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COVPOUNDS RELATED APPLI CATI ONS This application clainms the priority
of U S. Provisional Application 61/318,315. The content of this prior

appl i cati onghSehiBs@hN i Ncorporated by reference. BACK 2011/0302¢58 Storic
deacetyl ases (fI1DACs) are a class of enzynes that regul ate histone
acetylation and thus regul ate gene expression. |1DAC inhibitors have been
known to induce cell groimh antst, differentiation, and apoptosis in tunor
cell's. They INDOLAs GR: NEIQL I ¥hi Y DRONAMBATE GOMPOLANDS
agents. See, e.g., Ix et at, |I. Med. Chem 2005, 48, 5530-5535; Kiulp et
al., din. Cancer Res, 2006, - : an et Oncl o. 2005, 23,
3912-3922. SUMMARY T s RerAteB AiC ANy A" unexpect ed

di scovery that certain indolyl or indolinyl hydroxamate conpounds are HDAC
i nhi bi tors afdiskaplicapen dmmsalm privaicef U ScProvisiopal Affplisation|6il $ 1RV &nThon

rel at es e hridap REIRL] QYL HLBKARL 6, FQUBRUNdS and their use in
cancer treatnent. I'n one "aspect, Is”1nvention .Features an indolyl
or indolinyl hydroxamate conpound of formula (1): 1In this fornula, a
single bond or a double bond; n iglekbring R4 is H alkyl optionally
substituted with aryl or heteroaryl, al kenyllv, al kynyl, aryl, het:etc/aryl,
cycl oal kyl , tysongaickashydses GEIACDeyed dadsley bnzyhes thetrydhte Alskewyaketyl@igrdida, or

SQ2Ra, i i i . - [ | kynyl nyl, hete,roaryl,
cycl oal ﬁ%s%g/% %%éllb I%!é%;e/%s!dnhe I%)f(%(i:n;;lc l%égﬁr%yf P&S lr%ﬂéé'll & %(%Cce I nglgﬁogﬁb Iafre%’nd each
of R2, Rbferentidtid®6 and medptweindetuirloy celis, They havekiyls attalcled pydat atteinkynys potcik yiti-

het eroaryl , cycl oal kyl, -cyclo Y, h I ocy. vyl . hel ergcycl oat kenyl ,
nal o _oyiey: Sfier §ee b LU0 Il iem R AE S5 St kgt bl ot
C(0) Rb, Rek20bb, 203 INReR0G; aNERGEOI-2CHY. CtnCORYNRLDONHG( §)12Qd268H C(0) NI CR i,
S2NR, R4, OC(0)Rb, C(O)Rh, C(0)011,b, C(0)NRcRd, NI CRd,

NHC( 0) R1, , NHC(0) NRRd, or NEIC(S)R' in which each of Rh, IC, and Rd,

i ndependently, is 11, hydroxy, al koSYMMARYOXY, heteroaryl oxy, alkyl,

al kenyl, al kyrtyl, aryl., heteroaryl, cycloalk cycl o nyl,, ..

het er ocyet oa?L 135/?}}")63?'0"%/{3?@6@89@\edlgfl’/’fgéﬁve{ﬁls%v(ﬁ')%h@rfe%mF@OE'EQ%/L’(‘},CI"]&}YII east one
of R2, R3droRbpat@singstndsarEHPAICNEbNbElakdd hiNHGOEht Srebde XDV, TR, this

NFI C(0) - CH=CH- 01: OQ‘RA% or, R4 is CHC(0) Rb, CH=CH C(0) NR, Rd,

NHC( 0) - tﬂ%e’éftqn-fé%t?f ndefyl qifsadny 2ppiG CRIRAPUNAS ARl (hEE HSeRR cprechiTeAtmeTRy | s
CH=CH- C( 0) NHR one aspect, €in$&RR8 tealred zﬁﬁn@&v\%}{ﬁi&f@ﬁﬁﬂ}ﬂl@ﬁﬁxhﬁgﬁ"cbfrgxegfnd'o@d0| I nyt
hydr oxamat e conpounds i ncl udes those in ichlti 1s CH CH C(0)Rb,

CH=CH cfoladhi h NHC( 0) - CH=CH C(0) Rb, or NTI C(0) - CH=CH C(0) NR, Rd. I n t hese
conpounds, R4 can be C(0)1\11011, CH Gkt C(0)O0H, CH=CH C(0) NHOH,

NHC( 0) - CH=CH- C(0) OH, or NEI C(0)-CH=CH {0) Nd&4 Ri can be SO2R., 1C being
aryl or heteroaryl (e.g., phenylRgpti of substituted with hal o,

hydr oxyl , al koxyl, am no, cyano, or , \gr at |east one of R2, R2., RS,
and R6 can be CH=CH C(0) NR Rd, NFI MH=C C(0) 1t b, or

NHC( 0) - CH=CH- C(0)NR, I C (e.g., CHgEF € ON

NHC( 0) - CH CH- C( 0) NHOH) .

D).

In this formula, --— is a single bond or a double bond; n is 0, 1, or 2; R, is H, alkyl optionally

substituted with aryl or heteroaryl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, C(O)R,, or SOzR,, in which R, is H, alkyl, alkenyl, alkynyl,
aryl, heteroaryl, cycloalkyl, cycloalkenyl, heterocycloalkyl, or heterocycloalkenyl; and each of R,
R3, R4, Rs, and Rg, independently is, H, alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, heterocycloalkenyl, halo, cyano, nitro, ORs, SR, S(O)Rp, CH=CH-
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Anot her subset of the above-described indolyl or indotiayl hydroxamate
conpounds includes those in which at |east one of R2, R3, R5, and R6 is
CH=CH C(0) NRAt, NHC(0)- CH=CH C(O)Rt" or NEC(0)-CH CH C(O0)NR, Rd. In these
conpounds, wif 20hfrgd0one of R2, 113, R5, and R can be Q)odEEH,

NHC( 0) - CH:CH-C(O)OH or MC(O) CH CH C(O)NTIOH Rl can be SO2R,a, R being
aryl or beteroaryt (e.g., phenyl optionally substituted with hal o,

the abo ot Red Yot NBIR N BR b P hod Rl eSS ONE el udes

those i soymm cﬁ%tgomb %@@Emh@(@l)drg (33 med R RENHO@)B, NHGOIRR e ophenyl

optional | P/(substl uted Wt roxyl, al koxyl am no, cyano, or

intro. C(S)RyHa vthighrpachaofiB Re, ped B« 3114696‘1&16‘@1}19 iyt dory.iongradombnoval ent
hyd
yadr Ocaﬁagé rﬁpﬂyﬁgaa'ﬂgjfl Qﬂieﬁwgl%l Sagﬁeﬁe\%réﬁ'yls Eli ey, Ly &BalkaLR, %te%c%%ali(ﬁf

Cl- C10) but afe not I'imted to
n- pr opybr, hﬁtdmnyyloalkén}bmyllwheaﬂidlstsmwtleaﬂfh)ee DéRnRé,dlsk@rn%/Ré ISICéT:é‘rPk to a

straigh a I at ons
e o - RIRyeR AR TR iy RE RS CR LN IR, & RS ERHRAE Ber ™ but
ar e not ClOYR,} €d=CH-C(eH) KRRl NHE(OpERyCH-GIO0)RL,,or ME(O)%(H&Q@WRCRIMM erm
"alk.ynyl" refer Q st.raj branched nonoval ent hydrocar bon

cont ai n%’hﬂlélﬁﬁwi%%ﬂ}ébm@él}g{‘ C2-C10) and one or nore triple bonds.
Exanpl es of @feﬁulbsetM\QhaQawel&mw’ﬁﬁws&%a&&groﬁ;ﬁﬁoxaﬂ@tmﬁmom iRdlgdcl ot

| d th 1- I b |- 2-b I
The ¢ or HowsrRt Ly s B OG- PR OB R BB E U B My
i ncl udenpRYb) -@h&cﬁpt:(é)m Rﬁqntt&se B&h AR, RS LAOKYC(OINPIIROH-CHIRDIOROXY |

n- but oxy, 1so0- buto sec- buto é, and tert-but ox The term "anmino” refers

to NH2, CHFYI- ﬁeﬁ)h%l B NRE(ED £ ToH-CARMOH ep i HE( Ry Hing HEB(DNHENE Ry sambe al ky !
di cal |
Cyc oal RO R b f3 Kyl B8 &) ponf® ROy PookUIM w it KAL AR el

The t er amihoygyanalok yitrd);roe helesst bue &f RyoRoRal amdRssan by @HetHRGENDERaRH NHG(D&rg

R B O L A N e

cyctohe@m))omoﬂmb¢wm6€0)mﬂpheptyI eyel ooctyl, and adamantyl. The

term"cyclo to l.ent .n hydr ocar bon ring
syst em havi n‘é" ‘?:rc?u'%‘gﬁt %fféﬁeb%’ﬁ £ 618%8 edof‘go%loé)m‘&ﬁaﬁ gl%é?m%rcg W9F e bonds.
Exanpl emcluged tﬁdﬁ it Yol cape R oys of Ky RL, qn;amlrg@ is Cmmfpgzcﬂ)mmﬂz e~IH(I:(0)II'he term

heteroc cI oaLk refers to a n_?:gova ent _nonaromati e ? menber.e
monocycf Rw@%%@)&%ﬁﬂ Bt Rs 1 mBrenpar s @yonF et £ R Byst em
havi ng an@@tﬁ%ﬁ e @ﬁtmﬁ 1(1151@(@) @8=6H- a,O)éﬂ BF Nﬁe:)@) Exa0®i-ef0)8HOH.
het er oc cI oaI Kk groups include, but are not I'imted pi per azi nyl,

pyrrol i i pApibe ZB\xéﬁwplngﬁﬁﬂpmﬂt@'rﬁWl (&l Phesyl apRlyY E}%bé‘iﬁ%ﬂted Withiha{tar m
hetcm:?{ g}gjé;kﬂzlx&reg R gl L oval ent nonaromatic .5-8 nenbered

nonocyc ere , or 11-14 menbered tri cyclic ring system
havi ng one oftilhanothet s@s@ro(ﬁ&te@heve(@&mbedsn@lyqurm@ohmﬂ hg&pxaprde emepoondsor e
doubl e boﬁ'lgest os¢ in h1cllﬁ{1 is R a{l{ga s a l%{*ﬁ EL%a 1 c%}{%l %ny?o erf)p

nonocyc -‘carbon bi'cyc ? car Tricyclit aromatrc I'ng system
Exarrpl embeﬁtuathhgram,lbﬁdrox;GJ alicbexy1, bmﬁnoac;eunu,cm nhtrcr ni t ed to phenyl, napht hyI

and ant hrac . £ ro rs toa ent _aromati.c 5-8
monbor eq monb/ET St e o by mopg i AR Ron S e oo
ring sysﬂt@mi&&tﬂtm IQOQalfbbn anhe (hel er OﬁDOHﬁarﬁ}SbKt(kf atis/1 thelulle, bRt ar@moSEhited
Exanpks of het eroaryl groups incl ude

d
i rni dazt Pethybethyl piraeydl rroryhyr bulylai- r I 4% t@ﬂat )i-lh?]tﬁﬂﬁofﬂtkﬁ‘w” referigIai |
t et r azoltyaighdr tHh AR h%hovalent h?ldrocarbonaelokﬁﬁﬂﬂg 2-a0 kol atosy (@ at kg !o) and one

het er ocycl oal kyl , cycl oal ken eterocgcloalken am no, aryl,

het er oa@WOfﬁéﬁvbléh@disaﬁéwlpmﬁ alferay b Hde Gpsare aeftliseited el eﬁw&ﬂb@ppwi &llyl,
oI et i egq PPY a&kﬁylsqh§£arff1 Qjﬂwoféfer mmml%@: Y6l ahdeyd moH@JafernPW(ﬁM%?dolﬁyl
cycloakenyl et erocycl oal kenyl", ary ereroaryt 1nclude,” but are not
i ni t edcdneainiai 22D\ damhbk ploms G2 CCO-Cad) keheric, or@mrmlabmﬂﬁy}ixan@em@lkynyl
C3-C, 0 cycl oal kenyl, Cl1-C20 heterocycl oal kyl, C -C20 heterocycl oal kenyl ,
Cl - Cm al koxy, aryl., aryloxy, heteroarylxy, am no, Cl-Cu, alkylam no,
aryht m no, hydroxy, halo, oxo (0-), thioxo (5=), thio, silyl, Cl-.0

al kylthio, ar2,4thio, Cl-00 al kvl sul fonyl, arylsulfonyl, acylam no,

am ttoacvl, am nothioacyl, am dino, nercapto, am do, thioureido,

t hi ocyanato, WD 2911/126821PCT/US20111030263 sul f onam de, guani di ne,
urei do, cyan, nitro, acyl, thioacyl, acyloxy, carbam do, carbam
(-C(0)ML2), carboxyl (-COOET), and carboxylic ester. On the other hand,
possi bl e substiiients on al kenyl, or allcynyl include all of the



I n anot her aspect, this invention relates to a nethod for inhibiting HDAC
activity by contacting a cell with an effective amount of an Mdlyl or
i ndol i nyl hydroxamate conpound descri bed above. In yet anot her

aspect, this,l jon relates to a method for treating cancer b
adninisterfﬁgzg%ﬁgﬁghbject in need thereof an effectlvepgﬂﬂﬁﬁ?”%¥mﬁn

i ndol yt or indolinyl hydmkamate conpound descri bed above. Al'so within
the scope of this invention is a pharnmaceutical conposition containing one
or nor e ipfludehbutabone liétsd to, bbunyil.ndpoyynybrl - artidbitynyl) aﬂdyldmobhah%etynﬂn?maﬂds
for use n 4 ) (N | [ rapeut ic.use and.use of the
compound et GHERHREERNRC 0 A1 Mikcal Bkl o MR AR R R Ge Bt 8
The det andtloxgf ethony, Dprapoxg iptopdiyyartusoxgf isd-betoky)senbitony, andtetefutdxgr tici n

t he description,bel ow. her features, objects, and advantages of the
nvent | b 4SSN YRR SlRb o o AN  HETE SR (0 -
2011/ 126821 RAtaUSMN 036203, alkyl, alkenyl, alkynyl, cycloalkyl, cycloaldefsJIAl LED

| nds described herein: frofro\r
e g IOH el ot 21,8, x5! o h oy

The term “cycloalkyl” refers to a monovalent saturated hydrocarbon ring system having 3 to

30 carbon atoms (e.g., C3-C12). Examples of cycloalkyl include, but are not limited to, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, 1,4-cyclohexylene, cycloheptyl, cyclooctyl, and adamantyl.
The term “cycloalkenyl” refers to a monovalent non-aromatic hydrocarbon ring system having 3 to
30 carbons (e.g., C3-C12) and one or more double bonds. Examples include cyclopentenyl,
cyclohexenyl, and cycloheptenyl. The term "heterocycloalkyl” refers to a monovalent nonaromatic
5-8 membered monocyclic, 8-12 membered bicyclic, or 11-14 membered tricyclic ring system
having one or more heteroatoms (such as O, N, S, or S¢). Examples of heterocycloalkyl groups
include, but are not limited to, piperazinyl, pyrrolidinyl, dioxanyl, morpholinyl, and
tetrahydrofuranyl. The term "heterocycloalkenyl” refers to a monovalent nonaromatic 5-8
membered monocyclic, 8-12 membered bicyclic, or 11-14 membered tricyclic ring system having
one or more heteroatoms (such as O, N, S, or Se) and one or more double bonds.

The term “aryl” refers to a monovalent 6-carbon monocyclic, 10-carbon bicyclic, 14-carbon
tricyclic aromatic ring system. Examples of aryl groups include, but are not limited to, phenyl,
naphthyl, and anthracenyl. The term “heteroaryl” refers to a monovalent aromatic 5-8 membered
monocyclic, 8-12 membered bicyclic, or 11-14 membered tricyclic ring system having one or more
heteroatoms (such as O, N, S, or S¢). Examples of heteroaryl groups include pyridyl, furyl,
imidazolyl, benzimidazolyl, pyrimidinyl, thienyl, quinolinyl, indolyl, tetrazol, and thiazolyl.

