| east about 95% 96% 97% 98% or 99% by wei ght of a desired enant| oner.

Pr ef er pesgessistability wuffisionsjo altow sunufestrs anshwhigh argintain the integritywf ey met hod

chr ot SBPARy T EptEe e Berl o s o R Ao e Bt B S SRGH e “'s§| ts

or pre@ﬁtﬁlﬁétdwea&ﬁmfeimleq)uspdséh@aa%dtﬁeﬁn for exanple, Jacques et al.
Enanti oners, Racemates and Resolutions (WIley Interscience, New York,

1981) ; [0WAkn drertain corapuids of His pggsemser(twm Comprise On%?rewemgwtm of
Car bon esol vi ng Agents
and QO‘f éFPC}% ETS(%C%%WM%?S ?%.mell_’gefg ms W‘é %ﬂa.r,e&%ér)lflhgé agg/oﬁot re Dane
Press, dll’al@tbreenﬁesre"[hdsj\iniz@ﬂtme confdbrAfsTare pharmcbau;/al bpmeSlElQBSjthhHﬂO@ may beef er s

to a carbonyl -cont.aini function wherein.l is an
L1 T phath e 13 Gy GG BGOSR B i eIt gy OF ey P s
(aliphatic)aryl, (heteroaliphatic)aryl, heteroallphatlc(aryl) or
het eroal i phati c(heteroaryl) noiety, mhereby each of the aliphatic,
het eroal i phatic, aryl, or heteroaryl noieties is substituted or
unsubstituted, or is a substituted (e.g., hydrogen or aliphatic,
het eroal i phatic, aryl, or heteroaryl npieties) oxygen or nitrogen



WO 2010/ 011296PCT/ US2009/ 004235 7 skill in the art, "aliphatic" is intended
herein to include, but is not limted to, alkyl, alkenyl, alkynyl noieties.
Thus, as weedidmai®sn, the term "al kyl " includes strai ghtcans2dwanchied al kyl
groups. An anal ogous convention applies to other generic terns such as

- 21 o HormiafiaFihR of sERishiers. L Gertia dmiog B AhS caRRoiS of Iiinteifist “nd
unsubsire teHaRibpafedbispouhds. CRI defthih ARGQMBTRNhEnts, 30ixHEEHoNRErBbBomersdper al kyl ™

is used to indicate those al kyl groups (substituted, unsubstituted,
br anc hdigstercomsisraapptoviledhavi ng 1-6 carbon atoms. [0019]1n certain

enbodi , the.al kyl, al kenyl and al kyny. oups_enployed in the

vent D0 EondarhEiose, ecfeia¥rmstids s b et ndy Baf St dpord

enbodi g@imiSborids eha ki éxistdsledBBythe 726t RbinéR inlegs OthetvieeRlddaesd. i Thet he
invention contain 1-10 aliphatic carbon atons. |In yet other enbodi nents,

t he al Jypntion) Jddiipnally errompayses|theeanpnimdsps daddyal 15omers supstentishly Femehi n
1-8 alj ! l.n -Sti i gen -he . | . al kenyl,
and al PORORO G AR aRe B ATy, dshihlrs ofaBls ROREER, HR1 rieenhliBisor Carbon
at ons. stémoigeinent eadditibod tenbsye-nikartiahdd/tompdundn pér, seathils mvkiytion algy oups
enpl oyed in the jnvention_contain 1-4 carbon atons. Illustrative aliphatic
gr oupsCRcRIPassss pPharmaceiiically acqegtabls darivaivasef these campapids andgomppsitignsy | |

n- pr Opéfémpxji 5P mmor@lcb Ouﬂ?sbutyl , sec-butyl, isobutyl, tert-butyl,

n- pentyl ,” secpentyl, isopentyl, tert-pentyl, n-hexyl, sec-hexyl, noieties
and t h@Oitéke, Wherel pagaiutar emantidmearis desiredy it may cinssobetanthoelivhents BE keny|
groups include, but are not limted to, for exanple, ethenyl ropenyl ,
Bt oy Provied Sitimtisl) e A ey gomtebpdingen umo Rl Beuala Ve laRRING o oups
i ncl udeyptiphly &rRheed ‘!Oﬂﬂctaﬁg eh@che@lTHEMKEA hédef, RIRYAYthal tAE @BRADEYHd is made
1-propynyl, "and the IiKe. [0020] The term "alicyclic", as used herein,

r ef er sup of xsigpificantly grhatehpropatiioneftone epandivoreri bscarfaimempdditrientsghel cyclic
conmpounds_and.i nclude but. are not, |imted.to.cyclic,. or polycyclic

o T phatePip b B O or Shieh RS 00V P e RRkS < BTt Hen Bt HE gher

opt i onghbydifmeRs the sdnSsbuntl iHmaae up bf ATESt hbER 195909620 DPUDN98YA\Sr 99%sl bybe
appreci ated by one of ordinary skill in the art, "alicyclic" is intended
her ei nweight ¢icd dagired prantiomenoPrafergd engntiomersyagyod kglateddyam srgeréqy| , and

cyclo et i Hele i i or nore
Ermce ik pTahEhefif KBTS SRIICATR Hetard HRRGif bR Mt @G OT OV E
I ICITZt ekilqnfid; ghrfoﬁ’lfat@fﬁpl‘ilyl (HPL@l(Hndplgigﬂnaﬁﬁ%l ay@tlhmaamn}/d)ﬁhclﬁmlt syl |
- -Ccyclo , cycl opent , - - cycl gpent , Cycl onhexyl,

! @% P?yre%em%@n@%weﬁw for @%ﬂlf&%&ﬁ%ﬁ%&?ﬁ &t %’!wﬁnaﬁsz%'f%{ipcqu@% i es

- CH2- cRIePHR
and th j i : i ; : t4 The
Eor m + 214 RESruRl BWIBA oo, REA YBC 108 T WiBtn R, FoHon o8 e an

al kyl @Oaup Eliak Spereocheméstry af€ldarbedCompbaehiéMcGrawhEHilh NEnto62p| Wden,ar noi ety
t hr oug n o en.atomor through a sulfur I n,.certain .enbqadi nents,
e al T NRO RERARHE o dgo R RSl o Qepher B3 S bORS ool ST phat i
car bonDahe Peess, Note€DhAE NN gy, embodi nents, the al kyl group contains 1-10

aliphatic carbon atons. In yet other enbodinments, the alkyl, alkenyl, and
al kynyl00&7loupsThergrioiessil’y as vied hersimrefeontocorarkanyl-toamingofuactienatisy, lsag,

atonms. An.~still other. enbodi nents. the, al kyl. .gr.0 contains 1-6 aliphatic
car borr GIEOTR - sl s ERaP OO sastitenleandlingPsd) Rt e Rk bRl

al i phagaliphR)4r9N) (laktér08iphlaki &)} 1 ket &oalipHatisaryl) Bﬁhétéiﬁab%ﬁati@(&tdi@éryl)i mted to,
met hoxy, et hoxy, pr opox%b i SOpropoxy, n-but oxg, tert-but oxy, neopentoxy and
n- hex oRgietyzwdepibycael of the gliphatic, hefefogliphatigyaryh o heistoarylmeistes is,

met hyl § ki t i |t Db Qe ro i t vl tihi g he |ike.
To02 51 eRpieiet bbbt 8P 4 bl AL MY ioBe or ARt K on Sl

- NHR' wdrel, o hetBfoatyd nididtids) oypeti@f nitergeh@baiamingl fudclieiality @ng. nfoainknga refers
to a group having the structure NFI2R -, wherein R is alkyl, as defined

her ei nCarPgxyHE peigh e5te nfcmide furctioppletyd| kyl group contains 1-20 aliphatic
car boryggi@Ts. The (GRf tafipha®iN8! u@ARAINEN Rdesttdth Slridted £gpte, ns 1-10
al i pha icﬂcar bon atomsl.p i i/etuot her & ogcller?ents, the %IBE;EPS g‘lgker’\yl , and
al ky nydtragght ahain €ngo)] wnpeahched tdrébranvhed aliphatic hydmicarbbng veliclplxatoptionalybon
atoms. In.still. other enbqdi nent the al k roup .contains 1-6.aliphatic
e borspisiee Wi ascorsEave tunctinal srahs. A3 W b RRCuF GRS cBr ehpRuTY

al i phatic carbon atonms. Exanples of al kylam no include, but are not limted
to, nmethylam no, ethylam no, iso-propylamno and the |ike. [0023] Sone
exanpl es of substituents of the above-described aliphatic (and ot her)

noi eti es of conpounds of the invention include, but are not limted to
aliphatic; heteroaliphatic; aryl; heteroaryl; alkylaryl; alkylheteroaryl;

o, - o, -



unsat urated noi ety having preferably 3-14 carbon atons, each of which may
be substituted or unsubstituted. In certain enbodi nents, the term™"aryl"
refers towe2pleemaseri ng having p-orbitals perpendicul ar PCm/IIShmwpbaafe of the
ring at each ring atom and satisfying7the Huckel rule

e AL S5 B Bt S
moi et Yalkytl nflféfesN Thus ak SEYhRBiR, Bk téhd “Akylb HRBRIS rstrafght ﬁldf lﬁ'ﬁnﬁfeﬁmy'l city
|s defined herein as "non-aromatic”, and is enconpassed by the term

" al i cygrbups: . All agegaus cgayratiah applies to ether ghrmr@rt@amg/suCh aaSalkemyd”, lelkonpl”

or of or B e RS EPu TR o8 et et ot e R "B B B g e e

uns ubsdnichinpest; boansheafiedd ﬁidﬂﬁlsaﬁsn't\ﬁé&grdﬁ g Hﬁée?traﬁﬁérﬁ%cﬁﬁﬂeﬂ@t &diskgom 0, S,
and Nwithin the ring (i.e., in place of "a ring carbon atom. In certain

enbodiheseins lowerealkey s uf’f?étt@msh%}? thopelkykgroups(spbsiitated.runsubssioutpd.i si ng at
| east q‘%an%Qg%‘?hR@rtaf?{Hed ﬁ‘é’\h #) a%n% per pendi cul ar to the plane of the
a S

ring at eac y| ng Phe Huckel rule where the nunber of

pi el €00194ns |1mcértmn E:inbgdlh’fen(s‘lt‘nb&)lk}vlhﬂkaiymaﬂd lkyayl drotsoaniplo}é0idGhd t Wi | |

al so be appreciated that aryl and heteroar nol eties, as defined herein

may ben¥gntioacentan k28 alighatis caghonatems.oby m@h@t gmbgimenissthgaliali ncl ude

- (al ky, , ):h

- (het e%l%a{yiyamj all{y'ﬂ?o r yﬁ4 &q) l)o? %%!sn th?gmhﬁgrg%lﬁé lhgq glirq%ﬁ b carb@ﬁ?%’s%% "aryl
or hetlaryetiothkr embatimests, thadlkyhrajkenyhahé lab@{hyl grﬂulésfmﬁﬁlbged ktyt@lir)&lentlon

-(heteroal k eroar and het er oal k het er
i nter c‘}‘i’éﬁé‘éiﬁ)*’z g?‘b%tﬁf@ |T&é‘i“ﬁ18€h€r i; %lmé‘nﬁof €4 l@glta%eqy(l, andny of the
Previ ofing1 BRI %)b Qﬂl‘ﬁﬁ)yégl?xﬂﬂe 1H€é?1tt1%n cbntin 1- B*Aﬁpﬁé&s&&ﬁdﬁ?{ﬁ s! YOt OF
al i phatic noi eties, for other noieties as discl ereln resulting in
the f cﬁmimdummt&fthaa&vhbll@ny:b Eqmbalhkdnyl[gﬁm]eﬁ’rpéoy@rlmthambﬂnom@ntBedl derein,
does not, differ significantly from meani h term n the
art. dnponaant Tl Rrae 0By s il Beye SapIErhs Sor Remel one
ar omatm@thyl Bhyl, InDpreSYIL ABopropyR aHyIMBBusyl, seRbtyl, 1s6h@YE tértlbatymppemﬁr sdeLcyclic
carbocyclic ring systemhaving one or two aromatic rings including, but not
| mi t antyd, isqieahil tertrgpin Hyhexytl,eqefczhnyﬂr zmsq@m apd thejlikgawhich agamemay baard t he
i ke. he, S [ not ditfer
si gni f({ngg%?’%owgu&?h[pﬁts A‘W nllrﬁgludvI %Ptharg g{r%mlltg&)?%g Leﬁd refers to
a cycldtlgengt, pidyiengl, Ib&téhszl’qlﬂ—th&hyhg-bﬁfeﬁm)ﬂj MRl the llkenRépﬂ&gerﬁitmsalquny%hl ch one
ring atomis selected from N, zero, one or two ring atons are
addi t 298RS Inebde. but argdot Haéﬁsé rﬁ@éﬁmwl Seprepynsd (propanes 1), d -preBYINL, anddhe he
r emai qp&g ring atons are carbon, the radical being joined to the rest of
t he ecule via any of the ring atons, such as, for exanple, pyridyl,
pyr azi [ﬂQZQ] py ﬂhatmnﬁalhpyqdw’ipdwdszd hyneaz méfyis to icnintrlamdﬂsWhlch bomabink the
oxazol |so t hi dlazol adi azol yl , thi ophenyl, furanyl
qui noI %txcf’% ?Fé‘?‘“ﬁ&ﬂyc 16 AP ‘é"dlslaR ingl |a{e Rt imigrd tﬁﬁpﬁ? é“eioét ed that
aryl r

@yd&r@ﬁ@ﬁlﬂﬁ{aﬁk h9aRERDohd A biflided c9usxt p Sorfptind§), »emglzs f‘ﬁ’% haly

unsubstltuted or subStituted, wherein substftution Inclu
one orsummetedfmmer!ydmcug dunctiooalegro e eonwilhoegppnetaated by wne bf amjnaoyne or

fror € Oi(llf 2; g.ll't ¢ achoqlc” 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



WO 2010/ 011296PCT/ US2009/ 004235 to noieties including, but not limted to:
aliphatic; alicyclic; heteroaliphatic; heterocyclic; aromatic;

het er oar owat2onyo1aa9gl ; het eroaryl; al kyl aryl; het eroal kylPamgis2009/004235

al kyl het eroaryl ; heteroal kyl het er oar yB al koxy; aryloxy; heteroal koxy;

het er oar yl ox aIk | thio; atylthio; t er oal kyl t hi o; heter.oa lthip;.F;, d;
Br: I: al;éppc?:' a%@N nemal% othep emh Oglnm@’ Qleya SR €O ﬁpg%ISIZNElz;

- CH2 sogag;% 0 - gﬁpgﬁbg Q dii

-N(R) 2 (%S”(R’;g i %%@%@Q@mﬁkwﬁl&@é% dezgcur r eﬁ%ugg OQM@E -

i ndepethdémtention nmitandelsS abiptiaticearton atoms. tletcktlﬂla),thexlen}iiwdtm@lts,am aljgl group

het er oal | ha I eterocyclic, ticC et.ero mat het aryl,
Al k! aSnn R sarat 2oRse I8 SRR SRt Gt duy ek P ponea 514
wher ei ﬂlp?‘llaﬁc eérb&h @toaIsl Hidtiples Fallox§! ineludb 8he4re abi Ak fo, ni@hey0ethoky,C,

al kylaryl, or al kyl heteroaryl substituents descri bed above and herein may
be s ubpltopom, ésbporpospsibutoky Lteeebutdnyanednsatoxy and brhexexedExamplgs af ed or

unsat ur at and erein t he .ar eter 5 I

het er o} yl “{célllq?ym?)ltaarr?/ POta]f%‘teé e Fbef]}mlﬁ’ gﬁhggm proﬁ%ﬁb :%?Esehfdg ygfé%éc“ bed
above glngimlﬂgr;ﬁidrthgﬁke be substituted or unsubstituted. Additionally, it wll
be appreci at ed, that any two ad%acent groups taken together nay re resent a

4, 5, B023F 7-Thertrer eaik:slamsrtq trgtesyitogy STQHR hvwng therstchrre dyHR whgen R’
het er ogycl i $4 d £ I
substi %‘*&1 3 %f‘r)néeﬁfh?é eﬁlﬁ\t ?ié% t ?ﬁ&ﬁ%egﬁf t<9§ |ﬂr2rl)gln S descrll“%ed her ei n.

100301 ipBRt-evhereiiyR! Balksy) as, deﬁsledl hedih elheenamreﬁfbedﬁnaneahé alkgl grpup o gr oups
having three to seven, referabl three o ten carbon atﬁg . Suitable

cycl oafeayains iﬂ@Iahabatlmb%%OWét Sfainothe befE%IC@ﬁ?tépt}lF alkyy gryp feptains

cycl openty. c LS, ardalk he case of
ali pha rltoalg'Iuﬁ% aﬂ%wéuet e?lp g’%gﬁngggf?“ ngel#éo%@ élﬁlg Irqr%ll eti es}l;hytl nmay

opt i ongddups &xﬁphwl%in the iree¢ntibh bonimlnslt-s eliphetic carbohmtbmg Int:mnﬂl ather limted to

al i phatic; alicy het er oal i.ph heteroc lic;
het gr oambediments; ';F;?ﬁcy BEAURISORIA) Félaﬁm‘aémarb WPdalk ”ﬁw
al kyl hehg dlﬂfe}ﬂs h@%ﬁl@r‘i g?ddf,ydo%ﬁﬂ RaLYphatR| daFHEY; atGhY.! E%Mn ploebealRalatemny ;

heteroary oXYy; Kyl t'hi"o; "aryl t hi o; heteroal kyl t hi o; heteroarylthl o, F, d;
; incliide, btttl@&: nétGiNyitedap3methyBrpias3thyl@piop2iso-poppdtpminognEthp ke, - CH2NH2:

- ‘N:I*é)sgfo‘a@t o) SN i S e A R AR BRI |

i ncl udgRietfRY bf Edmpiinds bhtHeaAvdrionahdlidebiiCare abi Kiitkd o alhﬂlhﬁc oaI i phat ic,
het erocyclic, aromatic, heteroaromatic, aryl, heteroar aI Ky l@P}é
%9‘0' y’any of

al ky| hieterogliphatic; arsi; éxetsmaryl alkylargk albkaihsetesaarkl pikoxsr a4y

he al | ph | | k
eyt hoRERabion? alGHld, fonPE SERRARIB S G ERREYE, CF: BALORNO, OF
3}1 UnfSGiDBLCF}i]E-e?IﬁCEJ,aGBMItiQ ml%\zlﬂ)t‘lbrmﬁﬁﬁwomaCHmHe;dGHzSOb@Hu:rélt(@de,and
ereln a (0] e aronatl C e roar or oar
subst i Qﬁbﬂ{é -GN R PO ?QI@ Bg%ﬁ&’%e i 42@3% 3\JI¥X(CO)RX
”“S“bSWh%IéIIFQqch%@gII&én%Q%IRe L:ﬁﬁ:nﬁg Y@%O&Q/ 9&&2%‘?@(&@2&{&8& 004235 11

generally a Ica substituents ar ustrated by the specific
enbodl ﬁE’ﬂ?(ﬂlCShﬁmallphdtlhﬁh&MMI% artyhdieteaoaarykdeﬁwiaryiedr by lbiterodrglo 9hpreire ter m

h li ph h wh
one. or SRbPENE AiBlicaRS A PP e R R LT AT B0 DL St Rl e BRI &
het er ogf PreifitHay b&subRlifkPdr RHIEBstiuted, cwamch@d 8 Snbrahched adycnb o heychibai n

whi ch contains onhe or nore oxygen, sulfu ni trogen, phosphorus or silicon
at ons, aed ghereimanyl afdke arfyl onhdsenoar @n‘xﬁtmﬁetselewm ROYe eeingsay Ry be

e RS T e SRR eI AR b B

or nor gLRfralh By INS§REER ABYTBmERS ERS i thB ERapls theake descﬂlbedelﬁermncl udi ng,
but not limted to aliphatic; alicyclic; heteroaliphatic; heterocﬂgl i c

ar onat 10024het dnegnenah thetermy pryl”, s usaddasrein; refgrx i %1?‘9?13 rReNey O BPRYF

al koxy; ar f L8r I r

net or our R HioiIS BT o oLy SR cRok gk ?QIH%IIIIN%&@."SI‘%%? or
OCa(12y O D 5 0O e 0BCEI - OBONFo0 21 N2 =S(0) o7

