H STONE DEACETYLASE | NHI BI TORS AND COMPQOSI TI ONS AND METHODS OF USE THEREOF
[ 0001] This application clains the benefit of priority of U S Application
No. 61/ 43%06@éB/10800Bed January 24, 2011, which is incorpecatssdothere2ian by
reference for all purposes. [0002] Provided herein are certain histone
deacetyl ase (HDAC) inhibitors, conpositions thereof, and nethods of their

use. [0003]Hi stone dedd@WHE&E(\mAﬁﬁéNH'ﬁUQBSt%NPl ng enzymes whi ch
catal yse the rermva& B @%@ﬁéh§;\wméf%%ﬁ~]$@%ﬁﬁqﬁ of lysine

resi dues clustered mno termnus of n €osona stones. There
are 11 known netal - dependent human hi st one deacetyl ases, grouped into four
cl asses based. on the structure of their accessory donmains. Cass | includes

HDACL, HORGO1] HpacaThig@pliglien %lﬁtﬂn(;’nﬁtﬁeb%?ﬁ%Pt‘)Qvotﬂa afd&St Arpligat '%d)i@m
HDACS, H 85%’7@,_@%@% COhPQ@ 3@ Chviich ,sl RcSPdrRY s POl Oy r%ﬂg?!?l °d as

HDAC1. HDAC6 ahd tain twd cata ytic'sites and are c as
Cl ass || ball pimposas. HDAC11 has conserved residues in its catalytic center

e ARAEY Y SRR et el BT S e B

Formul a | c@hp@sifbiad RESHK bﬁ@l%é{hagggpt@h){l &ealt thereof wherein RL and R2
are i ndependent 'y chosen fromoptionally substituted al kyl, optionally

substi t ut9803ycl oal Higtgnerpeacaidhsgs §dbAGs) aredineatontaibingl enazlymas wbiehi onal | y
substitute ryl, and optiona substituyted heteroaryl; .is chosen from
: shiee g P GEpty B eerh e S atB B B PR nsgeR<iRs | ower
aI kyl Optéleé‘t@téd’néé'lbtﬁb' érHﬁw%quMtﬁwﬁs*@'n%cle%@gwﬁﬁhlﬁor%@%rerﬁ@m%&@?n and
| ower al kyl wherein if RL and R2 are both phenyl and R3a is hydrogen,
then R3 |metat|(otaﬁ)9®det)tt-hman Ofyme-derpetylases sgraused prtovidedassesbased

phar maceuf| Gal COMRLLT theR 28RS dihdins. Class | includes HDAC1, HDAG2,

HDAC3, and HDACS8 and have homology to yeast RPD3. HDAC4, HDACS,

HDAC7, and HDAC9 belong to Class lla and have homology to yeast HDAC1.

HDACG6 and HDAC10 contain two catalytic sites and are classified as Class llb,

whereas HDAC11 has conserved residues in its catalytic center that are shared

by both Class | and Class Il deacetylases and is sometimes placed in Class IV.

[0004] Provided is a compound of Formula |

Rs Ra

R Ro
Formula |

or a pharmaceutically acceptable salt thereof wherein

R1 and Rz are independently chosen from optionally substituted alkyl,
optionally substituted cycloalkyl, optionally substituted
heterocycloalkyl, optionally substituted aryl, and optionally
substituted heteroaryl;

Rs is chosen from —COOH, —C(O)NH(OH) and —N(OH)C(O)Ry4;

Rsa is chosen from hydrogen and lower alkyl optionally substituted with
halo; and

R4 is chosen from hydrogen and lower alkyl;



conpound, or a pharmaceutically acceptable salt thereof, described herein
and at | east one pharmaceutically acceptabl e excipient. [0006] Al so provided
i s a met hwo 20f/t8mati ng a condition or disorder nedi at esChoyusadi2ioersé one
hi stone deacetylase in a subject in need of such a treatnent which nethod

conpri ses adnlnlsterln to the subject a therapeutlcalk%_effectlve anount

ﬁf a COWFSSB(;]\Xser% pﬂw nelek R2i aef lP?”h@BéBV'aBP% Ral @tE fpglgllﬂ thess & 'l§gd
erein us Pﬁﬁgﬁl i cation, e foll ow ng words
phrases and synbolsqggbﬁéggé éﬁ%ﬁgﬁ en edfto have t he neani ngs as set

fo;I th :)el [(Mtoﬁ]axceptAleoopiorggdednsatpheha?cedtnﬁ:a;topmlotsltuon odnmpﬂswggwayl a: te used

i ndi cat es ot her - at is not petween twg letters or

symbol s i LB &hah&‘%féﬁ eéﬂt'ﬁ%l&éc%rp)t%ﬁ'?ééhm{ao% éi%sar'g%gﬁr%'ﬂ@ﬁ? atpgr

exanple, gg@gﬁg on atom [0009] By "optional" or
"optional II y' 1s Prea%éééﬁl@t%gw Qé%@%gﬁgmmdescn bed event or circunstance
nmay or mel006] occuA&oamdebdﬂsaheeMedcﬁﬂmﬂhogaumﬂdmmmonmsmmnmes where the

event or C|rc occurs.and inst £es . in For
cxanpl o, MGHEGH BY A (a0t 61 Bt SPRGRY SRIB RIS BBPRO PG and
"substi t Uﬁre@tn%dfwhucraﬁqe%d 86 pRsOWMiristérihg t6ehdi8disiEst 8 MbrApelit@s§
skilled in the art, with respect to any group containing one or nore
substit u@ﬁ@tlvemowcqi agearopungt, @r@omharma@eue@altyoaquta%ﬂeeeltéfweof
substltut s ﬁﬂ$ hltutlon patterns that are sterically |npract|cal
synthetlc ﬁg % Si ble and/or inherently unstable. [0010]"Al kyl"

encormassmos] rai ghis ¢Badl h edpriesancéisstifidaaion, thavfon@wingevoradi phtagdsnunber
of carbon atons, usually from1l to 20 carbon atons, for exanple 1 to 8

car bon at@?ﬁssy@b@ﬁ HE 9?”@6?"@ intaneen tathave. themeeéumae sglhifonte kaley|
enconpass A f ar bon
at ons. Ex%&:%%m@ﬂ}%t éﬁEHmS ?g%pégrﬁﬁgtpﬁg\émgn@%ﬁ rjéeqsl'?gj I |n8 %rg{egg I?thglrvg(s)%r opyl ,

n- but yl , [S)Gosputyl Atdensh{bU)tthtat |srrm1ﬂo,eltwe@a pentetters os spebbld is usedpent yl ,
hexyl , X 3- et hyl pent and the |ik epe is a ot her
Cubet of MIcRyg 2 BB AAGNTNG 15 FS RS ST F08 CX8MENeky 0Nt 1rHACHG wo

poi nts Ofth%dg?f:fh%e&trbor?"atd"rﬁl ene groups will usually have from2 to 20
carbon atons,” for exanple to 8 carbon atons, such as from2 to 6 carbon
at ons. Fo[|0069hrrpl e, By:oopstldml ‘eareoptiaallyt esmeaobtkalté*r&smhmmuandy(j al kyl ene

i hyl W due h f nber of
car hone. 14bhe SR opBE Bt Sl B2 R BTl L o
i ntended helubes sanBRsHREre tHelsvent BF cRE@TBlafce deelivd and mstaRds iho incl ude

n-butyl, sec-butyl, isobutyl and t-butyl; "propyl" includes n-propyl and
i sopr opyI wh rchokrmeSamqktyl Forrexparde @papwly %}:bﬁhlpﬁeﬁ@umhgermqr@asse@b@@hs

ring havi Ao B G B R RO, ol 06 A5 BREY ARS8 1o ©,

3to 8, ogknﬂedmtﬁerarngvumaebpectabm gr&aplc@atdwhgwnetmnwsmtumsycl ic or
pol ycyclic E qb bicyclic, tricycli npl es of cycl oal kyl grou ps

i ncl ude cipet sye BV%@SéVQFE%Uﬁ?Pde%V%F%$@H99ﬁny§V@$WEBﬁ@éﬁ?“bﬁﬁé @Y cl ohexyl ,
as well ;

By cyel of 23 55 r Dy ot RAR bR REE WBEeA: ndlPIcRiB R or inhereniy
group mayurstableomati c, provi ded the polycyclic cycloalkyl group is bound to

the pare ucturg via a non-aronatic .carbon xanpl e, a .
s B ooibhus: on B Fefeinga oo i e A brancHsORnAT b3HBatEe o ¢ he
parent st HebiEniBeRonOiHBR B CUSRINGRLAYOM 20 SaBofyiibaal fol ar oup,

while 1,2, 3,4-tetrahydronaphthalen-5-y1°(wherein the noiety is bound to the
parent stexanopleel o & carbosraioetsi, sucarbdntodi cafoonsatamis. dorsixaerwe Ca-Cs

| oal kyl| 10012 K
T ot o Pk Bmseshsglh sPaBt doe bt RBie B AL Ry R calorsuch as,
for exarmétemsnBEMpﬂesQifWgrdup%nmstelrﬁ@mypemw pr@ppluﬁs@pYop}ﬂ%bbtW OXY,

tert-butoxy, pentoxy, 2- penfyloxy, isopentoxy, neopentox exoxy
2 hexoxy, a5 Betybiigri-butylnperyl, Berariidy SORRAMYLIRSADERE), rmybxi]’hgmu@@ewm

usually o] ridge.
Coner al TOEY BEhYL g8 NEHBTE S phRE 5ok 8yl B BRI - AT -

i ndi cat ess@ne agsidaés as akybduthanihghtao rmgntshﬁ dttadheained Alkyndrey gi@fupsavitbon

atons, for exanple, 6 to 12 or 6 to 10 carbon atons. Aryl groups may be

nmonocyclic or polycyclic (e.g., bicyclic, tricyclic). In sonme instances,
both rings of a polycyclic aryl group are aromatic (e.g., naphthyl). In

ot her instances, polycyclic aryl group® may include a non-aromatic ring
(e.qg., cycloal kyl, cycloal kenyl, heterocycl oal kyl, heterocycl oal kenyl)
fused to an aromatic ring, provided the polycyclic aryl group is bound to
the parent structure V|a an aton1|n the aronatlc rlng Thus a

~ v N - = oA T o [T T



[ 0014] Bi val ent radicals fornmed from substituted benzene derivatives and
havi ng the free val ences at ring atons are naned as substituted phenyl ene
radi cal s.wBi2zee®dosr adi cal s derived from uni val ent pol yegeliseoihperoeear bon
radi cal s whose names end in "-yl1" by renoval of one hydrogen atomfromthe
carbon atomw th the free val ence are naned by adding "-idene" to the narre
of the cws@mﬁmeﬁ@mr&thHCbCﬁﬂrbpacﬁt@ras;fOéeqampée ﬁé@lﬁ’t‘?ﬂfbo'@ﬁéﬁfﬁsvﬁl{

poi nts of C t d r

Pl udes. 71 1of62 B Rlostort BIR PAPakattbl! e oleti lithfes 81cghaleit ?ﬁ@?udes

fluori ne,ammlallkymndolscanneehylemlgrwb mﬁlhehm)ﬂélkylhiesmmearawhg arwecﬂbes an
aromatic rin qu L)nln theinLcated nunber of atons rg 5to 12, or 5
to 10 menBEPRE" RtEPEAT (A YamadcalligednelieSemend @V'Hat”é?td%H I?I%”Efe g 1, 2,
3 or 4 hefHp8as QRS intesd&f otk Eh@éﬂué‘a '?I%ssfélnéixéﬁ‘n%l'é fﬁlﬂ{' “ ng
atons bei ng carbon. Heteroar ps o not cont al ent

at ons. | ninsloe rebbtymseertmﬂyl tsbeutybaad t{luwrhgbeIpropyl'Slrm:hﬂue(S rapoory/| andt he

het eroaryl group j s not the total nunber
of S and EORIRNE 1LEvR e T i ek ST RRIRHGHE o & HBONS. Uit eas

ot her wi se[poRd] cat ed CMeﬂKﬂaFnﬂIca@éé)ﬁ%n@bnﬁlcbﬁ}ﬂsl%ahﬂaiébecd}ﬁbéwl|CSt ructure
by a carbon of nitrodgen atom as valency pernits. For exanple yridyl"

i ncl udes rnghavidgithe Mdigatedyumbed of caghdrugioms;, derpexaraple, 3591 Podyd10 Bncl udes

et or oar 0" 3 {68 ot alhrds EEi RRalkd) BHtsmey B TaPhOGRTE B BRWRUER Gr oups
permts, (@@smcyancamn@dud) ZEﬁbrﬁpl@%Q)f(dycbaIkyl\brcﬁ;p‘a indddé tyeoptdpyl, when

sul fur is present in het eroaryl ring may, where the nature of the
adj acent %)tCJﬁI%Jtﬂnayfé‘P%'ﬁw ﬁé@'ﬁp%’fenek@%q CYQIOWVJ»@WQUBGSQF idged@nde. , S+-0-

or SC2) . @%@T@%ﬁ ousTERy, H@r’bo%d@’%&%\ﬁ‘fﬁ[t ‘éoabct{%%chéd&tuér‘? dhe rurl}’df cyclic,

tricyclic). nstances eter 1's nonocycl
Exanpl es ofrmbulg?eyqﬂwrcynlcalkyﬁgrmhmy bamrdmailceprdmdatmeepcélgcghc
1,2,3-tria