Alkyl, atkenyl, alkynyl, cycloalkyl, heterocycloalkyl, cycloalkenyl, heterocycloalkenyl,
amino, aryl, and heteroaryl mentioned above include both substituted and unsubstituted moieties.
Possible substituents on amino, cycloalkyl, heterocycloalkyl, cycloalkenyl, heterocycloalkenyl, aryl,
and heteroaryl include, but are not limited to, C,-Cyg alkyl, C,-Ci alkenyl, C,-Cy alkynyl, C3-Cyg
cycloalkyl, C3-Cz cycloalkenyl, Ci-Cy heterocycloalkyl, Ci-Cao heterocycloalkenyl, C;-Co alkoxy,
aryl, aryloxy, heteroaryl, heteroaryloxy, amino, C;-Cyo alkylamino, arylamino, hydroxy, halo, oxo
(0=), thioxo (8=), thio, silyl, C{-Cy alkylthio, arylthio, C;-Co alkylsulfonyl, arylsulfonyl,

acylamino, aminoacyl, aminothioacyl, amidino, mercapto, amido, thioureido, thiocyanato,
3



02t S Conpound 10Conpound 11Conpound 12 WD 201)1261P1 P11, 03026. 3
Compound 13 Conpound 14 ' 1, HOHN 02\ S- Conmpound 15Conpound 16

WO 2011/126821 PCT/US2011/030263

sulfonamido, guanidine, ureido, cyano, nitro, acyl, thioacyl, acyloxy, carbamido, carbamyl
(-C(O)NH,), carboxyl (-COOH), and carboxylic ester. On the other hand, possible substituents on
alkyl, alkenyl, or alkynyl include all of the above-recited substituents except C,-Cyg alkyl.
Cycloalkyl, cycloalkenyl, heterocycloalkyl, heterocycloalkenyl, aryl, and heteroaryl can also be
fused with each other.

The indolyl or indolinyl hydroxamate compounds described herein include the compounds
themselves, as well as their salts, their solvates, and their prodrugs, if applicable. A salt, for
example, can be formed between an anion and a positively charged group (e.g., amino) on an
indolyl or indolinyl hydroxamate compound. Suitable anions include chloride, bromide, iodide,
sulfate, bisulfate, sulfamate, nitrate, phosphate, citrate, methanesulfonate, trifluoroacetate,
glutamate, glucuronate, glutarate, malate, maleate, succinate, fumarate, tartrate, tosylate, salicylate,
lactate, naphthalenesulfonate, and acetate. Likewise, a salt can also be formed between a cation and
a negatively charged group (e.g., carboxylate) on an indolyl or indolinyl hydroxamate compound.
Suitable cations include sodium ion, potassium ion, magnesium ion, calcium ion, and an ammonium
cation such as tetramethylammonium ion. The indolyl or indolinyl hydroxamate compounds also
include those salts containing quaternary nitrogen atoms. Examples of prodrugs include esters and
other pharmaceutically acceptable derivatives, which, upon administration to a subject, are capable
of providing active indolyl or indolinyl hydroxamate compounds.

In another aspect, this invention relates to a method for inhibiting HDAC activity by
contacting a cell with an effective amount of an indoly! or indolinyl hydroxamate compound
described above.

In yet another aspect, this invention relates to a method for treating cancer by administering
to a subject in need thereof an effective amount of an indolyl or indolinyl hydroxamate compound
described above.

Also within the scope of this invention is a pharmaceutical composition containing one or
more of the above-described indolyl or indolinyl hydroxamate compounds for use in treating caner,
as well as this therapeutic use and use of the compounds for the manufacture of a medicament for
treating cancer.

The details of one or more embodiments of the invention are set forth in the description
below. Other features, objects, and advantages of the invention will be apparent from the

description and the claims.



i nd 20Conpound 21Conp() 22 WD 2011;126821PCUUS2011/ 030263 Conpound
28Conpound 29 The indolyl or indolinyl hydroxanmate conpounds

descri bed herein earl be prepared by conventional chem cal transformations
(including protecting group methodol ogies), e.g., those described in R

Lar ocl c, FUNEH8 e Organic Transformations, Val PubPGEHB0E/Ea80): T. W
Greene and P.CI.M Wits, Protective Goups in Oganic Synthesis. 314 Ed.,
John Wley and Sons (1999); L. Fieser and M Fieser, Reser and Fieser is
Reagents for Organi c Synt hesi DETOILENVDESCRARTIONNS (1994); and L.
Paquette, ed Encycl opedi a gre Reagents f.or O ganic Synthesis, John WIey
and Sons (195?‘;‘3“"5@%‘“@6 SEEMRRY SopPp éieﬁcﬁg?de}befan' An indolyl or

i ndol i nyt hydpoxamat e conpound thus synthesized ca@ be further purified by

flash col unm ghsgmat ogr aphy, hi gh performance i ﬂ] d r opat ogr aphy,
crystal | HRHNT ony” ot awy ot heoHs T teBRe—Ret hod§OHNAD~Z \
2011/ 126821 PCPUS 030263 The | or indolinyl hy e conpounds

ment i oned herein ey \conpain a non > arfnmatjc doubi e bond ang one nor e
asymmetric centers. D@vey can occur cemat es and racém tures,
singl e enantioners, indi ual di astereone di asterconeri e m xt s, and
cis- or transs iso ic forms. Al] such.,soneric forns are contenpl ated.

Al so within tHEOEK i of this i nf8APPE %are (1) a p#?g}pﬂﬁ%%ti cal
conposition t&at contains an effective anount of at |east one of the

i ndol y1 or ingolinyi hydroxamate conmpounds of? this invention and a

phar maceypyygaNhyZacceptall e carrier, anq_lél_m s _pethed faor treating cancer
by adm nistering t ubj ect in need of ef fecti ve anount

of such an indolyi N dolittyl hydroxamate conpowugdn As used
herein, the term "treatQRg- ers to admnistering . I\gg@ indoiitiyl
hydr oxamat e conpound to a sk sebchhat has cancer, or has omof or a

predi sposi tion d¢evausidt, W th the purpose to curgomp&ﬁh@ al't€vi at e,
relieve, alter,renmedy, aneliorate, inprove, affect, or reduce the risk of

t he di sorder,ot he synptons of or the predispggpsition toward the cancer. The
term"an effe@gtive anount” refers to the a nt _of fhe active agent that is
requi r ed HpHNEO -3t ended t her apetidti” efFecC e subj ect.

Ef f ecti ve anounts ary, as recogni zed by thos } li{ed in the art,
dependi ng on route of adii ni stration, excipient usage,_and e possibility
of co-usage with other Qger Cancer that can be treaﬁ@d*@ﬂe nmet hods of
the invention includes both\hgemaeg ogical tunmours of vari oNgians.

Exanpl us of sol icdmbtuias i ncl ude pancreati ccancerCoprbg@er cancer,

col orectal cancer; breast cancer, including netastatic breast cancer;
prostate cancerg including androgen-dependent and androgen-independent
prostate cancer|| renal cancer, including, e.@, netastatic renal cell

car ci noma; Hivepat ancer; lung cancerl_ including, e, g, non-small
cell lung cancer (NS onchi ol oal veifPiEN" ¢ ] BAC), and

adert ocarci noma of the’lu ovari an cancer, includipgi~¢. 9., progressive
epithelial or primary per@ cancer; cervical cancer) gastyic cancer;
esophageal cancer; head and n axaegr, including, e.g. us cell
carci noma of the head and neck; \nel anoma; neuroendocrine cahe€fr, including
met astati c neune Oiuﬁtpaturmrsp%ain tunors, including, e.g., gliotrut,
anapl asti c ol i godendroglioma, adult glioblastoma nu?ntqﬁof‘g??re and adul t

and soft tissue garcoma. Exanpl es of
chronic

L), PPRET ud E1 & at e@H
astic | eukem a &) chronic |ynp

(H non- Hodgki n' s nphoma (NEI L), in¢| udiiag
cell 1ynmpho cell. | yrrphoma;O?P- @

Compound 10 Compound 11 Compound 12

nyel ogeRowus!”| ewk

(CML-BP); acute ly
(CLL); Hodgkin's diSeas
follicular |ynmphoma ang
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W 2 R 6 21PC1711S2011/030263 | ynphoma; nultiple nyeloma (MV;

Wal denstrom s nacrogl obul i nem a; nyel odyspl asti ¢ syndrones (MDS), including

refractory anema (RA), refractory anemia with ringed siderblasts (PARS)

(refractory anem a with excess blasts (RAEB), and RAEB in transformation

(RALB-T) ; gvﬁh’"ﬁl’;'élﬁ‘gbr oliferative syndrones. To pr&d{YRE1ORBS et hod of

this invention, the above--described pharnaceutical conposition can be

adm nistered orally, parenterally, by inhalation spray, topically,

rectally, nasaldy, buccally, vainnally or viaQan inplanted reservoir. The

term"parcnterg|"” as used herein include 1belut anequs, _int r aeut aneous,

i nt r avenousQHmM Nt sCOhar\ I ntraarticul arf i ntrasynovi al ,

i ntrastemal , i ntrat hé i/ntral esional, and intracha#ralN i nj ection or

i nfusi on techni ques. NA sterile i nj ectable conpositgb S e&g., a.

sterile injectabl e aqueou®So eagi nous suspensi on, can be @n-. at ed

according to techni ques knownli g TRE€Hart using suitable di spérsing or

wetting agents (Eg%(x%§1§meen 80) and suspendi ng aQﬁﬂ%§Uth sterile

i njectable preparation can also be a. sterile injectable solution or

suspension in a non-toxic parenterally acceptable diluent or solvent, for

exanple, as a solution in 1, 3-butanediol. AronQ the acceptabl e vehicles and

sol vents t hat n he | oyed are mannitol, watler i nger' s solution and

i sot oni ¢ JHHNImM 0 soj ufion. In addHoHdn, 6t fixed oils are

conventionally enplo a solvent or suspendi ng nedix e.g., synthetic

nono- or diglyccrides). Fatty agjds, such as oleic acid 6@9 i gl yceri de
asgii;

derivatives are useful in gpar ation of injectahles, nat ur a
phar maceuti cal | y-accept abl e o€, 8Feh as olive oil or castor NHz cially
in their pol yoxyetéwpaheds ver sions. These oil sol utic@poodd suspensi ons can
al so contain a |l ong-chain al cohol diluent or dispersant, or carboxynethyl
cellulose or simlar dispersing agents. Qther comonly used Surfactants
such as Turegns or Spans or other similar enulsifying agents“™QL-NHOH

bi oavail abi | j|ty enhancers which are cpmmonly used in. the manyfacture of
phar macegHNCaMy acceptabl e sol i doyhi Ot dixen ot her dosage fTeirMs can al so
be used for the p pses/ of forrrulation A conpgsiktin for oral

adni ni stration can be afy o al |y accept abfe dpsage fo né‘uding, but not
limted to, capsules, Va ﬂiﬁ; enul si ons an@:agyeoclls swsSpehisi ons,

di spersions and sol uti ons. W theCldase of tabl et\s Jor oralotse arriers

that are comonly used incIu--CIactose and corn starch. Lubride g agents,
such as nmagne &#qhséipnne, ar®'% so typicall%gadded. For oral
admi ni strati oRo1n apsul e form usef ulCPBPPHENEs i ncl ude YHWCYLLand dri ed

corn starch. Wien aqueous suspensions or enulsions are adm nistered orally,

the active ingredient can be suspended or dissolved in an_Qily phase
combi ned with enul iy, or suspeddigd agents. If desi rce tain
sweet eni pgkNS | ! coloring agents can be added. “Asasal aerosol or

i nhal ati on, np N an prepares according WO 201111 ?2 uS20
11/ 030763 t o @echni ques own in e art of pharnacedtica
formul ati on. An indolyl or ['inyl arat e conmpoungd-contain

conposition can al so be adm ni stered he/f aun of HGMIPPOXI tori es for

rectal adm nistration. The carrier k?éth har maceuti cal conposition
must be "acceptable" in the sense conpati bl’e the active ingredient or
t he fornulgtion %g&d preferably, capable of st lizing_ it) and not

del et eri ouS°T&YHEY subj ect to be tredtBWOUTHE or nore sBPUMUNE 22 ng agents

(e.g., cyclodextrins) which formnore sol uble conplexes with the active

i ndolyi or indolinyl hydroxamate conmpounds can be utilized as
pharmaceutical carriers for delivery of the active conpounds. Exanpl es of
other carriers include colloidal silicon dioxide, magnesium stearate,
sodium |l auryt sulfate, and D&C Yellow ti 10. Suitable in vitro assays
can be used to prelimnarily evaluate the 4ficacy of the indolyl or

i ndol i nyt hydroxamate conmpounds in anticancer activities such as inhibiting
growth of tunor cells. The conpounds cah further be exanm ned for their
efficacy in treating cancer. For exanple, a conpound can be admnistered to
an, animal (e, g., a nouse nodel) having cancer and its therapeutic effects
are then assessed. Based on the results, an appropriate dosage range and
adm ni stration route can al so be determ ned. Wt hout further

el aboration, it is believed that the above description has adequately
enabl ed the present invention. The follow ng exanples are, therefore, to be
construed as nerely illustrative, and not litnitative of the remainder of
the disclosure in any way whatsoever. Al of the publications cited herein



R - Cl1-12-Ph (Compound 2) ti OA),rky-S us. N3 WD 201 26821Pel | 011, 030263
Compound 1 was synthesized via the route as shown in Schene 1 above
(reagents and conditions: a) benzyl chloride or benzenesul fonyi chloride,
t-BuOK, OVF; b) 1M LiOH(aq), dioxane; c) (1) NH2OTHP, PyBOP, NEt3, OW rt;
(ii) TEA NEQM11/4236§21 1- Benzenesul | onyl - 111-i ndol RGE€RPIARYA63 c aci d
met hyl ester (2): After a suspension of nethyl indol e-5-earboxylate (1)
(0.30 g, 1.71 nmmol ), TBAHS (0.19 g, 0.26 notel) and KOH (0.19 g, 3.42 mane
in CH Cl2 (15 nth) was stirred for 20 m enzenesul fonyl chloride (032
nil, 2. 8t) was added. The reactigi;ggxture v,as stimd oom
tenperature verni ght before it was @ d with water and e ted with
CH2C12 (20 niyx 3). The comnbi ned org. ic layer vas dried qy ahhydr ous

) pw resi due.
i NdOHA- 5-gar Jig i@ aci dHOBN: [#T 1 RUEOoUS
sol ution (3. nmol ) ¥s added taja solution of ¢ I n di oxane (15
rith). The m xturedwas stir@ed at 40 | T overni ght and then was concentrated
under r ey ssure. The residue was dj.ssolved in ter
concentratg@ lI’-@lz%was added into the%SBPUR d%n to reachémﬂﬁ %”f’%o gl ve a
precipitation, which was dried under vacuumto afford 3 (0.38 g) as a white

solid, yield 749% ILI (500MHz, CD30D): 6683 (d, "7- 3.70 Hz, IH),
7.51-7.54 (m 2H), 7.60 (tn, 111), 7.75 (d, J= 3.72 Hz, lif), 7.95 (d,
= 7.63 Hz, 211), 7.9%®

J-- 8.83, 1.4%)Eh, 1H), 8.03 (d,]= 8.86 Hz,

111), 8,25 (d, F&, 1H) . H

. 1-Benzenesul f HAdol e- 5- car hoxyhdgyacdAye ’ & (Conpound I):
NH2OTHP (0.08 g, 0. 79 mmol ) was added to a solyti P (0.18 g, 0.60
mol ), PyBOP (0.33 g, 0.63 mmol), and trlethylan1ne 080 nl, 1.43 mmo1l) in
DVF (1.5 rni.).["The reaction m xture was stirred at r oo ‘ drature for 2
h before iﬁo i 15

The conbi ned organic | ayer was dried over anhydrous MySO4 and concentrat ed
under reduced pre%8rRaued 26 he resi due was puri fredapd3i|ica gel

chromat ography (CH2C17: CH3OH = 30 : 1 : 1%\H30,3)) to give a white solid,

i dwth TFA (1.70 m, 22.89 tytnol) in the presence of CH3CH
(31 ME). The rep i i overnlght at room tenperature
before it was cope® N'ated under reducgg-pre give a white residue.
The residue was rl|ec § : !zed with CH3011 to & onpound 1(0.10 g), |

NMt (500MHz, CRB00 J= 3.65 Hz, 1H)N7,29-7.52 (m 2H),

7.59-7.62 (m 7. %Hs 1H), 735 (d"/ = 3.0 .( 01-1), 7.93 (d,

| = 7.52 HzHoRN100 734 7 97 (rn F), 8.04 (d,8. 53 F& I |RMS (ElI) for
C15. 11{ 2N20. 4S (M tlliz} 316. 0518; found, ¢ n Exanple 2: Synthesis
of 1-benzyl-1Hin Qﬂ? gl rboxylic acid hydroxyaﬁld ?Cbnpound 4 LI

The indolyl or indolinyl hydroxamate compounds described herein can be prepared by
conventional chemical transformations (including protecting group methodologies), e.g., those
described in R. Larock, Comprehensive Organic Transformations, VCH Publishers (1989); T.W.
Greene and P.G.M. Wuts, Protective Groups in Organic Synthesis, 3 Ed., John Wiley and Sons
(1999); L. Fieser and M. Fieser, Fieser and Fieser’s Reagents for Organic Synthesis, John Wiley
and Sons (1994); and L. Paquette, ed., Encyclopedia of Reagents for Organic Synthesis, John Wiley
and Sons (1995) and subsequent editions thereof.

An indolyl or indolinyl hydroxamate compound thus synthesized can be further purified by
flash column chromatography, high performance liquid chromatography, crystallization, or any

other suitable methods.