- - - | - "
-N12. (edmls ReFsingicylas 4@ thegilans, ofdhe Bng at gir aad s345TYIRg Iﬁtf’olgé‘f%(ebﬂ'llei s
not limted to, aliphatic, alicyclic, heteroaliphatic, heterocyclic,
aromatic, heteroaromatic, aryl, heteroaryl, alkylaryl, alkyl heteroaryl,
het er oal kyl aryl or heteroal kyl heteroaryl, wherein any of the aliphatic,
alicyclic, heteroaliphatic, heterocyclic, alkylaryl, or alkylheteroaryl
substituents described above and herein nmay be substituted or




has O to 2 doubl e bonds, each 6-nenbered ring has 0 to 2 doubl e bonds and
each 7- nenbered ring has 0 to 3 double bonds, (ii) the nitrogen and sul fur
het er oat owe 20ep01b®eopti onal |y be oxidi zed, (iii) the nitcogsroodesvesdat om
may optionally be quatenlzed and (|v? any of t he above heterocyclic rings
may be used to or het resentatlve eteroc cles

i ncl ud®! erB € R fﬁcﬁ’? Y?lﬁ‘ftf@& l’t‘gh Fﬂeé/‘ér( Ivgéer DOHS 28 ML) OI}Oh furanyl,
Py anypolydlie Ainghturdtéd @01ty thay 863! dodlsdisky otydraAiodfi thle crifdtiofo0 htdmamuuy

i mdazolinyl, |n1dazoI|d|nyI pi peridinyl, piperazinyl, K oxazolyl,

oxazol iis dlpﬁyed herﬁlg@gxaqmagwnaticsm(dz@ pmqsamgalsseddwhammyiahcyq{madu azol yl

oxadi tetrazg tri » t I I I

hi aci B93801 | TEREETE: Beyr AT gt uReTER, Spers BTLANP R pr

i sot hi }s’ﬁl?&)&hc ursgfubiter dbiety hing gicfdthsly Gl 4 carﬂd)ﬁ hﬂoﬁl'spéacﬁlolﬁwmch may be

tet rahydrofuryl, and benzofused derivatives thereof In certain enbodl ment s,

" subBbpttytedprvasehsinyed; and gpmpEsiag atlpast 08¢ k§terestom selestsd fiom Qs SaWup i s
ut|I|z et le | oal kyl
o het SR REHeGE REEEet § BhELaKbO anl)C RaRAE Folimalfl KR 02 ¢
r epl acteenbarl rofees totaqslalw rtdgrdbmpri‘sntgm ldaytdsrogleterastonts ha\hag pembmls h, but
are not llmtuigrto ia alic CIIC het e oaléﬁ)ha&1 mgte C|IC
ar omat PEPEiUERda b P‘i‘ec0 ¢ png aheac r"B’&ra;VPm ad LUy mg the F'dd ek‘?f Afyl
al kyl q y; heteroal koxy;
het er @%?P@Eyé)gqﬁﬁc%ﬁé “ktgl??‘?‘?%g‘% he?gﬁﬂggfﬁﬁatrﬁ@c? 91)r(let eroarylthio; F, d;
Br; 1;[0026H, ItN&i] als@b.b apritEdated tigH2GHANnd hGeobpyl makRetas dHRGHR G magH2 NH2 ;

-CHZSOZCH3 0 RX 0 O0O0ON( Rx) 2;
- N(R) 25 a@bscgﬁa) ?ebg‘“?&‘)‘\ﬂ}l%/# OGBS AP BT GRTeDery dcrepe(nde)m Iy
i ncl Ud@l%tercpd{'lgyl)a?ylnC&et’efdﬁll&ﬁﬁefe?oarﬁl' hﬁﬁla(%b&roa@ﬁylﬂﬁéférb&yl melcgeoarhihad i c,

het erocycl i c,” aromat C, hét’er oaromati c, het eroaryl, al kylaryl,
al | cy| beet dersam, yhe plltrese@ ‘anll hthcsdarsdmmetm @aqlkwhé@@rmylyﬁallwﬂ)@ﬂém any of

t he al at i alicyclic roal i Qey.

al kyl h@ggwr(&\@n ltlE{gl?ﬁef%ngl %@%85}']1’ g‘gg_@ﬁtg\rl%aﬁgﬁg’ ﬁ l?l’arrrgy % ;'{s[{%alfll tuted
or unsgiisstinfedisatcludé, HAE AR hoOlimited &@&ﬁ?@ﬂthe%ﬁéﬂbﬁél?%e@ﬁoh&lﬁéﬂbﬂﬂit&éﬁd i.eand
wherein angﬁtof the aropatjc, heteroaronatic, aryl  or heteroaryl

subst i thetsebrtisuamssieeitaskior abphasicaneietiess of for pilier moietiss a5 fisgloser bffrem

unsubs qdit %ﬁg Sihggeneral Iy applicable substituents are
il ustltralélﬁhggnﬂfhe s%g)(g:{ladffl ce édjﬁ?rent s descri bed herein.

[ 0033] pdary i or‘ilélieltyr,m Fary hd uded hepei, eioeahﬁcﬂlfﬂaMgmﬁyame frdre the cmxmbhc or

het er ocycl.i c n&lpetl es descri bed_above and he in.m ri se.an r

het er oBkgInggf theyerm udhe pHeand rGfer%H’oﬂnt‘P’éﬁtéﬂfat Gyfbic °18tfy EHELH1E 3

applic ak.edh» f B

descri ﬁ%‘dﬁ ﬂ@?@?%hé &tg?l{ngrn b{zudlrh%hfs £§|1 qgfd(’)ﬂgr?qﬁ glgd udsr gléﬁggg‘i‘%@r ef gr to an
at om sshgsystain hadng bhuoriwmaromatlormgemcmdmg bat netunitegddionghenyD@3pljtiyle t er ns
"hal o al ogen’ fer to an atom sel ected from

£ uonE‘“rle‘"‘ﬁlf%f’rﬁ1"&?rp:igl L, ipfSwh g e“é{ﬁ 4@‘81‘%8 WO 2010/ 011296PCT/ US2009/ 004235
13 [ OOfabgpe tﬁfer{knﬁalllé?éljogﬁﬂl" asl Qe RSeiAdRE kit difePsignifRanttefrbmatle above,

havi ng one, two, or three hal'ogen atons attached théreto and is exenplified
by sucmlgmoupseaamgcﬁlﬂ@rf@n'etlmme arbamhtﬁé@mwacwlicfargmﬁb@r@dmaﬂ having friore | i ke.

[ 0036] fhe term "a used herei S 1 Iy H

tecondrs o EREPRRDA oy REp AT AnfRieh) b sleBG o 8.8 ANty R P g

wher e fag Mynange Ridigskl haeﬁmﬂﬂsamtibpenaemgl $eldvidd fomd, Iyl Neand the

het er oal | phatic, heter ocycl iC arcf/ or heteroaryl noiety, as defined
her ei nrerr@%ang)rl@g alsmaE G GRS sadicnd beine Joiped toihe remdof therﬁl?lswlf: la any

ot hyt SEhDPrng Ak Pé%ha%%f‘o‘?ieg%ﬁﬂﬁ%'; PO A b TN, BRAGRT Dol
pr opyl mmlmlyl[ ﬂﬁ&?)]yTIm(arzﬁilymlécaixkgdlyldﬁnmlazo@d osxlihzZo bl ahiophewfl gfusartyd, a

substituted or, unsuq tuted, . linear or branched saturated dival ent radical
consi sEVIARIG igpqpipgling B8 theslilee- hydr ogen atons, having fromone to n carbon
at oS, (ga¥] N9 [Pwlll BEaNRALERER that ar? anPRbGreaRTSrOlpst BRIV Gié cllc certain
enbodl [rrent]s th\g al ?/M?dene rmal g{ys has lrto grcapr bon éi?%grrs & 38] The term
"al kengﬂoupls;rcah be agsubsttitddeorssubstitntefl ewkerein sabstttbeon ingludds mplmnmbtsmf angt ed,

| i near or br unsat ur at.ed di.val en consi sting of car bon
and hy @ BaE PLAR OB A kG fereBor B IS i pBr o mtih G Filbnd

val ence "-" at both ends of the radical, and wherein the unsaturati on IS
present only as doubl e bonds and mherein a doubl e bond can exi st between
the first carbon of the chain and the rest of the nolecule. In certain
enbodi nents, the al kenylidene noiety has 2 to 6 carbon atons.



[ 0039] The term "al |l cynylidene", as used herein, refers to a substituted or
unsubstituted, linear or branched unsaturated dival ent radi cal consisting
sol el y ofwoantwanimad hydrogen atons, having fromtwo toPOTABR@ONIEBHNS,
having a free val ence "-" at both end® of the radical, and wherein the

unsat urati.on. i resent r e ar doulbe b d.a wherein a triple
o GoumpteiginTie B o Muter R ABliS e TR e Ero b i Rt EROh G The 1 bt
of t hearBRlaf6WetrodrBmaRé;tady 1N h&RRALY  NERYL HKeeerahlh&yMu SRYBcRIRYly has 2 to 6
car bon at ons. [ 0040] Unl ess ot herwi se 1 ndicated, as used” her ei n, the terns

"al kyl hetemdkk@nsewaryl allknynwryloxy H@t@od&ow|hetewmlpéy,@ékﬂﬁm,| arylthio;

"heterg kenyli-dens"” , .
- (het e}%eg ﬁlﬂﬁ(ﬁmi hé’%er{)%la/ t oar Eyl’ #’a’ﬁy?léh ﬁﬂg’c e'rCISIa )?elzer"da?%ch’a'nd t he
li ke eoﬁgoﬁastgl}ngHtmN}anchmQ@U t@(ﬁﬁu M(R;)nmngz,bomoom

groups. Simlarl the ternms "aliphatic", "heteroaliphatic", and the |ike

enco n'pa%(éoéhbs(?@éi}{@& PR e QIR 3 (E0;R¢ 2N Bx@t@gx Ahgrain §%ﬁllﬁ“&t1’éﬁpcea nd

| t |
" hot or SoyapdiRRIED (AIBUREbucks B Bhiold 1, AipHBE By EHE R sQliohatie,, 4

unsubslidtérot ydiic, z&ndlaaa,tha:tabz&dnﬁnd diyls hétafoat)elphlgylaryﬂ) salkylbetetaaeyial | y, the
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raryl’ hetergﬁ’ﬁerg{afi@rﬁéltero%ﬁcteﬁfyrh%}fgﬁr Wﬁ%ﬁrg@@ﬁﬂ%ﬂﬁf&ﬁ@de&éﬁ&q BB and

unsubsti t ut groups rmaceuti cally acceptable
der i vahdreia'mayase ambs!dutedroelunsuhsanm@brmbe@rammmd (satlukqtethor:mmmbated sal t,

ester aIt of ch ester, of such.conpou r adduct or

Gor vt RrnaRy of oS el o paRic. g, irioat T BREH 2 of pr ovi di ng
(dir eC¢alk)yl)qaetefdaﬂylrsﬁsgtwém@dé‘seﬂpwmva%n@h&%m/\fnaﬁ b@@@é‘gﬁhﬁ@&op@ﬂsﬁbalm@a a

nmet abol i t'e or residue thereof Pharmaceutically acceptable derivatives thus
i ncl udédd\lttomﬁgl}’(atth@ilsbemppredrax@t thatapy bNdangcqnsg@uuetakeamgcéleomaa conpound,

o aodPISHA e eng 7 el BT BB lB ARl ot Riterns gl o g Che

par enthRE)GCA!ﬂditlaﬁal'feﬁ V\ﬁl&@bf@@r@rzﬂ@l @nlbablagﬁbsmmeﬁﬁ%¢ fRistrdted @yanpl e of a
pro-drug is an ester, ich I's cleaved in vivo to yield a conpound of

i nt er especi lpreglhg»dug@ts)desgnb%dh@@kp of conpounds, and materials and nethods
for de tizi < € own
and oS0 LG TR LR BRI S ATRRYReh heR Qi Al B Brcibl Baving s BT
deri vastewmsprde&bly thedettd gen' cagb@t stompr Suitableg Sycloﬂkyle nmuéucw butara@st limiteder

t han bei ng activated e |nact|vat d up n npl e, as

di scusOcyCIoRrPY CyﬁlﬁhWLFY? RReRtKb Gy clghaiy MaﬁE g%dhﬂgﬁ%f"%?ﬂé asAR et i on
are bi f.a]s@gf Ql?dﬂaﬁc aacltltc%é’lﬁ: Rederali hétﬂ:a&tl-{)}’eg%cggh %%Bﬂﬁ&' n?tl(grﬁill?'q{et ain

physi ol ogi cal” enviro ments such as a , , seru extracel | ul ar

fluid, sw'smutedkmdhswbenmanus imgdudingduit aot limited/to aliphati¢; alioyiliza hetamtaliphatic; of

reverse r u and ro-drugs. may, al so be altered by appending a

funct i 5 PF’E@‘ (E?fﬂ?f(?ﬂ%i‘ %\%‘ ?‘ﬁte 7 gllk %ﬂar k}‘i‘éfd’ B@%ﬁf enzyme. Al so,

i ncl udaﬁylﬁé@rdaxyldﬁéte@mkanﬂte&@gypTalk@ Ry, a%&yomerohmakwewoa@w -catal yzed
r

oxi dation and reduction reactions. tain exenpl a phar macCeuf i cal

conposalkyléne; aylthiphizateraalkylthioahéteroaryddpt, &b ICd; Berli r/@ b We92;wON; 653 di scussed

ner ot rCHRCH <CHETe CPREFL 20k et e PRRSOR B GEYONE, 80885, N

IS t eNDONER)h;-OT(OSKR £ AOTD,RYAOCONERYS; I-ngansmznar-met@mx wigreiat | vel y at
anot her reactive site in a nmultifunctional conpound. In preferred

enbodi $achoscurgenge af chﬂﬁ@fngﬁr@bplnﬁ@ééwuéar@é!lm@ﬂyo,ﬁhpgdw aligydlig, to give a
pr ot ec . . I e t he
pr ot ec el(?‘%og1 g{dé’%ﬁgesf%a%iew ﬁlpvhg etrQarBJ?ﬁuP 1 ﬁétgl% 1&%1&@;} readily

avai | ad:lk;elhetpfoaf)elr ladnérysalkplar}dmhere&myarlhaexbh@ﬂ \dlcveremtanatotf dokaliphatiqt her
functiqpal . group rotectjng,.group fo an easily.separabl

deri vaaﬁlcvel“‘( Hﬁﬁeéoabpé% Eﬁtﬁgpw% alkylarke 05%15% a]cﬁ-‘L?FéR‘/!F@ﬁ &f agah. c

cent er shove 3fhdrlR MEPLEGILSHE! GHsiRSirded] H?M&ll?&l of ustehdHeANurated or
functionality to avoid further sites of réaction. As detalled herein,
oxygenysasuatédyrand wher@yg eny afithe asorhatic, pctthmatg:, gnoep hetnmpr)tlesuhstlthemsad For
exanpl rtain nbodlrre tailed.. rtain e | ary
oy oarspORaBPYE i B ASeb Sl or s b B E Ruafghas BempleS TR

2010/ 011296PCT/ US2009/ 004235 15 protecting groups include, but are not
limted to nmethyl ethers, substituted nethyl ethers (e.g., MOM

(et hoxynet hyl ether), MIM (et hylthi onet hyl ether), BOM (benzyl oxymet hyl
et her), PMBM or MPM ( p-net hoxybenzyl oxynet hyl ether), to nanme a few),
substituted ethyl et hers substl tut ed benzyl et hers, silyl ethers (e.g.,
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which are, within the scope of sound nedical judgnent, suitable for use in
contact with the tissues of humans and | ower aninmals w thout undue

toxi ci ty,wonrnio@iisen, allergic response and the |ike, amrdraseoonommisurate
with a reasonabl e benefit/risk ratio.11Pharmaceutically accept able salts are
wel I known For exa M, Ber et  at ribe

phar meg@tal fé’é‘lpp C%’P@ Wﬂ%@tsﬁm@S?ﬁeﬁg they SpFﬁgﬁ gir"i’ﬁiﬁ% owILin the. ences,
1977, ﬁ)@mnaqeglﬁlatar@qggﬁgfeam@gnherel n by reference. Pharmaceutically
acceptable salts of the conpounds of this invention include those derived

f r om s[#i084bl e Thedemalhcteranliphatiga rasclsthqmnawﬂerb&@l@hammt% igpwhich

P I Sl AR GEBRE Pl B T LRl Fay el RO R B o RsOT an

an no drochloric aci

hydr obg ﬁéfefbaﬁﬁhai»c g@bwwfag tCarglighatis uhélu Mlﬁ‘c}ﬁé‘dn‘dalﬂs!’l@ilmfrﬁbﬂewxlygerac id or

wi th organic acids such as acetic acid, oxalic acid, maleic_acid, tartaric
aci d, slfurj nitragqnd phespherusios slicpr alomsnaRon plage phcasbomgtomsi klstaealinhatiet hods
used in th r abl e
oot olatE el b¥ f5Parth HraftnEk Eha i fd P RinRLER LB Sl RARERSED) ©
benz oah&eroblishakit aﬁcﬁeuéscurah&zsubméciyhs;airxdepezﬂemheplatemem @frph@osmbfmfahe
citrate, cyclopentaneproplonate di gl uconat e,

ec ul.f
et haneBYArpgsncatems theream with ppg/ar mete mgiefjepmelyd H‘rgaglét Xog? @dg AHRRAtSH e,
| ucon | e t e,
Pexanoaigrelip MO GhANS AgRcl cHe R B e ok O oy bR PR & e
| aur at elky]haterqalryls allkbay,eaxylnmy dteearoaikb)ejaﬂletermylomt@kylm rraylgso] f onate, 2-

paat BteRabp it BeicipaPaie 4L £ Bkl Y08 DR er s Ru Bk T ar e,

pi val apgy opF OPHICRLGH, féﬁ&m; SCHESOMMALE(OIR IEORR,: aCONRR Py DTOIRANa €.

p-tol uenésul’ fonaf e, uhdecanoate rate salts, I'i ke.
deri vefD(BO@Ra a@ﬁm{i&xht N(PBakeS(OMRLIRACRIR Whélteal eacélqcammeaé&h met al ,

4. | nt at | k th
ot ol SEpdey aBEd i el FRALE Pl i Rroafonee BB TR e
l'i ke. Ex%maherhd@é}@m&faﬁutaryahbﬁér@eﬁeﬂkamﬁ zﬂﬁﬂdhétetd&ﬁybluli@eroﬂlk@lhrﬁlpﬁr opriate,

nont oxi ¢ anmoni um quaternary anmmonl um and ani ne cations forned usi ng

count eh¢tereslkyihsteroaryhavhesin any af @?lahéhat@aﬂlb‘c)’ﬁw dieteroalinhatie.dietsspcyshhat e,
nitrate , as
used h%lp(glaﬁl\qe?raalfé}ph?tﬁq% gra{r)rsglceugsl %’% ‘%‘?F%;gé’ fgggtgﬁ %&glgrfig}} wg%ﬁfsgﬁg@dt (I())ryest ers
t hat hygsobttaed] Pravéhed crneibianchedd eattifacslcortunsdtutateela kndiohereireadi ofithe n t he

human body to | eave the parent conpound . or a sal %ﬁﬁéra reof Suit.abl e ester

gr oups afoRttigdesterpaiomakisngh bor hetgearyligt stjugnts dgshr \GXT a‘F‘Pf‘aé'ch:eept abl e
al i phat| S kIR QLEstitGeted Aol kanoi ¢
and al &ab(r\?te1 od?@)ﬂglg}lg ti@&t}aﬁ ﬁ‘ﬁ?g’ﬁ %*hﬁ’gr% 0§kg€a§q}§%%§ic noei t;l advant ageousl y
has noillumatedﬁ)yahe ﬁaecrﬁcbmboalimmns dEscabpd bereinf partl cul ar esters include

f or mat cetates onat v rates,, ac ates..and et succi nat es.
[ 0045] FLi2her rbheceims RESBERHOBRAY neltore | B ES ST e ISR e ued
her ei nréf@tfs% §oﬂlﬁoﬁd31@%ﬁnﬁ{ &Qﬁlbiﬁ@ tl&fprgﬁ@tlw&ﬂlﬂnﬁtlé hfd By@iR&BInpolN@Nt i on

which are, wthin the scope of soun di cal judgnent, suitable for use in
cont actndnchide heutiassuadinitedtonsaterated dnd sneaturaied meono- Wi palyandiscych risgt v,

benet | BYSRERATE 818 LR Pa el JaCebi s For S ETRLIMGL Selicled o BESPTEM! ©

ZW 11 eph ORI (WheRinthe tiie5eh 4ndSaiftH Keterdhtohldenobeeptivdiallpbe bRidizedy,entiarein. The
term"prodrug" refers to conpounds that are rapidl ?/ transforrregl in vivo to
10

yi elbfl theringysiemsaonppriegll substisutad Bt ons ofimoss fnskoral ZRpiRs, gfipad ol %/SI s
[ 7’T“ b
Rl A PR T AU e

Ser i esrefefido h Rofdy@natids-, Rom’rfb mefberedtiag ev & psiyoydicGaoup evhsreimatleasy obesi gn,
Ameri can Pharmaceutical Assocjation and ampn Press, 1987, both of which
are i né@gﬁmtseﬁjher‘i‘*éf’é‘ioﬁ‘ Wcﬁeéiffg?‘@rfges a-[‘@)&é%ﬁ?‘ﬁé‘?d“ﬁ@ﬁ%ﬂ 3nd SWfary o m
"tauto [ Bp! Bl ﬁﬁimew@%rsﬁmé dig from
at | eas egor?kadﬁ? %ﬁ?e%r at on ogfdl%dﬁylﬁglgge% atomtand at 1 )

| east one change in
val encgrdue, cpmpraasmg figkd sisemeimbered ridgsihdvengpbetweemone apl rdsdeterogomssi ngl e

bond, or Vi ce a he exact io pf. the tauto on severa

P act or SdepirAenlY ACr ST O P o RsbES SRR Ch Fe e e s
solvent, and pH Tautonerizations (i.e., the reaction providing a
tautoneric pair) may catalyzed by acid or base. Exenplary tautonerizations
i ncl ude keto-to-enol; amde-to-imde; |actamto-lactin enam ne-to-imne;
and enam ne- to--(a dlfferent) enani ne tautomerizations. [0047] As used
hereln the term™ |soners |ncludes any and aII geonetrlc |soners and
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[ 0048] " Conpound": The term "conpound” or "chem cal conpound” as used herein
can include organonetal lic conpounds, organic conpounds, netals,

transiti omel20mataddsconpl exes, and small nol ecul es. | n cecraispogneiss r ed
enbodi ments, pol ynucl eotides are echuded fronrthe definition of conpounds.