2,4-triazole, 1,2,4-triazole tetrazol e, an,
i soxazol eCyCBQ@i'ﬂélgéouFbI@a%?% Oeth(eepaée”t Sitruﬁ %&éd?%{‘zéroé”atf f?a Eoﬁxgﬂﬁrazol e,

1, 3, 4-ox e i |4 .
12 3 chiaaaet o L AP e 1S OB A Erel) HRERAp fpad
pyri dazi nie, thp;pwemtcﬁtmturpymaamm ano:rm&tm carbore atpm) &, apmloalkalzgmep

ool yoycl | NHLH B Sarsirapy SRbaap el orm MASRT b bBREE i inibRe: ©

i soi ndol epareAtlai@ttare hammm:ﬁboh%m) fs! it @oRsidersty 8fcyERAIKkyI
benzoxazol e, benzoi soxazol e, benzoxadi azol e, benzot hi ophené, benzothlazole,

benzoi sot@OdRol e, benzot hi adi azol e, 1Hpyrrol o[ 2, 3-b] pyri di ne,

%:::I EyrZa:Z%flltop gl g][ Zéf %I‘%@'r i %I neemt %ﬁrzaqu??%% §¥@e§b§§;?teéj Rmber of
1H pyr azotarbén 3torhb ytachied rolbh iam (ﬂ@’@@h‘br@gb]@mhlaﬁ s, example methoxy,

1H[1,2,3]triazol o[ 4,5-b] pyridine, 1Hpyrrol o[ 2, 3-c]pyridine
1H- pyr az obtHPBY.LrePEYY isRRTEPORHIT RV t@XY oles- 'BUt@}%ytIertopLI’I@Xy pentoxy, 2-

3H 1,2, 3
T pyr sy Hogy e pshibkPiSAlRfons HeRME), 2Ry ShidMEL) 8
1H [ 1, 2, 3nethydzaritoky ahrdcthpyike diAtlkeoxyf gnoap@ walt ubligdiyr halienfeom 1 to 6 carbon
I b di I -b i di i I -
oo oL ST B B 63 Bl A b ek At 8 ety L=
i soxazol o@{l,ué lp% Wa Atde cafﬂon?sa 3] oxadi azol o[ 4, 5- b] pyri di ne, o
furo[ 2,3 ri oxazol o[ 5, 4-c] pyri di ne, |soxazolo[5 4-c] pyri di ne,
[1,2,3] ox[@@ﬂé’a]zol o[ 5,A¢yl(‘5]rpycatdsrae1 arboraticapbe) ppg ihdiving, the indicated
I i | o[ 4, 5- i dj
o0, O RPN L4Tod ard 9 B BB s 470 10t atoms. Ay
t hi I
115 3] Cr e ilz;”% gramodons %%'%I‘I'?éﬁ?%”“%“'?L)I?‘:Va".'ﬂe In some
hi azol o[ AsBENEERYPOtHIrNGS qfsaowcpive\acdip@rw @woup |ye rtpmatic (e.g., naphthyl). In

e

t
[ 1,
th
[ 1, 2, 3] t hdyasbaky) ofchodtkedpytiétdiotycldaliiye adiérodyclbakengl) fgsed to an
thlazolo[4,5-c]pyridine, i sot hi azol o[ 4, 5-c] pyri di ne,

[ 1, 2, 3]t hi adi azol o[ 4, 5-c] pyri di ne, quinoline, isoquinoline, cinnoline,
qU|nazoI|ne qui noxal i ne, phthal azi ne, naphthyridine (e.g.,

1, 8-napht hyridi ne, 1,7- naphthyridine, 31, 6- napht hyri di ne,

1, 5- napht hyri di ne, 2, 7-naphthyridine, 2,6- naphthyridine),

i mdazo[ 1, 2- a]pyrldlne 1H pyrazol o[ 3, 4-d] t hi azol e,

1prrazo|o[4 d]thlazole and |n1dazo[2 1 b]thlazole [0019]In ot her



the nature of the adjacent atons and groups permts, exist in an oxidized
state (i.e., Nta). Exanples include piperidinyl N oxide and

nmor phol i nyb-2bi2opoBade. Addi tional |y, when sul fur is preserCTIiUS2@2/022216

het erocycl oal kyl ring, it may, where the nature of the adjacent atons and
groups permts, exist in an oxidized state (i.e., S+-0- or -SO2-). Exanples
i ncl ude t#oFHIICIHE. iNfvided eirolAYE!icCANYTPPR IS PAENGathE RaeakbsStrp@ures] | n

addition, . [ale! LGV t erso6we tic
(oo | oy ShRPinthe BroatEXFl; THS: BCEE Y Bt Erdti a2 RORF: ot
i's bound (Lwharhieul themewietysis hochdrte tlvdra] ageemtstrua}rwema en agorhatic oarbimintatogf)ﬂ
atom For, exa e, ,al, 2 3 4-tetrahy ui nol i n-1- roup erein the
noi ety i s'SEOMR efer EAETYAaHR: wfﬂ'5%&&#@%t@hwﬁaﬁpﬁaﬂ%&-ﬁ%ﬂ éﬂ%‘?r&&bweatom

i s consi I ; ; ;

15205 ¢ DoAY B PO REN (MR pi-Brorpatic carbon Alom)S Ot | 4 he
par ent stcarsideredanaayhgraupnedimiladgr dd 2, ddetejrahgdroguirodns-glegredpa

g, e MR aRech BRGhop T AT SBLIE0 ot BB ERaalil O™ | €
nenber ed §RbAEREYED 8A !yl roUﬁ,‘iﬁhiHep?\r@,%,Qgﬁgﬁféydal’gg@%'&mﬂﬁﬂ@r@% (WRefbin 1, 2,

3 or 4 heteroatons) sel GCQGd from . ~the remaining ring
at ons bei thg roaiehois, baund tatthe pasenteiwicisaniaameondargeraticatitrogen Btormkisoval of

atoms,  oraidelsiYed BFEb GBI RTITETa, GRURER AN et A EBneteg o

het er ocy cowslaoyvith Hesteraeeyit,| xadiéfered haredu psgaralesBeof e pol e of attachmehycycl i c
(e.qg., bicyclic, tricyclic). Wien nitrogen 1s present I1n a

het er ocycl{€a@} Retyauinpliyd-yl engipinaline?-¥l alecheigiaard BPUPHl ladom@nt at ons and
groups petm ex i L dized o i : W ionally, when
sul fur i slhg]rabggﬁ‘téﬂyﬁgadrﬁg?g?rgﬁé@?tﬁ rdgtﬁ%ﬁ%}r}( hg%qc,{e%'h%@ 5 ere the nature of
t he adj aci@dtl4ht ons RBivdlent cagicalpdomead froexsdistituted meoxené dedvativaiseard . e. ,

S+-0- or -SQO2-). a es of heterocycl oal kenyl groups includ

5 hyr of Uiaige Tetias ValeneeS @t Apa SIS ars ManBiLes SHoR T aed gy iene

di hydr ot hi YhRi radidal3-d hi i i 1),
di hydr op?ﬁ?% FS’%’S&T@ r%(j"é?'%ﬂﬂﬁ?ﬁ?%gbﬁ%ﬁﬁ?ﬂoyc%? i ﬁwpg?ﬁg@p@raﬁgl) ,

di hydr oi nivdesshgimegeangl. in "2yI'3bylrépdval-af idinei ldatzagsn atom from the carbon atom
4,5-di hydro- 1H 1 m dazol y1 ranyl , di hydropyranyl (e, q.

34 i ny S R BIeNcS Hhe DA By et AeRY’ B e o i iyl (e g
12 3 4 LS . z L :

Iy apy S Fad o e 8 B e ey 11

addi t i on, attaghrenigs gﬂrmwmwld%ehet erocycl oal kenyl group may be aromatic
(e.g., arp het i MoV clj r. C enyl
brov i o B9IR 1o CHES IR ineREkEEs HUG ey ok o B BGY Bt

ni trogen ter@rrhalogentkaigdes, flLdribel cliohiid) Io@uiing) amd ibdirle.gr oup (wherein the
noiety is _bound to the parent structure via a non-aromatic ni,tro%en at onm

i s consi df0d6] a het dteierpardaingicaies gnaremMaiaiing contaigingyiae dedicatedi n- 8- y1

. Doty . ti
dar bon. ar SRS ST (. SR 12,8128 10 ieR B nelermy Fack B o T er m
"substi t ubretdre hstensadniseleay.nl, 2ehos4 theteroatomeyselecteddroen Ny @ egess on t he

designated atgmor group is replaced. with a s ction fromthe |ndicated
aroup,  preRe Uah thn aemAineiRa SRS BeNtAATeORo FIRF oPR RGP €06t | exceeded.
Wien a sulsithinugdihcdrt 9384 0 g%ms.ﬁﬁ)soh{be&n%oﬁh‘ﬁérﬂg,et% t8tal DAk efsar e

repl aced. Conbi nations of substituents and/or variables are perm ssible
only if sanhCcatobisiattheheteresnll group istradiineoredhponds someisetoodiregmishet i ¢

i nt di at A bl d . | t t N t, to. inpl
compound TRapdl CuBlERF kst o ftambur 08 RelrarOL St s Pde] 1 oact i on
mi xture, GARsS WIEUISNIndlcIeN HbRRNAYreloRERYtbdBYIMtcihe Rasht pract i cal

utility. Unless otherw se specified, substituénts are naned into the core
st ruct ur eStryairedRassRERON or Nigogen omnde vakeoey Peraits whenekayeleal kyl ) al kyl

is listed » i hl tit , Dt t of '

subst i tueﬁ?ﬁgg ﬁ%z&dcéc%r%pgﬂ?ﬂt?hp&ga&lsaéé]ngipﬁgbgll 9(@%%’0‘%@%@%0@8%&% ternms
"substi tU’I-WFroﬁyll,@bir(rbllybémdiBrm/rw'lyligb@@pé.i Wﬁmtrhitm%é@\'rsépre@bhwn)a cycl oal kyl ,
aryl, heterocycloal kyl, and heteroaryl, unless otherw se expressly defined,
refer respectively to al kyl, cycloal kyl, aryl, heterocycloal kyl, and

het eroaryl wherein one or nore (such as up to 5, for exanple, up to 3)
hydrogen atoms are replaced by a substi4uent independently chosen from
-Ra, -ORb, -0(C -C2 alkyl)0- (e.g., nethylenedioxy-), -SRb, guanidine,
guani di ne wherein one or nore of the guani di ne hydrogens are replaced with
a |lower-al kyl group, -NRbRc, hal o, cyano, oxo (as a substituent for

~ A~ s ~NANR IS N ~ A~ e~ N NN TN



0Cl1-A4 al kyl phenyl, -Cl1-C4 al kyl-OH, -C1-C4 al kyl -0-Cl1-C4 al kyl, 001- 04
hal oal kyl , halo, -OH, -NH2, -01-04 al kyl-NH2, -N(Cl-C4 al kyl)(Cl1-C4 al kyl),
NH( C1- C4 wbkyi2y103608l( C1- C4 al kyl ) (G - C4 al kyl phenyl ), - NPCCASG#2/022216

al kyl phenyl ), cyano, nitro, oxo (as a substitutent for heteroaryl), -CO2H,

-0(0)001-04 alkyl, CON(CL-C4 alkyl)(Cl-C4 al kyl), CO\IH(ClC4aIkyI)
_CONH2,  heleraryiaingeat raﬁkwber&tm@(aél)l refdhe lapjacent etoras and |yOURY 0) ( C1- C4

A 04 ‘?ﬂ‘fggﬁ&% o Gl GRe ) oy OUo i Bhely g UREIPS BRETY!
S02( G - Mprbaénahlwhétereﬁww it SGRMHIE AR U ey bf) the-cBfaddr¢ plemy lahd -