WO 2011/ 126821PCT/ US2011/ 030263 Conpound 2 was prepared in a manner simlar
to that described in Exarrpl e MR (500MHz, CD30D): a 5.40 (s, 2H),
660(d j- 3.1 Hz, 7.11 (d, ;ft- 7.2 Hz, 210, 7.21-7.28 (m 314),

7. 36- é”%mﬁz%ﬁﬂ 7 50 (dd, J- 8.5, 1.7 Hz, 1H), 8.QR. b duaf 2. 055

111). 266. HRNB (El') for Cl6HL41\ 1202 (M)

found, 266 1057. Exanple 3: Synthesis of 3-(dol-5-yl)-Nhy .oxy-acryl atnide
(Corrpound 3) ON8 HON itM. R = Benzonesul f ooyl (Corrpound 3) R=

A" - Net hoxy beRednéighsr frsklinyl hpdiepsenite compoundsmentigaed bsasiz SHe SANEBIR Hon-

( Conpou%mg)lc lioBlchohd 2 %ﬁqu‘:ﬁﬂﬁ@ gﬁﬁﬂﬁé&?@é@m&%@ YR B ostiT as racemates yI}d

- Am nobenzenesul f ory3 ( Conpoun -cf 1 met hoxybenzenesul f on
( Conpourdergic nBaturop) s%@bm@txmjer@,)mdmdual diastereomers, diastercomeric mixtures, and cis- or

trans- isomeric forms. All such isomeric forms are contemplated.

Also within the scope of this invention are (1) a pharmaceutical composition that contains an
effective amount of at least one of the indolyl or indolinyl hydroxamate compounds of this
invention and a pharmaceutically acceptable carrier, and (2) a method for treating cancer by
administering to a subject in need of this treatment an effective amount of such an indolyl or
indolinyl hydroxamate compound.

As used herein, the term “treating” refers to administering an indolyl or indolinyl
hydroxamate compound to a subject that has cancer, or has a symptom of or a predisposition toward
it, with the purpose to cure, heal, alleviate, relieve, alter, remedy, ameliorate, improve, affect, or
reduce the risk of the disorder, the symptoms of or the predisposition toward the cancer. The term
“an effective amount” refers to the amount of the active agent that is required to confer the intended
therapeutic effect in the subject. Effective amounts may vary, as recognized by those skilled in the
art, depending on route of administration, excipient usage, and the possibility of co-usage with other
agents.

Cancer that can be treated by the methods of the invention includes both solid and
haematological tumours of various organs. Examples of solid tumors include pancreatic cancer;
bladder cancer; colorectal cancer; breast cancer, including metastatic breast cancer; prostate cancer,
including androgen-dependent and androgen-independent prostate cancer; renal cancer, including,
e.g., metastatic renal cell carcinoma; hepatocellular cancer; lung cancer, including, e.g., non-small
cell lung cancer (NSCLC), bronchioloalveolar carcinoma (BAC), and adenocarcinoma of the lung;
ovarian cancer, including, ¢.g., progressive epithelial or primary peritoneal cancer; cervical cancer;
gastric cancer; esophageal cancer; head and neck cancer, including, €.g., squamous cell carcinoma
of the head and neck; melanoma; neuroendocrine cancer, including metastatic neuroendocrine
tumors; brain tumors, including, ¢.g., glioma, anaplastic oligodendroglioma, adult glioblastoma
multiforme, and adult anaplastic astrocytoma; bone cancer; and soft tissue sarcoma. Examples of
hematologic malignancy include acute myeloid leukemia (AML); chronic myelogenous leukemia
(CML), including accelerated CML and CML blast phase (CML-BP); acute lymphoblastic leukemia
(ALL); chronic lymphocytic leukemia (CLL); Hodgkin’s disease (HD); non-Hodgkin’s lymphoma

(NHL), including follicular lymphoma and mantle cell lymphoma; B-cell lymphoma; T-cell
8



= Bonzoyl (Compound 10) 5 = Phenyl (Conpound 11) Compound 3 was
synt hesi zed via the route as shown in Schene 2 above (reagents and
conditions: a) benzyl chloride, benzoyl chloride, benzenesul fcutyl

chl oride, 4- tnethoxybenzenesul fonyl chloride, 4-fluorobenzenesul fonyl
chloride, o¥OAUK1¥%¥Ybenzzenesul fonyl chloride, t-BuOK, ¥T/UBAL03035F

4-i odobenzene, K2CO3, Cu, DWF; c¢) Ph3P=CH COOCH3, CH2C12; d) 11'41110H
(aq), dioxanc; e) (i) NH2OTHP, PyBOP, NEt3, DMF; (ii) TFA, |lvleOH f) Fe,
NHACL, |lpopmpanolultipl2@yeloma (MM)) WBkelnmanst mharmgigﬁlﬂmbﬁnand@bledﬁspaaﬁd)al dehyde

5): Aft ' f et d 5- boxyl ate. (4) (L0 6. 89
Ftnot ) S E4SPP S9N alfOH A BIELHY PGS (G020 BmAREH bt SRt s
13.78 m(RARB),'(f&frﬁ‘ata&%eﬁlﬁ%m dxtesdBEasS (R AEBY 2hORAZD iftiansfhnEen e NEROT

chl ori de él 32 10. 33 mmol ) was added. The reaction m xture was stlrred
at room? Wéf@lPaftOH cEAtlYG SYRIEQIATS before it WD 2011/ 126821PC1711520111030263

was quenched TWiptddtiahe netod oy iB6dn&En, Whd 1ho(HAGLR8RAD hBth cXut bt coﬁg)g,sﬁeﬂbi ned

organi c | ayer was dried over anhydrous MySO4 and concentrated under reduced
pr essur &2 be ginynistgroderliywparenerallg by wiakeHomemsay, tenidailedeeylls inkjads byetally,

ol L N AR OB  rls FERyG Ty R DA iy relnhad® B TN Deyy

7.55-7. 5@bo(utmem,ll)ltracma@eoqsdiptr@vmm&. mtrbmuscn}d)r,,intiaa&&ular,fimra(artnnalmztasynawalg
(d, 1- 7. 111) 0.03 (s,
81 seidurat b Rrkatd ¥ jatdyp e duton Ehiat® %y acnyi
(triphetw phasydnide mmctabtd:enmbosatt@t, aIge a(s&nﬁ:angctaﬂls 5®emim¢r)olmmoa§l§isplerisfona

solution o 4 6,.27 tanol) in CH20 reaction mxture
was sti f?%%ﬂ éﬁgﬂ%taﬁr?@em% tgttiﬁhal%eﬁel?wwam éﬁéﬁmg Svltf@} diSpGEHERE Vi ¥Eh wat er
and ext ra@ﬁitﬁ(dudhi ds ITvRER 00 nd Suspbdtiing ents THiRe SOMBiHELbLS GEFHrSidnANE blsYBS adr ied
over anh ous I\ﬁﬁs%i and concentrated under reduced pressure to give

yel | ow rS edﬁléCta IR SFSrPéPﬁl?iUPlafqoéﬂo’B?P%rF‘F?régy Q‘@FptétHF Sﬁ‘hec“&@rrs&b‘f??t f°1’
(HOAG ! cRarh1X @88 saludon 1)1 3—9ut§t{etiﬁy‘l dA%oﬁgthQ%céepta})leau%hﬁleWQﬁ& S17Alsittht can be

3- (1- Senzenesul f onyl - 111-' Mol - 5-y 1)-acrylic acid (8): 1M LOH aqueous

sol ut i ofMplpyedrgre mannifol, vyaten, Biger’ suipdutipidad isownie @émmqhmdefsolmrz loedditisn.g6
nmol ) i (o}

over hi ghePlec R 63 hluriolli R A MentbANARRE iRt e Publtie o s
di ssol vewnprongagleeeridde Rattyorolentucia peelciki@ridasd adglacbrtd@ detlirentised ant us:emlumthee ach

(1 72" o 2e S OB, BBl Bl B A R BRI ) Tl
1H), 6. ¥il, e(s;k;cwilly:m ﬂleﬁv pblyoxydtiiylatdd Asidnsd Thesernil thl)mngotfsﬁsﬁeddonch’aﬁ aBo7, 1. 4
I;I gg g'(]j'lgxyam ag ong- (illfm agﬁrg)holl cl;?ug%t 0{ glsgérs@t rggbmpigneltljyjf I_gllulose or s1r7ler2 d1g ersu%gH)

3-0- Benzgantsemher@emhmht}usedi@&fawﬂts N dhyd ITee sy ot Spah e oﬁfé@ﬁiﬁﬁuﬂ@in@h fyin
IU|onof (1.00 g %05

Nl - 120THO 0 g was added to a s(g

nmol ), r ipagy! ﬂlt%e ‘%?ﬁ%)‘l"l}‘c %&OWOQ{YHW i thempyu '(‘PZ“rﬁPf 7. 33 mml) in
Di VI F ( phbmaddticalhecEpamld @Nd,MasldibLothe oSl T5af cah akOBMd8 MRaRA P SE Of 3

h before it was quenched with water and extracted with EtOrke ( nth x 3).

The con‘B?rﬁ’éHltle'ilganl c layer was dried over anhydrous MBSO4 and concentrated

under reduceg cgﬁgéﬁﬂrﬁnefor thaﬁacﬁrﬁﬁl'sﬁi&lﬁm% b@&ﬁy’ Jrhl%ﬂacleéi)té:’dlé &&Q%egﬁm}:lm t1nech,35dnf% d.

chr omat ogr aphy ( to give
whi ch wast not b@@téﬂtw@aphulﬂa;mb(eﬁs, gmulmons ozl @weqmmus)pensnprtsmsmrm DG SOtioBHE OH

(140 m g e I&% of BBRLs BP0l k. tafiid datré Edrfiflo @Eé&' Igélﬁdealﬁct§§% Al tc(?n”{%%r Eht AS

Then the m xture was concentra ress
resi dueLubvlmaang ygastsy @ch yssmagdesmerhtdayaté:lal&()ﬂsb typlcaifyfaddeﬁ Carpoil adinﬁls(rﬁuc&ﬁng)

as a red soli (7}.N (E% 12? 66. 4 I—%

35, pppulegorbora RS e Brtosg o ik g ool sospeliatig .

111), 7elﬁ81s(ods arc administered orally, the active ingredient can be suspended or dissolved in an oily
phase combined with emulsifying or suspending agents. If desired, certain sweetening, flavoring, or

coloring agents can be added. A nasal acrosol or inhalation composition can be prepared according
9



WD 2011/ 126821PC DUS2011/ 030263 = 3.6 Hz, 111), 7.72 (s, 1H), 7.93 (d, 1=
7.7 Hz, 2H), 7.98 (d, 1= 8.6 Hz, 111). MS (El) mit: 327 (100%, 342 (ML,
309, HEWS (El) for C3 7H.L4N204S (M): cal cd, 342.0674; found 342 0673.
Exanpl e 4: H@/nt hesi s of N hydroxy-311-(4-net ho bestiff Qﬁyfgi |kacryl am
de (Compoul® #}VE8¥Bound 4 was prepared in a manner sirh Sz{"d/oi’

descri bed in Exanple 3. 1H NVR (5001VHz, CD30D). (5" 3.79
(s, 3H), 6.43 (d,f = 15,8 Hz, 11-1), 6,73 (d, J = 3 5 1H), 6.99 (d, 19.I
HZ 2H) to téchmBjueiw8ll Endm in i) art of. phi2m{adeutcal ifbrnvulétion. Ahliddolil. o sndotinydl = 3 6 Hz,

Lo b St 1#‘?%@0?“&11%% 8?m129f§mf%v\é'6%be( 'ﬁﬂ}lmst%rﬁd 17 fhe?%ﬂ 5580 f ound,

372, 077 Suppbaiavaipd fr BsctabydrhiABShtSonOf
3-1144- fI uor o- benzene ul fanyl .)-1Hindol-

|
(Conpound 5) Tessi#peit PWéglafﬁ“&ﬁaéF%‘BP?ﬁlfl%Wh%r“%% a*t?r% amfgeger. bed

in Exarr%rﬁpa%ble with the actlve in edlent of M%ﬁ@@%a p%r&ﬁ?) ca Ebléoﬂﬁatﬁlqun{ M 15,9
e, 19, 677 (4, 5N 7.54 (d. Br% (¢ 1715, 4
Hz, andm% ylele‘@mq)us:to Q1e7sub:]gct tq]:q_greate;i -Q;le(g molq_golubyhzgg agep (e g1, | 1 3 11) .

L IVB }.ﬁl}@ 60. 0580;
found, n%%%()d%g%l&g)l\agém o x$ ghﬁbl%]em % ﬁﬁﬁﬁ@%@g}(ﬁ M& Xll&qh&ﬂ: ?’ ir)’o- °
zony 1) hydroxrgwic MHkt&@alybamldfed émmpmmdtlc@) ca@oqrrptﬁurﬁiah‘@ry\eéthp ﬂetp@r ed i n a
t
(500w syl BlhES gfSRG SRR LuTRRIG doop giosjde. agpgm gl g8
|-|)8 GSF%Qflmg)lau?ylﬁﬂlff(tﬂﬂﬂd DECYHOW#1A), 7.72 (d, 1 3.5 Hz, ItH), 4 7J748(Z
| , —

Hz, 2H). HEL%taE’]él”} V?’Bras%ls/gg?ﬁlﬁ%g‘%&%“éwﬂam%5‘%%“2# °¢ﬁc¥ﬁ?¥a"3&§%‘?d%‘§'z%‘

Exanpl eindoliSy lﬁ?dﬂﬁﬁdrﬁat@éor@mllﬁddlﬂ-aﬁﬂiﬂaﬁ&r heanzunestt dsafbiBilingd owitn dOdumor cells.
11- N-hydr OoXYy- acrgl am de ((ji
he compounds can further be exarmne for their efficacy in treating cancer. For example, a
compound can be administered to an animal (¢.g., a mouse model) having cancer and its therapeutic
effects are then assessed. Based on the results, an appropriate dosage range and administration
route can also be determined.
Without further elaboration, it is believed that the above description has adequately enabled
the present invention. The following examples are, therefore, to be construed as merely illustrative,

and not limitative of the remainder of the disclosure in any way whatsoever. All of the publications

cited herein are hereby incorporated by reference in their entirety.

Example 1: Synthesis of 1-benzenesulfonyl-1H-indole-5-carboxylic acid hydroxyamide
(Compound 1)

Scheme 1
0 o) o]
Haco)k@ HaCO’u\m s Ho)m
N 1 R
1 2 R 3
0
c HOHN’K©\/§
N

R
R =-80,-Ph (Compound 1)
R =-CH,-Ph (Compound 2)

10



Compound 7 was synthesized via the route shown in Schene 2 in Exanple 3. A
suspensi on of Conpound 6(0.10 g, 0.26 nrnol), iron powder (0.05 g, 0.77
nmol ) and anmoni um chl oride WD 2011/ 126821PCTI US201110 6 3 g, 0,52
mol ) in isopropyl alcohol (5 m) and water (1 m) was retluxed For 4 h.
After he r 8HRRNIGI6MAIxt ure was concentrated under reduceFPVEHIBE63 it was
quenched with water and extracted with CH2C 12. The conbi ned organi c Layer
was dried over anhydrous My, SO4 and concentrated under reduced pressure.
The reacti onChmpdHde Was ’\Iirﬂldééufetiﬁﬁ thy rositel ds GRovarein sahémawcq&a en@ﬁﬂaCM
C11301-1- 10 : : 1% NTI to afford Conmpound? (M

CD30D) : cendationy: {) henzyl ghleyidgor bengpnesgliesiy) ehlgridgy - &% F(@ 31@H@g). 114),
7. 53 ( deiock: B) Gk pyBUb, NP S8, ) PR, M%OHZH) 7.60 (d, 1= 8.3 Hz,
1H), 7.62 (d 1%3.8 111),° 7,73 1= 8.6 Hz, 11-1).