I n ot her ref rred enpbodi pents polynu otr tides re excl uded
from th%s(g ‘?ﬁ‘tbi%l?P‘}SiF %ﬂ%&aﬁwémﬂ Hng Ptt‘i’ H&F;dl" E‘Sg?‘lﬁ"?aéh enbodi nent
the t I I

€ teh I 1 gﬂ% 'b%@rc{%ui)fé b%‘ﬁ)ﬁé (u)"fﬁu!egﬁtiﬂéﬁﬁ dnfl sglfur &b SbAR!Nay be

non- pept | non- ol i goner | ‘and e es pepti des, polynucleotrdes

t r ansi optomallpbebxidomeg) @ethe nnmyhél,eteacmlomnwmmma]ﬂy b@quampwdd@ld @iv)
[0049]"S term" snal fers

& non e eFRo Ve ierese e ABRS ey g dhiee RN AL REPEFIHEN "B RRErsBhtlS ¢ he
| abor aﬁ&éﬁbc&’(ﬂeg iBbRde, But BRIt ?imlwblhdi@b@ﬁ‘k%%%ch asfuafd, tiRfgafyl, can refer
to compounds that are "natural product-Ii , however, the ter m "smal |

mol ec upyanylspmlyl ﬂmnﬁmmhdrrmlwmzqhmhmtazolud@eyl umiazolmyl

2010/ 011296 S200 4235 18 the

Cypi cal MG PR oA SRRy ap o Le0e) HrSedPRsh BReiiifnas,
and hagioRazBMyletidddzoWe] eHatia@blyl,a6@adoharidd191, eHiswiazolpl, efcahahﬂyl | ess than
1500 g/ nol, although this characterization 1s not intended to be |imti ng

for t hﬁuzfshazr@bslewérazelrxé mperebelinyli thirzabyl.chiazetiding) issthinzolydisethiarplidieyh es
t hat | t d
e o), AR ESGh AL W ! o b SRy ARRGE P o0

| abor at@bydimeatspslesubbtitutedrirterodycld, mhadrdcycloﬂkmmom&c’l’ gl isn Tan et
(" St ereosel ective Synthesis of over M .17 on Cf)m nds Havr St ruct ur al

Feat ur 84 leétan RE Hed NsEcdpt e era%Iarrteqoc cﬂsél@ger%rﬂa S at hgprcyslierou,

M ni at g 0 e Bi8he

i ncor porat egd%gé\%aei’ ﬁglt gfg%égéepeﬁt?\@ tal Ir?%gf fe(?&ptrvgtr?gﬁhed enbodr ment s
nat ur ahydrogehatomb rtheeemmdth brap heeendt émﬁuleo Jeliphatig dlicyddioShgtetdatiphatichel at or "

As used herein, the term"netal. che " f r to.an l ecul e or noi et
t hat |getFr§°X%I’§aBI°§m(5‘F bderoprognatice G‘H’LE}@W?W 12 aﬁ(y ﬂ%hﬁ?wlw I' *h a net al y
L on. | BiGRkicfddlyICXEERafyhetdtBRN; rﬁ‘ﬂiﬂé@f a@ld@t ﬁéteﬁﬁﬁdo&&%etér@&&'l&(yt 0 to any

mol ecul e’ or noiefy that "binds' ion, in solution, making it
unavai hlkpltiiof mwlthmehﬂﬂroeﬂreriﬂlmahﬁtemyﬂﬁuod’ (@aBt;ilon®H; FNOgeiGNi -6 F; -

physi of SACEsr CEGHar CRERR. - R A8 (IR QIR R IOR o

i mtedOMN(R, f;azjc@ﬁx, OTCF,R NOCOBYR,); N(REK t-@(@)sz (EOIR, whereinTet al
chelator binds Zn2. In certaln enbodi nents, nol ecul es of noieties that

pr eci prachrascwsenge of Bndndependently destudegebusds e lpeitgrioaplintlpaalisyelic. [ 0051] As
used h I C mtation, cell
cul tur géstg%?rghéﬁh?w ﬁ{t@og ﬁdeh(r%é ﬁr’;o%eg% rrrlaa!rng’r ﬂﬂgﬁ al né@k%labﬂi an ani mal
(e.g., aligheRkjarpl; hetstoablglaylt chﬂ’reméalkﬁlhdtehiaoﬂdwhsmin arg, ofuhé mlephahe,c es, senen,
tears or ot her bod¥lﬁfl ui ds or _extr term

I
"bi ol ogliyalic.distrspaliphatis, éreger?qycaﬁw PIIY %@ﬁvflrﬁt%roea Xﬁ%{lfg.dﬁ%e@om
excr et gghvng Ilex%%%ﬁ& ge/ stiiibéd bt Mﬁ st%eagaganhgu%@ lHEHaRehedt, SithGreIsdy! ed

m croor gani sne cteria and yeast mul ticellufar organi sms
(such assaplrand,szmdrvdwaelnraay sf tlfecaromam dnntceoaaometm abylar het@roaaylrmbsta:utenand in

particyl ar., a alth a ent th n,s r a hurran subj ect
Dt et erepS AR and heiromas pe suatintes st Gea Adoralefalitt

[ 0052] dherdtiyolppatand sr?o%ﬂﬁieﬁts%éhlﬁﬁtrht@d 89 ¥hd @esﬂﬁclemdouﬂhé}as aes%ﬂbé&ih&@iner i al
such as a ti'ssue, cells, a cell pell a cell extract, cell honogenates,

or cel [0088hct |Mﬁbtlormilyaltmnﬂﬁ>glﬂppt¢ﬁla@dﬁh®ﬂ @grO(f&lIle lioyrkic Ofﬂmelbp)mh@gr cal fluid

may be_ obt ai any S bl.ood v or 18 ut

Cont o MR eenped o Band kil fiad combe s 8 f of o B eeh3iPsicyi na
flui d, Addniofhl exammiplts &f gE@d’rhlﬂPﬁﬁﬂicaf)lbléhﬂstlt&m &t @llll[sﬁ’atemﬂyltﬁe slsrrclﬁcel I's
therefrom aqueous or vitreous hunor, or any bodi|ly secretion), a

t r ansuermbedimgptsaeseribed hereiny Thefegmg blbaalp’h halpgean agpsed dgeein yyfer to an
2010/ 03‘&)3’9&?%?&%%099 ,%%isonne, bromine, and iodine.

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

fluorine, chlorine, bromine, and iodine.



19 or any other site of infection or inflanmmation), or fluid obtained from
ajoint (e.g. a nornmal joint or a joint affected by di sease such as

r heurmrat oiwoantorii9ss, osteoarthritis, gout or septic artrhmiuseap/00{28953] The
bi ol ogi cal sanpl e can be obtained from any organ or tissue (including a

bi opsy aut Qpsy spgcimen). Qr may c rise cells (whether primary cells or
cut tur BBS3E) T PRt T Ren eIk DL graty 58 8pinea Ry ahesfheg et

Bi 0 0giGitee HAIHRLR BtoARYatRLRAR th&Rtd 4R i 8 Fed Xy uch s hloAgméth Pz en
sections taken for histological purposes.” Bioldgical” sanples also include
m xt urkyemegthyl, dtiegromiethyblaad whekkd. ncl udi ng proteins, |ipids, carbohydrates

d j id ated b ti al | et tionati N
1 SsudOhEogen st S ATPABdn AL e TS 5 BPBrEnaE N B sk eerhom Eiran
subj ecikstiaby Q_l\rﬁgk Rbr §@TBNeS ORIR RERLY Diih&Whedd RIER; arfdl RJYre irhﬁaﬁélﬂfehﬁ?/l virus,

yeast, etc. The termanimal, as used herein, refers to humans as well as
non- huavedliphati¢raligycligt hetprpakiphagie, hetergeyadicoprybor heteraaryldneigty, andefmednypl e,
mamal i ' i bian fish, w0 and.sjngle cells. Cell
can v ur el EEmploF B infi BT LE AR b s PR g RS eifag T es "o

ani mal dimethylaginb pdthy e disthyl &itiod iyl dninbeborg N, MehgR 3 MahRb, is6- a nmamral
(e.g., arodent, a npuse, a rat, a rabbit, a nonkey, a dog, a cat, a sheep,
cat t | eropylamines piperidnogtrynethylamno, gndhropytamine a transgeni c ani mal or a

h“”a.”n[?)bﬁ’ﬂe- he 4611 "‘a‘?ﬁ’ylideﬂ?’, g& aéeqqie@h, S5 Mti&?eds&%ﬁﬁ%ﬁﬂné& .
prelin nary processing,” inclading preli'mnary separation techniqués. Bri ef
Descr i lpteanor lxfinthed sBusatedisalefOBdick! gunsBtifg s@ylytdfeaitonahd aydidgétatonas ed

l'ibrary..The conpounds . of the lihrary were prepared by conjugat.ing._an
al deh;}?vi’éﬂ QTRiORF HyD CRIPEB At aﬁﬂ&ﬁ&%ﬁaﬁf@@%gﬁta&gﬂih@dea Tadicel dh 2

met al Ghelradnh BBk e a ﬁg%flsrﬂl&’éfﬁa%-l_tb'i@&fﬁd?feﬁb’ﬂgpm’ hi gh-content,

quantitative detection ne or r'dentifying HDAC I nhbitors. Cells are
seeded0038]384 The lté¢rnpTalkanylidénel 06 usedl heveims kdfprsadnd subsuuted onindubstitsted,

conmpound, fixed nd then sfai.ned w th Haechst  (nuclei), { mar

ot | AdHisB Pt SRR s R fodlhel SaPRF Soisal Y Shesbbh o84 bEPYett i body,
then vitdhis, GV wb ka8 cABBR hONED RhHER h Frte SARABS 81 V4t BBt RAFbEthe Af ter
automat ed | angge acqui sition a custom anal ysis script identifies and nasks

cel | s, radigalnagibwherein e ansateratipn is freseot enly @ deublabands and wherein(adonblsul i n)

and r ! J | st o I t aXPr ; cul ar vices).,

[ 0056] AT eA S SRR R AR o AL HEHE resl s S Bl IR ue) by
HCS. Asnisiriseentbatle alkefrylgi¢he mbiety has Dik@b cadbh at¥msacet yl ati on assay was

enpl oyed to determ ne the WD 2010/ 011296PCT/ US2009/ 004235 20 conparative

i nduct[P83%)or  déetsrmatadieyylidensneds used derein sefers| ta paybstiipigr o uasbsaRited,

cui tur Dy ecefraithed Byl ARRR AR SRR RoheiGmecRly oY Bk b byBedt 6T i 0
a cel ladras, hassg\fronDose to n espon s@ntkahavifig afreEivglenee 3-“raabethtemdnofided t o

generate EC50. val ues of celluylar histone and. tubulin acetylation effects of
Wr- 16 1880 WhPEIrLE uRSAIHALOM ISREFRSAT amsfreplesebéwﬂhﬁﬁwﬁs AR red in

par al ligblef BldoGBIRHoRH c&PERA B Reen! the FiRAThA0h B MLHaHPA e rddPAGHRCL I Vit 'S
used to indicate biological activity of proteins nediating histone

deacetmdlacilon]n emtaith¢mbodimanisethe alkyny hdesmymoretyshasi2rtg 6gladizal atesh.ect s on
?ﬁezﬁ:[ﬁ{)ﬁ@g Cgan C_s %ﬁ{[eirv\\//f-ste Yncfic:sat&l, %éj {Jge% aetreem,t g elf'{n%mgff(gfl’{ Qﬁlkﬁ%’i@ I nhi bition
“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”,



[ 0058] Fi gure 5. HDAC Bi ochem cal Assay Schema. 7-am no-4-nethyl coumarin
(7AMC) is linked by an am de bond to acetylated Iysine in the context of an
i sof or reaevecbinmai1®abst ate. Pictured here is a derived sebostusate/0d4285 HDACs
1, 2, 3, and 6. HDAC hydrol yzes acetyldated |ysine, which is then a

substragte for . rapid,trypsin digestion rel easing 7AMC (shown..in green) which
s det deteser et PRa [ Jo ARt ooplomabe 1 Hler PR, "B hear dat a

capt Urﬂféte@(ﬁdr?l"’ and Ptk GileBATph &bt Settitudél a[ﬂdr\uisﬁﬁs)ﬁu@te&?t@?g. a kinetic
assessnent of deacetyl ase activity. [0059] Figure 6. Selective I|nhibition of

HDACE 904UT- 18heiphrase.nphageasenticallygsesptabioderstatizg’s ay usaskhespincienptesany 3, 5,
O o O AN AR S ARt AR er P W b 1 SRS RL DR e duraclr S Nrer,

i nhi bi R OIS a1 e prese or “code y - potency

NMLOOddductyst!defivativEG#hi¢ B Ao Mdmigise&ivn 8 hQfAflemMscaphle bf plovidihg {difegtly
constants were determ ned by the equation K, = [1]/((VoN,) x( 1+][IS]/Ka, )) -
([ S1/ kepindirectly) pempoynd asatherpdsedeserthed hgrsin pr gimetabple phresidusithgreot; he

o o B IS Ser R AR o Y gt DR
M chaed dgivatnsbbatompaindn tisuatiftividth sigmifiodnthiDadiced phivimaoological hotwaty,
0060] Fi gure 7, Superi.or Syner for. the c i nati on, of WI-161 and
[bor t e]z\UPr’i%B ce@ﬁ'ﬁéra@gg@l&(’ﬁ%lﬁ%?leﬁgyﬂ@‘i%dﬁF?ﬁ%’?ﬂ e togernavgl wivivo wekding Beon cel |

proli f]t?%éﬂt!n%ec‘f‘}:ﬁé 5 lﬂ@@ﬁﬁﬂd@?ﬁ)&?ﬁ}%%ﬂ{/ e&@gcﬁﬁte&%gfyﬁ aHrofREdisHRAC

inhibitor in the presence o d concentrations of the proteasone
i nhi bi ¢star, which i edeavield in Vivo te ylddia esmpburtiofanternst. t Protdrugy ef variatebf s wer e

df t hi t ydy. t ted are th C50 data f t he HDA
i bi caorpaideyaad msrals SnEmRg foh PR b parBl SR iagh i greme the
Concegéﬂb%‘ilg] arednoldQY dndzRsy ?ehé&&el%l t8 _It_lﬁé\ﬂ)reWnt mventidd. - PR acRARENEMENt  Of

cel l oliferation used is iterd o assay (Pronega),which uses
bi ol uniaceptaldn derivasivee plso inadudeATeversmprerdrugs:” Revetse prp-duigs srathapBag bging HDAC

inhibitors studied, the nost. pronounced synergy;.wa Y j -161
and th%c(gllyﬁﬁ\ TP HchY?tﬁ(f?p?Ih%bgg 1o, Pﬁ%ﬁ\% algﬁhsrcg%e?%%%én’r e%{l\é\’ccif?dcl)érﬁwi ndi ces
gr eat egsor-contdfAin®déih 9 6 PERY iR 9/ 0O¥id i cally [a06Gel bikti aie iracBvated upon
Concentration-Ti ne rve of WI-161 in CD-1 mce follow ng i ntraveg} us

admi ni exposurE emcertaisphipidggicaireny g onmgrts sughaastadi]opdl pmpbcepB X RFlBIYy ¢ aj |

vein i Rgj.gct.i - Jrinlidc f. - € g,{ﬁ&t Ipi ! asm was
det er mﬂ%lgdét%%&é{)&%%loeg%ﬁfl ggﬁg%@%%iﬁ&g*c%%%@g%g? - 1%?%%02\%(1 in red)
fr om pprorditys ey elkaibagltelet dyfappending g urictibmadity onfo thié@npodridy whashsmbysed on
acetyl aed tubulin and acetyl ate istone., Detai)edq Description af .the

| nvent Posriglprrsdyanengy B e dtlsg, rwg\’é]qdcﬂﬁf" Bf@@ﬁ‘%@iﬁaﬁqtl%ﬁ%‘gl?ﬁ%ngf‘d%ner al
fror mil gzlyhnt- A0 REARAEH bhd MaueRIPRALIAANTHAR SeMplHg phatRREda gener al |y
i ncl ude metal” chelating noi ety connected to a cap through a |inker. See
Fi gur e¢ompasitivas had phaniacelitivaHy sccephablaideaivetivdsasidl berndisdvissagriningorg drtagt one
deacetyl as fHDAC) inhibitor. In certain particular enbodi nents, the

deacet YEHELtHhi bitor is an HDACG inhibitor. In certain enmbodi nents, the

deacet yjoase | Y ikt “RoRchinPiloup”, HRIGIDHCASS, if FRAGANt it b Pattiiular The
invention al so provides nethods for the synthesizing and using the
i nvent funetiowhpwisigs. 2. THeScompos tefsperasly ecked sa shajeaeactiph g8@ be a#iirisH Ot s

(7., R BRI BE a0 RS R e S
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



[0064] I n general, the present invention provides conpounds of the formula
(I): whereinri is an integer between 1 and 10, inclusive; mis an integer
bet ween Owandiodiiisacl usive; k is an integer between 0 amdTAIS20000b4235 ve; p
is an integer between O and 5, inclusisve; R2 is an optionally substituted

ty WO 2010/ 011296PCT/ US2 004 d
e ogamotcling E0ES Mle) bt ar B TRASH Bana L piesieebeited meRu g tss:
unbr angfravd ﬁiet}%@hieﬁhyl emeﬂ)l Mm (RENG thfomeS Het 1 BEM Qbertsy foxf fifettylt ed

branched or unbranchéd heteroal i phatic; substituted or unsubStituted,

br anc hetberprPNIBM antirdd (m;dthoxszbb@yulqm@@h)d ethen)s tibeare afew), sstinterbethyk

unbr an bst nsu stl h ranched
het er Oé;‘t%rg Su%éﬁuteﬁ% ers H%lme@ﬁgsﬁy?%&e Jl’llggoz Rc; -
- N(Re) @meth?lbﬂiﬁleﬂh)eBCTIRS (mﬁb;ﬁ@bﬁlsuym’ena) 'TBRNS (@ibﬁtyfldlﬁﬂﬂ@lﬁfyl Bthet)s

i ndependent | y. a protecti ngly?r oup, an ali Fhatl c noiety, a

het er o@ibepaAsild qﬁhﬁreﬂgDP&{t -Baty]diphsng! il aﬂleé)s {1 nages 2iopY), estere(@goar yl
t
I L A o D S TR ] B

hydr Og@ﬁthc hedtalg and ketylsl ile certainotet exemsiulysénbodiments nitrtogasbicctihgd,
branched or unb{janched al j phatic; cyclic or acacl ic, substituted or
unsubs#PPRt ¥a tized, cHisge B‘rtm@ﬁ‘PJP%Pﬁ%‘Wé‘S greunsripelids, fryt e nos limdted tut ed or

NS UDSLLEAAL, (i ﬁ%g{ét% RASHEALY biny PURBLR B OfrdifISHRaR LUt ed,

branched or un ranc stltute or “unsu anc

unbr anfeqg dntiddsecyadic ym;de-c@ﬁ&atlvﬁ( NO\RD] ancm)?m,l amids, mﬁﬁNdemSﬁEps -aB@ORD;