NHSOZ( 01-04 al kyl - NHSO02( phen and - NHSQ2(01-04 hal oal kyl ) 0027] The
term" sub%rpppﬁt%ﬂ)”&? ?'n@é‘f@ﬁ 'Zé%séﬁtﬁék‘? v%hés é?rrSQﬁeHﬁESQ Q‘Jcﬂf@LP? uent is

substi tmﬁgé(d ,ﬁgp?]cﬁ So%tgg,g%)cgaﬁcg%ngl b¥dyblic W@ substituted alkyl™ is

as describ her substi'tuted am no" refers to the group
-NHRd or [ORR@Rd vxhelnesminsmhoes arfcdermadd groyp mmseocyohomﬂ)gaumpj&y
stituted aI tio aII subst optionally

SObst 1t ut DEEBTC Rz b2, Farders Sy bert et 4ror YizBonal 1y

substit ut £g NelLoRY! Bé'traz@lét m@al isbxézthétoiaﬂo%i da&b%rz@@eal §ahlkyb. optionally
substi t ut ed alkoxycar onyl , 2? and sul fonyl, each as descri bed
-

herein, a®xpdirzledbd, %ﬁmd@mw b,ﬁ agiayoled th@@h@w isothirzal@rthiazole,

oo AT, 2 A0 Ll LIS b g,

cor r espongiritazats, pyrigvidine, prabinef mazmea{;ea%;m Mdmm@ PEIPIfiathegrand
nchl oropgﬂ)xybenz@?c aci d. Iwl’he person skilled in the art is farﬁ)l iar with

reacti on €8AdiN€i ons for carrying out the N oxidation. [0029]"Am nocarbonyl "

oheepasTRag) I oupnarhd sk B, Both t(urﬁ ﬁée’pbly%%\t %%%5'5252\@ ﬁrﬂbﬁ%{é‘m no)

wher ei n sub tuted amno 1's as descr ers to

t he gr oupsrofaticy | Bxatgfles |nc(ltadfelrmjailé§y$omdhﬁlé) m;da(zaleybknzcﬁ](r@dazole

(heteroar and het er ocycl oal k erein roup is

e hod tetaoimasie drzsfurab: b qxaze@gﬁe %@%%@ﬁ{he%ﬁe Peal® ity and

wher ei n %ﬁﬁothu%ﬁérﬁ’@'&%zotrﬁéﬁ’i !zoleaBg d%‘éb?éoﬁilky' are as
ave t e er o)

descri bed herein. Acyl groups | cat ‘car bon at ons,
W th the pwrdoi2,db]pymiginestidi- gymploﬂ@mﬂl@ipymhed@d lmwdaz|®é4 hthipgnidide c3tlbon

ora( o) 1 EBasioft o Sidetis 18 BursoaBh3 Bisiriing] BT RVERARI & bony - i o
nmeant an @@pﬁdmgrwnnﬁtﬂaidr%fb] Wﬂlﬁe(ﬁﬂil‘{q)&@](r%z@))o[455-b]®?h§ﬂet hpough the

carbonyl cafbon wherein the al Qb:gr ou t he i ndi cated number of carbon

at oms. Thiigralol@13-churikiney d &-pyiagp éuqdpy@lnaes Floidazgods]maigding) 3Hom 1 to

6 carbon gloug 4 8aNe el RERLIRH b irOEMEE Y SRidthe: AHRBIM ol AKe" -
c]pyridine, 1H-imidazo[4,5-c]pyridine, 1H-[1,2,3]triazolo[4,5-c]pyridine, furo[2,3-
b]pyridine, oxazolo[5,4-b]pyridine, isoxazolo[5,4-b]pyridine, [1,2,3]oxadiazolo[5,4-
b]pyridine, furo[3,2-b]pyridine, oxazolo[4,5-b]pyridine, isoxazolo[4,5-b]pyridine,
[1,2,3]oxadiazolo[4,5-b]pyridine, furo[2,3-c]pyridine, oxazolo[5,4-c]pyridine,
isoxazolo[5,4-c]pyridine, [1,2,3]oxadiazolo[5,4-c]pyridine, furo[3,2-c]pyridine,
oxazolo[4,5-c]pyridine, isoxazolo[4,5-c]pyridine, [1,2,3]oxadiazolo[4,5-c]pyridine,
thieno[2,3-b]pyridine, thiazolo[5,4-b]pyridine, isothiazolo[5,4-b]pyridine,
[1,2,3]thiadiazolo[5,4-b]pyridine, thieno[3,2-b]pyridine, thiazolo[4,5-b]pyridine,
isothiazolo[4,5-b]pyridine, [1,2,3]thiadiazolo[4,5-b]pyridine, thieno[2,3-c]pyridine,
thiazolo[5,4-c]pyridine, isothiazolo[5,4-c]pyridine, [1,2,3]thiadiazolo[5,4-c]pyridine,
thieno[3,2-c]pyridine, thiazolo[4,5-c]pyridine, isothiazolo[4,5-c]pyridine,
[1,2,3]thiadiazolo[4,5-c]pyridine, quinoline, isoquinoline, cinnoline, quinazoline,



[0032] By "ami no" is neant the group -N H2. [0033] The term "sul finyl"

i ncludes the groups -S(0)-H, -S(0)-(optionally substituted (G -C6)al kyl),
- S(0) - optwonaidy3®abstituted aryl), -S(0)-optionally sulpstriusoaie22216
heteroaryl), -S(0)-(optionally substituted heterocycl oal kyl); and
-S(0)-(optionally substituted am no). [0034] The term "sul fonyl" includes
t he gr oupsuingxajipe, phthaigzing.-naphth\sicane (e.gudst-nepbibyrigioe. &6yal kyl ),

-5(02) - ' |} t] : I - - [ St d
not or bar 9P as PRI, DeriePhit i 2Rk Hir 2162
S( 0|2) - ( ?mépgngjédidine),l_lhﬁtda}zrmeﬁ-ag?m:r@m;tr}'?,,1H-ﬁyﬂﬁt mojblﬂ-dﬂnai)atdeé?lg%i Eut ;ad .
aryl oxy), - i ona [ eroaryl oxy), - -(optiona
su)t;sti %/ut@ﬁ"a @Pg’ggﬁ@ﬁ%ﬂoﬁ%é?@I%@Zgé(’g%itg%iﬁhonél I yysubsti tut ed gm' no) . Y
0035] Th "subgitd " i ytuted al kyl) -
0(0) - (SaPTt ut ed AL ERETYS rBTO R HeBiolf SaMRE iy ige i h.=1 1)
(subst i t varethdietrege.g., Lycodlkyl, cacldalkenils hetanvet!dakydr betgodayaldaonyQ( 0) - ,
wh int i ttached to, t t . t th h th b I
A T L e L R e Tl Sy
and het ergosyat oRlkilte AaGregtofeFCtheRedmaeiteing. HAQ3@hde, 4 a3 7substi t ut ed
al koxy" refers to al koxtgiavzws;erel n the al kyl constituent iIs substituted

(i.e., -Oetrabperobenzeld] -2yl @rse(whersindgei maiettisdiaund toite parerdscri bed

(subst ¢ T e bt St Abrf i S a4 erdBaBl Brd o ndfishr ent
st ruct ur e4 blg, puethattfirobed sjaphiat ey @rdreinythantoietieiseioungiibshe pated al Kyl
is as described herein. [0038] Compounds described herein include, but are

not |i i t¥EHalere Yiaa Rorspiarealic caroppraiom) icRektansideind adigieroaryharavs

t her eof . ose sd j 0 1.ogl Nt i I reQners,

i.e., opt '°?§Pry act i%éé@#dg?fé??lkggﬁn@gé‘%gfa aﬁﬁ@%}%@ggéj%§€ﬂlug§%§r§ esis or by
resol ut i omawhg tHeeindasatedhhembeRes atams (819913 tohkd, or 8derfnesmbarede
acconplished, fo X | e, by .conventional nethods such as crystallization
'n the praieimsyClonliyiBaas RS RGeaT Mot NERFAATSYAbNY, 20aPHE, for exampl e
a chiral J {0 t IS . hEion,
Such corperanatbRSy dbelidbn) IO Qshan Lidekifinl i qbmeehy
conpoundscatbon. tetémeyclaalkyhgrdopbineapbedsonodyelieoc polyoyciiddedpshicydlied her ei n
exist in v.ari@)bjs tautonmeric fornms, the term "conpound” is intended to

i ncl ude atir'lcy? utoneric forms of the conpound. Such conpounds al so include
crystal fp2a]incl ugidrepRe! of eHEE chdHetEraéytiadiRA -griim8 InRIUde osifmyf er m
"salt" is intended to include all "tautoneric forns and crystal forns of the
conpound. aZi0dpyl, apetidingc putrokdinylyinzidazglicimy| eoWarelidinylneipgtdinybut are not

limted t . i i | &.:.8¢Lds, .such as hydrochl orate, phosphate,
di phospha@géar%@rl’%bgbrﬂﬁmgglg%ﬁ &é@rﬁ{)@m@%hat e, nitrate, and like salts; as
wel | as spioR2] Wi t h Wheargaogen &cprésestio asteredyelcalkyreihgalt enay, wimsrat e,
tartrate, succinate, citrate, acetate, |actate, nethanesulfonate,

p- t ol uenebgimaw &f the agjanesk FEAMS PEMIroviRE BeMbiks £xist & a8 Axidizacstate

t te, 2 . . . 1 Q_re i s 0-4,
oo | ke (8P BOGE NeRAF PR RoBBe AT iRy N BRI Gide, P e bt
are not | Additiedaltyo whedi sutfur popresentim a batecocytoakyl minguinmay, twhersthand
amoni um [.0040] I n addition, if the conmpounds descri bed. herein. are obtained
25 an aci RUHEEIP Brrdasant 307aS anOdTBUSs PR S RIA PR B5eLaRHS fing o

sol ution gf oy B@-@@%Q. 8 pl SO MERIEhbmbriphblise @t&ﬂ&éfangﬁhmdrsﬁmw& an

addition salt, particularl’y a pharmaceutically acceptable addition salt,
may be pr3didiodidey di ssolving the free base in a suitable organic sol vent

and treatj he solutipn with an id,  in accqrdanc i.th conventi onal
pr ocedar 40023} or epiradiartiond it SFa RousleE TRbIRIEEE L disilEY benose
skill ed igohhRicAelg.Wai of BERBBArED, MWidedsthepHIistii6 hERIrSOM MLy @Folihat may
be used to prepare non-toxic pharnaceutically acceptabl e addition salts.
is bound to the parent structure via a non-aromatic carbon or nitrogen atom. For
example, a 1,2,3,4-tetrahydroquinolin-1-yl group (wherein the moiety is bound to

the parent structure via a non-aromatic nitrogen atom) is considered a



[ 0041] "Prodrugs" described herein include any conpound that becones a
conpound of Fornula | when adm nistered to a patient, e.g., upon netabolic
pr ocessi ngoahidtosoopr odr ug. Exanpl es of prodrugs incl udepdenise@bioy2se of
functional groups, such as a carboxylic acid group, in the conpounds of
Forrmula 1. Exenplary prodrugs of a carboxylic acid group include, but are
not | i ni tketerasycloatkybamauns V‘g‘t"?cﬂ 2exdtetrahygroasnalinegty! geausn whergtirtbeyal kyl

I
or odr ugs OIS RO SR e g RGP SH arBREp ard T Sor BB TR 2T X,
esters suctfnsa?daerpd\aahetpfdvymmkwgrduw\/p gl ycosi des, and ascgr bic acid
rodru

derivativ he tef s intended to |nclude

[ 0042] Ot h@i’ éirenpl ar"i)gtﬁm 'QQB(Q”MLI'%@?*&%%%%” G REVEN N @8'”86385

Exenpl ary I

f or med, f'QramS%rﬁ r?.BéHng ﬁngqgﬂ?ogk ggé%@y?ﬁ%é%g?ﬁét&%%g&l@ﬂky@ am nes
i ncl ude NiH2de ppi mfmrya, orarrmdresbetatmmtomsa(m med, 3ushr é§1eltdkﬂﬁmtora$|)cseﬂﬁtxt§& wher ei n

Rx h d C 18 C7 | | k
Cea e Rl Qind Satbinhe a8 rinraie T G SRt @R IBRST { ut ed or
subst | tUt@r‘i’e B¥ueRdERVedIoy réH@(/lal om(éHe Rdlecté bf’hydrobbhcﬁd?n or chloro;

heteroaryl -, (C6-Cl4)-aryl-( C4) -al kyl - where aryl is unsubstituted or

substit ut@tﬁab@ntacarl@@n atemg, cadmrz%ni@utkqgen atomscRy adjacery carbon@Ens nipgenl or o;