FI RVS (EI ) feremmE@mbms-lm@%i-cammp a%memgstelf @lind fte@BSTEHN of

Exanpl e S

3- 11143"%th g}ﬁ% orpIakilate (1,039 1)1 mmol), TBAHS (019 ¢, 0.26 mmol) and KOH @10 o
8) Conpguhd?2 Bmwda)sn mfbﬁhr(hﬂmmeas snmdefor 20imiin| bﬁnzezlmsulfmyl désgici(B8d ml 2. Bxanpl e
5. 78 O Y 4905 sy pgire vidpreed Spofilempfis blamdegete S5

1. 99 Hz qudiiched WitlbRatér £fd eéifi‘hctél‘l'{)n,th CHEO!, (29, ml x3).1Fhd EonhbiiZed drfarig ].aygr w8 (d. =

3.65 Hz Synt hesi s
o 3 (o antivdfot Bresl b dondiyte i e e e s i 416 6 FesiRoung 6
was prepar edlmmnaanm 1- mﬂhd@é-slcarﬂdiyﬁc 8@8 ¢3)t hedLioH Sludion W7 mi,

(500MHz, CDCL.3): 6 5. 2H) . 6.57°(d, d = 3.1 Kz, H), 7.10 (d, 1=7.1

(s
Hz, 2H); 3. 87 n_pgol@ dva§ addegi tp q_ﬁolutggg‘gf eryie322m( qi,lpxeg]ﬁ)(IS 711]97 "J(lg: migture gvag spigred ) |
7. 80 (sqg El)
for C18f | %?%?N%gd ca Jé"a, s b .ti%fl?rfh)fr re% N%ef g'lg.ggéisgdr}r%l)‘%as fﬁ)&lb@i b
Synt hes Msteof TBer( donbeniapdt HCIWAsi auldedl infe ;ht)solrudtlhtytir mxghp{d:ﬁylta e fréopipdiond
10)Co und 1 ared i Iar a
n‘%guc[ﬁ was %rl\,\@un%mﬁp tlgragﬁw_@?rgsmg § as %‘é’ ﬁ%so 18 %}elggg/d M&?bl\quv 8
( d W 30B;6D): &3 (& J423.00 Hz; 1), 65817254 (n)2H)/ 7. 5(4—71336(&1 (IHI), AsL)d, JE BT Az,70
(m 1(i ( 1
9.00 ( s)lHi|\7|)95 (fo? 7515(35‘Z %Fﬁ% %é&flE{ 7§ 8%/ %5‘5 %emh%@é%? E’( B 318&3@'{%14.8%5)163
(IW:  J=0.82Hz, 1H).
1-Benzenesulfonyl-1H-indole-5-carboxylic acid hydroxyamide (Compound 1):
NH,OTHP (0.08 g, 0.72 mmol) was added to a solution of 3 (0.18 g, 0.60 mmol), PyBOP (0.33 g,
0.63 mmol), and triethylamine (0.20 ml, 1.43 mmol) in DMF (1.5 mL). The reaction mixture was

stirred at room temperature for 2 h before it was quenched with water and extracted with EtOAc (15
mL % 3). The combined organic layer was dried over anhydrous MgSO, and concentrated under
reduced pressure. The residue was purified by silica gel chromatography (CH,Cl;: CH;OH =30 : 1
: 1%NH3(,q)) to give a white solid, which was treated with TFA (1.70 ml, 22.89 mmol) in the
presence of CH30H (31 mL). The reaction mixture was stirred overnight at room temperature
before it was concentrated under reduced pressure to give a white residue. The residue was
recrystallized with CH3OH to afford Compound 1 (0.10 g). "H NMR (500MHz, CD;OD): § 6.80
(d, J=3.65 Hz, 1H), 7.49-7.52 (m, 2H), 7.59-7.62 (m, 1H), 7.68 (d, /= 8.53 Hz, 1H), 7.75(d, /=
3.72 Hz, 1H), 7.93 (d, /= 7.52 Hz, 2H), 7.94-7.97 (m, 1H), 8.04 (d, /= 8.53 Hz, 1H); HRMS (EI)
for CsH;3N,048 (MY): caled, 316.0518; found, 316.0518.

Example 2: Synthesis of 1-benzyl-1H-indole-5-carboxylic acid hydroxyamide (Compound 2)
11



cater', 306.1004; found, 306,1006. 2011/126821lvertuS201 1/030263 e 11:
Synt hesi s of N hydroxy-3-(1-phenyl-1Hindol-5-yl)-acrylam de (Conpound 111)
| - Phenyl -1 Hindol e-5-carbal dehyde (6): The suspensi on of mnethyl

i ndot e- 5- ca‘r(p%y{ﬁze (4) (0.70 g, 4.82 mmol ), 4-iodobengqn®0Q/080635 1 L,
5,79 mmol ), 0.93 g, 6.75 mmol), CuO(0049,048mne|nDIVF(2
nth) was refI uxed for 2 days. The reaction m xture Was quenched wth water,

foll owed by extraction with EtO Ac ( d organic
| ayer was drt@aPgwnes VQ‘HH{F@F@E rélﬁdﬂﬁmﬁaéﬁi)f’ IlFl]educed

pressure to tHNM wmvmmﬂ'aemov@ .30} mmoyesh HQ by, $n1 (ng:gﬁt Hz
chromat o raphy7(§]8( n- hexane: to afford
f,

5

CD3CD 2Hp 783~ 5H3, 36738 fLIM%H),?/S%iIW =&, é&?]HZHlﬁ()Jﬁ Q?Z(d(d 1111&8 )z,

7 fﬁiég 1T, 6 (B9, folfad Befapdy 1 Hz, 111),
10 06 ﬁ%ﬁbé& e %El&ﬁﬁ &Sﬁ@p aerae%i I'n a manner sim 7ar to that
descri bed in Exanple 3 using the corrpound 6 |n pl ace of 5. " El NVR
(500M—|z CD30D) d J 15. 11 9 (d, .1 , 111),
8, 15- gEsgmpled’ Sl}ﬂ}aheﬁz% g%r %b%e?wlz%af 1H8mJ§Z.‘>, -Sed)- A ‘Pé’mxwecfyl‘:ﬂnﬁ“gi‘f rel z: 278.
TIRVS (Eomfddhd $L7HEAN202 (M ): cal cd, 278.1055; 'found, 278.1055. Exanple
12, Synthesis of 3-0
-benzenesul fortyl -2, 3-di hyHi ndol - 5- §°i‘)‘~‘mﬂ2hydr oxy, am de (Conmpound 12) WO
2011/ 126821PCI T/ U 82011/ 030263 Sche 3 0 HOHNA IoCS; - NI

m aor b OHCm HBCOk/m
N

R

5:R= Benzenesulfonyl (a)
6. R = Phenyl (b)

*/\eo “\@f\

Benzenesulfonyl (Compound 3)
4'-Methoxybenzenesulfonyl (Compound 4)
4'-Fluorobenzenesulfonyl (Compound 5)
4'-Nitrobenzenesulfonyl (Compound 6)
4'-Aminobenzenesulfonyl (Compound 7)

R
R
R
R=

¢ (R

R = 3',4"-dimethoxybenzenesulfonyl (Compound 8)
R = Benzyl (Compound 9)

R = Benzoy! (Compound 10)

R = Pheny! (Compound 11)

Compound 3 was synthesized via the route as shown in Scheme 2 above (reagents and
conditions: a) benzyl chloride, benzoyl chloride, benzenesulfonyl chloride, 4-
methoxybenzenesulfonyl chloride, 4-fluorobenzenesulfonyl chloride, or 4-nitrobenzzenesulfonyl
chloride, -BuOK, K1, DMF; b) 4-iodobenzene, K,CO3, CuO, DMF; ¢) PhsP=CH-COOCH;,
CH,Cl,; d) 1M LiOH (aq), dioxane; ¢) (i) NH,OTHP, PyBOP, NEt;, DMF; (ii) TFA, MeOH; f) Fe,
NH4Cl, Isopropanol, H,O).

1-Benzenesulfonyl-1H-indole-5-carbaldehyde (5): After a suspension of methyl indole-5-
carboxylate (4) (1.00 g, 6.89 mmol), tetrabutylammonium bisulfate (0.35 g, 1.03 mmol) and KOH
(0.77 g, 13.78 mmol) in CH,Cl, (30 mL) was stirred for 20 min, benzenesulfonyl chloride (1.32 ml,
10.33 mmol) was added. The reaction mixture was stirred at room temperature overnight before it

12
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)Ute- it r*--\\ i 16 9 Her1L---;:tyt N 028- 15CP O HOHN-rem t".
R = H (Conpound 12) R = 47-0C113 (Conpound 13) R |IV+ (Conpound 14) R
4302 (Conpound 15)

WO 2011/126821 PCT/US2011/030263

was quenched with water and extracted with CH,Cl, (20 mL x 3). The combined organic layer was
dried over anhydrous MgSQ, and concentrated under reduced pressure to give a yellow residue,
which was purified by silica gel chromatography (EtOAc: n-hexane = 1 : 2) to afford 5 (1.79 g) as a
white solid. 'H NMR (500MHz, CDCls): 86.78 (d, J = 3.6 Hz, 1H), 7.45-7.48 (m, 2H), 7.55-7.58
(m, 1H), 7.67 (d, J = 3.7 Hz, 1H), 7.85-7.87 (m, 1H), 7.89 (d, J= 7.6 Hz, 2H), 8.06 (s, 1H), 8.11 (d,
J=8.6 Hz, 1H), 10.03 (s, 1H).

3-(1-Benzenesulfonyl-1H-indol-5-yl)-acrylic acid methyl ester (7): Methyl
(triphenylphosphoranylidene) acetate (2.52 g, 7.53 mmol) was added to a solution of 5 (1.79g, 6.27
mmol) in CH,Cl, (25 mL). The reaction mixture was stirred at room temperature overnight before
it was quenched with water and extracted with CH,Cl, (25 mL x 3). The combined organic layer
was dried over anhydrous MgSO; and concentrated under reduced pressure to give a yellow residue,
which was then purified by silica gel chromatography (EtOAc: n-hexane = 1 : 3) to afford 7 (2.08 g)
as a white solid.

3-(1-Benzenesulfonyl-1H-indol-5-yl)-acrylic acid (8): 1M LiOH aqueous solution (11.72
ml, 11.72 mmol) was added to a solution of 7 (2.00g, 5.86 mmol) in dioxane (20 mL). The reaction
mixture was stirred at 40 °C overnight and was then concentrated under reduced pressure. The
residue was dissolved in water. Then concentrated HC1 was added to the solution to reach acidic
pH to give the precipitation, which was dried by vacuum to afford 8 (1.72 g) as a white solid. 'H
NMR (500MHz, CDCLs): 86.39 (d, J= 16.1 Hz, 1H), 6.71 (d, J = 3.6 Hz, 1H), 7.45-7.48 (m, 2H),
7.52(dd, J=8.7, 1.4 Hz, 1H), 7.55-7.58 (m, 1H), 7.61 (d, J= 3.7 Hz, 1H), 7.67-7.72 (m, 2H), 7.89
(d, /=8.9 Hz, 2H), 7.96 (d, J = 8.7 Hz, 1H).

3-(1-Benzenesulfonyl-1H-indol-5-y1)-N-hydroxy-acrylamide (Compound 3): NH,OTHP
(0.43 g, 3.67 mmol) was added to a solution of 8 (1.00 g, 3.05 mmol), PyBOP (1.69 g, 3.24 mmol),
and triethylamine (1.02 ml, 7.33 mmol) in DMF (1.5 mL). The reaction mixture was stirred at room
temperature for 3 h before it was quenched with water and extracted with EtOAc (20 mL x 3). The
combined organic layer was dried over anhydrous MgSO; and concentrated under reduced pressure.
The residue was purified by silica gel chromatography (CH,Cly: CH;OH=30: 1 : 1%NH3aq)) to
give a white solid, which was treated with TFA (6.90 ml, 92.90 mmol) in the presence of CH;OH
(140 mL). The reaction mixture was stirred overnight at room temperature. Then the mixture was
concentrated under reduced pressure to give a white residue, which was recrystallized by CH;0H to
afford Compound 3 (0.85 g) as a red solid. "H NMR (500MHz, CDCls): 86.42 (d, J=15.8 Hz, 1H),

6.75 (d, J = 3.5 Hz, 1H), 7.49-7.54 (m, 3H), 7.59-7.62 (m, 1H), 7.61 (d, J = 15.5 Hz, 1H), 7.68 (d, J
13



R = 4e-NH2 (Conpound 16) R 3'47?-di OCH21 ( Conpound Conpound 12 was
synt hesi zed, via the route as shown in Schene 3 above (reagents and
conditions: (a) NaBH3CN, A c014; (b) Benzenesul fonyi chlori de,

zl - nethoxyhenzenesulfortyl chloride, 3,4-dinethoxyberiz sul f

chl oride, ¥ 1%UWP6Hénzenesul fonyl chloride, or 4- ni tr&%&ﬁ?@ﬂé@ﬁ%ﬁnyl
chloride, pyridine; (c) LiAlf14, TIT, (d) PDC, M5, CH2Cl2; 0 Ph3P = CH
COOCH3, CH2Cl12; (O1M LiO1-1(at), dioxane; (h) (i) NFI20THP, PyBOP, NEt 3,
DVF; (i #)3.6THA,LEWONI2 (6 DH)F@.93 MEY H4C1 Hz) Hpi 8P &hdi=, 8.6 H20)H). MS (EI) m/z: 327

2,3-Dih dol e- 5- | i i | _est ))er S04}
cyanobokl@h a’r%]zlaé&( Oi.o%?% ?@;}lqr%ﬁ%%ég%@g%%l Cﬁ’oﬁg'oé%ﬁlfwnghgﬁ%t hyl

i ndol e-5-carbox3,riate (9) (0.30 g, 1.71 rnnb0 WO

2011/ 126821PCTRUS2011/ 030263 in AeOH (2 int) aat 0 C. The reaction m xture
was war Emm@_r%mheslenﬁ@r@ﬂmxwaﬁid4smqthqxéd>eweszlfﬁmﬂ)aiHrl@dqltS wthacrﬁka@med
W th wa(FeJ Concentrated NaOl1l was added to reach pl1=10. 'The
aqueous a;ﬁr vvas extracted with 0142C6 (15 nth x 3). The conbi ned organic
| ayer was drCedpomédd vanpygpodsn a@smrmndlacmh@rdbscalbaﬂm@(aemlerbduced

Phr omat ogr iy P GRS ‘é%i%ﬂ“& s 5088 B A ePSe0 5 75 i R v
gEEOMgzélgﬁg@gg(h Jﬁ@%?fgétz t"%d 724@7 B Qﬁ; (162 ad—J& 15.Haz, 31) 7.6884 £3:6
1- BenzeHasUilt aﬂﬁrl(s 21H$4% ﬁ?ﬁi @’ﬁWrﬂb%@)ﬂ Qutdbdxy® ARy FEYMP | m/Es¥Br(M A1) :

ggngeﬁgwéjﬁ‘ ﬁor%ﬁo de % %651%’@%!0?%(1’%&)W%?s a%fjgdr r I'I'h)e reaction

m xture was refluxed overni ght The m xture was then purified by silica gel

chr omat ogr aph Et OAc, .n-hex = 1:3) brd 1 4 . L H NMR

(500 wmé) S(Y“(#YZ’S‘QQ R 943 re-br‘&zeneﬂ&?nyl %711@ (Y?ﬂﬂzi%yg%’%@-ﬁcwmlé% 8.6
Hz, ZFD(Co?nﬁbﬁnch 8 (in, 211), 7.56- 7.59 (rn, 111), 7.66 (d, .1- 8.5 Hz,
110, 7s, 7.82 = 7.7 Hz, 2H), 7.90 (d, j- 7.9 He, HE)

(1-Bert zenes@pmmwﬁ52vaspenphs¢drubamnm%@mﬂasww deeriah Bt EXCIP)O AN (0. 10 g

2.52 mrixil Nﬁﬁz t IRN40 4 6 | (10
nil,) at 0 a@ e rglglgltzi gﬁaonl?gtéju%eﬁ\rigasj W%%%g% ?%)’i?ggmgt‘]eln%rﬁazf Illjﬂrzie-ggﬁ
stirred(d, 9 &6 Rz Joat)or. el (d, Jwals OEENeh eheWd h—\m gz, langdy. vmmle)gumc&(m(nm th
CH20. 2 15 nil x 3). conmbi ned groganl o }S/a cg éqed anhydr ous
MB804 a Wérﬁ/?a?’pé(ﬁMuhd@MlséEUcf @HQE@ ee4daiql OR‘F re was
purifi e?apqs ? Iica gel chromatography (EtOAc: "n-hexane = 1: 1) to afford 12
(0.24 g f NVR (500MHz, CDC13): 6 2.83 (LI= 8,4 Hz, 211), 3,92 (t"/=8.5
Hz, 211), 449(s, 211), 7.09 (s, 111), 7.16 (d, J-82f|z IN), 7.46-7.49
(m2 "/ = 8.2 Hz, | 7.60 tl 7.5 Hz, 111? 76 (d,,1=7.7
Hz, 214;€MPL Sﬂﬁ@@ﬁ%Néls}’GWr’}D’y 1z (2-13%* #raresulionyD); ikindel %yHaarcwéwéﬁyde
(113) ((an%%@g sieves (0.63g) were added to a solution of 12 (0.24 g,
0.83 mmol ) r CI—?2C12 (10 m.), PDC (0.63 g, 1.66 runor). The m xture was
stirred at rGunpuaderaprpercdvres miaghar skwifas tasthtrdopgribed i Bxamade 3-hr ough el it e.