- SO2R0; - NO2; -N .RD) 2: )BD or C{F % wher ei.n each occ(ge EIﬂ&gce of
RD is ?%agg%ﬁedbv iVGss 56 PR C&‘é% S SthsE FRABPPORIDICHRE SI9UPAATS Fliet y, a
het er oglréiRhRw & el @ilybe éﬁ)r@tﬁé&kd frRk @Heypreﬁﬂt Afv¥htidHPis %BV mté‘ldgg {EhORMYted

moi ety; al koxy; aryloxy; al kyl'thio; arylthio; am no, kyl am no,

di al kyﬂoahfm@roth@tr@rgmum other, mlvarm@y of additiondl |equ1rmlieet grotectmg groups carsbe
hydr ogens. al o clic.or acyclic ub titute unsubst .ed

by snorEadiy Rk Ahate féSs w3 h i eyeBl g L AddiSEany.
unsubss Varibteef protcrfif s eEbups atnfk ey FBleBli oG RIPRTA Orgdhi®Shithesis Third

unsubsti t ut ed, branc%ed or_ unbranched acyl; substituted or unsubstituted,

br anched Geensn B WnandWuis. PG.. Edpsiohn Walgy & Smﬁs Dlsut Yerke d@99nthasatisd or

unbr an -CN, -SCN, -SRE; - SCRE;
- S@R@?%&%?@ﬂerqmo%%dﬁ refe 3 wherei n each occurrence of
RE i s [00d3¥pendanisty herelny diexgen “pharpfaoémmhllylgc@ptabm salin refeispbdidse silgy ety, a

het er oa) j phati ¢ _ noi ety, an acy ;an aryl nojety;. a heteroar I
moi et yW Ll&ﬁmw thi e gkgpe |Sre9414 m"glcalawgigmﬁm@su@men@r uf yRHchyith the

di al kyf P&Mhuﬁ%@%ﬁ@f&weﬁ’ 1'meﬁ’ﬁ Wb BRY 't&%%rd!ﬁ‘?ft&fo\ﬁ al‘l’é}gx omecay 1 cal ly

accepta fornms thereof [0065 certain e I ments I nt eger
bet weethe like,an8 ,aré cmhmsnsneate Mnthmeneamnlabbrtieneﬁufmktmtlo rPhasm:mBunmlgger bet ween
rtai.n _enbo rrents |nte k)ween4t08

2 to 8, i usive.

i ncl usqc\‘i%pqct?lﬁ S?:lésratrﬁl ﬁllgﬁ"?ﬂ?ﬁ’&ﬂmﬁ@ orj exampls;, §t@b§z’r%“e‘f eﬂes§“

i ncl uspnaemadenti6AnL a%lcsptsmgalmﬁrafe&ﬂ iR J Phéﬁndc@&ﬁ&ﬁ SclRRtAe e A 660199,
inclusive. In certain enbodiments, nis 3. In certain enbodinments, nis 4.

| n ceringgmoxataddiirein by seference lﬁxarmapeuecalba aecepthbld isaltefshe pompowids jofi thier t ai n

enbodi.nent. s centain e

5010/ or19eRdRs bl ey et 3 s SHRRCRPRAE and ohfanie it esesn 1 s 0 1
cer t ai Exaiplech fiphathiacelitdlylaccéplabile dontdki€ ad1@ i ANEOA Saltshart Salt: oflalt ag@hd ai n
enbodi ments, mis 3. In certain enbodinments, mis 4. [0067]In certain

enbodi grewe formed wthoinorganieacidsispcleaplydraehieric agid, hydiobremiccasid, phasphoric

gggg: an'gd]ﬁ %ﬁl’fmléc écﬁd %nd f)é}cﬁl‘aﬁa g&lﬁ o W&d&ﬂmk §1c:1d§ sucﬁl z% acl:tnc 5§84 to%gaﬂc acid,

maleic acid, tartarlc 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,



[0068] I n certain enbodinents, pis 0. In certain enbodinents, pis 1. In
certain enbodinents, pis 2. In certain enbodinents, pis 3. In certain
enbodi mrenwe,20/1$294. [ 0069] I n certain enbodi nents, all @CTmS2609/0842d5 p are
0. In certaln errbodl ments, the sumofiem k, and p is 1. In certain

enmbodi rrents sumof m Kk certain enpbodi ments, the sum
of m emaﬁ%fafﬁ eptanoaje, h@@ﬂ?%ﬁ%&&d}%ﬁ@flr @a?ﬁsa opgtelactobjgnafe; g 4.
In cerigife qabadi Hﬁﬁl%ulfét@%ﬁ%ﬂ@ RialdRte, Kxalcﬁﬁﬂ: Hle'tlﬁmésulfoggtéobln certain
embodi ments, R3 Is hydrogen. In certaln embodiments, R3 is hal ogen. In
certai maldrtb@ldmerselrfomte Ricatinate] nitraten eleatenomiate,apahnaatbophm‘m’ac@ecmt%

chl ori ne. ffr} Cfrﬁi?i enbod Pr@ ml % u% tenbodl rrtents R3
i s i odPHEWH TEMER ROBHIBE ?ﬁpéa‘ec%’iai‘ec PER aé%fé?l?‘ffna SUNE T BatEd A
unsubstsififate agrtral, a6 RHate! pLbheAdGITBAata indBetnbste, VAlela®s dath in@MhOHkérENt S, R3
is G -Coal yI. In certain enbodi nents, R3 is rreth . In certain

enbodi Pehs derived from apprppriate hases inclnde iﬂh@ibmetﬁérﬁﬂ@hn%aﬂh metdpgmmoniinker t aj n

enbodi e h yclic,
cubst i o0 N GraliyDo Bl RapktherEhtE uRaf S RRGE eben el SUEXEINE RUD ) |
cert ai mteHROPHtARNIS, calBuh smagisiunt, Uinddh®like) F&nha{pﬁaﬂh@@utlbilfymdaelﬁiablé
unbranched acyl. In certain enbodinents, R3 is substituted or

unsubs salisinelgde, pyhenAppEPPHAte, AGREKICIENNGRIYM, qYaCTAR AMMOBNL ANFBMRE R3 i s
bst t t
o SAIGE SNl SRIARAR. g kARAREIEA IR SIBK thosdiyger (21

Re i s hjteht€deweratkyCbulfchatel dnxdlaryllsnlfoaattal n enbodi ments, R3 is -NlIRc. In
certain_enbodi is -NH2. cert n enbodi nent s ORc,

wher ei 10041 s g?@ﬁl@@%?&? et hersiny § ferm alhelé?%camcaﬁ‘am%@? e%ﬁﬂoggfeﬁsem s,
R3 is 'tcge'gterls ﬂ%ﬁ?&ﬂlﬁe%‘%hb%h %cllﬁfg}ﬂgééfﬁgﬂb?eak%vbﬁreagﬂ@ in ih@ hﬁﬁfa}lfﬂoa

enbodi nent R, wherein Rc is hydrogen or Cl-C6 I n certal n
particub baveﬁbmdramﬁMmpotR@i drsa saBlherbof. (Smtlahlerespagtqu@& ﬁxscﬂucwﬁn@xmpt% R3is

-SMe. In certain. enbodi nent R3 i r.an or ,unbr anched ac In certain
enbodi ARASE ge“Yf?.él ﬁr%m-p%f‘hﬁfjcﬁﬁtsldaluﬁf aflé‘;rsﬂt%lﬁa ﬁlcﬁ@léf% ic peids; ?a‘qwﬁm@) Rc, |
wher ei Qll@ﬁoﬂc%li@é&ﬂﬁ@%?@lo@l’ka@c%d ﬁikléﬁédmlb '&ci@@ﬁh&ﬂﬁcl@%ﬂfﬂlmﬁ glkeffd IS -

q=0)CH3. In certain enbodi nents, is -C(=0 ) ORc. In certain enbodi nents,

1(3 i s moefly-adyOmegeowsls has notReOHesthﬁy@ﬁ@Qm atgmsCIExagplgsiafipartiaylas €pteEs n

nbodi - C(=0) NHR
R e St e S R S e YA
- NHC( =@pda5) | nF@tﬂ[drﬁhbfb eeeth ﬁplﬁdrﬁlacéxﬁﬁallﬁ acceblala(cc;ﬁ))mgs daused heﬁﬁﬂ s

hydrogen or Cl-C6al kyl. In certain enbodi nents, is 1?0?
2010/ 0quE%P@qS?JSM%WQQSOIQIAOWS@éﬂteaﬂfﬁseéh’ﬁé!@i’tﬁﬁh‘t"glc ReF. S 1

certai I n
cort ai neGRRE bR nBaiciljulgméity pitaBIcaBE bt i SHAOEW A MSian e of Rumliind

hydr ogéswerl anirasls w\athrurﬂnrbmkwmhmtat% aBerpml regponse, land der lilke, nommnisosliratent s,
R 4 is fluorine. tain enbo nts, R4.is c rine. rtain
enbodi MRt &reagong ‘e eB?étr/]‘ilsr]fe"aU? @@&?@&?YF ‘Hﬁﬁ"i‘pg‘?uﬁéf as ?’eﬂ(‘?& . In
certai Mﬂﬂé}%& B, wiRHE bb&sitté, cﬁfibfccédrﬁpoﬁ'd?%fth@iﬁ\‘?éﬁtl% %@%@ﬁ{"ﬁrwxﬁg’éal ol

branched or anched aliphatic. In certain enbodi ments, R4 is C -
I n cer treﬁers te mbmpomaistthat ardrapsdlyreahsformédinogva taiyneld mlhﬁ)phfmmompowd D‘éth@t hyl .

I t { { nb 1
bt y1 | PRV RGO Py oo Y boer A GoroRel RPNl R St esEd Tor
unsubstHibudtednd T 8REACLr oA rupdIsy RECN LR eI YRBIm) Vall.| 12 ofithe AECSaI N

enbodi nents, R4 is substituted or unsubstituted, branched or unbranched

acyl . ISympesiugi $ereasvandi indidward BoRoche edyBiarevarsible Garrigrssn hkug Oes

branched _or unpranche [.n cer | 4 |tuted or
unsubsﬁ’?iff%ﬂwﬁ?ﬁ%cgﬁp%ﬁéy SSQfion e %m?er O%%J;ﬁ@kf P ogher \glhl?fﬂe odi nent s,
R4 i's -idorbdrated hBreirehy pdferepedrodi rrent s, RAis -N(RD)2, wherein RDis

hydrogen or Cl1-C6 alkyl. In certain enbodl ments, R4 is -NHRD. In certain
enbodi @064 RAs u§e¢1NFE‘n thy terat ftaptemerbinaludenre ormoredntersanverighlé ein RD i s

hydr ogep In
cart ar ooyt P i, o TS A g o R e 7R 1 6
- SRD, whanigeiin vRlenéys (hygdnciymie bondGb-aCHubledynd, 4 tripiebomd w gsingle dohdyror

enbodi nent s, 52 ,’hs-S ln _certain particylar enb glmants 4 is -SMe. In
cer t ai W& nERt Sxackptioof fhetauiomers densads amadvstal dagjers: ipRluding: ai n

enbodi nents, R4 is -C(O)RD. In certain enbodinents, R4 is - C(O)RD, wherein
RD is hydrogen or C1-C6 alkyl. In certain enbodinents, R4 is - C(=0)CH3. In
certain enbodi nents, 124 is -C(O)ORD. In certain enbodinments, R4 is -

C(=0) OR0O, wherein RD is hydrogen or Cl1-C6 alkyl. In certain enbodi nents, R4
is - C(=0)N(RD)2. In certain enbodinents, R4 is -C(:O)NHRD. In certaln

~7 AN\ NI~




is butyl. In certain enbodinents, R5 is cyclic or acyclic, substituted or
unsubstituted, branched or unbranched heteroaliphatic. In certain

enbodi nenwe,201iI®6subst it uted or unsubstituted, branchedTars2emboesshed
acyl. In certain enbodinents, R5 is suUbstituted or unsubstituted, branched
or unbranch d certain enbodi ne S substituted or .
onsubserPerge: it ABd PE TR EREaNT e o g ton BOVEMER USRS rent s,
R5 is pdi B@y&atdlﬁe@&fyta%ldb%@dEﬁ@iﬂﬁlﬁry BatohierizhtiddsREldde WASLIBLENIRE | S

hydrogen or Cl- kKyl. In certain erbodinents, R5 is -NHRE. In certain
enbodi amdﬁsto—mdﬁ slaﬁametot—éacmne ebutineetot iminREndenaORE - tortfe diffanerRE | s

hydr o . In certain particular enbodinents, R5 is -OH 1In
certa?eﬁlgglgllr; tlgéﬁ)%rr%%t dinments, R5 is -OMe. In certain embodi ments, R5 is

- SRE, [0047)ei n ABRustd héveid, ﬁﬁﬂ@rtﬂﬁs@ﬂr&ﬁe 18d1#3ds-anl Ang @l lg8bmeRiRrisdriets ahd
embodi ments, R5 is -SH. In certain particular enmbodinents, R5 is -SMe. In
cer t ai FeTEpiBOMETTe KOs exqmple.s isamers Haglude Cﬁnlﬁﬂéﬁ@ﬁéds%‘ifﬁ, E+ ﬁnct:Z,T tsgmers,

\ihme)?g: n %EP Ent&ﬁnerg(nd‘%%@g?@é& @E{??ﬂ.ﬂg’ish lg?%t ‘2‘" Iﬁgﬂ men gh%éﬁlﬁs

- O)a(ﬁd&thdrnnm&xré@ﬂmreefﬁa@cﬂalhﬁgﬂh&thlr%e isSopeCﬁ@heOiﬁEentidn derrtiadtahcepdodi ment s,

R5 is - 22 , WnerelnRElshdr en or Cl-C6 alkyl., In certain
enbodﬂﬁ%‘ﬁ?f NapBOmEr May, 3§ RPIREFIbofiim Pail’FPVéﬁ‘ﬁS‘o%'P?Féﬁtﬂaéyfh@?fstheq =0) NHRE.
I Ndtre £22T0

-rl\llH(é(eréé’(fjll SRR g‘?‘ﬁerenbogﬁﬁea%?@ =5 ng%ﬁgﬂ;@@%ﬁ&%@pe' TOfgeafRy-' °

hydr ommlcbcd ‘Chs @ed hexdin, nheans ¢éhat diencopivadd memade upRbf a sngn%ly greateert ai n
enmbodi nent s, 1S -SQ2RE. In certai,n enbodinents In certain
o bodi HaREon REoRCenaBRRmer. friksr o BB a LI emresnd of Thadzesenbigy Sries

def i ngd ngQe % dfhyleadt %@ut 9895 b w%%A}@ BF h PRArdd SARAbMEM BDIRGEmBTAiREHs | N

certain enbodi nents, is -0= wherein RA1s selected from-ORB or

- N( R52he gprapeund iRmade uhyxﬂ ab]geﬁ abﬁuteﬁf‘ymr%f’/@ml%% bubsight af @predﬁtrkqdl noi ety,
and wherei.n 0 ally subst. |ety, or
an optT" e gﬁ%fgﬁgﬁ?%ﬁloﬁbef%?légﬁyIlsoﬁ%?cgﬁﬁm %%’?‘ﬁ]’ﬁ“#'{%sr i nents,
R2 is Kdoovndbakide skl )iihe dt) eichidingd¥hita3 hxéﬂiﬁessmelﬁful@cﬁﬁma‘so rgct ed from
hydrogen _and optionally substituted alfcém noi ety 0075]In certain

t

enbodi (PR andshg formeirgn-and gosallizationcefichinl salis oaprapated byrBymenettie gr oup

erbod et 35 e Beale SRRy A0 Bt 44 BfaRo S KRG RIS ) 1

cre:)t allnteﬁdmﬂRZm\mé(o;Rﬁ%@ I\?ﬂﬁil\l;l({ﬂ{) kﬂﬂ;gﬁ"%i‘?ﬁ?fsgge???@ﬁma EIRZOI—IS ;Ee
u -

gptl gn%fﬂegc%%m ot aton mﬂ%n@& Cgr@%ﬁﬂil&ﬂx; F9pQubdlens S JaRt of oar yl

nmoi et yResoM&gZ,&)gﬂe%O 19:?697 /RQS%%QH%%%@@?E %613[1910%%] &.Q{fﬁx?dt% SAROBLTEN S,

R2 is the gfoup -C(= wherein ¢, and erein Rc1s -OH" an
opt i ori‘&cbttq/Damb,slﬁ\HQﬁZéd aryl nmoi ety, or opti onal |y substituted heteroaryl

ol et y[00£§1079]‘bgm%81r1rt1da’| r]l"her{bOdl‘crgenl?lgosund’Rz J‘c‘%emcéal cz)mpound” 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”



[0080] I n certain enbodinents, R2 is the group -C(=0)NHRc, wherein Re is an
optionally substituted aryl or optionally substituted heteroaryl. In
certain ewbadiomams, R2 is the group -C(=0) NHRe, wherei RCRaISa090pi28®DNal |y
substituted aryl noiety. [0081]In cer®ai n enbodi nents, R2 is the group

noi et the str 0082

0) NHRc, e n Rc a ct ., HO.
cor t a PR AR AR gRubrUES Spifefueialtresidet iy et it ORI B, For
exanpl gbéR cABIPbbERSaR lZe[%?a 61'%@1'11@1" WBIZhO6 0leg thérﬂZ@(ﬁfé/ﬁidl‘ Z@eie%y §s, R2is
sel ected any one one of the follow ng structures: 2Br

0- NHCOYaoHS0\giondHd thavgh ﬂhmmon is not intended to be 11m1t1ng for the purposes

of the present invention. Examples of “small molecules” that occur in nature include, but are
not limited to, taxol, dynemicin, and rapamycin. Examples of “small molecules” that are
synthesized in the laboratory include, but are not limited to, compounds described in Tan et
al., (“Stereoselective Synthesis of over Two Million Compounds Having Structural Features
Both Reminiscent of Natural Products and Compatible with Miniaturized Cell-Based Assays”
J. Am. Chem. Soc. 120:8565, 1998; incorporated herein by reference). In certain other
preferred embodiments, natural-product-like small molecules are utilized.

[0050] “Metal chelator”: As used herein, the term “metal chelator” refers to any
molecule or moiety that is is capable of forming a complex (i.e., “chelates”) with a metal ion.
In certain exemplary embodiments, a metal chelator refers to to any molecule or moiety that
“binds” to a metal ion, in solution, making it unavailable for use in chemical/enzymatic
reactions. In certain embodiments, the solution comprises aqueous environments under
physiological conditions. Examples of metal ions include, but are not limited to, Ca*", Fe**,
Zn**, Na*, efc. In certain embodiments, the metal chelator binds Zn?'. In certain
embodiments, molecules of moieties that precipitate metal ions are not considered to be metal
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
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joint or a joint affected by disease such as rheumatoid arthritis, osteoarthritis, gout or septic
arthritis).

[0053] The biological sample can be obtained from any organ or tissue (including a
biopsy or autopsy specimen) or may comprise cells (whether primary cells or cultured cells)
or medium conditioned by any cell, tissue or organ. Biological samples may also include
sections of tissues such as frozen sections taken for histological purposes. Biological samples
also include mixtures of biological molecules including proteins, lipids, carbohydrates and
nucleic acids generated by partial or complete fractionation of cell or tissue homogenates.
Although the sample is preferably taken from a human subject, biological samples may be
from any animal, plant, bacteria, virus, yeast, etc. The term animal, as used herein, refers to
humans as well as non-human animals, at any stage of development, including, for example,
mammals, birds, reptiles, amphibians, fish, worms and single cells. Cell cultures and live
tissue samples are considered to be pluralities of animals. In certain exemplary embodiments,
the non-human animal is a mammal (e.g., a rodent, a mouse, a rat, a rabbit, a monkey, a dog,
a cat, a sheep, cattle, a primate, or a pig). An animal may be a transgenic animal or a human
clone. If desired, the biological sample may be subjected to preliminary processing,

including preliminary separation techniques.

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
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comparative induction of acetylated histones versus acetylated tubulin across a dose-range of
WT-161. These data support a selective inhibition of HDACG6 in cultured cells.

[0057] Fi igure‘4. Selective Inhibition of HDAC6 by WT-161 in a cellular assay. Dose-
response data from Figure 3 have been used to generate ECs values of cellular histone and
tubulin acetylation effects of WT-161. These data are shown in comparison to experimental
data acquired in parallel for control compounds, trichostatin and tubacin. HDAC activity is
used to indicate biological activity of proteins mediating histone deacetylation, as this is a
cellular assay measuting global effects on acetylation. TDAC activity is a surrogate
measurement for HDAC6 inhibition in cultured cells.

[0058] Figure 5. HDAC Biochemical Assay Schema. 7-amino-4-methylcoumarin
(7AMC) is linked by an amide bond to acetylated lysine in the context of an isoform-
selective substate. Pictured here is a derived substrate for HDACs 1, 2, 3, and 6. HDAC
hydrolyzes acetylated lysine, which is then a substrate for rapid trypsin digestion releasing
7AMC (shown in green) which is detected in real time by a fluorescence plate reader. Linear
data captured after a pre-incubation phase (30 minutes) provides a kinetic assessment of
deacetylase activity.

[0059] Figure 6. Selective Inhibition of HDAC6 by WT-161 in a homogeneous assay.
Robust 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).
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[0061] Figure 8. Concentration-Time Curve of WT-161 in CD-1 mice following
intravenous administration at 5 mg/kg. WT-161 was injected into recipient mice by tail vein
injection. Triplicate measurements of drug concentration in plasma was determined by
LCMS.

[0062] Figure 9. Identification of WT-161 (shown in red) from primary screening data
from large library of HDAC inhibitors based on acetylaed tubulin and acetylated histone.

Detailed Description of the Invention
[0063] The present invention provides novel compounds of general formula (I) and
pharmaceutical compositions thereof. The compounds generally include a metal chelating
moiety connected to a cap through a linker. See Figure 1. In certain embodiments, the
deacetylase inhibitor is a histone deacetylase (HDAC) inhibitor. In certain particular
embodiments, the deacetylase inhibitor is an HDACG inhibitor. In certain embodiments, the
deacetylase inhibitor is a tubulin deacetylase (TDAC) inhibitor. The invention also provides
methods for the synthesizing and using the inventive compounds. The compounds are useful
as deacetylase inhibitors (e.g. HDAC inhibitors) and are useful in the treatment of

proliferative diseases, such as cancer.