R vith AR B hpieblreSpOiyne HiReloRy Ak e Aol BT g PR, 7 o

nitrogen rtnonmbycsnh dripeyycycke g nbicyche, mrigycliept Wiy rhMongb% pitegeatinda to 7-

menber ed heteroc%)@lﬂoalk yl ring which op tlonallg i ncl udes one or two

addi t i onaletREAQYE kamy! 6%§bﬁ‘aﬁ/r whers theotridre ekiigeadiaca alemp@nd A
di . d
a5 Novel BioFPs Bty S5 in Rplibizda g%, Q). Sulonalyeluhen oL r uos

Edwar d B. isRoedent ied. het&ioayeloatenpl mg:alrnnawwhenre theutptlesofghe alijesent an
Phar maceut i cal %som ation and Perganon Pres and in si gn of

1987,
Pr odr ugs, 2100S #d SIS RETE ISEP¥igl NN 0xiggsd %@G@?AS | PaT 2|)s forned by
the int er@fémﬁréﬁ r%té'r%h &Bélkéﬁﬂ g?foﬁﬁgﬂﬁﬂ{]%sl @ﬁrotf@’aﬁyl W? I's

intended to i e sol v tes of * conpounds ‘i ncl udes
sol vat es dihydrafuranylSaid- dlinlydrcs‘uWanyt)edlhadmtlplbaherayie(atg caBly acceptabl e

o044 A SRUTRESPRE N Rl Clriee it S TBRY S5y A Smpot Ve AP her al
ion at tvweyrfdyl, DH-8ihy8rs- ﬂ‘HSpyrF'(_fl‘)ﬂ) towaromaa%a?ﬁ(egszlmuﬂ?e@imo i ncl ude

chel at es of conp ounds. Sim salts" includes chel ates of salts.

C00Ae] & inteseat dudinySren] Bamidazohai e, SToRY L. on SA-CBEsMpOUnd

compound S Pl by BB, et BB R (e See ke “Ehrough  van
der \Waal stetrahgd@plyridingl, 1fwdra:mnmhlpdmbmgmy@ruhoedimy@wapyhameqelguerzactl ons

(al so called I oni C bondlng Such non-coval ent conpl exes are | ncluded in
t he t er mdiBydepyFane, f }’WW'GW@Q Hyaddifan, mbng PERLOYAYSIIG f or m of

t bond

Secont or ) PR EREAT GERIMATBEARURRIER (AYPer OB, roliiRudren bon
el ectr onemlyq:ycmcmewm(:mtlealktenyi\moap |sabd)lyrmh‘ twne froedt staciude visa nabl e

hydr ogen bond donor and acceptors und

chent st r yTOTRSEABrPYA b BEIPIEHRIOR. o e?ft‘?ﬁam?'@f%%sf BB AR b B an
oxygen or \Aﬂietréﬁ%&ﬁ@ méllal is®HouRd t8>fB(@%Br gﬁﬂ@‘%’fb é*h%hdérérrﬁa‘?lg mithydr di zed,
an et her oxygen or the oxygen of OXI e or N oxi e term

" hydr ogenatoonds donsideraded he&rooy@malbamg@mumwm@bﬁ dlbydrbqumlodjaf%yiat ic

ﬁg{ te)(r)g a§ S&r%agﬁﬁ/b%&%ﬂ?%dr 2 %try}ds %ﬁég rtF? ﬂ{‘e&é‘%r%'n?gtracthlren |ane'1r;[ SroaticCarbon
atom) is not considered a heterocycloalkenyl group.
[0025] The term “substituted”, as used herein, means that any one or more
hydrogens on the designated atom or group is replaced with a selection from the
indicated group, provided that the designated atom's normal valence is not



[ 0049] As used herein the ternms "group”, "radical"™ or "fragnent" are
synonynous and are intended to indicate functional groups or fragnents of
nol ecul eswatvexioalBe to a bond or other fragnents of nolpetuises2/0p20650] The
term"active agent” is used to indicate a conpound or a pharnaceutically
accept abl e salt ther eof which has biological activity. In some enbodi nents,

an "acti vexeegaRe: Wﬁe%amﬁwt&OWﬁﬁchhme@aa hydraeeegpaﬁhe aé%mtar?her eof
having phay fgac%‘amd)(ﬁﬂbln‘étt hs Y su é}tugfﬁg@ﬁ her%% gV &eﬁ?&ﬂﬁs c}?]

anti-neuro egenera ve t er apeu term ape

ef f ecti vesuhoeorhbinatiams r@mltamtahle ebfrpolinds or wiseful eylnmetlenr&eedecuueta human
or non-hu n atient, to provide a therap eutlc benefit suc C{)%S anelioration

of synpt ?Wuﬁfj Qﬁl%%@@étrﬁpw?é%gle@ﬁ MRy S LAPRPIH DI iSease e. g.
a ther apeé{}fhaahhy rcgfufs?&; 5Y9iVRTBYBLIoARHNYS rﬁﬁ%tﬁfﬁ)hﬁ%uI%Ufaﬁbgu%%qué’htdecr ease

t he synptons of | sease responsive to In Ition of HDAC actrvity
[ 0052] As fosmdlatieneisman agentrmwmng ahieasbpr@cdeaiaﬂmw alderesammerhﬂmc are

o oanact Sfhded subSinBNRs Harfed A i, SoreSAER P Sl et it e !
exanpl e, %der&fo@ﬂetha%héh'Mdldﬁlkyl%ﬂl&ﬁ%heﬂé&%@ §@sélﬂé'§b®%ﬁﬁhehy tﬁ@r;bbﬁ?ft the

term"histone" is nmeant to refer hi stone protein, Including HL, H2A
H2B, H3, ¢iattaphoneqs ofthlaﬁuaatytueetpt@dhe@re Atrgeinee snibdae @il BOrtiohe hi st one

roAC. 6, FEREST, DAl R BBl Hky SRR TPt ondBE sast one
hi st one daawtc»g/cmyl Sar§kehetdredydioaIRyIHRAC e terbBAL- ilesbGerwisand HDAC- 9. In

sonme enbodi nents, the histone deacetylase is a class Ila HDAC. In sone
embodi nen@XPresdly dﬁf'@@@r@fﬁéﬁéﬁ‘?%@%’fq akylppyclaalkylnarbheteipsyaioatot s, the

hi st one d%ﬁ I i deacet yl ase
is derive r(%t}r%(gaﬁ E%zoa?né > Trﬁ%%g(gﬁs@%?g@ @ggg?%plgeﬁhgggl)ﬂ st one
deacet y| asgrogém Iatdms areare:blacembjaetwbsbmJeht stdependeratdged:hdwefr‘orar e intended
to mean a conpe t cal | ccept abl t her eof

descri bed her eh: WhRcH C??Q?-{gnggyl c. me‘}e/% Eﬁ'?f‘ Glo%Y v h‘ 1 igé'?BWén%eacet yl ase
and i nhi t In Rreyt

di sorderb%e&‘(;ﬂ&mla bir@ﬁ%(ﬁé bgrrn%?%b’ggﬁney %éirgﬂlﬁgrvg %&{(fh%reqfegl at eJ"g@ hi st one
deacet y| aswer-atkyligealicheMNR IR balo; syano,oxodadia $ubstitrendifaor der i n which HDAC
and/or the .actio f \HDAC i 0 r the onset,
progr ess, @e&c&g&aﬁwl) Bito, @fj':{gﬁ(tsbalg ﬁt(?'%ﬁ B?Q% d&tq which is known
to be tregdECONR'RIDNRICHRD t\mcedzwctNa@co&wR, igorhastaRen A). [0055] The

term"effect” qiscrl bes a change or an absence of a change in cell
phenot ype-S§P2NRIR° pﬂ@l NREB@RGN. "Effect” can al so describe a change or an

absence of a h f an al so
describe a cha‘&@ée] R [aén(t’rg% @nc@éﬁklén%ﬁ}%gdesﬁl%gé P@‘f %'kz 0@%%' t ween HDAC
and a natsutﬁnuhe@d;yclgarqu tdp)@bnalbﬂﬂﬂﬁs]t'ﬁhedfaeylWDp’dlcm’iHIIlylsIulbegtumds't one

deacetyl ase enzymatic acti vi is intended to nmean reducing the ability of

a hi st oneNefermyclpatiad ans Q@W@@yéHb§@é¥%ﬂ hefesasykrom a protein, such as” but
not limted toga, t i bi tor which
reduces the agt?l Sh’”% ﬂefrd?ﬁl St ||oh§reya h%tﬁaseet? 3 %‘W fo(bftlﬁ of t he

uni nhi bi tsubseinztedmrylsamkebptlomms/oblmstltuwd h@ﬁﬁoa@l wnd | n sone enbodi ment s,
such reduction pf I sto a Iase activity is 0% such as at
east | about 7586 SrGIoSERAmN Bvomoareast ORRAIv SeBttled B AR pRmnt s

hi stone deacet b gagrack] ﬂhbm.ﬂrégé@f&lw%htme@taré 8REENER Yornd whlbBNaly !

| east 99% I n sone enbodi nents,  the conpounds and pharnaceut i accept abl e
salts theSLém‘cltLded@et&redyﬂealbylrgrhapeam 1050 val ue | ess than 100 nanonol ar .

In some enbodi pents co har.maceu accept abl alts
thereor descr | BaRaHAe] SRRLY SH1BSRuBRE ol S DGR R es bR edert

m cronol agybstifute@ Wthedhw et MR Ssuchies 6RemenNEpthrad, fiatitrerst | cal
acceptabl e salts thereof descri bed herein have an 1050 value from1 to 25

m cr onol aindependentyrseiested &obd Gifentlsyl, Sadhs Gyelnabiyli @y, ineterpaailfic, i.e.,
the histong c..c, alkyl-, heteroaryl-Ci-Ca alkyl-, C+-Ca haloalkyl-, -OC+-Ca alkyl,
-OC+-C4 alkylphenyl, -C4-C4 alkyl-OH, -C4-C4 alkyl-O-C4-C4 alkyl,



deacetyl ase inhibitor reduces the ability of a histone deacetylase to
renove an acetyl group froma protein at a concentration that is |ower than
t he concewonratzwsnoef the inhibitor that is required to pcodsca2ammder,
unrel ated biol ogical effect. In sone enbodi nents, the concentration of the
i nhibitor required for histone deacetyl ase |nh|b|tory activity is at |east

o' Poteh Cbivailarob el S Coalo Non MGrstaiobicrcasiiin. fo
d
or oduse: an e e e Ea AR SEy SR BOERM FRERETG (bR g °

means anycyamahgm)bxof(aaawtmaﬂﬂersttfat !aeiemoarypat@@ﬂﬁ,, O(@Oﬂn+®galk¥l ] a)
preventin i sease, that is, | e c cal synptons of the

di sease ?g}éggc‘d@\?@%ﬁ(a 'ky?)o)éém(g?té @lebr &ﬁ?@ga 2 cg sl owi ng
or arrestj al K

relieving '\pﬁ% dﬁgggglmﬂgw—la@ ﬂ?m ?ér?}e&r IgC@)gCQ C4 k¥1) cal

synpt ons. -N(Co8R] dleyhE € phenyl); p@(@)éh’e& alé(f/br@(@lﬁam pheny| , such as a

Bl ove o1l ot o ofry=Thy A anffelenk T 211 el
t her apy asebzccgt@x hﬁl@b}kyﬁ)PFS@mH& QB%)zN'H(C'ﬁQl‘TEaIW’ﬁQQO’ENH heh%rsubJ ect is a

manmal ; and I n sone enbodi ments 't he subj ect is hunan 060 ovided is a

conpound NHSExGCa alkys RYHSQapirermty ﬁﬂﬂaNHSQ2(§1-&md’rai@@:|éml cally

bt 1 onal 187%20bst i ¢ dareneon BB alBry erdse ek IRl AR 0t i onal 1y
substi t ut eshstieiert e yehRbte| (i.e OPOH(BDBS tH et ﬁylk)tmaélrﬁrswbstlt@mb aptyrenal Iy
substituted heteroaryl; R3 is chosen from - C(O)NH(OH) and

- N( OH) C( RAeseehed; Rerelfosen from hydrogen and | ower al kyl optionally

DLl g {1 "o ey B T UGB

- N( OH) C( Oyvherer eact( BY N—Iﬁﬁbbendently chosen from hydroxy, optlonally substituted alkyl,
optionally substituted cycloalkyl, optionally substituted acyl, aminocarbonyl,
optionally substituted aryl, optionally substituted heteroaryl, optionally substituted
heterocycloalkyl, optionally substituted alkoxycarbonyl, sulfinyl and sulfonyl, each
as described herein, and provided that only one R® may be hydroxyl. The term
“substituted amino” also refers to N-oxides of the groups -NHR?, and NR*R? each
as described above. N-oxides can be prepared by treatment of the
corresponding amino group with, for example, hydrogen peroxide or m-
chloroperoxybenzoic acid. The person skilled in the art is familiar with reaction
conditions for carrying out the N-oxidation.
[0029] “‘Aminocarbonyl” encompasses a group of the formula —
(C=0)(optionally substituted amino) wherein substituted amino is as described
herein.
[0030] “Acyl” refers to the groups (alkyl)-C(O)-; (cycloalkyl)-C(O)-; (aryl)-
C(O)-; (heteroaryl)-C(O)-; and (heterocycloalkyl)-C(O)-, wherein the group is
attached to the parent structure through the carbonyl functionality and wherein
alkyl, cycloalkyl, aryl, heteroaryl, and heterocycloalkyl are as described herein.
Acyl groups have the indicated number of carbon atoms, with the carbon of the
keto group being included in the numbered carbon atoms. For example a C, acyl
group is an acetyl group having the formula CH3(C=0)-.