The organic ﬂﬂﬁ,{ 154%% E?%?IB?H?% ‘Hﬂgef ﬁgzq%fze%ﬂ) 6%?@}% q%% %5 |79§6ed- bI y

silica gel chroma Xane = to a

NVR ( 50QiViiz8. mgnsa) 768 @5416 7 Hz, 181)67 HZ(d 21=B)5 Héf m; 1174 (sJiHﬁsmfda J—28)S
7.46-7,49 g{ (ﬁ g 15) 1.75

(d, ./ - -Hg, BDH-18 ¢ 4r8€rH842P()d8 3, ?’138 ﬂilz 221)1 HRMSéED(f%rCllliil)aNsOs (M"):

3-(1- Ber t hydr o- 1H i ndol-5-yl)-acrylic acid nethyl ester
(14): f??f@%zfsp en%ﬂ%ﬁ?g ioranyl i dene) acetate (0.27g. 0,79 nmol) was
added to a solution of 13 (O. 199 0.66 mmol ) in CH2Cl12 (10 nf,). The

i xt t 311 .bef it i WO
2011/ 17688 DISHET 2530305 AT BRCR G A E iR 4Se Y ¢
CH2C12 &omgourd 3) - The conbi ned organi c | ayer was dried over anhydrous

MySO4 and concentrated under reduced pressure eII w resi due,
whi ch was t HeSRpee f7ived sEfhesized vi tb“e’f"“ﬁ?rﬁ%?fﬁ?b%&“&%‘ﬁé E%B - ReaRfgsion 1 -

3) to ajf@holftd 690.20 ¢U9.26 mmol), iron powder (0.05 g, 0.77 mmol) and ammonium chloride
14



3- (1-Benzenesul fonyl -2, 3-di hydro-111-indol -5-3,1)-acrylic acid (15)i F1
aqueous solution (1.16 mM, 1.16 nmol) was added to a solution of 14 (0. 20g,
0.58 nmml) in dioxane (15 nL). The reaction mxture was stirred at 40 CC
overni ght before it was concentrated under reduced pressure. The residue
was di ssol VERI2Q1H12¢8%er and concentrated 1-1Cl was addedPQIpU$2811489248c pH to
give the precipitation, which was dried by vacuumto afford 15 (0.16 g). In
NVR (5001Aliz, CD30D): 62.92 (t, = 8.5 Hz, 211), 3.96 (t, .1= 8.5 Hz,

21-1), 60.88g,(0052Imkbl)%n t@progyalcéhds (8) anliater (1 fl) Wk refluked f& 4z, Afkdrthg ,

7.50-7.53 ( 11), 7.55 (d"/, =_16. , IN), 7.58-7.64 (m 214), 7.82 (d,
- 7. 6 HFcac nrl_l_ljnzxtur% was concentrated under redlucgg pressufe, it was quenched »\(/1??1 water a)md (

3-(1-Be @i%?eﬂuﬁifmkﬂ%ﬁfe%mgk@bfglﬁt ilﬂé@%a@dﬂé@bvé#ﬁ?&r@%%@%’hﬁlm de
(Conpound 12): NE120THP (0.05 g, 44 mnol) was added to a solution of 15

(0. 12g, cOnTiTFierInyicr PYEwEPP(essurD e reaction piFic)was pyrieddi sliarssl (0. 12 i

0. 88 M} ' 1€ Clof, @iy, M [ room

Cerer ar r e RErT T KB O e o o TS b T RO 08y

extracti on wHNMR (BOMHZSCDEOD):, 5 %.39)(d, Thé.9ddnBHM & 0ddghnil 6.8y ¢H),We® dri ed
over anhydrous IN, | gSO4 d concentrated under redyced pressure. The

esi due (Gels paFs (106759 (&4 Voo gl e HHorat g 4y onbei 60 & o Higo .

1% sT143(),0r. 42049 ¥ 8 .8a31hish, & Bak) 10n), YW )./ wesss ti.eahedirvis e A d I 1R, 0,

15, 21 nuﬁ%l) 2|O(ng{ he rese?me 8(,? CI—)|301E€d€25 m.) and sti rrg::j}_overli}ihjgsh%mgt

r oom t efifel &8lad.857 PAe3; famdt 39W78F xt ure was concentrated under reduced
pressure to give a white residue, which was recrystallized by CH30H to

af ford Compound 12 (0.12 g). 114 NVR (500AMHz, CD30D): 62.91= 8.5 Hz, 211),
3. 96 ('t Exdmpl8 84Syrizhesid bI}-[1-63,8dirhdhoxd=behzen8sutiony!FEA)indol-53A]-Nshydfoxg7- 7. 39
(rn, 114), 7.46 (d, .1=15.7 Hz,7.50-7.53 (m al), 7.58-7.64 (m 21-), 7.82
(d, J 7f‘%¥>"|?121,1dez<§%¥lp°w]§8()5|) relz: 170 (100%, 344 (M4., 3.21%. HRVS (El)

for Cnl- 116N26% UnW18)vwas red%énﬁﬁ&%ishﬁiwwma%r%@ﬁtE)@ﬁﬁﬂ@j.e 13:
Synthesi s of N

dr oxy- 3- [ 1- ( 4-

S hoxty bens eI B YOz, SRRy A T-5i Hlop 356, 31 Ay Rai 4875 BenPOuhd>13)
Conpoun 3 YT r i n iA1 - a I bit). BXgym! e
12. vmgdz‘(‘])]ll/'126@%?@%@%%2&%6%2%)’ Zﬁ?z“?’?’%ob%% iz112 i A?’%? :ﬂ'%g%%ﬁh ;1= 8.46
Hz, 211Yd,J3 18175z, 18).7-68d49=B65 By H),G372 (6. H)17.9961, 78 866 H2.1¥). 7. 00 (d,
1=8.85 Hz, 2H), 7.32 (s, 1H), 7.37 (d, 18.77 Hz, IH), 7.46 (d, 1= 15.78 Hz,
1H), 7.56 (d, = 8.36 Hz, 110, 7.74 (d, J= 8.80 Hz, 2H). Exanple 14:
Synt hes Egamyfle 343yvhesis of 3 béoregh&duhdadidyyl )} Nhy8radiyhaggtapidd (Gnypbliaddhydr oxy-
acryl am de ( ou 14) Conpound 14 was., prepared in.a nner,simlar to
that descri bR Eg A RasRan o 8 atier YR L AR REer e BB 55" 2 12
8.41 Hz, 211 NMEOBOMHz, 8D42:)HB, 526)(s, B1)86.51 @, /13 134 0HYz7.101) J =77.2Bz0, =
Hz, 2H), 7.33 (s, 1H), 7.37-7.43 (m 2H), 7.56 gd,..!:8.17 Hz, 1H),
7. 86- 1. 88). (T4 (8145 3. IEkap 7. 257 38wt Hds 7s7df. /= 8.3 Hz, 1H), 7.80 (s, 1H) 7.85 (d, J =
N- hydro - PRGO- | -di r0-dd-in = A,k
e am%g[g%gzgﬁgogggwgggs%mﬁy BRI E1S ot ELRYRISy (M7 LRG0 3021 MK found,

292.1213.

Example 10: Synthesis of 3-(1-benzoyl-1H-indol-5-yl)-N-hydroxy-acrylamide (Compound 10)
Compound 10 was prepared in a manner similar to that described in Example 3.
'HNMR (500MHz, DMSO): & 6.48 (d, J = 15.8 Hz, 1H), 6.78 (d, J = 3.6 Hz, 1H), 7.42 (d, J
= 3.6 Hz, 1H), 7.54-7.61 (m, 4H), 7.67-7.70 (m, 1H), 7.75 (d, /= 7.3 Hz, 2H), 7.86 (s, 1H), 8.24 (d,
J=8.6 Hz, 1H), 9.00 (s, 1H), 10.73 (s, 1H). MS (EI) m/z: 306. HRMS (EI) for C;sH;4N,O3 (M "):
calcd, 306.1004; found, 306.1006.

15



Compound 15 was prepared in a manner simlar to that described in Exanple
12. NVR (500MHz, CD30D): 82.96 (t, J = 8.38 Hz, 2H), 4.02 (t,1-
8.47 Hz, 2H), 6.32 (d, 1= 15.78 Hz, 1H), 7.34(s, 1H), 7.40 (d,J- 8.29 Hz,
114), 7.45 = 1 Hz, 1H), 7.59 (d, 3'- 8.34 Hz, J =873
Hz, 2EO0, 8 4"%1(:’1‘]2?84 8.82 Hz, 2[0. Exatnole 16: Synt hes%g"%?&q"’s‘a“

3-11- (4- am no- benzenesul i on ) 2, 1dra 1.1)-indol-5-yl_, N hydroxy-

acryl arni de (Conpound 16) ound 16 was ;)repared in a manner

si m | ar Exampleht: Syathesis @@%hwrogcé&h pacryl-d Hapdqlrigylj-rasmeested 6amgourst 11)

6 an (2o GEneddPhaof.dptiensti By, dhe Hspgidn o ekiple~s Babfly 219
1=8. 21 £ (0.1q &)4,87mial){ 4oddbebeiz§0 K mLL Y79 nimall Ko808 (B .75 #inol7C60 (d, 1
5o o a0 bn S RTBAE G it 38 rIRRPE S it The drsetion DIRAS MG  y1 am

i de ( Cowpbuatkr Huo\@a@wxﬂﬁhﬁbﬁ wihFtOre P20 &d ¥ 3). Thaasmeinecdonghdiataytowishiied

descri bed i H NVR (50QMHz 0D): 62.90 , 1=.8,39 2H) ,
0S5 { Soves gy TS RRIANO: 430 gafeon G RO Tedup SE PRS0 BgR elougeyficy Thigh 75
11z, 1147)13 fféﬁ b&@bh@; lghl%{‘dd?o a})ﬁygEtOAclﬁ-héfa%e 9. M—%&Qaﬂ’&d 6X84) ). 'HBRMES .

1H, 7.41.7 gn@ 15 011/ 126821P"
111820@1’%@2@ ) 6e8319 7 S?Htﬂ?eéﬁé TR 114, AHpL R by~ 3.1 Hz, 1H), 7.49-

3-di hyd I rbo h ro d 18) Conpound 18
was synﬂ%Mgl ;ﬂ@ 3?%7 gﬁi «ZC%ZZ&‘Z ov\%q’l nf(éah}ﬂe é@gpgggrrpl e 12 above.

1-1i enzenes Lll?cfrﬂ;mﬂhdfﬂ&adphyﬁéd)nﬂalﬂlann&dﬁhﬂaﬁtoﬁm descyibédoin dsathpleB6)singlthd UGH
aqueous sol utlg é}lgﬁfgj 2.40 mnol) was added to a solution oil] (0.38 g,
1. 20 rraf‘lﬂlf)ouf‘% f % 5( 15 nmL). The reaction mixture was stirred at 40 C
over ni ght ang KRENSVRSIHEOODSMDY: a ed g &dﬁ15¢mcﬂ? pPuossUr-e3 1 fre1mesilgue was
di ssolved in water and concentrated Cl was add up to acidic pHto give

t he pre82pimatti)od I0RB8ch, 8BS 8di(ed Hy Meadlumizt 378a VI8 (BB (for G4HgN.0111 VAR

500NLHz,, \ CD30 7.(1 Hz, 2H), 3.99 (t, j= 8.6 Hz, 211),
T )CD%C‘%B pds3! @%n‘}‘jﬁl?? Ko (s, (1111), 7.84-7. 88 (i)n, 3H) .

1- Benzenesul fonyl- 2, 3-di hydro-111- |ndoI e- 5 carboxylic acid hydroxyam de
(Conpound 18): NH2OTHP (0.12 g, 0.99 mmol) was added to a solution of 16
(0. 25 gExdnB 1 nByhihesiPyBEY -§ddze B sidfonPl-BI-dihydtor | Htindogt - Ehyd®x{Oc28nitle
1.98 %n (2 m). The reaction m xture was stirred at room

t enper a P8t ‘2.5 h before it was quenched with water, followed by
extraction with Et0OAc (15 tnL x 3). The conbi ned organic | ayer was dried
over anhydrous MgSO4 and concentrated under reduced pressure. The residue
was purified by silica gel chromatography (Cl-12C12: C113011 = 30:
1las1H3(3.)) to give a while solid, which was treated with TPA (2.7 m,
36.35 intitop in the presence of Cl-13011 (52 int,) and stirred overni ght
at roomtenperature. The reaction m xture was concentrated under reduced
pressure to give a white residue, which was recrystallized by CH30H to

af ford Conpound 18 (0.25g). 1H NVR (500MHz, CD30D): 52.95 (d, 1- 8.49 Hz,
211), 3,97 (i.1,1- 8.52Hz, 2H), 7.48-7,52 (m 3H), 7.57-7.63 (m 3H), 7.82
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=7.71 Hz, 214). HRMVMS (El) for G 5H14N2043 (M: calcd, 318.0674; found,
318.0672. Exanple 19: Synthesis of

3-(1- henzenesul | onyl- 1Hi ndol - 3-y1) - N- hydr oxy- aeryl arni de (Conpound 19) WO
2011/ 126821 Schene 4 Conpound 19 PCT/ US2011/ 030263 Compound 19
was synt hesV92Y 14682k he route as shown in Schene 4 abovBCYPEAEERI3 and
conditions: a) NH2OTHP, PyBOP, NEt3, DMF, b) Benzenesul fonyl chloride, KOH,
tetra-nbutyl amoni um bi sul fate, CH2Cl2; c) TPA, MeO014).
3-(1H1ndol-311)-N-(tetrahydro-pyransekeyledXy) - acryl am de (18): NE120T1l- P
(038 g, 3.21 mmol ) was added to a solution of trans=3-indol eacrylie acid
(17) (0.50 g. 2 67 nmmol ), BOP (1.47 g, 2.83 mnor triethylamne (0.74
m, 6.41 trinmoi) I n THR [ et room

tenperature for 2 hand then centr aked—under redu€ef pressure. The
resi due was dissolved in EtOAc ched with water, bg )Y
extraction with Et0OAe (20 m. xa% onbi ned organiie | ay s dried

was purified by silica get chromatography (EtOAc: n-hexane = 1.5 1:

194\ 1113(,4) to afford 18. 1HNNIR (500MHz, CD30.0), 3158-170 (m 311),
1.79-1.90 (ny 3H), 3.63-3.65 ( | ED, 4.03-4.08 ( 1H), 497-4,98(m 1H),
6.47 (d, =_14l9 , 1H) a 7,15-7. in. 2H p 7. , 111, 7.59
(s, 7.84- 189 ( ),— HsCO — Hico

3- (1- Senzenesul#n\.- 1H i ndol - 3- 3, (t et rahydro-pyra -(ﬁ:n%l axy) - acryl ami d
e (19): To a susgper‘f%ion of 18 (0.5269_|, H1.82 mml), tetragb i um
bisulfate (0.09 g, 0.27 mmol) and KOH (0.20 g, 3.63 mml) in CH2Cl12 (15
rri) was stirred for 20 mn, benzenestdfonyl chloride (0.35 m, 2.72 mmoi)
was added and stirred at roomtepperature overnight. The reaction nixture
was quencdiied ter extirac CH2C12 #( 20 gonbi ned
organi c | ayer N WO 29117126821 18201636263 dri ed ydr ous
MySO4 and concentp® upder reduced @j e to give a yel |l ow kesidye,

whi ch was purifijed b [1ca gel chnmma%ﬁy (Et 0Ae: n- hext e to
afford 19(0.42 g)

3-11- Benzenesul fenyl -1111-i ndol - 3-y1) - N- hydr oxy-acryl am de (Conmpound 19): A
solution of crudepl9 in nethanol (50 M) wagytreated with TFA (2.2 m, 29,8
mmol ). The reactifin Ja xhure was stirred overlpi ght _at room tenperature. The
reaction n‘i%<tur'"5)wa{t cpncent r at ed 'd‘ﬁti@ressure to give a

yel | ow resi due, which weS Necrystallized by CL-{ AN afford Conpound
19(0.1 g); NlVIR (500MHz, @ :R86.6] (d"1= 16.0 ms@R 7.35-7.43 (m

I H), 15

over anhydrous MySal and C%Qﬁ(&%&&t 8)under reduced pregsure. The residue

H (Compound 12)

4'-OCHj; (Compound 13)
4'-F (Compound 14)
4|
4|
3

-NO, (Compound 15)

-NH, (Compound 16)
4'-diOCH; (Compound 17)

mM

A0 DDA

Compound 12 was synthesized via the route as shown in Scheme 3 above (reagents and
conditions: (a) NaBH;CN, AcOH; (b) Benzenesulfonyl chloride, 4-methoxybenzenesulfonyl
chloride, 3,4-dimethoxybenzenesulfonyl chloride, 4-fluorobenzenesulfonyl chloride, or 4-
nitrobenzenesulfonyl chloride, pyridine; (c) LiAlHs, THF; (d) PDC, MS, CH,Cl,; f) Ph;P=CH-
COOCH3, CH2Cly; (g) IM LiOH(aq), dioxane; (h) (i) NH,OTHP, PyBOP, NEt;, DMF; (ii) TFA,
MeOH; (i) Fe, NH4Cl, Isopropanol, H;0).