Compounds of the Invention

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

(R3)m
O
(Ra)k o
SR
(Rs)p H n

@

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
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cryst alhelztlerzo%}hi)lr?argic?Lul}sgt%tecdooq’p u%lglqgstituted, 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; -SO2Rp; -NO;
-N(Rp)z; -NHC(=0)Rp; or -C(Rp)s; wherein each occurrence of Rp 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;

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.
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[0070] In certain embodiments, Rj is hydrogen. In certain embodiments, R; is halogen.
In certain embodiments, Rj is fluorine. In certain embodiments, Rj is chlorine. In certain
embodiments, Rj is bromine. In certain embodiments, R3 is iodine. In certain embodiments,
cyclic or acyclic, substituted or unsubstituted, branched or unbranched aliphatic. In certain
embodiments, Rj is C;-Cgalkyl. In certain embodiments, R3 is methyl. In certain
embodiments, Rj is ethyl. In certain embodiments, Rj; is propyl. In certain embodiments, R3
is butyl. In certain embodiments, Rj is cyclic or acyclic, sﬁbstituted or unsubstituted,
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.
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certain embodiments, R4 is -N(Rp),, wherein Rp is hydrogen or C;-Cg alkyl. In certain
embodiments, R4 is -NHRp. In certain embodiments, R4 is -NH,. In certain embodiments, _
R4 is —ORp, wherein Rp is hydrogen or C;-Cs 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
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al dehyRg infORgwherein R:li$ hydrogéh or C,-Cg alkyl. In certain particular embodiments, Rs is
—OH. In certain particular embodiments, Rs is -OMe. In certain embodiments, Rs is —SRg,
wherein Rg is hydrogen or C;-Cg¢ alkyl. In certain particular embodiments, Rs is —=SH. In
certain particular embodiments, Rs is —-SMe. In certain embodiments, Rs is branched or
unbranched acyl. In certain embodiments, Rs is -C(=O)Rg. In certain embodiments, Rs is —
C(=0)Rg, wherein Rg is hydrogen or C-C¢ alkyl. In certain embodiments, Rs is -C(=0O)CHs.
In certain embodiments, Rs is —C(=0)ORg. In certain embodiments, Rs is —C(=0)ORGE,
wherein Rg is hydrogen or C;-Cg alkyl. In certain embodiments, Rs is -C(=O)N(Rg),. In
certain embodiments, Rs is ~-C(=O)NHRg. In certain embodiments, Rs is -C(=O)NH,. In
certain embodiments, Rs is -NHC(=0O)Rg. In certain embodiments, Rs is -NHC(=O)RE,
wherein Rg is hydrogen or C;-Cgalkyl. In certain embodiments, Rs is —SORg. In certain
embodiments, Rs is —SO,Rg. In certain embodiments, Rs is -CN. In certain 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,CH3, ~CO,CH,CHjs, —
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.
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synthetic transformati ong. as_ depi.cted in D 2010/ 011296PCT/ 809/,004235
35" SonhEs) | TR e FEDORmie R 4t e Y GOt OHPEBAHL FoRT TR ahd

envi si gh&adin(Ren m,%pdat%nalmmaﬁﬁuﬂafmﬁsé?%g Bﬂi&aﬁg%ﬁbﬁhﬁﬁéd hBRasakyI0NS,
Mechani sms, and Structure, M B. Smth and J. March, 5th Edition, John

W | ey BR0B8Bhs, 2001; and Conprehensive Organic Transfornmaions, R C. Larock,

rd Edi hea John W.ley. & Son 2999) _ In certain enbodi nents, the
reacti @h?ﬂs pg?f;f)l?’(v%(ix\bﬂd%engsr’ga%lgf:é(sg)\&gﬁﬁ{ I'n certain enbodinents, the
or gani pose| venh céfain eRPbaimedly, BF ii£ths ProigtC(=O)NGERY, aitier RO afent s, the
reaction is perforned in dInEthm£5U|fOXIde (DVMBO). In certain enbodjnents,
t he reertionaly subshiitedbarrber ontioankhesubstitubsdhaisraaryl. Divmertajimeraedingents, R is

o abolF Urc CloONRBEE, Alerefh G SRS SR EPES Phididhy O 1ECD Bood 20 ©
reacti[@08ijs pén tertairdmbbdimenesyRe isthd rpeowy —EEQ)NHIICwherein B tanianyl moiety

enbodi nents, approximately 1 equival ent of each of the al dehyde and the
hydr az?ldBe SEUG8d. I n certai n enboi dnents, approximately 1 equival ent of

t he al dehyde is used, and appr oxi rrat equi val ents of the hydrazide is
A \

used in the reaction. In certainsenbg WS, approximately 1 equival ent of
the hydrazide is used, and approX%i ma 5 equi val ents of the al dehyde is
used in the reaction. In certain enbogiments, approximtely 1 equival ent of
t he nore expensive starting material /i s used, and nultiple equival ents of
the | ess expensive starting are us&® [0092]In certain enbodi ments, the

t heti thod i |l e.to-hi gh-th hput .t i t ot ecl noi
oy morBal e TR R R R Rt AR e bR YR Bloup FoF ol M ues
enmbodi aamfpefe lRé do £y/a BR?icRYRfhE ¥ROUBO TR 0eHE embodineRey, B iDieldtsdd whya

a

variety o demé es and/or hydrazides in nultiple reaction vessels. For
exanpl @ne megithe llowdngstrngtureyl e starting materials that were used in the
synthesis of a library of inventivg conmpound. Met hods Tr eat ment

g——COzH

‘zz)k u ~OH '?_L/u\N
B—COZMe 0 OH
A0

g—COCONHMe

. —NHCOCH,Br
3"—NHCONHOH

H o
\l/ g—-NHCOCHZSAc

N 3——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:



[0093] I n general, the conpounds of the invention are inhibitors of
deacetyl ase activity. The conpounds may inhibit histone deacetyl ase,
tubul i n dwecetwlia®e, or ot her deacetyl ase activity. |In eertuseonemresi nents,
t he conpounds of the invention are i bitors of histone deacetyl ases
(HDAC) and, as such, are useful in the treatnent of disorders nodul ated by
hi st one deacetyl ases. For exanple, in certain enbodi nents, the present

i nvention provides a nethod for inhibiting deacetylase activity in a

bi ol ogi cal sanple or a subject, which nethod conprises admnistering to the
subj ect, or contacting the biological sanple, an effective anount of an

i nventive conpound or a conposition thereof [0094]1n certain enbodi nents,

t he deacetyl ase activity is histon%‘d@&dﬁiylase activity. In certain

enbodi ments, the conpounds specifically inhibit a particular histone

deacet . 112 9/ 004235 33 (HDAC) (e.g., HDAC1l, HDAC2,
HDAC3, le—%i@? %%ﬁgﬁié%%%p\@%g AC7, HDAC8, HDAC9, EIDACLl0, HDAC 11)

or a class of HDACs (e.g., C ass b Il and/or 111). In certain enbodi nents,
t he conpound specifically inhibitg HDACL. In certain enbodi nents, the
conpound specifically inhibits HDAG2. JgH certain enbodi nents, the conpound

specifically inhibits HDAC6. | 5]Ig certain enbodi nents, the deacetyl ase
activity is tubulin deacetylase actiVity. In certain enbodi nents, the
compoupd of .t he, invention. i Neinhibitor of a tubulin deacetyl ase (TDAC)
and, agn csetﬁtc?hn, ergtr’%d}rtﬁlgrétfsu llsr?%tt%efotnrnggaf ment of a disorder or disease
nodul at ed by a tubulin deacetyl asg. [00]}[:n anot her aspect, the present

i nvention provides a nmethod of trgatin oliferative di sease conpri sing
adm nistering a therapeutically elifect) pount of a conpound of formula
(I') to a subject in need there | °N‘ertafn enbodi nents, the proliferative
di sease is associated with aberrant Histone deacetyl ase activity and/or is
control | ed by nodul ati ng hi stone deacetyl@%e activity. In certain

enbodi , the proljferative disease IS assocCi Wi abernr bulin
deacet TOBSE" o JitF sheioish i GalebbRiRRRutedrRbu N Fomihl M RIGRRLE Y ace
acti vi tuyy onc0ST2H¢ Hlpwineedmpohdecwhdrginanisagb, 6,10 7¢er t ai n enbodi nents, the
subject is any mammal (e.g., humans, donestic/veternary/farm ani mals such
as dogs, cats, cows, ShE etc.). In certain enbodinents, the subject is a
human (e.g., child, ju. e, adult, male, female). In certain enbodi nents,
the subject is an expe tal ani mal such as a nouse, rat, dog, or
nonhuman primate. [0098] Bxenplary proliferative di seases include, but are
not limted to, cancer (8.g., glioblastoma, retinoblastom, breast cancer,
cervical cancer, 2 cancer, | ukeniasx)lynphona, | ung cancer

(i ncl udi ng, but : mted mal | cell |yng canc and non-smal |l cel
| ung cancer), nel and/ @ er skiyn ca cers,/gﬂL%iplanyelona,
non- Hodgki n's | ynp , cut el TN\Nynp ). anttnof her | ynphonas,

ovari an cancer, pancreatic cancer, prostate cancer, ga$tric,cancer, bl adder
cancer, uterine cancerJWXkidney cancer, testicular cancer, stomach cancer,
brain cancer, liver , and esophageal cancer), beni gn neopl asns,

i nfl ammat ory di seasel| andjaut oi nmune di seases. [0099]1n certain

enbodi nents, the inver{ife conpounds are al so active agai nst | eukem a

N
N (CH2)q N
OH |




cells (e.g., leukema cells and nel anoma cells) and thus are useful for the

treatnent of |eukemas (e.g. , nyeloid, |ynphocytic, nyelocytic and
| ynphobl as0i2e10/muteeni as). I n certain enbodi ments, the i ReEris2ae/oc2aPouUNds
are useful in the treatnment of cutanesus T-cell |ynphoma (CTCL) and skin

carci noma, basal cell carcinoma, WO

34 malignant nelanoma, etc.). In certain
brpounds are useful in the treatnent of
multiple nyeloma. In ce V% enbodi nents, the inventive conpounds are
useful in the treatnment of malignant nel anonma. [00100] For exanple, in
certain enbodi nents, the present invention provides a nethod of treating
cancer conpri sing_atd nis i a_t herapeutically effective anount of a
conpound of for #dct in need { hereof Fn certain

cancers (e.g., squanous cC
2010/ 011296PCT/ US2009/ GO
enbodi nents, the invent

enbodi nents, the i gst oma, reti|pobl ast ofa, breast cancer,
cervical cancer, z [N ('g, y Qma, lung cancer
(including, but not limted to small cell Hung can@%r and pon-smal | cel

| ung cancer), nelanonma and/or other skin cancers, mnultiple nyel oma,

non- Hodgki n' s | ynphongs” owgri an cancer, pancreatic cancer, prostate cancer
and gastric cancer, bljadder| cancer, uterine cancer, kidney cancer,
testicul ar cancer, stowach/cancer, brain cancer, liver cancer, or
esophageal cancer. [0010f] The inventive conpounds are also useful in the
treatnment of other diseases or condition that benefit frominhibition of
deacetyl ation ac I

FIN ~g,~ HRAC or TDAC | nhibitign), such as certain
skin and/or hair tiong (e.d|, psoriasip, dermagitis, hair |oss,
' $eases iateg, wi t Bl skin pignentation). [00102] In

neur of i br omat osi
certain enbodi ments? the conpPodndsSN&f e vgef u (ERyHFT eatddryg i nfl ammat ory
di seases of the skin such as psoriasis of dermatitis. [00103] In certain
enbodi ments, the conpounds are useful in the treatnent of
neur of i bromat osis. [00104] A therapeutically effective anount of an
I nventdréephaafipeuticalboaeptabls fasithRicfeld agtadebddiffeatsandh 4.0In cath ti me as
is necessary to achieve a desired result. The exact anpunt required wll
vary fSePAkmentedt iste 18 ¢pjtainembedpass. Aigs 6n [ pertaip embedimepie n igdd gener al
condi t of L : ver | b j.sease, the particular
antica ggﬂ aggﬁtg?é#l?gﬁgo%lg{%ﬁ’ g%rﬁﬁ{r’l‘%rg%(?g{)ﬁngﬁ&c? Je desired outcone, and the
i ke. [00105] In certaknegbodi nents of the present invention a
"therapeutically effeg anount” of the inventive conpound or
phar maceuti cal conposi is that anount effective for inhibiting
deacetyl ase activity (eNg., HDAC and/or TDAC activity) in a subject or a
bi ol ogi cal sanple (e.g.,|in cells). In certain enbodi nents, a particul ar
deacetyl ase activj (e-N PDACL, HDAC2, HDAC3, HDAC4, HDAC4, HDACS,
HDAC6, HDAC7, HOACS8, “HDAC9,7"HDAGI O, HDACL11)Qis inhi B ted by about 10%
about 20% about|| 30% about 50% [jabout 6QO% about 70% about
80% about 90% akgst 95% dbs. %@f odPfrent s, the
i nventive conpound inhibits HDAC6, and acherag: ical Hy WO
2010/ 011296PCT/ US2009/ 004235 35 effective amount of the conpound inhibits
HDAC6 d5\a pharmheceyticallyasceptable form thereof. about 50% at | east about 75% or at
Ieastéﬁag t QQp%w[Q?&Q&i %glcq{tak%’enboqgnentsnof t he gresent.invention, a
"t her dpeut’i cal |°y eF 1 eety e T BUnRY F%faé’r% RSSO O ?ynémg%lﬁﬁ(gﬁtﬁff’or
CoNOSsdnidithiis Gfeikist irevdridu® idonttriei fbrieg lelg. Btbdi@hedsia@dor BlastfeffoRicts.t P,
sufficient anount to reduce the effects of the proliferative disease.
[ 0010 7APVEMive spmppundsAnd pharntcsutisal comppyidansthereplmay bein theformpbpruti cal |y
ef f ect;i ye. 3 e, | t] r Fcal j.tion
e ¢ e SARP oy iR ALY b FeoRRRONDMeb or RUANERRTHE K8k of SOFRRRE
cel | s dintrevisdtndrk. hgcdraimembadiiments] e tOMpomads cfthsiplventionnare endriopure
enbodi nents, .t he conpounds are, useful, in Egg treat ment of bal dness based on
the diQRRPURYs: tIRLertpIBAEST SMBIAIMENS, MHXIUESQf| SiErpQISOmpIACE d1asieTINMSIHAY bl ocks
andr ogggyige@nal i ng via hsp90. HDAC inhibition has also been shown to
i nhi bi't estrogen signaling.

[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



[ 00109] Additionally, in certain enbodi ments, the present invention

provi des nmethods of treating protozoal infections conprising adm nistering
a t her apewoi2osldiy29ef f ecti ve anount of a compound of for malrarseeop/ov423m

subj ect in need thereof 100110] In cextain enbodi nents, the inventive

conmpounds al sq.find use in the preventign of .restenosis of blo essel s
cUb) eoBV e PRy Eroibesy HsCATynan e BET Fomely iRl MRS
cont engthé@tissmér ahd hifEn&SPERR UB dfix Rfest dT/atiBYLREMBR, Wi, radthid ifktutesd$ a
coating for inplanted nedical devices, such as tubings, shunts, catheters,
arti f i st¢rapisomexisain addipomto the abetermgationedsompoynds ngh sadhisdaveniivralso and
especially for arterial. venous, sfen i Bal udi - e

ot ont sropipeary ek Pasdiarhe HESPER b B s R O plids 3R sReEa

i mpl andoaipringestie®r imdie bompourls oflthieinvaitionednd, oney mige paaiacedticaigsor bed t o
the surface of the inplantable device. In certain other enbodinents, the

i nventacgeptellepuiipigstsPapddiEivesr nul ated to be contained within, or, adapted

to rel by j i i i :

excarpl Q085; o Brifue e inViRthy Rl SRyl oy SRLAlepu S S ngRompRing
For exaidet éiffeetnti gondidonsindandy ¢xistlasfoae at & vembindtiom dbf polpiosphyatf dhiey
activities have heen evaluyated as stent c ag%&gs, %gd haye shqown prom se in
pr everfAmRPUpd frBag Rart abthis inyentap, For example differentpqbymagphgmay-bs g | uti ng
st ent s 3dq: | o K I ' v r

20 5) - 4T P e R e i e

| nt er neeciyswllikatio ®@Perfddh Bl crPSallioftjonaatidifferent :niperaturea] or ByBasighvarmus

bedsi de: .t he devel opnent .of rap cin and its,.appli.cation,to, .stent

rest erfBgﬁi?'o,% 8P F%{gi‘%fro’?o‘f?ﬂ ?arfT_%ﬁ’(‘_f?)rY g‘@?’%’é’gng @%ﬂg WS{AH@BO?% erences is
i ncor peYIMBEhHE S dlsdWe 6RAIRESBE Bedtthgl drindithd IR MpoliR® Tl fdwetasogdang! v,

w t hout W shing to be bound to any particular theory, Applicant proposes

t hat i onfesticooking: dinp puesdscehefifiotymenphs pray|befdeteamingd bafsolid probeaMEFe used as

st ent 2010/ 011296PCT/ US20Q09/ Q04235 36 coatings.and/ in stent drug

del i ve V%%%W?E% %SPﬁSgPC@%Gﬁgﬁ?gﬁwﬁﬁ%mBFQVQﬁr} %ﬂ%PoPﬁgﬁgﬁg§is or reduction
of 1 esdieRRtdgrathah&/or Sthet lehfiqGeRt THigSthe peestREingaiRhancinpasesinvertivef coat ed
i mpl ant abl e devi ces are described in US Patents 6,099, 562; . 5, 886, 026; and
5, 304, compoungs theindarivgtves eheiripiiorieny foms hearatierapisomersy theirinolymerehs.al s
such I . |.S) ne,

pol yet B el HT T sl TR M Shral o A ac BRI AT

pol ygl pteembezudcally, acetptyble compbsiyibnscettaihiag them. ni xt ures t hereof The
coatings may optionally be further covered by a suitable topcoat of
fluorosilicone, polysaccarides, polyethylene glycol, phospholipids, or
CO”biQthﬁﬁﬁcﬁmﬁkﬁﬁﬁz@Rm.&Hﬁ&t controlled rel ease characteristics in the
conposi'tion. A variety of conpositions and nethods related to stent coating
and/ or[0088jal semouldbagppretiatedrby drnerofskidhigrihé ang of exgapicabemisiryethenown i n t he
art (see, for e le, .U S. Patents 517,889: 6,273,913; 258, 121;

6 251 RO FHEnOn Tay B GreRsTeAsy Bnraber 9§ Spabenciayis. Jpkdran

5, 891, §sdimeR3 2 kBporma b BoHRAIS 1§ prepared plidndaRatibs 8f A APdERde01/ 0027340,
each of which is incorporated herein by reference in its entirety). For
exanpl @mpuadof formplhd Doaral ancaldéhyde gompaend ofrfagmuler([Mhas shownindichginad t he
stent | ol ynmer-drug solution or spraying the stent with such a sol ution.
In cer?%?ﬁ'enbodinent, suitable materials for the inplantable device

i ncl ude bi oconpati bl e and nontoxic materials, and nmay be chosen fromthe
metal s such as nickel-titaniumalloys, steel, or bioconpatible polyners,
hydr og®hemesh| yur et hanes, pol yet hyl enes, ethyl enevinyl acetate copol yners,
etc. In certain enbodi nents® the inventive conmpound is coat onto a stent
for inRértion into an arterjf or vein follow ng balloon angi opl asty. [00112]
The conpunds of" t AN nveption or phaFﬁﬁE@ﬁtidﬁlefgﬁtept conposj ti ons
t her eof Ql so be i ncodpor at¥@HpRRD conposi ti ons~For cdet i ng W@PaRA abl e
medi cal devi ces, such as 'prostheses, artificial valves, scul ar grafts,
stents and catheters. Accordingly, the present invention, in another

aspect, includes a conposition for coating an inplantable device conprising
a conpound of the present invention as described generally above, and in

cl asses and subcl asses herein, and a carrier suitable for coating said

i npl antabl e device. In still another aspect, the present invention includes
an i npl antabl e device coated with a conposition conprising a conpound of
the present invention as described generally above, and in classes and
subcl asses herein, and a carrier suitable for coating said inplantable
device. [00113] Wthin other aspects of the present invention, nethods are
provi ded for expanding the |unen of a body passageway, conprising inserting

s .. .. S - ..