[0061] I n sonme enbodi ments, Rl is chosen from al kyl, cycloal kyl, aryl,

het erocycl oal kyl , and heteroaryl, each of which is optionally substituted
wi t h one,wowo12/108008hr ee groups i ndependently chosen fromcTRE1012/08212, hal o,
-NR12R13, - C(O) R12 -C(0)O0R12, -C(0)NR12R13, -0C(0)R12, -0C(0)OR11,
- 0C( 0) NR12R1 3C(0)R12, NR13C( 0) OR11, -NR13C(0) NR12R13 -S(0) R11,
- SO2R11, Q@QNRlleléy alkexYORFAGIB0 RSN RS} @StRT sroLn &f thade@itlar om
optional | JdAut yl,
opti onal |§/‘? sﬁ t|t teg cyc&ﬂéﬁ%yﬁe Op'toﬁglﬂéaeir?ﬁ %&%lﬁﬁh%%&%&ﬂq%ﬁ
ﬁpti onal Hlya§thieS|thcataﬁnLhmber oi:@felnrlboaldtryrhs dpiuse@n@l JQéaEk«blay(tarbuhyﬂcgroup is

et erocycl oal keny tion y. substituted heteroar is chosen
from H, ?LB(H YW%B@Y'P d? oear, EPR@I fomg ttaghed Frgroégggtfs.qxug@@ to
cycl oal ky)a FER)HP/ Pidry substl tuted aryl, optionally substituted aryl al kyl,

optionally subs Ituted heterocycl oal kyl, optionally substituted heteroaryl,
and opti ofif8BRY subsBy famew’ iemeaoathd gﬂqupI-NHagnd R13 i S

cone. enboitngh o e BT BE b IuRE e SihEe: T HasiDdortondl o
three gr mtutméeg@%ﬁkw%ggg Bpfi¢edmy- s'ﬁb%tltut&ﬁé%ﬁl) thgcw optﬁ&r%)lﬁlZ

NR12R13, and - NR13SO2R11. I n some enbodi me
opt i onal | substibged heteraaml ) KSENe(optignalbt waﬂtl@éegﬂ‘@é@@CV@@@béhM@(Q)el ected

from hal o, yl r. ptionally substituted with one or two groups
i ndepende(r?to '88%@{)%@?%%’[8%%%\/\8? al kyl, trifluoromethyl,cycloal kyl, phenyl,
and benzynoosu] het eTigatetm w@ufomaidc}uwsbtﬁblgtrumw -B(Oh)-aNS(0)- (dp’tlo@bﬂylps

i ndependently chosen from|ower al kyl, trifluoromnethyl cl oal k and

e R B CarAToN a:) ey SHBSUIIOAT] -HEoT SREONSY

b t't t hal |
oot ' st PR Bar S @ QBB RATRERSHEed nERRGSRIAIIRM, 12 © [082’2{ 'n
sone enbo&(@a)a(cmtuoﬁmny sulmd;témyeld akdoxy) 8 (Dg)- epmmalnylmmdtutmedhamy)xm or

ez 5 ORI S anhid) oyl il g™ =
pyri dazi ”ﬁ(ﬁeydoycljyldw (ArRF S (o% ddt.onaﬂggeba?bi@d'% Ona.m do,

1H i m daz etra pyrldln-4-yl,
azeti di n-[0086] pyr r bhe tBrm- Jsuibstltumd)aayl GFQier:sstplthe[g‘Ble}&@prbaﬁiﬁltgd alkghenyl ,

e oEH b BB R ) B AR

opt i onal |Net§|=533?9l}) 1o{tad andt (BuBstauid Hé’t@rcﬁ:&@!é@ﬁ(yl)f@@)er\ﬂﬁ@ﬂélﬂt@@%b i§rom

hal o, |ower alkyl', trifluoromethyl, phenyl, cycloalkyl, benzyl} benzyl oxy,
and pyrr oﬂiiia;ﬁmdltoﬁhe ppwﬁﬂtnumtg@ﬁﬁroy@bdhe @éﬁ’t@y' Rinctienglity eed Wh@’mr]ohenyl

2- met hyl pél?ﬂ@fl'tuted alkyl, cycloalkyl, aryl, heteroaryl, and heterocycloalkyl are as
described herein.
[0036] The term “substituted alkoxy” refers to alkoxy wherein the alkyl
constituent is substituted (i.e., -O-(substituted alkyl)) wherein “substituted alkyl” is
as described herein.
[0037] The term “substituted alkoxycarbonyl” refers to the group
(substituted alkyl)-O-C(O)- wherein the group is attached to the parent structure
through the carbonyl functionality and wherein substituted alkyl is as described
herein.
[0038] Compounds described herein include, but are not limited to, their
optical isomers, racemates, and other mixtures thereof. In those situations, the
single enantiomers or diastereomers, i.e., optically active forms, can be obtained
by asymmetric synthesis or by resolution of the racemates. Resolution of the
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3- net hyl phenyl , 4-nethyl phenyl, 2-fluorophenyl, 3-fluorophenyl,

4-fl uorophenyl, 2-bronmophenyl, 3-bronophenyl, 4-bronophenyl,

4- (1- benay0-20122103008- t et rahydropyri di n-4-yl ) phenyl, PCT/US2012/022216
4- (pyrimdin-2-yl)phenyl, 4 (pyrlnldln 5-yl ) phenyl, 4-

(5-met hyl pyrimdin-2-yl) ¥ 3-(5-fluorop %rlnldln 2-yl ) phenyl, 4-(5-
chl or opyriiagEEAEDCHN PQI?@I@?I“D '&h%@ for axamples diicenMentignal pretRgds S|40I( 43

gtzéfltf?][%%‘%m’i@ (ﬁ%rd fﬂreldﬂ)mr% é%))f)?(?g#lvmp agfnt or chromatography, using, for

(5-cycl opemublpwcmalmfﬂpsés)sn@mmd cﬁrcﬁmardgdmw%’wmdﬂanw In

. Egy%? az|({1 ti‘ll'Il %40 ﬁ/cyrgqs) éé}g% %%é(lé-f%%%gﬁ& cig- and trans- forms) of
Hi 31 %fﬁéq@lﬁ%@ﬁ\?gﬂ%r% %%’ggslﬂo%%% bdndd.) AIHERY lcompounds described

3- (tI’IIflérem’emitIhWG)’IOﬂJB-I—tWDHBUIC:fd)FFyS)tbbéaly‘h c@npourado*snﬁeng}ed fhenyl ,
4-
t

g)ﬁgﬁ;: mglu g)a@q} %’6‘?%‘9 g%%ic&th%cérr%o&.@a |Such C 2mgoel}ndys B As RAT

2- phe %ﬁ?&ﬁr&ﬁn&lhb mofohs éﬁd/@Iaﬂ%w?,ar%uIafngmm@ t@ﬂhﬂ@@lﬂvé

3, 3- d| | azetidi n-I-yl)phenyl, 443,3- difluoropyrrolidin- yI)phenyI
;] QI@

(

(

(

)

g

(ﬁ OXﬂ. ﬁplrlmlede]aﬂé@@tem%tqipymﬁ@nsi|cryszaLf0(m§r¢ime)sz9mbpph@ny1

E ( g;?r gﬁ@gxr rloylo‘g%ﬂ ﬁ@%lsgi)fﬂcaﬁl&/%c)%%égg %’gglpéqqﬁcybde 3out are not limited to
o

4- met hyd i wiet &Zﬂr@arilc)dc)d@hguah ashytfochicramy, Wbph@l@r aiphosphate) phenyl , and
6, 7- di hydr opyr azol o yrimdin-4(5H) - yl)phenyl. [0066]1n sone
odi ment¥ropromatecsiy g $L|+I t . (nirab%@ﬂdlllkg sgalt§, gs well as salts with an

oSy e X Al (s DA A e e

(

(5f }‘ I uoai(cq:taIrel faotate; ﬁ}e]dhe)r]ﬂwﬂfsbhat%p(téIUenesuIfonate 2- hydroxyethylsulfonate
r r n- 2
b oy ol AT SRS, siesrale, ARB R araste sugh Pacselate. HPRFERHE-
(
(
i

4-
4-
4-
4-
yl
4-
4-
4-
3-
(

4-
3-
e
t

4-
4-
(

4-
4-
4-

pyrld U@)IAI\AIHeIﬁm? L4 ﬁd@(%'wlsﬁ”ﬁtﬁ' ”’(}ch%ncéﬂg}é’&%yéale

5-(trifluoronet 1H1Tm 3-chl or met hyl - 1

H- i m dazotatnglinghdeybyt e frotibmited ¢ Sodwnmydotassivimpcdaivoh -duglinyhenyl , 4- (1
Hpyr azol Ifté' 'rﬁ/l%rﬁ::en I - 3-(oxazol -5-yl ) phenyl, 4-(oxazol-2-yl)phenyl,

4- (oxazol gLy (2 cycl opropyl oxazol - 5-yl ) phenyl ,

4- (4-i SOWE@I&E] pi perlﬁzédmﬂoryhf)tﬁa%hﬂ ouid described herein are obtalned as an

3- (6, 7-di hydr opyrazol o al pyrim d| n-4(5H) -yl éahenyl [0067] I n sone
enmbodi rrenacsd arditios sefo free At Can pejobtameddnybagityinthaisphitienyaf the

2

% al pyr B 9K (MR Ty PG00 e Base jarfacisfion 81 GaigliaRy s o ol
a] pyri di rpﬁ?aryﬂacepmcalg/ afckptatng puditiohdialt; mayl be prdzucagiytissaing4hy | , 2, 3-

d|hydrobenzo b][1, 4] di oxi n-6-yl, benzo[d][1, 3]di oxol-5-yl, and
1- oxo- i soifgRIBRAPIa Syltab@élfﬁa@'ﬁ ‘spivess ang t@@ﬁ'ﬁ@ﬁ%‘? IS9|U§'QBé"L"IIt af @GId\M'rt h one or

two group i

Subst1 1 ul S T Pl R PR o e R Pl DS IR Y et s
Rl i s hetleassmcorhpoptdson@hdse skithesd irt teesdt wnlltﬂecogal,zetvwouelsynil’rmeee gr oups

i ndependent chosen from 1, -0OR12, [ 0069] I n sone
enbodi nenmgquplqgs,e%ﬂwgé@mf P%HISEQS? ar erPaieﬂO” tﬁifICIRII%Im@C?P ]”y

H pyr azol yl, pyridazin-4-yl, benzo[d]isoxazol-3-yl,
benzo[ d] oiaeptabl@)é%%q ttﬁl azol 5-yl, each of which is optionally
substitutl®84dith oné’rodmgs desm’a@ehqnecmmludmmpmmepolumd tad benofesra - R11,

-0R12, hal d 13S 2R1 2012/ 103008PCT/ US2012/ 0222 0070] 1
sorme. embotit HEATE OREOTIIR §ian FBRIPGSrEcH: B0RT Bt Gy, mepgeotc "

1H pyr azobroeysing @yth@p@d’r\ué Ekar@l@g dRsroarugsyihcluberreivelivepsprattchall .