2,3-Dihydro-1H-indole-5-carboxylic acid methyl ester (10): sodium cyanoborohydride
(0.16 g, 2.57 mmol) was added to a solution of methyl indole-5-carboxylate (9) (0.30 g, 1.71 mmol)
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7.55-7.58 (m 210, 7.65-7.68 (m H), 6.69 (d, 1= 16.0 Hz, 114), 7.85 (d, -
7.8 Hz, 111), 8.00-8.05 (m 3H), 8.27 (s, 114). MsS (El) mz: 342. HRVS (El)
for C/F114N204S (W: ceded, 342,0674; found, 342.0673. Exanple 20:

Synt hesi s 7 D1sgnzenesul fonyl -1 Hi ndoyl ) - N- hydr oxy-gefyd@{Tle964 Compound
20) Con’poug‘fc?%égwgs prepared in a manner simlar to that desgfrfly geg in

Exanpl e 3. | H MAR (500MHz, CD30D): 86.50 (d,,T= 15.8
Hz, 1H), 6, 7416 Hz, 101-111, 7.43 (d, 1= 8.1 Hz, 1H), 7.50-7.54 (m 311),
7.59 (tInAcGHA2 mp) and 5. The rgstign mixtgregvaspvarmedso romy fenpgratare gndptirreisfos | 7. 93

d1=1 ; . 8,1 i : lc 21:
(Sy nt hes?i1 bglfm %&E!)fs B%eﬁglgegg‘ﬁﬁhy%%%)ﬁp i gdo ogl lZen}t/r%S]e (}N-a ydra(()sift{flgi %@#"g}%ﬁ’#ﬁ’%mp
( Conmpouiite 2durowsdayeo wase2thcted svithrEHhalgds i a3 aiftrepmbingd bayanic dayichats dried
described in aml . LFf NMR 0014Hz, 0OD):. a.6.54.(d"/ .= 15, 8. Hz,
1y Bt B NS and pscb i s g preon 2% Sy residig ¥y oy
7, 55 (Swadpdhfied by@Qich kel chrofabogriphy (EMOAC: #-héBantE 1, : 2) tSafforttian (.68 g). 7HB8 (d,
3= 15.8 Hz 1114\1/2{_F 7.92 (d, 1=7.7 Hz, 214), 8.01 (d, 3- 8.4 fiz, 11-1). M
(El) ni PMBEIOMEHRIB R § 306t £1 50 Ha 2G4 (M 8- Eat ¥, 33445.3504.5FBdAd,
342. 0676y, fxamphe 782m, BNt hesi s of benzen s ortyl-11-1-indol-7-y1)-.N-1
roxy-acryl am de” (Compound 22) Conpound 22 was prepared in a nmanner sinilar

to that deschHBeaenesulionshhi-dilydrel Rrindglegarboxyligapifl.methgl egter (Hl): Tops. 1 Hz,
7% 7. ST 9275 B iy of g it | Bpelfeihy? i Sgigim 10
mmol) was added. The reaction mixture was refluxed overnight. The mixture was then purified by
silica gel chromatography (EtOAc: n-hexane = 1 : 3) to afford 11 (0.40 g). 'H NMR (500MHz,
CDCl3): 6 2.99 (t, J = 8.6 Hz, 2H), 3.87 (s, 3H), 3.97 (t,J = 8.6 Hz, 2H), 7.45-7.48 (m, 2H), 7.56-
7.59 (m, 1H), 7.66 (d, J = 8.5 Hz, 1H), 7.75 (s, 1H), 7.82 (d, J="7.7 Hz, 2H), 7.90 (d, J= 7.9 Hz,
1H).

(1-Benzenesulfonyl-2,3-dihydro-1H-indol-5-yl)-methanol (12): LAH (0.10 g, 2.52 mmol)
was added to a solution of 11 (0.40 g, 1.26 mmol) in THF (10 mL) at 0 °C. The reaction mixture
was warmed to room temperature and stirred for 2 h before it was quenched with water and then
extracted with CH,Cl;, (15 mL x 3). The combined organic layer was dried over anhydrous MgSO,
and concentrated under reduced pressure. The reaction mixture was purified by silica gel
chromatography (EtOAc: n-hexane = 1 : 1) to afford 12 (0.24 g). 'H NMR (500MHz, CDCls): &
2.83 (t,J= 8.4 Hz, 2H), 3.92 (t, J= 8.5 Hz, 2H), 4.49 (s, 2H), 7.09 (s, 1H), 7.16 (d, J= 8.2 Hz, 1H),
7.46-7.49 (m, 2H), 7.53 (d, /= 8.2 Hz, 1H), 7.60 (t, /= 7.5 Hz, 1H), 7.76 (d, J = 7.7 Hz, 2H).

1-Benzenesulfonyl-2,3-dihydro-1H-indole-5-carbaldehyde (13): molecular sieves (0.63g)
were added to a solution of 12 (0.24 g, 0.83 mmol) in CH,Cl, (10 mL), PDC (0.63 g, 1.66 mmol).
The mixture was stirred at room temperature overnight before it was filtered through celite. The
organic layer was concentrated under reduced pressure then purified by silica gel chromatography
(EtOAc: n-hexane = 1 : 2) to afford 13 (0.19 g). '"HNMR (500MHz, CDCl): § 3.05 (t,J = 8.6 Hz,
2H), 4.01 (t, J= 8.7 Hz, 2H), 7.46-7,49 (m, 2H), 7.58-7.62 (m, 2H), 7.71 (d, /= 8.3 Hz, 1H), 7.75
(d, J=8.3 Hz, 1H), 7.84 (d, /= 7.8 Hz, 2H), 9.85 (s, 1H).

3-(1-Benzenesulfonyl-2,3-dihydro-1H-indol-5-yl)-acrylic acid methyl ester (14): Methyl
(triphenylphosphoranylidene) acetate (0.27 g, 0.79 mmol) was added to a solution of 13 (0.19¢,

0.66 mmol) in CH,Cl, (10 mL). The mixture was stirred at room temperature for 3h before it was
18



WO 2011/ 126821P(71/11S2011/ 030263 730 (d, =3.7 Hz, H4), 8.34 (d, J = 15.2
Hz, 1H). M5 (El) trilz: 342. HRVS (El1) thr ClitiN204S (N1' ): cal cd,
342.0674; found, 342.0672. Exanple 23: Synthesis of

N- hydr oxy- %éjlﬁghﬁﬁg?ll 4-y1)-aeryl am de (Conpound 23) COFE&%?%HZ/MS db

prepared 1n simlar to that described in Exanp

(500Nl Fi z, CD30D): 6 6.67 (d, = 15.6 Hz, 111), 6.77 (cl, J- 2.9 Hz, 1H),
7.11- 7.14 (in, 1H, 7.27 (d, J.- 7.3 Hz, 1H), 7.35 (d, J= 3.1 Hz, 1H),

7. 43 (d,quiefche@wih mater aind) theigexdragtdd with 51,8 LHES m1H) 3). [TBe MBnbimied org2Nia 14 das +

]Ig( awgwglog}'%?%dgdss %\gés%!%% c&l\élgx)lt:ratgcﬁ 1|1n%91‘ re%?c%d glzzésls)%;re tfooglilxlr’]edd ye%l(())\])'vorgs%gde,

3- ( 3- bendecte®is théromyiTied by dicangs chiomytbpradhh tOBX yr-aerand =L1ars) geaffdzanmmpound 24)

Scheme 5(0.20%5.- kkt---k\ R7 H20:R a 6-CHO R 21: R 6-(CHaCH CO C¥)

3-(1-Benzenesulfonyl-2,3-dihydro-1H-indol-5-yl)-acrylic acid (15): 1M LiOH aqueous
solution (1.16 ml, 1.16 mmol) was added to a solution of 14 (0.20g, 0.58 mmol) in dioxane
(15 mL). The reaction mixture was stirred at 40 °C overnight before it was concentrated under
reduced pressure. The residue was dissolved in water and concentrated HCl was added up to acidic
pH to give the precipitation, which was dried by vacuum to afford 15 (0.16 g). 'H NMR (500MHz,
CD;0D): 8 2.92 (t,J = 8.5 Hz, 2H), 3.96 (t,/ = 8.5 Hz, 2H), 6.33 (d, /= 15.9 Hz, 1H), 7.38 (s, 1H),
7.41 (d,J=8.5 Hz, 1H), 7.50-7.53 (m, 2H), 7.55 (d, J = 16.1 Hz, 1H), 7.58-7.64 (m, 2H), 7.82 (d, J
=7.6 Hz, 2H).
3-(1-Benzenesulfonyl-2,3-dihydro-1H-indol-5-yl)-N-hydroxy-acrylamide

(Compound 12): NH,OTHP (0.05 g, 0.44 mmol) was added to a solution of 15 (0.12'g, 0.37
mmol), PyBOP (0.20 g, 0.39 mmol), tricthylamine (0.12 ml, 0.88 mmol) in DMF (1.5 mL). The
reaction mixture was stirred at room temperature for 1 h before it was quenched with water,
followed by extraction with EtOAc (15 mL x 3). The combined organic layer was dried over
anhydrous MgSO4 and concentrated under reduced pressure. The residue was purified by silica gel
chromatography (CH;Cl,: CH;OH =30 : 1 : 1%NH;(q) to give a white solid, which was treated
with TFA (1.13 ml, 15.21 mmol) in the presence of CH;O0H (25 mL) and stirred overnight at room
temperature. The reaction mixture was concentrated under reduced pressure to give a white residue,
which was recrystallized by CH;OH to afford Compound 12 (0.12 g). "H NMR (500MHz,
CD;0D): 6 2.91 (t,J= 8.5 Hz, 2H), 3.96 (t, J = 8.4 Hz, 2H), 6.32 (d, /= 15.8 Hz, 1H), 7.32 (s, 1H),
7.37-7.39 (m, 1H), 7.46 (d, J= 15.7 Hz, 1H), 7.50-7.53 (m, 2H), 7.58-7.64 (m, 2H), 7.82 (d, /= 7.8
Hz, 2H). MS (EI) m/z: 170 (100%), 344 (M", 3.21%). HRMS (EI) for C;7H;sN,04S (M *): calcd,

344.0831; found, 344.0829.
Example 13: Synthesis of N-hydroxy-3-[1-(4-methoxy-benzenesulfonyl)-2,3-dihydro-1H-indol-5-

yl]-acrylamide (Compound 13)

Compound 13 was prepared in a manner similar to that described in Example 12.
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22: R 5-(CH=CH-CO2CH3) re.) 47.1 era.. " H 23: R = 6-(CH=CH (502CH3)24: R =
6- (CHaCH 0Q211) r 02S-' 6 H R = 5-(CHaCH CO NHOH) (Conmpound 24) R
5- (CH aCH CO- NHOH) ( Compound 25) R 2- (CH'CH CO NHOH) ( Conpound 26)
Compound 24 was synt hesi zed via the route as shown in Schene 5 above
(reagents W%B’r%’fzﬁons: (a) Ph3P=CH 002013, CH202; (B TRERP1IBH2E S ph,
DVE; (c) MCPRA, CH2Cl1l2; (d) LiOH, MeOH, H20; (e) NH2(11.14P, PyBOP, NEti,
DIVIE, (ii) TEA, MOH). 24

'H NMR (500MHz, CD;0D): § 2.91 (t, J = 8.46 Hz, 2H), 3.81 (s, 3H), 3.92 (t, J = 8.49 Hz,

2H), 631 (d, J = 15.78 Hz, 1H), 7.00 (d, J = 8.85 Hz, 2H), 7.32 (s, 1H), 7.37 (d, J = 8.77 Hz, 1H),
7.46 (d, J= 15.78 Hz, 1H), 7.56 (d, J = 8.36 Hz, 1H), 7.74 (d, J = 8.80 Hz, 2H).

Example 14: Synthesis of 3-[1-(4-fluoro-benzenesulfonyl)-2,3-dihydro-1H-indol-5-yl]-N-hydroxy-
acrylamide (Compound 14)

Compound 14 was prepared in a manner similar to that described in Example 12.

"H NMR (500MHz, CD;0D): & 2.93 (t,./ = 8.41 Hz, 2H), 3.95 (t,J = 8.42 Hz, 2H), 6.80 (d,
J=15.40 Hz, 1H), 7.25 (t,J = 8.67 Hz, 2H), 7.33 (s, 1H), 7.37-7.43 (m, 2H), 7.56 (d, /= 8.17 Hz,
1H), 7.86-7.89 (m, 2H).

Example 15: Synthesis of N-hydroxy-3-[1-(4-nitro-benzenesulfonyl)-2,3-dihydro-1H-indol-5-yl]-
acrylamide (Compound 15)

Compound 15 was prepared in a manner similar to that described in Example 12.

'H NMR (500MHz, CD;0D): & 2.96 (t, J = 8.38 Hz, 2H), 4.02 (t, / = 8.47 Hz, 2H), 6.32 (d,
J=15.78 Hz, 1H), 7.34 (s, 1H), 7.40 (d, J=8.29 Hz, 1H), 7.45 (d, /= 15.71 Hz, 1H), 7.59 (d, J =
8.34 Hz, 1H), 8.06 (d, J=8.73 Hz, 2H), 8.34 (d, J = 8.82 Hz, 2H).

Example 16: Synthesis of 3-[1-(4-amino-benzenesulfonyl)-2,3-dihydro-1H-indol-5-yl]-N-hydroxy-
acrylamide (Compound 16)

Compound 16 was prepared in a manner similar to that described in Example 7 starting from
compound 15.

'HNMR (500MHz, CD0OD): § 2.91 (t,J = 8.41 Hz, 2H), 3.87 (t,J = 8.52 Hz, 2H), 6.48 (d,
J=15.75 Hz, 1H), 6.58 (d, .J = 8.80 Hz, 2H), 7.34 (s, 1H), 7.37 (d,J=8.21 Hz, 1H), 7.44 (d, J =
15.78 Hz, 1H), 7.45 (d, J = 8.85 Hz, 2H), 7.53 (d, /= 8.37 Hz, 1H).

Example 17: Synthesis of 3-[1-(3,4-dimethoxy-benzenesulfonyl)-2,3-dihydro-1H-indol-5-y1]-N-
hydroxy-acrylamide (Compound 17)

Compound 17 was prepared in a manner similar to that described in Example 12.

'"H NMR (500MHz, CD;0D): & 2.90 (t, J = 8.39Hz, 2H), 3.72 (s, 3H), 3.85 (s, 3H), 3.93 (t,J
= 8.45Hz, 2H), 6.33 (d, /= 15.73 Hz, 1H), 7.06 (d, J = 8.54Hz, 1H), 7.19 (d,./ = 1.82 Hz, 1H), 7.36

(s, 1H), 7.41-7.50 (m, 3H), 7.61 (d, J = 8.37 Hz, 1H).
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-acryli acid nethyl ester (21): Methyl (triphenyl phosphoranylidene) acetate
0.38 g, 413 nmol) was added to a solution of 20 (0.5 g, 3.44 minor) in
CH2C12 (15 m .). The reaction m xture was stirred at roomtenperature

over ni ght P ¥nE126821was quenched with wat er and extr actBI/UH20H/O0SEBE6 ( 20
inL x 3). The conbi ned organic | ayer was dried over anhydrous M. 304 and
concentrated under reduced pressure to give a yell ow residue, which was
then purified by silica gel chromatography (EtOAc: n- hexane = 1 4) to
afford 21(0.63 g 1H NVR (500MHz ﬁ 3.81 (s, 31-1), 6.43 (d,,/-
15. 8 Ei £xampie 1§ Sypthepsp Oﬁhbsnzeryesgl@wi -2,3ibydpo-FHyipdoler 3 gyrboxylmmcidyd, J= 8. 2,
1.0 Hz, §)7.62 (d, 8.3 Hz,1 El'), 7,80 (d, .1= 15.9 Hz, 1H)
8.30 (s ;'111 a%ll&s(doﬁlpg% I%henyl sol fanyl- 1H-i ndol - 6- 31) - acryl ic acid nethyl
ester (22) Tompouwndd Sevas isyrhasfzedil tiOroute ag shown7io Saban(e) 3 inrEPMBlo B aboyy.,
21(0.63 g, 3 t &l I e _was

war med up to1 %%3%@%‘%‘7{) %S%Trgma glgﬁgs sgﬂo}r‘hg Fﬁ% Clﬂ/IELd‘IIIH{iueous

di sul fi dadufi@33.4gnl, 34ﬂmmcrl)maﬂ@ddw$ aosahtigidn off hb(0r3583g;ﬂ|20mun013(inmexana$155mu.r ed
overnig before it was follo extraction
ot G Rea st S Rl SeBi et gRhiten pa oo RSt Bl

anhydr oygesir@ SO radigh GRRERBEIEL B GyRded cd@&ﬁfa@&l Imzmma@ed@ tﬁlahfﬂwgp e | ow
resi due, which was then purified by sili ca chr oma Ac:

n- hexan&ive the preypitagoniishuwasiried bg yaguumyte 2fi Ni\llﬁ (Pééa &E% MHg, 3. 81 (s,
3H, 6. %()6)3652 HZJ é%%‘lz, 2ﬁ&@?99§(t,31&§.@1{z521ﬁ)), 7 51730, 38, GB1AH fm, 2H),
7.56-7.60 (m 0 (d, J-715°9 Hz, 1H),”8.53 (s, 1H3.