WO 2010/ 011296PCT/ US2009/ 004235 38 starch and potato starch; cellul ose and
its derivatives such as sodi um carboxynet hyl cellul ose, ethyl cellul ose,
and cel | Wwo=elrmerdat e; powdered tragacanth; malt; gel at iPo@/USR@OOY4235

exci pients such as cocoa butter and s¥ppository waxes; oils such as peanut
oil, cottonseed oil; safflower oil, sesane oil; qlive qil; corr .0il and
soybedf033| ; & ¢rting embpdiments, B}ed’ﬁ‘\}%e%’é‘vﬁ‘}ty’é(ﬂr?v‘ggﬁ %Fheagl‘i‘&f PIPBPR? ol eate
and ety ohg&lggfogmupagar; buf fering agents such as nagnesi um hydr oxi de and
al um numphy roxi de; alginic acid; pyrogenfree water; isotonic saline;

Ri nger's solution; ethyl alcohol, and pRbsphate buffer solutions, as well
as ot her non-toxic conpatible |ubricantg| such as sodium | auryl sulfate and
magnesi um st earate, as welRl_as caorin ents, releasing agents, coating
agents, sweetening, flavorin d pim um NYGIYHRS, preservatives and

anti oxi dants can al so be present in Hhe conposition, according to the
judgnment of the f.ornul ataqr., [[00118] Liquid dosage forns for oral

adm ni%rtarp}iafr%ceiu g4l anc’cepgatgleg rént’r%lg%e inited to, pharmaceutically acceptable
enul siWRseinM croemul si ons, solutions, suspensions, syrups and elixirs. In
addition to the active conmpounds, the |iquid dosage fornms may contain inert
di |l uent's comsgnliptegesehetweenthandatl, inglesivess, for exanple, water or ot her

sol vents, solubilizing agepig and enul sifiers such as ethyl al cohol,
i sopropyl al cohol, ethyl nat e, ethyl acetate, benzyl al cohol, benzyl

benzoate, propyl ene §phpca 3-butyl ene glycol, dinethylformanide, oils

(in particular, cottonseethAroundnut, corn, germ olive, castor, and

sesanme oils), glycerol, tetfahydrofurfuryl al cohol, polyethylene glycols

and fatty acid esters gf s-'.it.z\\and m xtures thereof. Besides inert:
FHEE!

di luents, the oral u;}- tio ) al so include adjuvants such as wetting
agents, enul si f(\']"k)n agents, sweetening, flavoring, and
perfum ng agents. | nj eCkaBl e~pr eparations, for exanple, sterile

i nj ect abl e Rbiseous or ol eagi nous suspensions may be fornul ated according to
the known art using suitahle.dispersing or wetting agents and suspendi ng
agent s™ lﬁ'ﬁ’éug?%r%F&quﬂjoﬁgébfrgh‘ﬁfveepar ation may also be a sterile injectable
sol ution, SHEDANGIREr KAwesRY ands, ihdlusiveont oxi ¢ parenteral |y acceptabl e

di luent or solvent, for exanple, as a solution in 1,3-butanediol. Anong the
accept abl e wistAndhisgerrivessl Y apd o, inplEsiveiay be enpl oyed are water, Ringer's
sol ution, 5. P. and i:80 J odi oride solution. In addition,
sterile, fixelf agiquloréa}l@ %:%rglf\l/tglhetﬁlagkgﬂ){/é enpl oyed as a solvent or suspendi ng
nmedi um ForRj RilydpgepOisdogeny cylizrd atyoliedsubistitutaihorhmselspitgyd dranvbed dr ng
synthetic nono-_ or diglycerides. In addition, fatt cid uch.as oleic

ati o avebrasaad RPN rcbisar aeY i, BPSTSAraBRUstLyeh Pruiched o pirdnst| o

for mul ﬁ‘ét{ar%?lz?&?i@' Ql%st?tltu g (Jrilﬁlgt‘rﬂ)sgﬁ%d, XA Lor [ briddhbd 8¢ y10subkhifuidddt a

bacteria al ni ng ter, y Incorporating sterilizing agents in the
f or m ofinsabstitided, rahé¢hitd o\GnBahcHed i Pl9 SRETULSPO0 9SO R®Ed.39: O5itions

o SamanGed et Ok RSO bIREL BN eI SRS NoRERbE, o
drug, 1}11(55 2 9@H@@=@ﬁ@é;ro%bt%)g_@{%%b)& SREAERID STROFs ihdupesddntlyfar om

subcut an r intranuscu injection. This nay be acconplished by the
use of hpdrbgen, agretestperadep aoraliphatar mpiehhe MWTM;B%I]@@%@@W&] m@jetyi poor

water solubility. The rate of absorption of . dr . on its
Fat e oft HYLEIIGH; ThEERED! Mok o bl Hish A Sl AE R iR

cr yst aljjalkyParhinb Metdbhi§1didt bVRt¥road@thdy@dieahsor ption of a parenterally

adm ni stered drug formis acconplished, by dissol ving ortgﬁtll%siﬁgrndi ng the drug

in an oi | vRBaichysrogen; balpegs; eyelepritacyelicrsubstitegharuisybs anched or

m cr oencapsuyl tric f r i: i g

pol yl ati? rg‘é&ﬁg |a§§ﬁlay“é’o?f°é§.°rBep‘gcé%d%{%ﬁhﬁ%%n&gﬁgﬁ@?‘? %&oﬁa{ﬁl %E’f‘é‘%‘%’fkyner and
t he nahétealphdtieesubitituteldramspisstiyuted, beaehed exyuntirieched heylp$utdtinged @ ease can
be controll ed. Exanpl es of other biodegradabl e

ol ymer § | ncl.ude
(pol y( Brsubsiamiedy Branehed o5 ampraashrdary o suhstitgted,of SH}’éE‘t“&Ei léra'f“g}e&?lr ations are
also p apiknNg dh uga.R.l iies: SR RONNOMI ch
A IO m e S e e
vagi nalN@hyi; aNSIG(aO)Ri; @r-E(Rp)ef wherkineash ppoasienos 0£Rp ishindépepdenthea pr epar ed
by m xi ng the conpounds of this invention with suitable non-irritating
excipients or carriers such as cocoa butter, polyethylene glycol or a
suppository wax which are solid at anbient tenperature but |liquid at body
tenperature and therefore nelt in the rectumor vaginal cavity and rel ease
the active conpound. [00123] Solid dosage fornms for oral admnistration
i ncl ude capsules, tablets, pills, powders, and granules. In such solid

o r o - o g,




WD 2010/ 011296PCT/ US2009/ 004235 40 nol ecul ar wei ght pol yet hyl ene gl ycol s
and the |like. The solid dosage forns of tablets, dragees, capsules, pills,
and granuwe=omaniie prepared with coatings and shel |l s sech/ssoe00£85 C
coatings and other coatings well know in the pharmaceutical fornulating

art. They may optionally contain ppacifying agenis.and can al so be of a
CompostXATBAFT ARG S 28 alipRHR 0L & PHFRUPERIS By ey acghmoiety ©
pr ef er bk Alnblety;iaheferb&% | AoferPalikoxdt atylky: Qﬁﬁﬁﬁi'of‘ﬁlyltiﬁfo%ﬁl&nd?ﬁmymhby, In a

del ayed manner.” Exanpl es of enbeddi'ng “conpositions’that can be used include
pol y mediatkybuise,detereargiocy naxdetero8ylth moiethyosnd i ons of a similar type may

al so bg enployed as fillers in soft and hard-fill l,at i apsul es usi ng
Such ofe PParEEn Blosror il s Bridtie sl be AT SRedBedBE oy Vel oh

pol et hyhaghed ¥EHasic 261k e adydiie; subS@itide or IRSuREHItME bEARREVBEEathad SO be
in mcro-encapsul ated formwith one or nore excipients as noted above. The

sol i d brieraglipltatie nsibstitutedisir ansubstifuierh dsancheherunbsanched aeyl; substitgredal es can
D R R SR RS e oSBT Lo,

contro er coatftngs we Known |ﬁ

for mul aAbriagchad hetetoard PR 5 0C(-EDYRYS 200, R Q-ON; tSEN SRy SSOREPSWIRE; O be

adm xed with at | east one_inert diluent such as sucrose, |actose and

st ar ch-N@gkh NS R PreCWea)s; ahstrin eashrqeswrengs of Reapmdgpengenty pce,

addi ti u r | #.dil . : . ' ricants
and ot FaRordt IR RS b e o B e e
cel | ul asgryl mpidtyie leaseargt mosg;Hllesxy; tebdat, alksithiopadylthio; aivénal aligdmmihoy s may
al so conprise byffering agents. They. may. optionally contain opacifying
agentsggﬁahwﬁﬂm e§60%¥ﬁBW;QH$6 @@ﬁ%FUWXFHgt they rel ease the active

i ngr edj 4 I . preferentially, in a certain part of the intestinal
trzun,&éﬁﬁé%ﬁ%ﬁ@;%pfgia del ayed manner. Exanpl es of enbeddi ng conpositions
whi ch can bg) peedinga hydtezide oy femuda @llbst ances and waxes. [00126] The
present invention enconpasses pharmacgutically acceptable topical
formul ati ons of inventive conpounds. [fhe term "pharnmaceutically acceptable
topical fornulation”, as used herein,|/lneans any formul ation which is

phar maceuti cal |y acceptabl e Ha i ntr rmal adm ni stration of a conpound of
the invention by application of TN forn(CHj)sR?to the epidernmis. In
certain enmbodi ments of the inventfon, the topical fornulation conprises a
carrier system Pharnmaceutically effei ive carriers include, but are not
limted to, solvents (e.qg., alcoholsﬂ:boly al cohol s, water), creans,

I otions, oi alyRNiding@hladdenPi@st Rrduld lAgSOMes, powders, emul sions, _

m croemnul si ons, and bufferéd solutions (e.g., hypotonic or buffered saline)
or any other carrier known in thegtt for topically admnistering
pharmaceuticals. A nore conplete lixting of art-known carriers is provided
by reference texts that are standardydsa=ihe art, for exanple, Rem ngton 's
Phar maceuti cal Sciences, 16th Editi 1980 and 17th Edition, 1985, both
publ i shed by Mack Publishing Conpapy, Easton, WO

2010/ 011296PCT/ US2009/ 004235 41 Pennsyl vani a, the disclosures of which are
i ncorporated herein by reference in their entireties. In certain other
enbodi nents, the topical fornulationgllff the invention may conprise
excipieqis. Any pharnmaceutically acceptabl e exci pient known in the art nmay
be use o prepare the inventive pharmaceutically acceptabl e topical

formul at i ongii) fesaiiy £Bydthzi8 6f RirdilaS(II)Rdith sRAldBIeydervTifongiadla (ITIY diRlek opi cal
formul ati ons of the invention include, but are not limted to,

pr eser swtablescondigians tnpraside 2 compoand of emgla:enpl | i ents, buffering agents,
sol ubi l'i zi ng agents, other penetration ents, skin protectants,
surfactants, and propellants, ancUor add|tional therapeutic agents used in
conbi nation to the inventk*e co und. itabl e preservatives include, but
are not limted to, alcoh BN I nes, _organi ¢ aci ds, parabens,
and phenols. Suitable antioxidants iﬁclude,«yﬂﬂn%re not limted to,
ascorbic acid and its esters, sodiumbisulfite, butylated hydroxytol uene,
but yl ajopgojy drone/siuirgiahs; skilp GOMB QFGVish appridiatdi@hed Wikt ViBRE 6f febdteorEDTA and
citric acid. Suitable noisturizers include, but are not |imted to,

gl ycer ¢onditions misiyths employsgetotpypmate egely ebths synthetic transdorprasions andepietod o1 .
Suitabl e buffering agents for use with the invention include, but are not
limted to, citric, hydrochloric, and lactic acid buffers. Suitable

sol ubilizing agents include, but are not limted to, quaternary ammoni um
chl orides, cyclodextrins, benzyl benzoate, |ecithin, and pol ysorbates.
Suitabl e skin protectants that can be used in the topical formnulations of
the invention include, but are not limted to, vitamn E oil, allatoin,

L, o o N F A/ A ™~ T ]

n,




[ 00129] The conpounds of the invention are preferably fornulated i n dosage
unit formfor ease of admnistration and uniformty of dosage. The
expressi ono2dmsag®eunit forn' as used herein refers to a&cphigsecoabd2gs

di screte unit of therapeutic agent apyropriate for the subject to be

treated. It wi.ll be unders however, that the total, dail age of the
conpoug%&e%ﬂ% s VG Ay PFEAGHQILesRdItoRS aFR saisioned (Ceesieliad by ¢ o

att endMagc;pMawc@a cw]g&m CrHeMBSE RBBctRns, SMHMmMI 6RY SirkelarEe M.-B. Bisith
specific therape catly effective dose level for any particular subject or

or gani &IdlMMdrcldépeEtﬂtlmpdthaMm &tSpnef2 004 carsk SomprehentiivegOrgwaiadi sor der  bei ng
treate nd the s S act i of the specific
conpouhd é’?% 8&9&2}%1&% %?)Cg(c? r}%dl %?T%8€?Wbeﬁr%§ﬂpﬁf§gbyt he age, body wei ght,
gener ajoooep! t Mn ce@Xin2Abodinént) thd RRactfdfs peifornidiEintanBRgafic aslvemi i r ati on,
route of admnistration, and rate of excretion of the specific conpound

enpl oyeaftain eraberlimenisothe organiesal yes isvepelar aproesaleem. imcertaimembedigents;
coi nci @%%go"“ th nneﬁ‘i’r?ﬁi(nléﬂgyﬁ@?&%é@ﬁ@ 0&109%%}2 %AS% F.%th%rs wel |

known arts or ex s The
Phar negatigi ﬁ@brfBﬁﬁet(BmelmemtBﬂﬂé}hﬂk mw)cm U&Rﬁﬁ%ﬂﬂdﬁﬁ@té}%eﬂ&&dﬁt&pﬂ@t ics,
Tenth Edition, A G| nman, Har dman MG aw Hi | |

Pr ess, PrBBmEE 3t a famperatijs ll,q"iw?@ 4@&‘6?‘?3& ] %QPUH 1Y eq:fPrkﬁboni(é elaoph /4 t s
entir e‘t@/)l Caﬁﬁ%ﬂﬁbo&ﬂﬁénl?%rtﬁ@rregcuoﬁ ik ﬁérf %ttérﬂge @o%oﬁpﬁé apr it e

pharnaceu y accept abl e exci In a e5|r osage
phar macetsin erbodinRptss a;ipro;nmat:dly i teqmvalmeoﬁ daoh of dre db@ladmmﬂ ﬁtemydthzidm humans

and other anjnals. or rectall nt er ntr erral ,
it r avigeR Incerain st neBiscinproine iy Eoenbaengor theahdes dred did
I ntr an&@ﬁ&%ﬁ{a@hj 2WM§’M¥ hy aae;deqé heedRehaRRNIR %ertahnt ment s,

Creans rops), y, as an oral or nasal spray, or the like
depen demgodnmentseamnemeimatql'y dfequivelenhéfethbe hypdrabide rngusedeatds@promma‘@i)t 2i5n

nmbodi th ti d t d .
"t r v ERBUAYS OF @ PPy AS R ER e stidh nd reet fab et R BmiRRarimplely 1
i nvent é vAIBi 0P eheAfBle Uxpbi ROstating A8ASEa li £YRU Sarf ma! ediiidnt'8f the t O

about my/ kg, fromabout 0.01 ng/kg to about 25 ng/ kg, or from about 0.1
ng/ kg kegs exnsnsivd tartipglege vsedsubj ect body wei ght per day, one or nore tines a

day, t ain_th e d I | | eci ated
that d sggies g %F&alg ?rhb(ﬁuﬁérgg iﬁ%ﬁe?lgﬁg%g(g% Searn]i ar? t%glg?]b}jlgoglgﬁ? gt; exanpl e
50- 100teﬁﬂﬂlgﬁés ¢rad td2hn@ided cumshengdistdirbcantihsotial (heAISR) THersfotd, irbéesmibe
appreci ated that the conpounds and pharpmaceuti cal conpositions of:ﬁg;

pr esen?mb?ﬁvéwmsoﬁ llb@ﬁ}’ B@mf*’@‘?tfml comRPUBAHIS PRERAERALRY Psing 8 ¥RNFH4 Of aldehyds api es,
that i fsi eRARES mul at ed
with o?ﬂ az) m-ni s e urr%reaﬁﬁmgw th%lbrl or ?oFl%%fyléﬁ seqlﬁglﬁl}%[ 0, one or
nor e oithﬂmgdﬂﬁemﬂdthahwemd nmﬁlecslynthesis ofih liprapy eflinvestiveldoenpmandi cul ar

combi nati on of therapies (therapeutics or procedures) to enploy in a
conbination reginen wll take into account conpatibility of the desired
therap%mo%oﬁwya%e,procedures and the desired therapeutic effect to be
achi eve I't Wil also be appreciated that the therapies enployed may

achi evi023Hesilnegenehf, dot compountieofthaintinton deerinkibitorsexiaiepdetylaseractimitent i ve

be .ad nt | i t t
S S T T S A
they naytivghig¥&tah bmBb&intent flﬁcéoin}{o@n@s of the Eﬁvreﬁho@ﬁreaﬂrﬁbﬁgr\éﬁif%%t&fef ects).
[00133] For exanple, other Flerapl es or anticancer agents that may be used

in co aqaﬂyia@f:s BAC) n@d,laﬁvm ameussﬁﬂrp@ﬂwdseamerttwé disoedessmolwlatedttivon

i nclud e a t utron
beam r§(§§ r a }?Segl gé{] xrgmo I%ég cerp é}‘ 8@%@&%&& i §5enzw'§/§%& 15r80fde£'§

brac hymlaefoaﬂyn inBIMitisy/ ddaCety isé adi\@@(iih la\wolbgmmﬁq;le bioa SubjEct azvlﬁlehv)neﬂmﬂocr i ne
t her apy, bi ol ogic response nodifiers glnterferons |nterleuk|ns and tunor

necr osfAMPrAEs @ (HFNF')‘“&ES’ thasebiects enpentaciipe therfiplosicabtrnpls AHAEEAYS, agent s
to att i, tics), and other approved
chemt ROvaNE A mAANEL S g 2 oy pric B, il o, "o

2010/ O0D29p PCTh U&ﬂﬂﬁ&iﬂﬂdﬁ%ts}%aﬂdayé@iasa actoitygs h(mrerdeaceaylhsmadtwity. In

chl oranbuci | cl ophgspham de l.f osfam de)., . antinetabolites
(Nt ot ROt iAo B AR Wi ssPeci A D Pt SPHBCUR MifgAr Spaen e

(6- Mercaptopurine, 5-Fluorouracil, Cytarabile, Gentitabine), spindle

poi sons (Vinblastine, Vincristi ne, Vi nor el bi ne, Paclitaxel),

podophyl | ot oxi ns (Etoposi de, Irinotecan, Topotecan), antibiotics

(Doxorubi cin, Bl eonycin, Mtonycin), nitrosoureas (Carnustine, Lonustine),
| nor gam c | ons (C| spl at| n, Car bopl at| n), enzynes. (Aspar agl nase) and

o o o, = . o Y



Kits [00135] In certain enbodi nents, the present invention provides kits
for conveniently and effectively carrying out the nethods in accordance
wi th the woessntiizoavention. In general, the pack or kit Pcorgseemmess2ene or
nore containers filled with one or node of the ingredients of the

har maceuti cal c oSl ti of .t i i on. tiqonall i at W th

g uch CQ@MZ‘?@’S%@’@?‘Z& M&@H’Eﬁm‘h %ﬁ%s}{{ﬁéﬂ%ﬁ’)ﬁﬁ@mﬁ% »dosage
reconmyipgats SACONADAC o, 'PHﬁAG‘FIj ot éé]ﬁ‘ssfo?'HD&Cé‘fé?gi eeds P)I andevRNNNENt al
ST arenenbed o sansoap ety SO O W N o
sale fQr human adm 'sgrati. n. @6@% i.ncl uyd .rrulti}(l)le dosage imits. For
exanpl B¢ CORB° ﬁﬁeﬁ{l}lﬁ %ﬁ&fﬁfﬁé Ofg%galﬁ§"§’°§fr{le%>} ?ﬁ%?ﬁ%%dosage units
for nuldecilcalg atsbits BT 6. OF nonths. In certain enbodiments, the kit

include a week-supply of the inventive conpound or conposition thereof In
cert ai W08fbodilmeartain enthoditnents, tke depsctylase petivityupproplinfdeasedylpspachyity-en

conmpound, or ¢ ositiQn thereo : es . .

i nvent F%‘%M@%W&g&a&‘& cgf@(?uﬁés 5‘31??@%6 p 8‘éjfss§&‘§ﬂ%%t§i§9%ﬁlé’?‘gg%‘§%ty %ﬁcti on.
For ex@rmpAe€) ahd)@s sioke Bid wsefut onpeurdtndm vl hdisosd ot dispaselmodilatdby aal

pat hways that depend on deacetylase (e.g., HDAC or TDAC) activity. In
cert ai bulindencetmass, the i nventive conpounds nay be used to probe gene
expr esgi I j i . i i BRYAUTY y be used to
pr obe @8?§bhag§}%ﬁ%%}l%ﬁwé%§ ﬂggga%}r}g (\a’&ng)él o¥ ?%légyﬁlg t he p{égfsi% t invention,

t he i npeiiférevecdisgaoe oelaprisisg hdmadsenegla therapayticilytefifecaveaamhaintofassays known
in the art for jidentifyling conpaunds, havi ng. anti protozpal, AC i nhi bitory,
hai r gpeweernded dormeda (RiteAsHPIEHgninRE BieEesf -y Cééiag’g'_‘éﬂg%qqﬁ’ﬁaﬁsi i nhi bi tory,
aut Ophﬁg%if AN DALY is RUifEd Ul BE AL TG deBcaglabe htityE/dxanpl e, the