benzo[ d] oxazol -6-yl, and thiazol , each of which is optionally
subst i t ut@QUREL $HGNRS Brcarhexye @gmrphaemhemmm%ﬁﬁawm hal o, | ower

al kyl, I I roet hyl ,
cycl oaI ky%xgmfj) Er op{;:'/@rgrérﬁ C%%c%&l'%)t% rﬁﬁ&?ﬁ@b@%ﬁuotﬁaa%lnét s'@lg%{jq?’ut ed with
| ower al kydrbopylic adidliebteds ylicloptiatkyhkebiers Ubgiroxydlied estars, drglatiyl @sters, or

hal o, oxazol -5-y1 optionally substituted with | ower al kyI , piperazin-1-yl

optionally substituted with | ower alkyl, piperidin-4-yl optionally
substituted wth 2,2, 2-trifluoroethyl, and pyridin-2-y1 optionally
substituted with lower alkyl or trifludtonmethyl. [0071]1In sone enbodi nents,
R1 is chosen from 2-cycl opropyl pyridin-4-yl,
6-(trifluoromethyl)pyridin-3-yl, 2-(trifluoronethyl)pyridin-4-yl, 5-
(trifluoromethyl)pyridin-3-yl, 2-(2,2,2-trifluoroethylam no)pyridin-4-yl,



[0072] I n sonme enbodi nents, R2 is chosen from cycl oal kyl, heterocycl oal kyl
al kyl, aryl and heteroaryl, each of which is optionally substituted with

one, two,wonotdwsmsgr oups i ndependently chosen from - RPCTABRK2/0212aé 0, and
-NR23S02R21, wherein R21 is chosen fromoptionally substituted 01-06 al kyl,

optionally substituted cycl oal kyl, optionally substituted arée optionally
subst it ut@d ﬂ@ld@?y@HS)’éEé@lﬁkypth%l’r@(%@i?'ﬁﬁfn&rpldyu%'ﬁ§Mdﬁd@‘e’§r plyeearsy| ;. R22

i s chose 0, W’I y

substi t utr%e“LJhcéecHS%(F%?Pr%ddl‘?s‘gﬁgﬁ%é%ﬁ%'f%? g@ 3}&%{ ﬁ%/l Q/ substituted
aryl al kyl glycpdides)andyasaobisit idcid eerivatives odyel teah thd)mpopmd Oisahteydsdbst i t ut ed
heteroaryl, and optionally substituted heteroarylalkyl; and

R23 is chhskRems Y9Pdr ogen and optional |y substituted C1-C4 alkyl. [0073]
In sone ment s W,

t hi azol - gmqug] and J([aHr%% & ?O%@Hﬁygbggﬁgﬁgo gé@ﬁgg[b. fgﬂ%ﬂéd w th one,
two, or tﬂixemp@ry)apsde pnt@egsjcmﬂu@ rriewmhcaii)ommlémmldeﬂm araffornted, 0.
[0074] I n ome._e ts, .R2 i s thipphen-2 1or henyl ,. each of which is
ot | onal | 57 SYBTRIR YA AMINGART & Ry BEIC S e ENPBRIA Y ATIBES RS v chosen
from | owerHa! fsthany, @W@rse%bh@é(by arhrnkafslstaeh@mlhmlx arﬁTNHWRVQNhér@Wﬁf lg1 sone

embodi ments, R2 i s chosen from phenyl, 2-chl orophenyl, 2- fl uorophenyl,

2- et hy| physiipgen 2AGurC f)-alkyb (et D'ﬁh@lﬁﬁlkw 3Cf3-lcubﬁ>&)@ﬁé|ﬂ$y|l-(c1304)@i<ﬂy,I(@Iaenyl

1 uor o- 5 rer Ry SRt g8 R Bt Fs b U BRI sFecab- 1
and 5- (talkékmmr@tdndh)drbl neleedar rydca @Q;%G;}u(mmr)ﬁawmnﬁe Bis R2 is
chosen from phenyl, 2-fluorophenyl, 3- fluorop , and 4- fI uor ophenyl .

[0077] In @wsék%%pﬁéﬂb%tltum b»sa PeRiAy® (C[ @@)raukvh (@m@e) alexyi fﬂf#ﬁ@sor R3 i s

CE?S)EQHE %Tbr%% %E’E‘ﬁ%gﬂg C%%nent ?%W@]hh?%Wvﬁer el n

hydr ogen. R @28 1hé exseptioreotiodiroger er wﬁﬁrens Rxl‘d(rﬂ-RC(tﬁgémethehe R4 is

t hyl 0082] 1 nbodi t t R3a i
gdrggen[%roﬁé b s%m% %ey%rlertr)%ﬂng form an optlona?fly substltuted in% | mentss, ats

membered heterocycloalkyl ring which optionally includes one or two additional
heteroatoms chosen from nitrogen, oxygen, and sulfur. A discussion of prodrugs
is provided in T. Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems,
Vol. 14 of the A.C.S. Symposium Series, in Edward B. Roche, ed.,
Bioreversible Carriers in Drug Design, American Pharmaceutical Association and
Pergamon Press, 1987, and in Design of Prodrugs, ed. H. Bundgaard, Elsevier,
1985.

[0043] A “solvate” is formed by the interaction of a solvent and a
compound. The term “compound” is intended to include solvates of compounds.
Similarly, “salts” includes solvates of salts. Suitable solvates are
pharmaceutically acceptable solvates, such as hydrates, including monohydrates
and hemi-hydrates.

[0044] A “chelate” is formed by the coordination of a compound to a metal
ion at two (or more) points. The term “compound” is intended to include chelates
of compounds. Similarly, “salts” includes chelates of salts.

[0045] A “non-covalent complex” is formed by the interaction of a
compound and another molecule wherein a covalent bond is not formed between

the compound and the molecule. For example, complexation can occur through
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[ 0083] Al so provided is a conpound of Formula Il or a pharnmaceutically
accept abl e salt thereof, Formula Il wherein Rl, R2, R3, and R3a are as
descri bedwbanixwa@eunds of Formula |I. [0084] Al so provi dedTivs2a2oopound of
Formula Il or a phar maceutically acceptable salt thereof, R'R2 Fornula |1
wherein R1, R2 and R3a are as described for conp ounds of Formula I.

[0085] Al sv;arb%er@@Jﬁ inéeractmﬁpdsw EPgEN RAding aanok/elgptrgstahgmg@@upnééaﬂsg
t abl | '
SCCcP a0 BB EHGT R, S 7 SO SNBSS BhoefP AP 2 o0

For mul a Vcompouplbdar maceuti cal | y acceptabl e salt thereof es' RI0 Rz
Formula V
[0046] The term "hydrogen bond" refers to a form of association between

an electronegative atom (also known as a hydrogen bond acceptor) and a
hydrogen atom attached to a second, relatively electronegative atom (also known
as a hydrogen bond donor). Suitable hydrogen bond donor and acceptors are
well understood in medicinal chemistry.

[0047] “‘Hydrogen bond acceptor” refers to a group comprising an oxygen
or nitrogen, such as an oxygen or nitrogen that is sp? —hybridized, an ether
oxygen, or the oxygen of a sulfoxide or N-oxide.

[0048] The term "hydrogen bond donor" refers to an oxygen, nitrogen, or
heteroaromatic carbon that bears a hydrogen.group containing a ring nitrogen or
a heteroaryl group containing a ring nitrogen.

[0049] As used herein the terms "group”, "radical" or "fragment" are
synonymous and are intended to indicate functional groups or fragments of
molecules attachable to a bond or other fragments of molecules.

[0050] The term “active agent” is used to indicate a compound or a
pharmaceutically acceptable salt thereof which has biological activity. In some
embodiments, an “active agent” is a compound or pharmaceutically acceptable
salt thereof having pharmaceutical utility. For example an active agent may be
an anti-neurodegenerative therapeutic.

[0051] The term "therapeutically effective amount” means an amount
effective, when administered to a human or non-human patient, to provide a
therapeutic benefit such as amelioration of symptoms, slowing of disease
progression, or prevention of disease e.g., a therapeutically effective amount may
be an amount sufficient to decrease the symptoms of a disease responsive to
inhibition of HDAC activity.

[0052] As used herein, the terms "histone deacetylase" and "HDAC" are
intended to refer to anyone of a family of enzymes that remove N*-acetyl groups
from the e-amino groups of lysine residues of a protein (for example, a histone, or
tubulin). Unless otherwise indicated by context, the term "histone" is meant to
refer to any histone protein, including H1, H2A, H2B, H3, H4, and H5, from any
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wherein Rl, R2, and R3 are as described for conpounds of Forrmula I.F

[ 0087] Al so provided is a conpound chosen from

t r ans- N- Hydnoxyr02008- di phenyl cycl opr opanecar boxam de;  ( PCT/US2012/022216

R*, 2R*, 3R*) - 2- Cycl ohexyl - N- hydr oxy- 3- phenyl cycl opr opanecar boxam i de; (1
R*, 2R*, 3R*) - N- Hydr oxy- 2- ( 2-i sopr opoxyphenyl ) - 3- phenyl cycl opr opanecar boxam
i de; (1 FeRemies.3irgane @mm%ﬁﬁw&ﬂ/%ﬁtwﬂr@%ﬁc&wa@ is'a human HDAC,

phenyl cyc (. de; ) N B} - -

B 4R BEE ABORKAA I HRAG 4, HDACSS, HPACH HDAGT HRAC-S, and. i e,
(1 R* , 2R*HBRO-1@- (2 sémenerpbediyignid\-thy cit teast dneplistoné cgatelytazganecar boxam
:z)ﬂ:hyl( gyg%%ggggr%égf%éééﬁwﬂgghfyﬂ)l@%hglndJ IQI&C?’Q In some embodiments,

R, 2R*, 3 “Hathfz b ) - ; m i de;
2 e SRR L S g, 1SR SretmaR S erer,

R*, 2R*, 3R1gaddiyigsie axhiD2GHedy SoBrenembbginugrds dpedystiore alchogtytasgds (1

R RO P St kB R
protozoal or fungal source.
[0053] The terms "histone deacetylase inhibitor" and "inhibitor of histone
deacetylase" are intended to mean a compound, or a pharmaceutically
acceptable salt thereof, described herein which is capable of interacting with a
histone deacetylase and inhibiting its enzymatic activity.
[0054] The term “a condition or disorder mediated by HDAC” or “a
condition or disorder mediated by histone deacetylase" as used herein refers to a
condition or disorder in which HDAC and/or the action of HDAC is important or
necessary, e.g., for the onset, progress, expression, etc. of that condition, or a
condition which is known to be treated by HDAC inhibitors (such as, e.g.,
trichostatin A).
[0055] The term "effect" describes a change or an absence of a change in
cell phenotype or cell proliferation. "Effect” can also describe a change or an
absence of a change in the catalytic activity of HDAC. "Effect" can also describe a
change or an absence of a change in an interaction between HDAC and a natural
binding partner.
[0056] The term "inhibiting histone deacetylase enzymatic activity" is
intended to mean reducing the ability of a histone deacetylase to remove an
acetyl group from a protein, such as but not limited to a histone or tubulin. The
concentration of inhibitor which reduces the activity of a histone deacetylase to
50% of that of the uninhibited enzyme is determined as the ICsp value. In some
embodiments, such reduction of histone deacetylase activity is at least 50%, such
as at least about 75%, for example, at least about 90%. In some embodiments,
histone deacetylase activity is reduced by at least 95%, such as by at least 99%.
In some embodiments, the compounds and pharmaceutical acceptable salts
thereof described herein have an IC5y value less than 100 nanomolar. In some
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phenyl cycl opr opanecar boxamide; (1 S*, 2R*, 3R*)-2-Cycl opentyl - N- hydr oxy- 3-
phenyl cycl opr opanecar boxamide; (1 R 2R, 3R)-N Hydroxy-2-(1 -nethyl-

H pyr azolwa-29iyro3s08sphenyl cycl opr opanecar boxam de; (1 PCT/US2012/022216

R¢, 2R*, 3R*) - N- Hydr oxy- 2- pheny1-3- (pyrimid in-5- yl)cycl opr opanecar boxam
|de (1 R 2R, 3R) - 2- (2, 3- D hydrobenzo[ b][1 , 4] di oxi n-6-yl)-N-hydr oxy- 3-
phenyl cyc$® p@m@gdﬁg@,@mﬁ%dqapd pharmaceutical acceptablé salts thereof