3-(3- Beﬁﬂérﬁ%sibﬂ)ﬂ 18&m3ﬂidul 6-yl)-acrylic acid nethyl ester (23): To a

goi:ﬁlt :)(r)(r)]pg]; o?(?/}bé%?glg“égg b@ﬁh)lﬂ ﬁ'ﬂﬁi%%’la%rroﬁ %\ﬁ/ggﬂ% ygfnige "C. The

reacti o(CompOmrdel&zaNHaOTHB (0 @2 ngTS)Q mnmda)rwmudéedetnd sshuhmrr eﬁjl6o(0é15rgi, 082. Then

i the o oESS PSRopih B 54T ALED. Bl @3 Ros Hind PuafME e Bb ks 2 O

anhydr ousictifpShlédirands serdaniooat tedperaes for ed thaaeﬂ)r@ftes&s gliech@l Wity @atdr,gr een

resi due was t.hen hr omat 0 h t OAe:

n- hexan@lmfg tt]’b exigretipd ith %@%@%ﬁm OT%aﬁafdd? g oL, 314),

? 43 Elgl)an}ﬂygr(glg WroSOL lhd cohcOirafodkBdérPediRbl pressure. Ti}elfeslcﬁle(}vd'%unﬁécﬂ-ﬂy silfeadRt 7. 60
in,

3-(3-Be ﬁlzrem@grapbhﬁézﬁacm%ﬁ = 8 yh ) L% Fgaqp éo gigr @ whitg solidryhichsvse trepted of 23
(0.36 gyith1@% {ZUﬂﬁf 36BH nﬁ@ﬁ)lﬁll thelRedthed oA OMER 'mi( )2l kdirred dJehth{‘ahﬁb%Px' de

(0.05 g, 2.11 trundt) was added. The reaction m xture was rel axed f
and was tmwﬁ&@nEWﬁ@p@ anigirtierasrcedesntated pedes grdacadprpswgitelgive a Mélstﬁ m;edue,Th e

mxtur 0" B PRy (LBl Mo lContRing 48FF 41D DENRES CORMENL ERROBIE, o,

was dri 63.95ver/ by tizols), 3WD(0TF14. 1268 2 HRCAIS2.02 (,08026 37 VSO, Y 7.82 (d,

Fecr yt 2?? i %@é@ﬁﬁfﬁﬂﬁa‘?ﬁfﬁ%ﬁ@?)zwﬁ TG R SaaRE” CoeoD) - o

646(d = 15.8 Hz, 7.62-7.69 Om4H), 7.81 (s, IN) 7.81 (d,1= 16.0
Hz, nZ 1999 (Hmthbs §f§1 5 éﬂe%dlf 1-18-ihdb1-31-y1)-K b3 dFky-a€ilamifle 21 (S, 1H),
3- 3- Benzgehlesul fonyl Sislll4r(1doci:nz ? yc}r oxy- ya?t)cr yllgyam gllea C%I#p%un d 24):

NH2 OTHP(G@nmwng 190, 37 nunol ) was added to a solution of 24 (0.10 g, 0.31
mml ), PyBOP (0.17 g, 0.33 onnol), triethylamne (0.1 m, 0.74 mml) in DVE
(1 trilL). The reaction mxture was stirred at roon1tenperature for 1 h
before it was quenched with water, followed by extraction with Et0Ac (15
niL x 3). The conbi ned organic | ayer was dried over anhydrous MySOl and
concentrated under reduced pressure. The residue was purified by silica gel
chromat ography (CH202: CH3011 30 : 1 : 1ANH 3(aq)) to give a white solid,
which was treated with TEA (0.70 M, 9.44 nunol) in the presence of Cl130H
(15 mt.) and stirred overnight at roomtenperature. The reaction m xture
was concentrated under reduced pressure to give a white residue, which was
recrystallized by C1-130H to afford Cbnpound 24(0.08 g). NVR (500MHz,
CD3013); 6 6.45 (d, |= 15.8 Hz, | H), 7'45 (d, J= 8.4 Hz, 1H), 7.50-7.65
(m .5H), 7.81 (d, 1= 8.4 Hz, 1FD, 7,98-8.00 (m2H), 8.04 (s, IH. M (EO
771/ Z: 342. FIRMS (El) for CrHL4N204S (M): Gated, 342.0674; found,
342.0674. Exanp 25: Synthesis of
3-(3-benzenesul fonyl -11-1-indol -5-y1)-N hydroxy-acryli m de (Conpound 25)
COmpound 25 was prepared it) a manner simlar to that described in Exanple
24.



/11 NVR (500N1Hz, CD20D): 5 6.48 (d, .1 = 16.2 Hz, 1H), 7.52 (s, 211), 7.56
(d, f=7,7 Hz, 7.55-759(m 7.67 (d, 1= 15.9 1lz; 1H), 8.01 (s, 1H), 8.03 (d,
J=6.9 Hz, 2H), 8.07 (s, M5 (El)in/z: 342. Exanple 26: Synthesis of
3(3-benzen%§y£ﬁgﬂgéﬂlH-indo -y1) - N- hydr oxy- aet yl am de qkﬁgﬁﬁ§hmgﬁgpound 26
was prepared In a manner simlar to that described in Exanple 24.

MR (500MHz, LIN450): 36.58 (d, J = 15.5 Hz, 111), 7.26 (t, J-7.7 fiz,

114), 7.52-7.58 (m H), 7.86 (d, 1-7.%1Fh, IH), 8.01-8.07 (m 411). M (Hl)
ni.h. 342. HRVS (El) for Ct7IIHN204S§°. CWifed, 342.0674: found, 342.0673. WD

2011/ 126821PCTI US2011/ 030263 Exanpl e 24: ﬁWnt% is of but-2enegli oyc I

(1-benzen Oam de h am de (Conpou B]@ Schene 6 N,
bH2N, . ... ... -k.,*."2/-, 02'S--41Th 26 -3 = 9

° \ LA 3

N N N

H H 0,8

17 18
19
NHOH

N

i
c&s~1i::>
Compound 19

Compound 19 was synthesized via the route as shown in Scheme 4 above (reagents and
conditions: a) NH,OTHP, PyBOP, NEt;, DMF; b) Benzenesulfonyl chloride, KOH, tetra-n-
butylammonium bisulfate, CH,Cl,; ¢) TFA, MeOH).

3-(1H-Indol-3-y1)-N-(tetrahydro-pyran-2-yloxy)-acrylamide (18): NH,OTHP (0.38 g,
3.21 mmol) was added to a solution of trans-3-indoleacrylic acid (17) (0.50 g, 2.67 mmol), PyBOP
(1.47 g, 2.83 mmol), tricthylamine (0.74 ml, 6.41 mmol) in THF (25 mL). The mixture was stirred
at room temperature for 2 h and then was concentrated under reduced pressure. The residuc was
dissolved in EtOAc and quenched with water, followed by extraction with EtOAc (20 mL x 3). The
combined organic layer was dried over anhydrous MgSO, and concentrated under reduced pressure.
The residue was purified by silica gel chromatography (EtOAc: n-hexane = 1.5 : 1 : 1%NHi,q) to
afford 18. "H NMR (500MHz, CD;0D): 3 1.58-1.70 (m, 3H), 1.79-1.90 (m, 3H), 3.63-3.65 (m,
1H), 4.03-4.08 (m, 1H), 4.97-4.98 (m, 1H), 6.47 (d, J= 149 Hz, 1H), 7.15-7.21 (m, 2H), 7.41 (d, J
= 7.8 Hz, 1H), 7.59 (s, 1H), 7.84-7.87 (m, 2H).

3-(1-Benzenesulfonyl-1H-indol-3-yI)-N-(tetrahydro-pyran-2-yloxy)-acrylamide (19):

To a suspension of 18 (0.52 g, 1.82 mmol), tetrabutylammonium bisulfate (0.09 g, 0.27 mmol) and
KOH (0.20 g, 3.63 mmol) in CH;Cl; (15 mL) was stirred for 20 min, benzenesulfonyl chloride
(0.35 ml, 2.72 mmol) was added and stirred at room temperature overnight. The reaction mixture

was quenched with water extracted with CH,Cl, (20 mL X 3). The combined organic layer was
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Compound 20 was prepared in a manner similar to that described in Example 3.

'"H NMR (500MHz, CD;0D): § 6.50 (d, /= 15.8 Hz, 1H), 6.74 (d, /= 3.6 Hz, 1H), 7.43 (d,
J=8.1Hz, 1H), 7.50-7.54 (m, 3H), 7.59 (t, J =7.4 Hz, 1H), 8.65 (d, /= 15.8 Hz, 1H), 7.71 (d, J=
3.6 Hz, 1H), 7.93 (d, /= 1.1 Hz, 1H), 7.94 (s, 1H), 8.13 (s, 1H). MS (EI) m/z: 342.

Example 21: Synthesis of 3-(1-benzenesulfonyl-1H-indol-4-y1)-N-hydroxy-acrylamide
(Compound 21)

Compound 21 was prepared in a manner similar to that described in Example 3.

'HNMR (500MHz, CD-0D): § 6.54 (d,.J=15.8 Hz, 1H), 7.03 (d, /= 3.6 Hz, 1H), 7.33 (t,
J=7.9Hz, 1H), 749 (d, J = 8.1 Hz, 2H), 7.55 (s, 1H), 7.60 (t,.J = 7.5 Hz, IH), 7.78 (d, /= 3.8 Hz,
1H), 7.88 (d, /= 15.8 Hz, 1H), 7.92 (d, J=7.7 Hz, 2H), 8.01 (d, /= 8.4 Hz, 1H). MS (EI) m/z: 342.
HRMS (EI) for C17H14N,048 (M "): calcd, 342.0674; found, 342.0674.

Example 22: Synthesis of 3-(1-benzenesulfonyl-1H-indol-7-yl)-N-hydroxy-acrylamide
(Compound 22)

Compound 22 was prepared in a manner similar to that described in Example 3.

'H NMR (500MHz, CD;0D): § 5.87 (d,J = 15.1 Hz, 1H), 6.62 (d, J=3.7Hz, 1H), 7.07-
7.10 (m, 1H), 7.15-7.16 (m, 1H), 7.26-7.30 (m, 2H), 7.39-7.43 (m, 2H), 7.61 (d, J=7.9 Hz, 2H),
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3-(1H-Indol-6-yl)-acrylic acid methyl ester (21): Methyl (triphenylphosphoranylidene)
acetate (1.38 g, 4.13 mmol) was added to a solution of 20 (0.5 g, 3.44 mmol) in CH,Cl, (15 mL).
The reaction mixture was stirred at room temperature overnight before it was quenched with water
and extracted with CH,Cl; (20 mL % 3). The combined organic layer was dried over anhydrous
MgSO, and concentrated under reduced pressure to give a yellow residue, which was then purified
by silica gel chromatography (EtOAc: n-hexane = 1 : 4) to afford 21 (0.63 g). 'H NMR (500MHz,
CD;OD): & 3.81 (s, 3H), 6.43 (d,J=15.8 Hz, 1H), 6.57 (m, 1H), 7.30 (t, /= 2.7 Hz, 1H), 7.35
(dd, J=8.2, 1.0 Hz, 1H), 7.55 (s, 1H), 7.62 (d, /= 8.3 Hz, 1H), 7.80 (d, /= 15.9 Hz, 1H), 8.30 (s,
1H).

3-(3-Phenylsulfanyl-1H-indol-6-yl)-acrylic acid methyl ester (22): To a suspension of
NaH (0.11 g, 4.70 mmol) in DMF (6 mL), 21 (0.63 g, 3.13 mmol) was added at 0 °C. Then the
reaction mixture was warmed up to room temperature. After being stirred for 2 h, phenyl disulfide
(0.75 g, 3.44 mmol) was added. The reaction mixture was stirred overnight before it was quenched
with water at 0 °C, followed by extraction with EtOAc (15 mL % 3). The combined organic layer
was dried over anhydrous MgSQO4 and concentrated under reduced pressure to give a yellow residue,
which was then purified by silica gel chromatography (EtOAc: n-hexane = 1 : 3) to afford 22
(0.61g). 'HNMR (500MHz, CD;0D): § 3.81 (s, 3H), 6.44 (d,J= 15.8 Hz, 1H), 7.03-7.18 (m,
5H), 7.37-7.39 (m, 1H), 7.56-7.60 (m, 3H), 7.80 (d, J= 15.9 Hz, 1H), 8.53 (s, 1H).

3-(3-Benzenesulfonyl-1H-indol-6-yl)-acrylic acid methyl ester (23): To a solution of 22
(0.61 g, 1.97 mmol) in CH,Cl; (40 mL), 3-chloroperoxybenzoic acid (0.77 g, 4.44 mmol) was
added at 0 °C. The reaction mixture was moved to room temperature and stirred overnight. Then it
was quenched with saturated NaHCOs,q) at 0 °C, followed by extraction with CH,Cl; (25 mL x 3).
The combined organic layer was dried over anhydrous MgSO4 and concentrated under reduced
pressure to give a green residue, which was then purified by silica gel chromatography (EtOAc: n-
hexane =1 : 1) to afford 23 (0.36 g). '"H NMR (500MHz, CD;0D): & 3.81 (s, 3H), 6.43 (d, J =
16.0 Hz, 1H), 7.03-7.18 (m, 5H), 7.73 (d, /= 16.0 Hz, 1H), 7.56-7.60 (m, 4H), 8.85 (s, 1H).

3-(3-Benzenesulfonyl-1H-indol-6-yl)-acrylic acid (24): To a solution of 23 (0.36 g, 1.05
mmol) in MeOH (10 mL) and water (2 ml), lithium hydroxide (0.05 g, 2.11 mmol) was added. The
reaction mixture was refluxed for 6 h and was then concentrated under reduced pressure to provide
aresidue. The residue was dissolved in water. 3N HCI was added up to acidic pH and the mixture

was extracted with EtOAc (20 mL x 3). The combined organic layer was dried over anhydrous
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MgSQ, and concentrated under reduced pressure to give a brown residue, which was recrystallized
by EtOH to afford 24 (0.2 g). '"H NMR (500MHz, CD;0D): § 6.46 (d,J = 15.8 Hz, 1H), 7.62-7.69
(m, 4H), 7.81 (s, 1H), 7.81 (d, /= 16.0 Hz, 1H), 7.95 (d, /= 8.4 Hz, 1H), 8.12 (d, /= 7.3 Hz, 2H),
8.21 (s, 1H).

3-(3-Benzenesulfonyl-1H-indol-6-yl)-N-hydroxy-acrylamide (Compound 24):
NH,OTHP (0.04 g, 0.37 mmol) was added to a solution of 24 (0.10 g, 0.31 mmol), PyBOP (0.17 g,
0.33 mmol), tricthylamine (0.1 ml, 0.74 mmol) in DMF (1 mL). The reaction mixture was stirred at
room temperature for 1 h before it was quenched with water, followed by extraction with EtOAc
(15 mL x 3). The combined organic layer was dried over anhydrous MgSO, and concentrated
under reduced pressure. The residue was purified by silica gel chromatography (CH2Cl,: CH30H =
30 : 1: 1%NHsg) to give a white solid, which was treated with TFA (0.70 ml, 9.44 mmol) in the
presence of CH;0H (15 mL) and stirred overnight at room temperature. The reaction mixture was
concentrated under reduced pressure to give a white residue, which was recrystallized by CH30H to
afford Compound 24 (0.08 g). 'H NMR (500MHz, CD;OD): § 6.45 (d,J = 15.8 Hz, 1H), 7.45 (d,
J=8.4Hz, 1H), 7.50-7.65 (m, 5H), 7.81 (d, /= 8.4 Hz, 1H), 7.98-8.00 (m, 2H), 8.04 (s, 1H). MS
(EX) m/z: 342. HRMS (EI) for C7H4N204S (M™): caled, 342.0674; found, 342.0674.

Example 25: Synthesis of 3-(3-benzenesulfonyl-1H-indol-5-yl)-N-hydroxy-acrylamide
(Compound 25)

Compound 25 was prepared in a manner similar to that déscribed in Example 24.

'"H NMR (500MHz, CD;OD): § 6.48 (d,J=16.2 Hz, 1H), 7.52 (s, 2H), 7.56 (d, J= 7.7 Hz,
2H), 7.55-7.59 (m, 1H), 7.67 (d, /= 15.9 Hz, 1H), 8.01 (s, 1H), 8.03 (d, J = 6.9 Hz, 2H), 8.07 (s,
1H). MS (EI) m/z: 342.

Example 26: Synthesis of 3-(3-benzenesulfonyl-1H-indol-7-yl)-N-hydroxy-acrylamide
(Compound 26)

Compound 26 was prepared in a manner similar to that described in Example 24.

'H NMR (500MHz, DMSO): 3 6.58 (d, J = 15.5 Hz, 1H), 7.26 (t,J = 7.7 Hz, 1H), 7.52-7.58
(m, 4H), 7.86 (d, J=7.9 Hz, 1H), 8.01-8.07 (m, 4H). MS (EI) m/z: 342. HRMS (EI) for
C17H14N204S (M ") caled, 342.0674; found,342.0673.
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Example 27: Synthesis of but-2-enedioic acid (1-benzenesulfonyl-1H-indol-5-yl)-amide
hydroxyamide (Compound 27)
Scheme 6

m b Hsz

\@D — X
At =0
26 27

c }l\/\rr m
cbsm(::)
Compound 27

Compound 27 was synthesized via the route as shown in Scheme 6 above (reagents and
conditions: (a) benzensulfonyl chloride, KOH, TBAHS, CH,Cl,; (b) Fe, NH,CI, IPA, H,0; (c) (i)
fumaryl chloride, THF (ii) NH,OH-HC], sat. NaHCOs(aq), THF).