[
assay e ce ar or non-cellular, itn vivo of in vitro, high- or

| ow t heantgiiled by hesdudtingdtistond d@te§lasT hetivityi dn oertainspbotdimenssiiplatinds of this

i nvention whi.ch,are of particular  interest.incluyde those whi,ch: exhibit

HDAC. | RIFTAGYS iacase (R associasd Pidrabea rebtiodbaetiint sy Maftds £ (o, g,

HDACL, c5fiiiéd bZ%lath%pt@ﬂlin &etldktRiase bdRGyCl ass |1 inhibitory activity
DAC5, H

(e.g., HDACA, _ AC6, HDAC7, HDAC9a, HDAC9b, HDRP/ HDAC9c, 1-1 DACIO);
exhi bi {009DRC Ch sslje¢timay bharyi andmpl. datdertpimembediments, the aubiest is 48y mamMahi bi t

HDAC | ,( Genbank Accession No. NP i rate eLel reference);
exhi bi £ EnETREy f‘?‘?e%%‘(?/ Yeﬁ?{P%‘VfﬂyﬂB%%é?a?%*ﬁﬁggas%gégtt&@%ﬁ’ %@egkﬁ%&oﬁl&

i Ncor peérdie emBedigisntdiher sabpeeRGHumaX(Bighichild Haveatilel adult, aalé, ftanblie). HDAC3
(Genbank Accession No. 015739, incorporated herein by referen eér;c%exhi bi t
t he abi¢ritaiy embodiments, thergphisst is@BFBRFKNRRLANENRLSURY 25 ARISISDABL PRI M98 at ed
her ei nh%a{{ghﬁhﬁnce); exhibit the ability to inhibit HDACS5 (Genbank
Accession . "005465, incorporated herein by reference); exhibit the
abi | i t yo098] i nhisintplHpACElifeCaivealideasts dndsdey butNoe nbiFlinited 85 candee ¢o-por at ed
herein hy reference); exhibit the abili télto i nhi Pi taélrlc-}iDA 71 Genbank

Ac ces s BHRbIAgomaotnolastoma. RIEaRh FARCER CREACA RANGET: COID ATIES ERRThi t t he

abi | it LR IR 1 A48l WY AhE4%Had
AF2456¥6X§k QIR?‘—%B%IB@O egc%‘g%&‘ %%@Eh@gfg?ﬁ?o@ggyg%egg&ﬁgaei n by reference);
exhi bi hohlsmaHleell lung dancérhmélanonHDator @heriskitkcancersswbiplamyelamal iga25,

NM 178423, NM.058176, NM 014707, BC111735, NM.058177. each of [ is

i ncor p%&’gfi@& %‘@P@i}ﬂmﬂycqt@?eé’f‘%&écé’jﬁy@)‘? PrRE-rangpLnet rpp]’tlcg;n?so Oy%rﬁé}nb%g%]iDACI O
(Genba?gnc%@aﬁﬁsc%h&?bﬂ@sta{ﬂwéép trid %@érgﬁraaﬁé}d:an&@, uterine cancer, kidney =~
2010/ 011296PCT/ US2009/ 004235 46 herein by reference); exhibit the abjlity
t o i nhicicer, HECLIEr CaBsab siomatbsaresr dhramEang@TOlies rancerigresophaged] G3B¢&En by
reference); exhibit.the ability. to inhibi. L | eactetyl ati on (TDAC);
exhi bi e’?‘%@“ﬁ?ﬁ%ﬁ“@ 1 %atﬁfya{héeats = g%goéélg{uglglr#ge S|e\(;'e subset of genes
downst '[(ﬁEWF of Idre2Rin @xbddinkntsythe iexhtivecongsandh aterdisdoactioe wgaihitdenkenria
cancer cell lines maintained in vitro or _in animal studies usin

sci ent celisiglg Jeukemipeally andmelaseme e¢lfs) aad Hiys arq usehd dor SMP@PC%gﬂ?bi t a

t hera iLC.nrofil i . L i

super S idE e RS dmBLilE, B 3eghd aRl BB BR)  Toeluahe
exenpl iefribodiniedis, kieriaventivierroapoayds dre uskfukeinthaeeatimentdfi dutangous TeeHpounds to

i nhibit cancer ¢ grow h certain inventive, K conpound xhi bit 1C50
val ues lﬂnﬂhﬂ%ﬁ@%ﬂq}% FRISEISF-Se ABVATRGHSISEY © <A Potl ERBEERID e hi bi ¢
| C50 values < 50 RM In certain other enbodi nents, inventive conpounds
exhibit IC50 values < 40 p.M In certain other enbodi nents, inventive
conpounds exhibit 1C50 values < 30 uM |In certain other enbodi nents,

i nventive conmpounds exhibit 1C50 values < 20 uM In certain other

enbodi nents, inventive conpounds exhibit 1C50 values < 10 uM In certain

N Y L S - o T NN . ey pem  gpep oA



Exanpl es [00140] The representative exanples which follow are intended to
help illustrate the invention, and are not intended to, nor should they be
const ruedwoapiddimids t he scope of the invention. |ndeed, PCaniSoa9/004235

nodi fications of the invention and nmady further enbodi nents thereof, in
addition.to those shown and descri geéi herei,n,. will becone 20 areq%ll.to t hose
ski | | eBafignanf melanona, gfc,); ip cerfin eroBpdiments, Hie' ipyqndivg SETREHRYS AR BTIYi g ¢ he
exanpl g tWairséht NRAURIOHRLIR26 AG e HSRAIHRMASRS, (Y ifvehti @y odisbunbeare
references to the scientific and patent literature cited herein. It should
f ur t hewsefidl inthe ewitmertdf ntalignantrihelegoma.her wi se i ndi cated, the entire

conten each of the. references,.cited, herein.are.. t rein by
ot er ol 04801 sRAmplCirr GrE RS Ry BpaS e BieSedl B B BRERREE FEraE R o
cont ai fedtiigQahédticonPeibing @balinistefing AmtidrapeutieBrgfdctive amoant elccoppodiadce

whi ch can be adapted to the practice of this invention in its various
enbodi pelermula(d) toresubisgt inaneed thereafe Ar gertairemppdianents, theRaneasils of Exenpl ary
Compou . Lnhi b r iRt f thetic

Vet hodersiopny b R RSP LrELS oG] BlacpE 6lohiabi B cald (0

backgr ukémianfypiphdiiag ungreapdes fimcludéngs dutot Misitedli toisimatl cel ldrdpecanosreantdi ve
conpounds descri bed herein or rel evant internedi ates, ,a? wel | as

i nf or nB@1-sMald celt Bing.¢angerh melanogia angdiny ofhgriskingapgegrs.gpulgiplesyslomanBunds

whi ch , i . V, t (e j Lhiected to
the. oponghE sThmpRbEE ol D pale AR lncert Bl ot Aaest bR T
var i oubladderrpheeryuterdmpcannels keiney caricer, nesticalae sariche swofach @8detd) brainecancerpounds
of thiE i nvention ar}}dagtgei r%reparati on can be understood further by the
exanpl e¥CTtHRBECT 91 R EEE - of the processes by which these conpounds are

prepar ﬁﬂ)l@i}nusﬁié- inldnti¥e lcbmpBufRRir& §isa LSl RANEUBAtmehh &t othdlefifasesatP! s do
not limt the invention. Variations of the invention, now known or further

devel opadliticr hackamsfititomdnhibitfoml df deacetylatiomhactivity e gotiRAE qurld¥AGt i nventi on
as described herein and as. hereinafter . .claiped. [Q0144] Accordi.ng to the

o1 eson UL, FiSH 2= SEOAR IR 8 PR AR P BE T DA R E" 8 pr epar e
t he i NHaRbAMSNAEIERO HiRessed hssoOaRASIith S8 pightdnedion) t hem For exanple, a

vari et mf a variety conbinatorial techniques, parallel synthesis and/or

sol i d HM482] sylncreeinenhedimenss. sheeprapounds gie useBi i sealingindemaRiorpel ow may
be usegic Al 6F ABLLNSLY, B p UL LPRA st he [ nventive compounds may be
prepareé using any of a variety of solution phase synthetic nmethods known
i n t he[@@103] [ 08kéhdinlemboidirherhs; thpporpoaide dreasefid sicthehrdtrhaltofy, t hat a
vari ety of _jnventive conpounds can be synthesized according to the nethods

descr i BedoRRBIAPSISThe starting materials and reagents used in preparing

t hese nd ki ' f@gmw j &g such as

Al dric glrJn' c‘lglt ﬁrﬁ)g%%g{%\é%%%@gﬁm ), ' ac e%]ea()@g?%@glﬁ CS%S Sigma (St.
Loui s, adinisteringaaneamaoweysaareldfob yudetithe dsiswekdssiydoachioveaa gesisdmesudt. drhéi nar y
skill in the art following procedures described in such references gs

P eser CHAPPUEARISY MR, BRTCIDISC: 6 Bk ORI hesBraes: g5 08 ohn
Wl ey rab@BAditiDEWr Mérsﬁziew thels39drity BPdk diS@%e, th¥¥Articular anticancer agent, its
2010/ 011296PCT/ US2009/ 004235 48 Chefi stry of Carbon Conpounds, véls. 1-5

and sumods oEhdrainistratisn,i the desired iputeoirey; and thedike. Or gani ¢ Reacti ons, vol s.

1- 40, Wley and Sqn w York, NY,. 1991: rch 200 vanced Organic
Chen < TOJUSTS; 18555 crPoRimae ahde Sisreht iREpog A, thone ey SIS IRE To00,

Conpr eh@bentV of Hedavintivd campbd &t pHaRGaceNtiEdlicdfpositibh i thhOfAburftefldtive
Preparations, 2" ed. VCH Publishers. These schenes are nerely illustrative

2
of sonforighibisiag degeeftlaseractinigy tosrpHMs and/or RPAG asfivify) bna swbicaber a
synt hegi o] i fi o) S and
b T G e S s R e T
this dieg] HBDWEL, HDAC2, HDAC3, HDAC4, HDAC4, HDACS5, 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



[00146] The starting materials, internedi ates, and conpounds of this
i nvention may be isolated and purified using conventional techniques,
i ncl udi ngwbi2btwatisen, distillation, crystallization, chromaieguapizys and
the like. They may be characterized Wi ng conventional nethods, including

physic constants .and spectr.al, .dat 47] Unl ess qtherw se i ndicated,
rart Slelisk anpunofabceatinn Teuhis ACS iy abisatabre v .as fari poltedBs b y
t hr ough 1¢RPMRL 95%, SYRUEREaSoRY0oSIYone reasonably fam liar with the art.
Descri bed aener ally bel ow, are procedures and general guidance for the

synt heldDE0elf doagrtarm ambadimpatscof the gregem énveintign,aatthérapentisallneestivand speci es

her ei n, A [NHZNH2, MeQH,.. 60C:  h) . NH2OH NaOH; . 0. .60C.

Repr e RPAY T LS FORE PR Tog  Fieoly PhERP RN s TP etbo 48] To
sol ut i goliftkatibnlTBi f2¥drs @54 QIFfiERAParB@At o FddubB ek ts(CE B Pro)iferasveadisiase.

hydr azi ne 150 mpl ) at_ room tenperature. The solution was stirred

4.5, | Tper a . .
at 60 [@01%41 480 pestain emppdimengsofi the presed prveptian av tsmpsubepllyfdfeetiveicuum  The

resul t] j i e j {: id was
(iTer gt obf e Sy Ban B HRER IR b e BGe EDBENES B el eBBUbE) 004235
49 nmL)fot eedueiimg\oe ithibieiag tist ottt of tilioe cekdd and/drl kikingahonedlisgr aphy on a short
silica gel colum elyting with 5% met hanol in nmethylene_chloride afforded

t he rmh(?ﬁh%&lhyf%e%@p RORGRYRIR SR Redimentythe eompungs a{eo@iﬁ@}n teealipenit i on of
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p)léntable 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
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coatings and/or in stent drug delivery devices, inter alia for the prevention of restenosis or
reduction of restenosis rate. Suitable coatings and the general preparation of coated
implantable devices are described in US Patents 6,099,562; 5,886,026; and 5,304,121. The
coatings are typically biocompatible polymeric materials such as a hydrogel polymer,
polymethyldisiloxane, polycaprolactone, polyethylene glycol, polylactic acid, poly(lactic-co-
glycolic acid), polyglycolic acid, ethylene vinyl acetate, and mixtures thereof. The coatings
may optionally be further covered by a suitable topcoat of fluorosilicone, polysaccarides,
polyethylene glycol, phospholipids, or combinations thereof to impart controlled release
characteristics in the composition. A variety of compositions and methods related to stent
coating and/or local stent drug delivery for preventing restenosis are known in the art (see, for
example, U.S. Patents 6,517,889; 6,273,913; 6,258,121; 6,251,136 6,248,127; 6,231,600,
6,203,551; 6,153,252; 6,071,305; 5,891,507; 5,837,313; and published U.S. patent
application US2001/0027340, each of which is incorporated herein by reference in its
entirety). For example, stents may be coated with polymer-drug conjugates by dipping the
stent in polymer-drug solution or spraying the stent with such a solution. In certain
embodiment, suitable materials for the implantable device include biocompatible and
nontoxic materials, and may be chosen from the metals such as nickel-titanium alloys, steel,
or biocompatible polymers, hydrogels, polyurethanes, polyethylenes, ethylenevinyl acetate
copolymers, 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
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Condit to%'i 'f6] It will also be appreciated that certain of the compounds of present invention can
exist in free form for treatment, or where appropriate, as a pharmaceutically acceptable form
thereof. According to the present invention, a pharmaceutically acceptable form includes, but
is not limited to, pharmaceutically acceptable salts, esters, salts of such esters, or a prodrug or
other adduct or derivative of a compound of this invention which upon administration to a
subject in need is capable of providing, directly or indirectly, a compound as otherwise
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
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starch and potato starch; cellulose and its derivatives such as sodium carboxymethy]
cellulose, ethyl cellulose, and cellulose acetate; powdered tragacanth; malt; gelatine; talc;
excipients such as cocoa butter and suppository waxes; oils such as peanut oil, cottonseed oil;
safflower oil, sesame oil; olive oil; corn oil and soybean oil; glycols; such as propylene
glycol; esters such as ethyl oleate and ethyl laurate; agar; buffering agents such as magnesium
hydroxide and aluminum hydroxide; alginic acid; pyrogenfree water; isotonic saline; Ringer’s
solution; ethyl alcohol, and phosphate buffer solutions, as well as other non-toxic compatible
lubricants such as sodium lauryl sulfate and magnesium stearate, as well as coloring agents,
releasing agents, coating agents, sweetening, flavoring and perfuming agents, preservatives
and antioxidants can also be present in the composition, according to the judgment of the
formulator.

[00118] Liquid dosage forms for oral administration include, but are not limited to,
pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups and
elixirs. In addition to the active compounds, the liquid dosage forms may contain inert
diluents commonly used in the art such as, for example, water or other solvents, solubilizing
agents and emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate,
benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, dimethylformamide,
oils (in particular, cottonseed, groundnut, corn, germ, olive, castor, and sesame oils),
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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compositions which can be dissolved or dispersed in sterile water or other sterile injectable
medium prior to use.

[00121] In order to prolong the effect of a drug, it is often desirable to slow the absorption
of the drug from subcutaneous or intramuscular injection. This may be accomplished by the
use of a liquid suspension or crystalline or amorphous material with poor water solubility.
The rate of absorption of the drug then depends upon its rate of dissolution that, in turn, may
depend upon crystal size and crystalline form. Alternatively, delayed absorption of a
parenterally administered drug form is accomplished by dissolving or suspending the drug in
an oil vehicle. Injectable depot forms are made by forming microencapsule matrices of the
drug in biodegradable polymers such as polylactide-polyglycolide. Depending upon the ratio
of drug to polymer and the nature of the particular polymer employed, the rate of drug release
can be controlled. Examples of other biodegradable polymers include (poly(orthoesters) and
poly(anhydrides). Depot injectable formulations are also prepared by entrapping the drug in
liposomes or microemulsions which are compatible with body tissues.

[00122] Compositions for rectal or vaginal administration are preferably suppositories
which can be prepared by mixing the compounds of this invention with suitable non-irritating
excipients or carriers such as cocoa butter, polyethylene glycol or a suppository wax which
are solid at ambient temperature but liquid at body temperature and therefore melt in the
rectum or vaginal cavity and release the active compound.

[00123] Solid dosage forms for oral administration include capsules, tablets, pills,
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
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in a delayed manner. Examples of embedding compositions that can be used include
polymeric substances and waxes. 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 molecular weight polethylene glycols and the like. |
[00125] The active compounds can also be in micro-encapsulated form with one or more
excipients as noted above. The solid dosage forms of tablets, dragees, capsules, pills, and
granules can be prepared with coatings and shells such as enteric coatings, release controlling
coatings and other coatings well known in the pharmaceutical formulating art. In such solid
dosage forms the active compound may be admixed with at least one inert diluent such as
sucrose, lactose and starch. Such dosage forms may also comprise, as in normal practice,
additional substances other than inert diluents, e.g., tableting lubricants and other tableting
aids such as magnesium stearate and microcrystalline cellulose. In the case of capsules,
tablets and pills, the dosage forms 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,
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Pennsylvania, the disclosures of which are incorporated herein by reference in their entireties.
In certain other embodiments, the topical formulations of the invention may comprise
excipients. Any pharmaceutically acceptable excipient known in the art may be used to
prepare the inventive pharmaceutically acceptable topical formulations. Examples of
excipients that can be included in the topical formulations of the invention include, but are
not limited to, preservatives, antioxidants, moisturizers, emollients, buffering agents,
solubilizing agents, other penetration agents, skin protectants, surfactants, and propellants,
and/or additional therapeutic agents used in combination to the inventive compound.
Suitable preservatives include, but are not limited to, alcohols, quaternary amines, organic
acids, parabens, and phenols. Suitable antioxidants include, but are not limited to, ascorbic
acid and its esters, sodium bisulfite, butylated hydroxytoluene, butylated hydroxyanisole,
tocopherols, and chelating agents like EDTA and citric acid. Suitable moisturizers include,
but are not limited to, glycerine, sorbitol, polyethylene glycols, urea, and propylene glycol.
Suitable buffering agents for use with the invention include, but are not limited to, citric,
hydrochloric, and lactic acid buffers. Suitable solubilizing agents include, but are not limited
to, quaternary ammonium chlorides, cyclodextrins, benzyl benzoate, lecithin, and
polysorbates. Suitable skin protectants that can be used in the topical formulations of the
invention include, but are not limited to, vitamin E oil, allatoin, dimethicone, glycerin,
petrolatum, and zinc oxide.

[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,
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penetration agents for use with the invention include, but are not limited to, triglycerides
(e.g., soybean oil), aloe compositions (e.g., aloe-vera gel), ethyl alcohol, isopropyl alcohol,
octolyphenylpolyethylene glycol, oleic acid, polyethylene glycol 400, propylene glycol, N-
decylmethylsulfoxide, fatty acid esters (e.g., isopropyl myristate, methyl laurate, glycerol
monooleate, and propylene glycol monooleate), and N-methyl pyrrolidone.

[00128] In certain embodiments, the compositions may be in the form of ointments, pastes,
creams, lotions, gels, powders, solutions, sprays, inhalants or patches. In certain exemplary V
embodiments, formulations of the compositions according to the invention are creams, which
may further contain saturated or unsaturated fatty acids such as stearic acid, palmitic acid,
oleic acid, palmito-oleic acid, cetyl or oleyl alcohols, stearic acid being particularly preferred.
Creams of the invention may also contain a non-ionic surfactant, for example, polyoxy-40-
stearate. In certain embodiments, the active component is admixed under sterile conditions
with a pharmaceutically acceptable carrier and any needed preservatives or buffers as may be
required. Ophthalmic formulation, eardrops, and eye drops are also contemplated as being
within the scope of this invention. Additionally, the present invention contemplates the use
of transdermal patches, which have the added advantage of providing controlled delivery of a
compound to the body. Such dosage forms are made by dissolving or dispensing the
compound in the proper medium. As discussed above, penetration enhancing agents can also
be used to increase the flux of the compound across the skin. The rate can be controlled by
either 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
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Therapeutics, Tenth Edition, A. Gilman, J.Hardman and L. Limbird, eds., McGraw-Hill
Press, 155-173, 2001, which is incorporated herein by reference in its entirety).