R 2R, SR) &eé&b@ﬁ'@r&.n%a%e%“b@so%%ﬁl?fﬁm]{010 ndHAth8%H B B richombiBy APy - 3-

phenyl cycl opr opanecar boxam d
fSi 2R, BR%] s?orgeeﬁrbomémeats%m? bgmhpobadaahg]pmrmé]:elhtweil aeCeptableI4t8-thereof
uor ophenyl) - cl opropapecar bo
R*, 2R*, SFQ%/S&@WE{% %‘% 50 ¥a F‘P’Ha ﬁmlgr @1-opr opanecar boxam i de;
(1R 2R, 3'?)037{)2' QY Clh QR ¥ d'quéﬁ‘fs s¥dn MNIBINER BYpeksfic, i.e., the histone
phenyl cyc panecar boxam
(1S, 2R, SR)eabe(tﬂa@mmmtmiprgdmes itherabdlity Of adrigtdneldeacepteseytb)reMove an
hydr oxycycl car box
(IR 5% St5eM BRI TOR Aoy 71 aicanaeniiation at s Igwes s caueentration
hydr oxycye tﬂ@"rﬁ’rﬂ@iﬂ@ﬁtﬂép@?@ghﬁ@d td érd&u%@ atdther; (Jﬁlfé&lt@d%él@@fébﬁé‘ﬁ@&tﬂd 1

, 3] di oxol-5-y1)- N hydroxy- | cycl opr opanecar boxam d

some embodlments the concentratlon of the inhibitor required for hlstone
deacetylase inhibitory activity is at least 2-fold lower, such as at least 5-fold lower,
for example, at least 10-fold lower, such as at least 20-fold lower than the
concentration required to produce an unrelated biological effect.
[0058] “Treatment” or “treating” means any treatment of a disease state in
a patient, including

a) preventing the disease, that is, causing the clinical symptoms of the
disease not to develop;

b) inhibiting the disease;

C) slowing or arresting the development of clinical symptoms; and/or

d) relieving the disease, that is, causing the regression of clinical
symptoms.
[0059] “Subject” or “patient’ refers to an animal, such as a mammal, that
has been or will be the object of treatment, observation or experiment. The
methods described herein may be useful in both human therapy and veterinary
applications. In some embodiments, the subject is a mammal; and in some
embodiments the subject is human.
[0060] Provided is a compound of Formula |

Rs Ra

R/ Ry
Formulal

or a pharmaceutically acceptable salt thereof wherein
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(1 R 2R 3R)- N-Hydr oxy- 2-pheny1-3-(6-(trifluoronethyl)pyridin-3-

yl ) cycl opr opanecar boxam de; (1

R 2R, 3R) -Wolyriozons 2- phenyl1l- 3- (2- (tri fl uoromet hyl ) pyri diPoTAS2012/022216
yl ) cycl opr opanecar boxam de; (1

R 2R, 3R) - N- Hydr oxy- 2- (1- ox0-2- (2, 2, 2-trifl uoroethyl)isoindolin-5-yl)-3-
phenyl cycl Oprolﬁarﬁ:g@aﬁgoggqnlwpe(ngently chosen from optionally substituted ‘alkyl,

R 2R 3R) - N hydroxycépga% '||§n°pr8l9ré@t*9&86°[dl:%@él%r 6-Ydptiotally  substituted

phenyl cycl opr opane

(1R 2R 3R) - I\I—I—Iydroxtyetérdc&c(oajdq&,ol optignglighesyistitGted aryl, and optionally
phenyl cycl opr opanecarboxa

R 2R, 3R) - N- Hydr oxy-S4Qskityt l{%Qg?iﬁr 8%l ) pheny1) - 3-

phenyl cycl opr (_
H i m dazol - 1- %?phenyslé?)?%my?r%&gy ??b%mﬁw ﬁgpﬁ%gﬁeca?boxam de; (1

R, 2R, 3R) - 2- (4-R2r Sychmqnmﬂphohadujgeﬁ ghd pheeay B)kyN-dpyidnalky sBbstituted with
phenyl cycl opr opanecar boxam e; (1

R*, 2R*, 3R*) - I\I—Hydro@@) 2 q1eny1 3- (4- (2-phenyl oxazol - 5-

yl') phenyl )cycl RP[SQE?%%%%GFF&Q Eﬂdb%n &rd lower alkyl;
R, 2R*, 3R*) - 2- (4- (5-F uoroq};rl mdi n- 2-yl ) pheny1) - N- hydr oxy- 3-

phenyl cycl opr opbeedaribhBxaanadlz are both phenyl and Rs, is hydrogen, then Rj is

R, 2R*, 3R*) - 2-(3-(5- ﬁ{@ﬁgﬁ@g&p dd)(b)%\lﬁ(ldl-ﬁ))henyl) N- hydr oxy- 3-

phenylcyclopropanecar 0
[0061] In some embodiments, R4 is chosen from alkyl, cycloalkyl, aryl,

heterocycloalkyl, and heteroaryl, each of which is optionally substituted with one,
two, or three groups independently chosen from -R14, -OR12, halo, -NR12R13, -
C(O)R1z2, -C(O)OR12, -C(O)NR12R 3, -OC(O)R 432, -OC(O)OR11, -OC(O)NR 2R3,
-NR13C(O)R12, -NR13C(O)OR11, -NR13C(O)NR12R13, -S(O)R11, -SO2R 14,
-SO2NR12R 13, and -NR13S02R 14, wherein
R11 is chosen from optionally substituted C+-Ce alkyl, optionally
substituted cycloalkyl, optionally substituted cycloalkenyl,
optionally substituted aryl, optionally substituted
heterocycloalkyl, optionally substituted heterocycloalkenyl,
and optionally substituted heteroaryl;
R12 is chosen from H, optionally substituted C+-Cs alkyl, optionally
substituted cycloalkyl, optionally substituted aryl, optionally
substituted arylalkyl, optionally substituted heterocycloalkyl,
optionally substituted heteroaryl, and optionally substituted
heteroarylalkyl; and
R13 is chosen from hydrogen and optionally substituted C1-C4 alkyl.
[0062] In some embodiments, R1 is phenyl optionally substituted with one,
two, or three groups independently chosen from -R44, -OR12, halo, -C(O)R 12,
-NR12R13, and -NR138O2R 4.
[0063] In some embodiments, R1 is phenyl optionally substituted with one,
two or three groups independently selected from

halo,
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(1 R*, 2R*, 3R*)-2-(4-(5-Cycl opropyl pyri m di n-2-yl)phenyl) - N hydr oxy- 3-
phenyl cycl opr opanecar boxam de; (1

R*, 2R*, 3RVD-2812(3{04- Tri f | uor omet hyl pyri m di n- 2- yl ) phenyPrTNsShyidnezeye 3-
phenyl cycl opr opanecar boxam de; (1

R 2R 3R)-2-(4-(5-Trifluoraonethyl pyrimdin-2-yl)phenyl)-Nhydroxy- 3-
phenyl cycl opr opane k¥ de; (

& 1
J1 3 pheny ) &ycl opr o GRPHERLIRLA ] P G LB afgups independenty
- Hydr oxy- 2- pheny1- 3- ( 4- chysérdaaimiodver ylkyhhefydrbmethylmyolatig ateoyani de;
RI*) 2rF]\’*, 3::\’;)- Nl- Hydr oxy- Zéﬁg%j@%&g&wyrl mid in-2-
yl ) phenyl ) cycl opr opanec v o
J1) phenyl) byl opr ofekasar banian s iiEAWR i two groups
R 2R, 3R)-2-(4-(5-Chlor oindeipehdénﬂ;@é:lyd)s)thiewllg)war Bikgt, dsjuddemethyl,
phenyl cycl opr opanecar boxamni

de: (1
R*, 2R*, 3R*) - N- Hydr oxy- 29¥a19?'§y'népﬂﬁhﬁ§‘yl’m di n- 2-yl ) phenyl ) - 3-

phenyl cycl opr opanewcpggggnjsq%néﬁqid& add”, 3R*) - N- Hydr oxy-2- (4- (5-nmethyl-1
-o- P

H i m dazol - 2-yl )phen%ll) henyl cycl opr opanecar boxam de;
heterocycloalkyl optionally substituted with one or two groups

independently chosen from halo, lower alkyl, trifluoromethyl,

cycloalkyl, heterocycloalkyl, and phenyl.
[0064] In some embodiments, R1 is phenyl optionally substituted with one,
two or three groups independently selected from halo, lower alkyl, oxazol-2-yl,
oxazol-5-yl, pyrimidin-2-yl, pyrimidin-5-yl, pyridazin-3-yl, pyridazin-4-yl, 1H-
pyrazol-1-yl, (cycloalkyl)sulfonamido, 1H-imidazol-1-yl, imidazol-2-yl, 1,2,3,6-
tetrahydropyridin-4-yl, azetidin-1-yl, pyrrolidin-1-yl, 2-oxa-6-azaspiro[3.3]heptan-
6-yl, phenyl, hexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl, piperidin-1-yl, piperazin-1-
yl, and 6,7-dihydropyrazolo[1,5-a]pyrimidin-4(5H)-yl, each of which is optionally
substituted with one or two groups independently chosen from halo, lower alkyl,
trifluoromethyl, phenyl, cycloalkyl, benzyl, benzyloxy, and pyrrolidin-1-yl.
[0065] In some embodiments, R4 is chosen from phenyl, 2-methylphenyl,
3-methylphenyl, 4-methylphenyl, 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl,
2-bromophenyl, 3-bromophenyl, 4-bromophenyl, 4-(1-benzyl-1,2,3,6-
tetrahydropyridin-4-yl)phenyl, 4-(pyrimidin-2-yl)phenyl, 4-(pyrimidin-5-yl)phenyl, 4-
(5-methylpyrimidin-2-yl)phenyl,3-(5-fluoropyrimidin-2-yl)phenyl, 4-(5-
chloropyrimidin-2-yl)phenyl, 4-(5-fluoropyrimidin-2-yl)phenyl, 4-(4-
(trifluoromethyl)pyrimidin-2-yl)phenyl, 4-(5-trifluoromethylpyrimidin-2-yl)phenyl, 4-
(5-cyclopropylpyrimidin-2-yl)phenyl, 4-(pyridazin-3-yl)phenyl, 4-(pyridazin-4-
yh)phenyl, 4-(1H-imidazol-1-yl)phenyl, 4-(1-methyl-1H-imidazol-2-yl)phenyl, 4-(5-
methyl-1H-imidazol-2-yl)phenyl), 4-(1H-pyrazol-1-yl)phenyl, 4-(3-methyl-1H-
pyrazol-1-yl)phenyl, 4-(3-(trifluoromethyl)-1H-pyrazol-1-yl)phenyl, 3-(oxazol-5-
yl)phenyl, 4-(oxazol-2-yl)phenyl, 4-(oxazol-5-yl)phenyl, 4-(2-methyloxazol-5-
yl)phenyl,4-(2-cyclopropyloxazol-5-yl)phenyl, 4-(2-phenyloxazol-5-yl)phenyl, 4-
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(1 R*, 2R*, 3R*)-2-(4-(2-cycl opropylisoindolin-5-yl)phenyl)-N hydroxy-3-
phenyl cycl opr opanecar boxam de; (1 R 2R 3R)-2-(3'-(Benzyloxy)-[1

, 11- bi phewppiroyds- N- hydr oxy- 3- phenyl cycl opr opanecar bexanisde;/o¢16

R*, 2R*, 3R*) - 2- (41- (9H-car bazol 9-y1l)41 , 11- bi phenyl] 4 yl) - N—hydroxy 3-
phenyl cycl opr opanecar boxam de; (1 R 2R 3R)-N-hydro 2-(4-(4 hg/l -3,4-d
i hydr o- 2HCYelRPEIRANESUI qq@g@g)phenyl 4-(3,3- dlmethylazetldln “12yl)phenyl, o (3,

e ok s eePR BRI LA P RSB R Aol Anpeian prehery. 3-

phenyl cyc(oeprgpanbisrdnykan db(he(xbhydropyrr_oloﬂ 2-a)pyrazin- 2(1H) yl)phenyl, 3-

pheny! ¢y CrOEYEBINBC LY BBRARe YR ReT 2R Toe ity by Vaoren o ¢

:?il g%i 02¥|§§)Bﬂop?/g> b&a%mu’y @Pﬁ?ﬁ% Izéé?(? (B@HM?H@W@%’?%@%%&@Q@H) (1

phenyl cycylmetmgbnecar boxam de;