1-Benzenesulfonyl-5-nitro-1H-indole (26): After a suspension of 5-nitroindole (25)

(1.00 g, 6.17 mmol), tetrabutylammonium bisulfate (0.32 g, 0.93 mmol) and KOH (0.69 g, 12.33
mmol) in CH,Cl; (20 mL) was stirred for 30 min, benzenesulfonyl chloride (1.18 ml, 9.25 mmol)
was added and stirred at room temperature overnight. The reaction was quenched with water
extracted with CH,Cl; (20 mL x 3). The combined organic layer was dried over anhydrous MgSO,
and concentrated under reduced pressure to give a yellow residue, which was purified by silica gel
chromatography (EtOAc: n-hexane = 1 : 4) to afford 26 (1.72 g). '"H NMR (500MHz, CD;0D): &
6.81 (d, J= 3.6 Hz, 1H), 7.48-7.51 (m, 2H), 7.58-7.61 (m, 1H), 7.73 (d, J=3.69 Hz, 1H), 7.90 (d, J
=17.64 Hz, 2H), 8.09 (d, /= 9.0 Hz, 1H), 8.21 (dd, J=9.0, 2.0 Hz, 1H), 8.47 (d, /= 2.0 Hz, 1H).
1-Benzenesulfonyl-1H-indol-5-ylamine (27): To the suspension of 2 (1.16 g, 3.84 mmol)
in IPA (38 mL) and water (9 mL), iron (0.64 g, 11.51 mmol) and ammonium chloride (0.41 g, 7.67
mmol) were added and refluxed overnight. After the reaction was filtrated with celite, the solvent
was concentrated under reduced pressure to give a brown residue, which was dissolved in CH,Cl,
and quenched with water, followed by extracted with CH,Cl, (20 mL X 3). The combined organic
layer was dried over anhydrous MgSO4 and concentrated under reduced pressure to give a brown
residue, which was purified by silica gel chromatography (EtOAc: n-hexane =1 : 2 : 1%NHj(q) to
afford 27 (0.86 g). "H NMR (500MHz, CD:0D): § 3.60 (s, 2H), 6.48 (d, J= 3.6 Hz, 1H), 6.69 (dd,
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hydrochlonde (0.26 g, 3.77 mmole) in THF (4 mL) a sat. NaHCO; solution (3 ml) was added, and
the reaction mixture was stirred at room temperature for 10 min. The contents of both vessels were
combined and stirred at room temperature for 1 h. The mixture was partitioned between EtOAc (15
mL % 3) and water. The combined organic layer was dried over anhydrous MgSO, and
concentrated under reduced pressure to give a yellow residue, which was purified by silica gel
chromatography (CH,Cly: CH;OH =10 : 1 : 1% AcOH) to afford Compound 27 (0.12 g). 'HNMR
(500MHz, CD;0D): & 7.70 (d, J=3.3 Hz, 1H), 6.86 (d, /= 15.0 Hz, 1H), 7.10 (d, /= 15.0 Hz,
1H), 7.46-7.51 (m, 3H), 7.58-7.61 (m, 1H), 7.65 (d, J= 3.4 Hz, 1H), 7.90-7.97 (m, 4H). HRMS (EI)
for C13H1sN30sS (M "): caled, 385.0732; found, 385.0732.

Example 28: Synthesis of N-hydroxy-3-[1-(4-methoxy-benzenesulfonyl)-1H-indol-7-yl]-acrylamide
(Compound 28)

Compound 28 was prepared in a manner similar to that described in Example 3.

Example 29: Synthesis of 3-(1-benzenesulfonyl-1H-indol-5-yl)-acrylic acid (Compound 29)
Compound 29 was prepared in a manner similar to that described in Example 3.
'HNMR (500MHz, CDCl3): 86.39 (d, /= 16.1 Hz, 1H), 6.71 (d,J = 3.6 Hz, 1H), 7.45-7.48
(m, 2H), 7.52 (dd, J=8.7, 1.4 Hz, 1H), 7.55-7.58 (m, 1H), 7.61 (d, /= 3.7 Hz, 1H), 7.67-7.72 (m,
2H), 7.89 (d, /= 8.9 Hz, 2H), 7.96 (d, /= 8.7 Hz, 1H).
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Example 30: Cell Viability Assays
i) MTT assay

Human leukemia cell lines K562 (bearing BCR/ABL translocation), NB4 (expressing
PML/RARalpha fusion protein), MV4-11 (bearing FLT3-ITD mutation), HL60 (carrying a p53 null
mutation), Kasumi-1 (8;21 chromosome translocation; c-kit expression), and U937 (macrophage-
like cells) were well-used models for the study of human leukemia cells. Cells were suspended in
RPMI 1640 (Life Technologies) containing 10% FCS. 10* cells per well were seeded in 96-well
culture plates with or without one of the test compounds. Various concentrations for the test
compound were examined. Cell viabilities at the various compound concentrations were
determined 48 hr or 72 hr after treatment using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) assay (Sigma, working conc. 0.5mg/ml). The MTT assay is a well-
established cytotoxic assay method, which quantitatively detects the cellular mitochondrial
reduction activity of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) to
produce a dark blue formazan product. The values of LCso and Gls for each test compound were
determined accordingly. GIs, refers to the the compound concentration resulting in a 50% reduction
in the net cells increase in control cells. Growth inhibition of 50 % is defined as [(Ti-Tz)/(C-Tz)] x
100 = 50, in which, Tz represents the cell content at time zero (when there is no cell increase), C
represents the cell content of the control group (where no test compound is added) and the Ti
represents the cell content of the group treated with a test compound at Glsp. The drug
concentration resulting in total growth inhibition (TGI) is determined when Ti = Tz. LCs refers to
the compound concentration resulting in a net cell loss by 50% at the end of the drug treatment as
compared to that at the beginning. The net loss of cells following treatment is defined as [(Ti-
Tz)/Tz] x 100 = -50.

Cells were seeded in a 96-well flat-bottomed plate (2,500 to 3,000 cells per well). The cells
were then treated with a test compound (Compound 3, Compound 12, Ara-C, and SAHA) at various
concentrations (i.c. 0, 5, 10, 15 and 20 uM) in RPMI 1640 medium supplemented with 10% FBS at
37°C with a 5% CO; supply for 48 or 72 hr. The culture medium was then removed from each well
and 150 uL of 0.5 mg/mL of MTT in RPMI 1640 medium were added. After being incubated at
37 °C for 2 h, the supernatant was removed and 200 uL/well of DMSO were added to dissolve the
remaining MTT dye. The absorbance at 570 nm in each well was determined using a plate reader.
Each compound concentration was tested in 6 duplicates. The MTT assay results obtained are

shown in Table 1 below.
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Table 1. Comparative Evaluation of the Treatment Efficacy
of the present compounds and commercial anti-cancer drugs on Leukemia cells

NB4 '

Compound 3 Compound 12 Ara-C SAHA
Glso (nM) 223.1 31.5 448.3 303.3
TGI (nM) 500.9 61.2 2324.0 615.8
LCso (nM) 778.7 91.0 7324.0 928.3
HL60

Compound 3 Compound 12 Ara-C SAHA
Glso (nM) 241.6 32.9 445.4 454.7
TGI (nM) 535.8 65.3 4344.3 811.9
LCsy (nM) 829.9 97.8 11487.1 5866.7
U937

Compound 3 Compound 12 Ara-C SAHA
Glso (nM) 162.2 54.7 46.6 589.6
TGI (nM) 440.0 8330.0 109.7 2006.9
LCso (nM) 717.8 >10000 665.2 5853.1
K562

Compound 3 Compound 12 Ara-C SAHA
Glso (nM) 9020 148.7 >10000 >10000
TGI (nM) >10000 982.0 >10000 >10000
LCso (nM) >10000 >10000 >10000 >10000
Kasumi-1

Compound 3 Ara-C SAHA
Glsp (nM) 96.6 >10000 292.25
TGI (nM) 393.0 >10000 604.75
LCso (nM) 694.2 >10000 917.25
MV4-11

Compound 12

GIs() (IIM) 13.1
TGI (nM) 50.2
LCsp (nM) 87.2

ii) SRB assay

Human cancer A549 (non-small cell lung cancer), MDA-MB-231 (estrogen-independent
breast cacner), Hep 3B (hepatoma), and HA22T (hepatoma) cells were seeded in 96-well plates in
medium with 5% FBS. After 24 h, cells were fixed with 10 % trichloroacetic acid (TCA) to

represent cell population at the time of compound addition (Ty). After additional incubation of
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PC-3 cells treated with a test compound at 1, 2.5, or 5 uM in RPMI 1640 supplemented with

10% FBS for 48 hours. The cells were collected and sonicated. Protein concentrations in the

resultant lysates were determined by a Bradford protein assay kit (Bio-Rad, Hercules, CA). The

protein lysate, containing the same amount of proteins, were subjected to 10% SDS-polyacrylamide

gel (10%) electrophoresis. The proteins on the gel were then transferred onto an Immobilon-

nitrocellulose membrane (Millipore, Bellerica, MA) in a semi-dry transfer cell. The transblotted
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SAHA, Compounds 3, and 12 were tested. The results show that, like SAHA, Compounds 3

and 12 inhibited histone deacetylation and upregulated H3 expression and tubulin acetylation.

OTHER EMBODIMENTS

All of the features disclosed in this specification may be combined in any combination.
Each feature disclosed in this specification may be replaced by an alternative feature serving the
same, equivalent, or similar purpose. Thus, unless expressly stated otherwise, each feature
disclosed is only an example of a generic series of equivalent or similar features.

From the above description, one skilled in the art can easily ascertain the essential
characteristics of the present invention, and without departing from the spirit and scope
thereof, can make various changes and modifications of the invention to adapt it to various usages

and conditions. Thus, other embodiments are also within the scope of the following claims.
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33 WO 2011/126821PCTi 20111 0263 The conpound of claim:1 "herein R4 is
CH=CH C(CO NHO I . 5. The conpound of claim4, wherein RL is S02R4 and
Ra is atyl or heteroaryl. 6. The conpound of claim 5, nyI optionally
substitute i . hydroxyl, al koxyl, am no, cyano, Qor nit

The con’poug‘gw2 1q”?}!ﬂglml wherein at |east one of R2, RBPCﬁESZOéH@"ﬁé is

CH- CHC( 0) NRand, MAC(0) - 01=0- 1- C(0)Rb, or NFIC(O)- CH=CLt - C(0) INR, Rd.

8. The conpound of claim7. wherein at |east one of R2, R3, R5, and R4 is
CH- CHC. (W;&JUS\CWMWS:C H C(0) 0 or NH20) - CH CH C(0) NI TI OH. 9.

The conpound of claim8--rein RL is SO2Ra and Ra is aryl or heteroaryl.

10. The conpqund cho&gﬂﬂ@&foﬂﬁ @ n Ra is phenyl optionally substituted

wi th hal o, hydroxyl oxyl, amno, cyan o, or nitro. 11. The
compound of claim1, wherein R is SOZFE& anquBz} is aryl or heteroaryl

12. The conpound of claim11, why,-1 opfiona 4" substituted with halo,

hydr oxyl , at koxyl, am no, cyano, %4 q 13. The conpound of claim
I, wherein the conpound is one of Conp 29, 14. indol-5-yty.
acrylam de. The conmpound of claiml : t he conpound is

3- (1- henzenesul f ony1- 1Hr oxy- acr yhigsri def or
341- benzenesul fonyl - 2, 3-di hydro- 1Hi ndd§ - 5- y:F)1 N- hydr oxy- 15. A
met hod for treating cancer, conprising dni ni st eri ng to a subject in need
thereof an effective amount of a conpoupgl of claim 1.

wherein

---- is a single bond or a double bond;

nis 0, 1, or 2;

R, is H, alkyl optionally substituted with aryl or heteroaryl, alkenyl, alkynyl, aryl,
heteroaryl, cycloalkyl, cycloalkenyl, heterocycloalkyl, heterocycloalkenyl, C(O)R,, or SO,R,, in
which R, is H, alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl, cycloalkenyl, heterocycloalkyl,
or heterocycloalkenyl; and

each of Ry, R3, Ry, Rs, and Rg, independently is, H, alkyl, alkenyl, alkynyl, aryl, heteroaryl,
cycloalkyl, cycloalkenyl, heterocycloalkyl, heterocycloalkenyl, halo, cyano, nitro, ORy, SR,
S(O)Rs, CH=CH-C(O)R;,, CH=CH-C(O)NR:R¢, NHC(0)-CH=CH-C(O)R;,, NHC(0)-CH=CH-
C(O)NR.Rq, SO;NReRy, OC(O)Rs, C(O)Rs, C(O)ORs, C(O)NR.Rq, NRRy, NHC(O)Rs,
NHC(O)NR(Ry, or NHC(S)R,, in which each of Ry, R., and Ry, independently, is H, hydroxy,
alkoxy, aryloxy, heteroaryloxy, alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, or heterocycloalkenyl; and when R; is SO,R,, at least one of R,, Rs, Rs, and Ry is
CH=CH-C(O)NRR4, NHC(0)-CH=CH-C(O)Ry,, or NHC(0)-CH=CH-C(O)NR Ry, or R, is
CH=CH-C(O)Rs, CH=CH-C(O)NR R4, NHC(O)-CH=CH-C(O)Rs, or NHC(O)-CH=CH-
C(O)NR(Ry, and when R, is aryl, R4 is CH=CH-C(O)NHR...

2. The compound of claim 1, wherein R4 is CH=CH-C(O)Ry,, CH=CH-C(O)NRR,
NHC(0)-CH=CH-C(O)R}, or NHC(0)-CH=CH-C(O)NR_R,.

3. The compound of claim 2, wherein R4 is C(O)NHOH, CH=CH-C(O)OH, CH=CH-
C(O)NHOH, NHC(0)-CH=CH-C(0)OH, or NHC(0)-CH=CH-C(O)NHOH.
33



WO 2011/ 126S21PCDDS2911, 1030263 16, A nethod for treating cancer, conprising
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subj ect i”Wﬁ)‘i‘l/h@ﬁ'ieOf an effective anount of a conpoynd,@hefldi@m 11, 1A
pharmaceut i cal conposition, conprising a conpound of O aim f and a

phat ornaceutioally acceptable carrier. 19. A pharmaceuti cal
conposition, conprising a conpound of claim2 and a phaai vaccuti caly
accept abl e chrri efhe compound ofglaima3 sibrera &e it ¢ A e Hed OB 0 conprising a
conpound ordain\ 11 a ¢ pharmaccuticalty ac.ceptabie cm

5. The compound of claim 4, wherein R; is SO2R, and R, is aryl or heteroaryl.

6. The compound of claim 5, wherein R, is phenyl optionally substituted with halo,

hydroxyl, alkoxyl, amino, cyano, or nitro.

7. The compound of claim 1, wherein at least one of Ry, R3, Rs, and R is CH=CH-
C(O)NR R4, NHC(0)-CH=CH-C(O)Rs, or NHC(O)-CH=CH-C(O)NRRq.

8. The compound of claim 7, wherein at least one of R,, Rs, Rs, and R is CH=CH-
C(O)NHOH, NHC(0)-CH=CH-C(0)OH, or NHC(0O)-CH=CH-C(O)NHOH.

9. The compound of claim 8, wherein R; is SO;R, and R, is aryl or heteroaryl.

10.  The compound of claim 9, wherein R, is phenyl optionally substituted with halo,

hydroxyl, alkoxyl, amino, cyano, or nitro.
11. The compound of claim 1, wherein R; is SO,R, and R, is aryl or heteroaryl.

12.  The compound of claim 11, wherein R, is phenyl optionally substituted with halo,

hydroxyl, alkoxyl, amino, cyano, or nitro.
13.  The compound of claim 1, wherein the compound is one of Compounds 1-29.

14.  The compound of claim 13, wherein the compound is 3-(1-benzenesulfonyl-1H-
indol-5-yl)-N-hydroxy-acrylamide or 3-(1-benzenesulfonyl-2,3-dihydro-1H-indol-5-yl)-N-hydroxy-

acrylamide.

15. A method for treating cancer, comprising administering to a subject in need thereof

an effective amount of a compound of claim 1.
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16. A method for treating cancer, comprising administering to a subject in need thereof

an effective amount of a compound of claim 2.

17. A method for treating cancer, comprising administering to a subject in need thereof

an effective amount of a compound of claim 11.

18. A pharmacecutical composition, comprising a compound of ¢laim 1 and a

pharmaceutically acceptable carrier.

19. A pharmaceutical composition, comprising a compound of claim 2 and a

pharmaceutically acceptable carrier.

20. A pharmaceutical composition, comprising a compound of claim 11 and a

pharmaceutically acceptable carrier.
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