[00130] Furthermore, after formulation with an appropriate pharmaceutically acceptable
excipient in a desired dosage, the pharmaceutical compositions of this invention can be
administered to humans and other animals orally, rectally, parenterally, intracisternally,
intravaginally, intraperitoneally, intravenously, intrarterially, intramuscularly,
subcutaneously, topically (as by powders, ointments, creams or drops), bucally, as an oral or
nasal spray, or the like, depending on the severity of the infection being treated. In certain
embodiments, the inventive compounds is administered orally or intravenously.

[00131] In certain embodiments, the compounds of the invention may be administered at
dosage levels of about 0.001 mg/kg to about 50 mg/kg, from about 0.01 mg/kg to about 25
mg/kg, or from about 0.1 mg/kg to about 10 mg/kg of subject body weight per day, one or
more times a day, to obtain the desired therapeutic effect. It will also be appreciated that
dosages smaller than 0.001 mg/kg or greater than 50 mg/kg (for example 50-100 mg/kg) can
be administered tov a subject.

[00132] It will also be appreciated that the compounds and pharmaceutical compositions
of the present invention can be formulated and employed in combination therapies, that is, the
compounds and pharmaceutical compositions can be formulated with or administered
concurrently with, prior to, or subsequent to, one or more other desired therapeutics or
medical procedures. The particular combination of therapies (therapeutics or procedures) to |
employ in a combination regimen will take into account compatibility of the desired
therapeutics and/or procedures and the desired therapeutic effect to be achieved. It will also
be appreciated that the therapies employed may achieve a 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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alkylating drugs (mechlorethamine, chlorambucil, Cyclophosphamide, Melphalan,
Ifosfamide), antimetabolites (Methotrexate), purine antagonists and pyrimidine antagonists
(6-Mercaptopurine, 5-Fluorouracil, Cytarabile, Gemcitabine), spindle poisons (Vinblastine,
Vincristine, Vinorelbine, Paclitaxel), podophyllotoxins (Etoposide, Irinotecan, Topotecan),
antibiotics (Doxorubicin, Bleomycin, Mitomycin), nitrosoureas (Carmustine, Lomustine),
inorganic ions (Cisplatin, Carboplatin), enzymes (Asparaginase), and hormones (Tamoxifen,
Leuprolide, Flutamide, and Megestrol), to name a few. For a more comprehensive discussion
of updated cancer therapies see, The Merck Manual, Seventeenth Ed. 1999, the entire
contents of which are hereby incorporated by reference. See also the National Cancer
Institute (CNI) website (www.nci.nih.gov) and the Food and Drug Administration (FDA)
website for a list of the FDA approved oncology drugs
(www.fda.gov/cder/cancer/druglistframe).

[00134] In certain embodiments, the pharmaceutical compositions of the present invention
further comprise one or more additional therapeutic agents (e.g., chemotherapeutic and/or
palliative). For example, additional therapeutic agents for conjoint administration or
inclusion in a pharmaceutical cbmposition with a compound of this invention may be an
approved chemotherapeutic agent and/or pallative agent, or it may be any one of a number of
agents undergoing approval in the Food and Drug Administration. For purposes of the
invention, the term “palliative” refers to treatment that is focused on the relief of symptoms
of a disease and/or side effects of a therapeutic regimen, but is not curative. For example,
palliative treatment encompasses painkillers, antinausea medications 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,
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compounds may be used to probe gene expression. In certain embodiments, the inventive
compounds may be used to probe autophagy.

[00137] For example, according to the present invention, the inventive compounds may be
assayed in any of the available assays known in the art for identifying compounds having
antiprotozoal, HDAC inhibitory, hair growth, androgen signalling inhibitory, estogen
singaling inhibitory, autophagy inhibitory, and/or antiproliferative activity. For example, the
assay may be cellular or non-cellular, irn vivo or in vitro, high- or low-throughput format, etc.
[00138] Thus, in one aspect, compounds of this invention which are of particular interest
include those which: exhibit HDAC-inhibitory activity; exhibit HDAC Class I inhbitiory
activity (e.g., HDACI1, HDAC2, HDAC3, HDACS); exhibit HDAC Class II inhibitory
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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Conc. BO0I9HT7D, fchpoitarieréiidby réRRériceReRBibit the ability to inhibit tubulin
deactetylation (TDAC); exhibit the ability to modulate the glucose-sensitive subset of genes
downstream of Ure2p; exhibit cytotoxic or growth inhibitory effect on cancer cell lines
maintained in vitro or in animal studies using a scientifically acceptable cancer cell xenograft
model; and/or exhibit a therapeutic profile (e.g., optimum safety and curative effect) that is
superior to existing chemotherapeutic agents.
[00139] As detailed in the exemplification herein, in assays to determine the ability of
compounds to inhibit cancer cell growth certain inventive compounds may exhibit ICsp
values < 100 uM. In certain other embodiments, inventive compounds exhibit ICso values <
50 uM. In certain other embodiments, inventive compounds exhibit ICso values <40 uM. In
certain other embodiments, inventive compounds exhibit ICsq values <30 uM. In certain
other embodiments, inventive compounds exhibit ICsq values <20 uM. In certain other
embodiments, inventive compounds exhibit ICsg values <10 uM. In certéin other
embodiments, inventive compounds exhibit ICs; values < 7.5 pM. In certain embodiments,
inventive compounds exhibit ICsq values < 5 uM. In certain other embodiments, inventive
compounds exhibit ICsg values < 2.5 uM. In certain embodiments, inventive compounds
exhibit ICso values <1 uM. In certain embodiments, inventive compounds exhibit ICs
values <0.75 uM. In certain embodiments, inventive compounds exhibit ICso 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
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preparing compounds similar to the inventive compounds described herein or relevant
intermediates, as well as information on formulation, uses, and administration of such
compounds which may be of interest.
[00142] Moreover, the practitioner is directed to the specific guidance and examples

‘ provided in this document relating to various exemplary compounds and intermediates

thereof.
[00143] The compounds of this invention and their preparation can be understood further
by the examples that 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,
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Chemistry of Carbon Compounds, vols. 1-5 and supps, Elsevier Science Publishers, 1989;
Organic Reactions, vols. 1-40, John Wiley and Sons, New York, NY, 1991; March 2001,
Advanced Organic Chemistry, 5th ed. John Wiley and Sons, New York, NY; and Larock
1990, Comprehensive Organic Transformations: A Guide to Functional Group Preparations,
2" ed. VCH Publishers. These schemes are merely illustrative of some methods by which
the compounds of this invention can be synthesized, and various modifications to these
schemes can be made and will be suggested to a person of ordinary skill in the art having
regard to this disclosure.

[00146] The starting materials, intermediates, and compounds of this invention may be
isolated and purified using conventional techniques, including filtration, distillation,
crystallization, chromatography, and the like. They may be characterized using conventional
methods, including physical constants and spectral data.

[00147] Unless otherwise indicated, starting materials are either commercially available or
readily accessibly through laboratory synthesis by anyone reasonably familiar with the art.
Described generally below, are procedures and general guidance for the synthesis of

compounds as described generally and in subclasses and species herein.

N
O/ \O\/ O ]
v I
” (CHy)g ”

WT-161
O O O O O O
a) and b) RCHO
HoNL JOH RV N OH
MeO)j\(")glkOMe 2 N%N R N /U\M,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
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mL) to remove excess starting materials. Flash chromatography on a short silica gel column
eluting with 5% methanol in methylene chloride afforded the monomethyl ester
monohydrazide as white solid.

[00149] To a solution of monomethyl ester monohydrazide (91.6 mmol) in methanol (100
mL) was added a solution of sodium hydroxide (14.65 g, 366.3 mmol) in methanol followed
by a solution of hydroxylamine hydrochloride (12.73g, 183.2 mmol) in methanol. The
reaction was stirred at room temperature for 24 hours. Another batch of hydroxylamine
hydrochloride (12.73g, 183.2 mmol) in methanol was added to the reaction to quench the
excess base. The suspension in methanol was heated to reflux before filtration. The solid
was washed with 500mL of hot ethanol. The combined liquid was evaporated under vacuum.

The resulting solid was recrystallized in ethanol twice to afford pure products.

Representative procedure for the coupling of acylhydrazide and aldehydes

[00150] 25 pL of aldehyde solution (0.2 M in DMSO) was added into 25 pL of hydrazide
solution (0.2 M in DMSO). (25 mol % of HOACc is necessary when the aldehydes is basic.)
The mixture was diluted with 450pL. DMSO after heating at 75 °C for 12 hours. The resulting
solution (10 mM) was heated again at 75 °C for 12 hours. The purity of the acylhydrazone

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
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No. BRD0701). Male CD0-1 mice (body weight 23 g to 27 g) were used in this study.
Before the pharmacokinetic studies, animals were randomly assigned to the treatment groups
(3 animals per timepoint). The treatment schedule is shown in Table 1. Ten additional mice
were used to collect plasma for calibration curves.

[00153] Blood samples were collected by retro-orbital puncture at pre-dose and 0.033,
0.083, 0.25,0.5, 1, 2, 3, 4, 6, 7, and 24 hours post-dose, and immediatedly after which the
heart spleen, liver and brain tissues were harvested. All the samples and the dose formulation
were stored at -20 °C until bioanalysis or transportation to sponsor.

[00154] The concentrations of WT-161 in plasma were determined using a high pressure
liquid chromatography/mass spectrometry (LC-MS/MS) method.

[00155] LC-MS/MS Apparatus. The LC system comprised an Aligent liquid
chromatograph equipped with an isocratic pump (1100 series), an autosampler (1100 series)
and a degasser (1100 series). Mass spectrometric analysis was performed using an API3000
(triple quadrupole) instrument from AB Inc (Canada) with an ESI interface. The data
acquisition and control system were created using Analyst 1.4 software from ABI Inc.
Acetonitrile and methanol were HPLC grade. All other solvents and chemicals were
analytical grade or better.

[00156] Pharmacokinetic software DAS 2.0 (Gaosi 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.
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Other parameters.

Dell

Drug name Q1 Q3 ) DP(v) | FP(v) | EP(v) | CE(v) | CXP (v)
time

WT-161 459.2 | 271.2 | 200 ms 80 200 10 36.3 15
Quetiapine 384.2 | 253.2 | 200 ms 50 200 10 31.0 15

[00161]

Preparation of standard stock solution: A stock solution of WT-161 was

prepared by dissolving the drug in methanol to yield a final concentration of 200 pg/mL. An

aliquot of this solution was diluted using methanol to prepare a series of working solutions of

5,2.5,0.5,0.25, 0.05, and 0.025 pg/mL. Six calibration standard samples containing 1000,

500, 100, 50, 10, and 5 ng/mL were obtained by adding 20 pL working solution prepared
above into six Eppendorff tubes containing 100 puL blank plasma. QC samples were prepared
by spiking 100 uL blank plasma with 20 pL. working solutions of 4, 1, and 0.04 pg/mL to

yield final concentration of 800, 200 and 8 ng/mL (see Table II).
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Table II. Preparation of Calibration Standard Solution and QC Samples

Blank Amount (ng) of test W(l)rk.lng . Final Conc.
Sample | plasma | article added (dissolved solution I;mla 1 volumE (ng.mL) in
(uL) in 20pL methanol)* (rf;:l&) of plasma (L) plasma*
Calibration solutions
C-1 100 100 5,000 100 1,000
C-2 100 50 2,500 100 500
C-3 100 10 500 100 100
C-4 100 5 250 100 50
C-5 100 1 50 100 10
C-6 100 0.5 25 100 5
QC Samples
QCH 100 80 4,000 100 800
QCM 100 20 1,000 100 200
QCL 100 0.8 40 100 8
Plasma samples from treated mice
To be
From determined
100 20 uL methanol* 100 from
mouse o .
calibration
curve

*20 pL was counted as extraction solvent, not as plasma.

Note: The QC samples were prepared in duplicate.

[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
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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.
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unbr anched ghet er oar JBLQ- ORc; - Q) Rc; - CBHRR; -CN; -KA&N, - SRc; NARORc;

-SO2Re; - higg3 - N( R@3@06 91NHC( =R 7P" - A&ha Wher pige3e@Ech oceyis ggce of

A 'efo;:‘?@@@?f*ﬁwsgé Y51 00E K03 281 ECUBEE oL, gl ' Pl gy, @
noi ety; gz al kyllt7ﬁ$§6 arill E}ﬁg’gdam no‘i é‘f %?I am n ‘&§
di al kyl am %o, " het er 63 oXy; of8 eroar)l P26 i et

hydr ogen; Hal ogen; 303 c or aé?dl4| c, sub¥3iQluted or148nlslubst|tdtﬂéd45
branched o2 unbrart 3@ al i pha8i7®2 cycli clla00cycl i c9548bsti t ut 6l4dr
unsubsti tutied, brancolgad or unbragghed het gggaal i phat | ¢6.29Ubst i t utgegls or
unsubstituiyed, branehgg or unbrzgry@hed acylg 3ypubstitugg@dgor unsulshgt uted,

branched org unbr anch g7aryl s@ﬂut ed nsubstlt d, bran or

unbr anched jhet er oar CRD - % g@; - SRD; ) ;

- S2RD; - Néz - N( RO) Q. NHC( 0) % V\/nerel ach occuN ence of

RD is i nd9%4=nd9nt Ly }%L(ﬁvdr ogen, Ianr ot ect |Br{rQnr oup, aAal | phat | cNAni et y, a

het er oal i phat ic noiety, an acyl noi ety; WD 2010/ 011296PCT/ US2009/ 004235 57

an ar yBL@i Belpw the hatieofoquantitationet y; al koxy; aryl oxy; allcylthio; arylthio;

am no, SBt ky$Sandard dediagibky| am no, het eroaryl oxy; or heteroarylthio noiety;
NA: Not applicable, or fail to collect samples

Table 4. Selected Pharmacokinetics Parameters of WT-111-161 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.



R5 is hydrogen, hal ogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or
unsubst i twoedio/imached or unbranched heteroaliphatic; ®obatseaaedsor
unsubstituted, branched or unbranchedssacyl; substituted or unsubstituted,
branched or unbranched aryl; substitut ed or unsubstituted, branched or
unbranched heteroaryl; -ORE, -"---CORE, -CO2RE; -CN, -SCN, -SRE;, -SORE;

- SC2REExaNphe 4.- HeR&a1 BiolbbichFAY 3 ProkedurefRE) 3; Wherein each occurrence of
RE is I ndependently a hydrogen, a protecti nmagroup, an aliphatic noiety, a

het er oﬂmllﬁtht i Celhenlawrg ¢ anéﬁrciasjelctr:m ek4yg-Jarka G’talss feciechlY er oar yl
o e ko PR a0 o raioBie R Pl PR ctlshds Bt M et  car 1

accept ?&b&bﬁr@hﬂﬁroftéi@sr edlls were hAEeSleAB Lisbsambsfectisty to claim 1, wherein n
is 4 to 7, inclusive. 3. The conpound according to claim?2, whereln nis 4.

4. The [0dABbundD4Ecassaisn g Hld cetaig-Hcorposaed bﬁSWnHS W§reasolstedﬁ9@1 BiERemd

accordin rdi Qeclaiml,
wnor ei Heneh Befa Sl & G5 hiorBuo pegptly Fos HATRBTEn 3pEE Pl ideely B 1 1
0, 1, 0997398, 9117h9=21()olmﬁmndpla6@¢ta«és ngrd mcatbmcmvilth lwh;eg eimOOO dmn))hlstbnesnr 2.
9. The corrpound of_claiml1, wherein the sune k is . Q 10. The
conpoufRt 3dt 2t 7ailm @D%é‘fté’“ﬁ ‘Y%?edeé‘iiﬂ’é“%bynﬁcuﬁluaélﬂﬂ CR“‘?tglgIOfﬂi‘?Let Yhe conpound

of cla

20101 1 L8RPl b7 535 TE B e PR i Dtkor 81 2 Schflce 1996, 272 48410,

wher ei CoRPpoiinds WEre A &RR] inviDISE) sucREhatsﬁrmbhssey echckntpation®Wvene 1YNDRISD. wher ei n
R ydrogen or ap Q qnal bstituted. al k nd erein R

s hyaloueners eiaEd wibs BRSRAD sibgee. Gt iafpe Yo ans Wibp SindBERS D 1y

Subst' hahg%e;ﬁ §1ra913§ $leniBifDose I@éﬁﬁorﬁ'@%a%@?&k‘nQIMat&%?h@v@&e ahiffediin R2 is

ecorrpoundofcalmz wherein Rg is - is an
opt [ ondulblg,caBELEI:m;ltIKlSOs awt calckldted 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.



15. The conmpound of claim 14, wherein Ris -CH3, -CH2CH3, -CH2CH2CH3, or -
CH(CH3)2. 16. The conpound of claim 12, wherein RBis selected from-NHR",
and wher ewo 2R0/d15296€el ected from -OH, optionally substit eCeasasglon420%
optionally substituted heteroaryl. 15%. The conpound of claim 16, wherein
P. is -OH 18. The conpound of claim 16, wherein R" is an optionally
substituted aryl moiety. 19. The céﬁ]ﬂ%ﬁd of claim 18, wherein the aryl
nmoi et y wWisat of clhifedss.r ucture:  HO 20. The conpound of claim 1, wherein the
conpound is selected fromthe group consisting of: WD

2010/ 011296PCT/ US2009/ 004235 59 0 OH (CH2),

1. A compound of the formula (I):

(R3)m
O
(Ra)x 0
A
p H n
¢y

(Rs)

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

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;



H, (OH2)nOH, and (CH2), whereinnis 4, 5 6, or 7; and
phar maceutically acceptable forns thereof 60 OH (CH2)6 or a
phar macewocaldopimecept abl e f orm t her eof PCT/US2009/004235
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an aryl moiety; a heteroaryl moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino,

dialkylamino, heteroaryloxy; 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(=O)Rg; -CO,RE; -CN; -SCN; -SRg; -SORE; -SO2RE; -NO»;
-N(Rg)2; -NHC(=O)Rg; or -C(Rg)3; 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.

2.

10.

11.

The compound according to claim 1, wherein n is 4 to 7, inclusive.

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

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

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

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

The compound according to claim 1, wherein pis 0, 1, or 2.

The compound according to claim 1, wherein k is 0, 1, or 2.

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

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

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



22. A pharmaceutical conposition conprising a therapeutically effective
anmount of a conpound of claim1, and a pharnaceutically acceptable

exci pi entwo 288/014%i n vitro method of inhibiting a deacecylms@mcinyity,

t he net hod conprising steps of contaci8ing a deacetylase with a conpound of

claim The | vitro nmet od ac ord| tg,. C ein th
Goacet 1-asBhs compunt agtorting§5 s 17 Reri B st Co Rpodisr it § SHekl 23,
wher ei ﬁoﬁlhﬁ)I@%@QFJt(w)?Sv%ér&n'w15‘3}1}1&%éen or4f opﬁbﬁally@uﬁbﬁtﬁ&drﬁ'ﬁ{ﬂ%léﬁjcﬁfddl ng to

claim?23, wherein the deacetylase i s HDAC6 a therapeutlcally
ef f ect whereim Lishydtogen, céMpoamaptionalty a;hstlmtqdaryheomn @r asoptienallly a

medi ca reat subject with a proliferative disorder. 28. The
TRl nel e AR " pbr e ect |

use ac wherein the subject is a mammal 29. The use
according to claim28, wherein the subject is human. 30. The use accordi ng
to claim27, wherein the proliferative disorder is cancer. 31. The use
accor dithg The coampoynd pf claialai whemin RerisiHOQebht i ve di sorder is an
inflammatory di sease. 61 32. The use according to claim27, wherein the
proliferative disorder is a proliferative disorder associ ated with the

skin. 143. TH@mgRndotolaithNg, wherelnaR§1s2OR ' WIRIR iidak bptigiatly ishlestiaited e
di sorder is cutaneous T-cell |ynphoma. 34. The use according to claim 27,
wher ei #k¥laj d medi canent is to be adninistered orall y or intraveneously.

15. The compound of claim 14, wherein R'is —CHj;, -CH,CH3, -CH,CH,CHs;, or —
CH(CHj3),.

16. The compound of claim 12, wherein R® is selected from -NHR’, and wherein R’ is

selected from —OH, optionally substituted aryl, or optionally substituted heteroaryl.
17. The compound of claim 16, wherein R’ is ~OH.

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:
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/ ~ )l\(CHz))L /
N
A
” (CH2)7 ”
OH |

OO
SRS

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

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

(CHy)g

or a pharmaceutically acceptable form thereof.

22. A pharmaceutical composition comprising a therapeutically effective amount of a

compound of claim 1, and a pharmaceutically acceptable excipient.

23.  An in vitro method of inhibiting a deacetylase activity, the method comprising steps of

contacting a deacetylase with a compound of claim 1.

24. The in vitro method according to claim 23, wherein the deacetylase is purified.
25. The in vitro method according to claim 23, wherein the deacetylase is in a cell.
26. The in vitro method according to claim 23, wherein the deacetylase is HDACS6.

27.  Use of a therapeutically effective amount of a compound of claim 1 in the manufacture

of a medicament for treating a subject with a proliferative disorder.

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

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

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

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

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

disorder associated with the skin.

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

lymphoma.

34. The use according to claim 27, wherein said medicament is to be administered orally

or intraveneously.
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