5 phony! AY0BBt opar B BRRA "%a?d@r'aé" rRes SheSeirRoiA PERREl e A6yt 1 of of 1

, 2- ] pyr agtdhgdrbpiidinld-HheRedyI - Jt\t(pmﬁrdwz y%ph@ﬁw hosohemnfRanaarcpoxam de;
yh)phenyl, 4-(5-chloropyrimidin-2-yl)phenyl, 4-(5-fluoropyrimidin-2-yl)phenyl, 4-(4-
(trifluoromethyl)pyrimidin-2-yl)phenyl, 4-(5-cyclopropylpyrimidin-2-yl)phenyl, 4-
(pyridazin-3-yl)phenyl, 4-(pyridazin-4-yl)phenyl, 4-(5-methyl-1H-imidazol-2-
yh)phenyl), 4-(5-(trifluoromethyl)-1H-imidazol-2-yl)phenyl, 3-chloro-4-(5-methyl-
1H-imidazol-2-yl)phenyl, 3-fluoro-4-(5-methyl-1H-imidazol-2-yl)phenyl, 4-(1H-
pyrazol-1-yl)phenyl, 3-(oxazol-5-yl)phenyl, 4-(oxazol-2-yl)phenyl, 4-(oxazol-5-
yl)phenyl, 4-(2-cyclopropyloxazol-5-yl)phenyl, 4-(4-isopropylpiperazin-1-yl)phenyl,
and 3-(6,7-dihydropyrazolo[1,5-a]pyrimidin-4(5H)-yl)phenyl.
[0067] In some embodiments, R is chosen from 1,2,3,4-
tetrahydroquinolin-6-yl, 2,3,4,5-tetrahydrobenzo[f][1,4]oxazepin-7-yl, 1,2,3,4-
tetrahydropyrrolo[1,2-a]pyrazin-7-yl, imidazo[1,2-a]pyridin-7-yl, imidazo[1,2-
a]pyridin-3-yl, pyrrolo[1,2-a]pyrimidin-4-yl, 1,5-naphthyridin-4-yl, 2,3-
dihydrobenzo[b][1,4]dioxin-6-yl, benzo[d][1,3]dioxol-5-yl, and 1-oxo-isoindolin-5-
yl, each of which is optionally substituted with one or two groups independently
chosen from halo and lower alkyl optionally substituted with one, two, or three
halo groups.
[0068] In some embodiments, R4 is heteroaryl optionally substituted with
one, two, or three groups independently chosen from -R¢, -OR 12, halo, and
-NR13SO2R 1.
[0069] In some embodiments, R4 is chosen from pyridin-3-yl, pyridin-4-yl,
1H-pyrazol-4-yl, pyrimidin-5-yl, pyridazin-4-yl, benzo[d]isoxazol-3-yl,
benzo[d]oxazol-6-yl, and thiazol-5-yl, each of which is optionally substituted with
one, two, or three groups independently chosen from -R14, -OR12, halo, and
-NR13SO2R 1.
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(1 R*, 2R*, 3R*) - N- Hydr oxy- 2- pheny1-3-(3-(4-(pyrrolidin-1 -yl)piperidin-1 -
yl ) phenyl ) cycl opr opanecar boxam de; (1 R 2R 3R)-2-(3-(6, 7-Di hydropyrazol o[ 1
, 5-a] pyriwoanre/ué@sl) - yl ) phenyl) - N hydr oxy- 3- phenyl cycl eprapsanesanboxamnm de;
(1 R*, 2R*, 3R*) - N- Hydr oxy- 2- ( 4- (4 met hyl pi perazin-1 -yl )phenyl)- 3-

phenyl cycl 09r opanecar boxam de;

R, 2R+, 3R0P7RI Hydr o ysozn%ﬁmt@ﬂém@ntszl"yllg phesgNLfrom. pyridin-3-yl, pyridin-4-yl,

h I 4-(1 t hyl -
phenycyel ABHGRRIRER, BRI BS, DBl Rtz Gy (4- (4 -methy
R:] ZST SS?enzb[d]éxéﬁoHwaoeodgmlem)leﬁm , 2agh )af IngighL )s- dﬁtlmpdﬂpsybéhtu}mjtl\hm 3-

enyl cycl opr opanecar boxam de razo
P yl )%he%y‘l") Rﬁﬁ%QWSS” W%‘y&%&%ﬁ&%ﬁ%‘%%%@' 5

Vi) cyel opt nOaRERlatrRh S ro gl 22 MUY esa >

, 2, 3, 6- t etycidprdpyipyethyli mH49waz(p1Hlep|lydptrdNIaﬂylsolzs'ntetqniherliyIawerlaihwlppanecar boxam
;F)e ph(eﬁy%ff&%i)gtzﬂ)gﬁgél @%?%1 w'\@%%%%yr”or(hal&zo%éoﬁ‘% VEs p%lonal?y
S, 2R, 39) - &Jt{s%ttjtbé!%t‘hﬂb%y%l)kyl\l‘d'b/&bﬁhﬁ%"r—}l opRIrians8bstitutert WA o exakal - 5-

yl ) phenyl ) cycl opr opanecar boxami d

S, 2R, 3R) - Ripeddint4rpr epfienayly sulstifytecowiih 2.2,4-t(iBuereetiyl,-and-pysiginy 2ol - 1-

él é%“%?e)y'%&@aﬁ{?aﬁﬁ%“ﬁﬁeﬁfy %m%'%réﬂf%r?@e ¥ f1 uoromet hyly-1 H

pyr azol - 1[onl7)| henyl |hwh@9ﬁmnﬂéntrsbmasrbﬁl@sen rdm 2-cyclopropylpyridin-4-yl,
S, 2R 3R)-2-(2-fl uor opheny1l) - N- hydr oxy- 3- {) J(ﬁro pyl(2-
BY:

nor phol | n%éﬁr'ﬂypﬁoﬁﬂ@thbib)@y{&#@'@ﬂy 1(66'#16&1’%@3( Rridd¥; o-
(trifluoromethyl)pyridin-3-yl, 2-(2,2,2-trifluoroethylamino)pyridin-4-yl, 6-(2,2,2-
trifluoroethylamino)pyridin-3-yl, 6-(3-methyl-1H-pyrazol-1-yl)pyridin-3-yl, 6-(5-
methylpyrimidin-2-yl)pyridin-3-yl, 6-(2-methyloxazol-5-yl)pyridin-3-yl, 6-(5-
chloropyrimidin-2-yl)pyridin-3-yl, 6-(4-isopropylpiperazin-1-yl)pyridin-3-yl, 2,6-
dicyclopropylpyridin-4-yl, 6-(5-fluoropyrimidin-2-yl)pyridin-3-yl, 2-(5-
chloropyrimidin-2-yl)-6-cyclopropylpyridin-4-yl, 1-methyl-1H-pyrazol-4-yl, 1-(2,2,2-
trifluoroethyl)-1H-pyrazol-4-yl, 1-(cyclopropylmethyl)-1H-pyrazol-4-yl, 1-
cyclopropyl-1H-pyrazol-4-yl, 1,3-dimethyl-1H-pyrazol-4-yl, 1-(1-(2,2,2-
trifluoroethyl)piperidin-4-yl)-1H-pyrazol-4-yl, 1-(5-(trifluoromethyl)pyridin-2-yl)-1H-
pyrazol-4-yl, 1-(5-(trifluoromethyl)pyridin-2-yl)-1H-pyrazol-4-yl, pyrimidin-5-yl, 2-
cyclopropylpyrimid-5-yl, 3-cyclopropylpyrimid-5-yl, pyridazin-4-yl, 6-
cyclopropylpyridazin-4-yl, benzo[d]isoxazol-3-yl, 2-isopropylbenzo[d]oxazol-6-yl,
and 2-methylthiazol-5-yI.

[0072] In some embodiments, R; is chosen from cycloalkyl,
heterocycloalkyl, alkyl, aryl and heteroaryl, each of which is optionally substituted
with one, two, or three groups independently chosen from -Rz4, -OR22, halo, and
-NR23SO2R21, wherein
R21 is chosen from optionally substituted C+-Cg alkyl, optionally
substituted cycloalkyl, optionally substituted aryl, optionally
substituted heterocycloalkyl, and optionally substituted
heteroaryl;
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(1 R 2R 3R)-2-(2-cycl opropyl pyrimid in-5-y1)-N hydroxy- 3-

phenyl cycl opr opanecar boxamide; (1

R 2R, 3R) -Wo(bexmwejod] i soxazol - 3-y1) - N-hydr oxy- 3- phenyl cychrape@pareaear boxam
ide; (1 R 2R 3R)-2-(6-cyclopropyl pyri dazi n- yl) N- hydr oxy- 3-

phenyl cycl opr opanecar boxamide; (1 S, 2R 3R)- gz fl uor opheny1) - N- hyd

roxy- 3- ( 6- ( 3- net hy1Rz |§|_cp9§gQBmeH optionally substituted C1-Cs alkyl; optionally

yI )pyr| di n-3-yl)cycl opr %?@%Q%aﬁéﬁg&)&h r?‘%lsﬁ?@c@th?te % | oﬁ%r%ﬂl pyrimid

2-yl)pyrid in-3-y1)-3 oxycyclop bpaneca boxam
|de (1 R 2R 3R)-2-(5- crﬂ;ubwtuied@makkpr opybmlty&tmmﬂédhﬁte)rpwoloblhyl;% yl)- N

hydr oxy- 3- phenyl cycl opro anec rboxa
S, 2R 3R)-2-(2-fl uorophen‘gﬁ (@UEgtlth %fﬂ%ism% ARdioptiongly skstiuted

i n-3-y1)-N hydroxycycl mide; (1

S, 2R 3R)- 2- (2- f|uoropheﬂ§é5€|wiﬁyg{?’o%@3 (6- (5-methyl pyrimid in-2- yl)pyrid
i n- 3-yl ) cycl opr opaniegs:is lsbraen frde) hydrogen and optionally substituted C+-Cy4 alkyl.

N oy B OXY B delod Brilindme s RS EhdadrPibin‘ey by Yridphen-2-y1

R, 2R, 3R) - {RidAat-60) 08¢yt ghéﬂym@émbmnmhs aptbnadubstifirtdd Wth-AWre) Yo Oty - 3-

phenyl cycl opr opanecar boxam i d

S, 2R, 3R) - terngqlerlﬁm@e@dgﬂiIN.thge@irm R2, {QR2, 2nd halo.

[0074] In some embodiments, R; is thiophen-2-yl or phenyl, each of which
is optionally substituted with one, two, or three groups independently chosen from
lower alkyl, lower alkoxy, trifluoromethyl, and halo.

[0075] In some embodiments, R; is chosen from phenyl, 2-chlorophenyl, 2-
fluorophenyl, 2-methylphenyl, 2-trifluoromethylphenyl, 3-fluorophenyl, 3-
methylphenyl, 3-trifluoromethylphenyl, 4-fluorophenyl, 5-methylthiophen-2-yl, 3-
fluoro-5-methylthiophen-2-yl, 5-methyl-3-(trifluoromethyl)thiophen-2-yl, and 5-
(trifluoromethyl)thiophen-2-yl.

[0076] In some embodiments, R; is chosen from phenyl, 2-fluorophenyl, 3-

fluorophenyl, and 4-fluorophenyl.

[0077] In some embodiments, R is phenyl.

[0078] In some embodiments, R is chosen from—C(O)NH(OH) and
—N(OH)C(O)R4.

[0079] In some embodiments, Rz is —C(O)NH(OH).

[0080] In some embodiments, Rs is -N(OH)C(O)R4 wherein R4 is
hydrogen.

[0081] In some embodiments, R3 is -N(OH)C(O)R4 wherein R4 is methyl.
[0082] In some embodiments, Rs, is -CFs. In some embodiments, Rz, is

hydrogen or methyl.
[0083] Also provided is a compound of Formula Il or a pharmaceutically
acceptable salt thereof,
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trifluoroethylam no)pyridin-4-yl)cycl opropanecar boxam de; (1
R 2R, 3R) - N- hydr oxy- 2- phenyl -3-(1 -(2,2,2-trifluoroethyl)-1 H pyrazol -4-
yl) cycl opwoparewaroBoxam i de; (1 R 2R, 3R)-2-(1 -cycl opr opgirAK2012/022216
pyrazol -4-y1)- N hydroxy-3- phenyl cycl opr opanecar boxam de; (1
2

R

R 3R) - N- hydr oxy- 2- phenyl -3-(1 -(1 -(2,2,2-trifluoroethyl)piperid

-4-y1)- 1 Hpyrazol-4-yl)cycl opropgpec
-di met hy1-1 H pyrazol - 4-y1) - N- hydr 0%y

n sboxam de; (1 R 2R 3R)-2-(1
3

1 R 2R 3S)-N-hydroxy-2-(2-nethylth i az

h

2

phenyl cycl opr opanecar boxam de;
| -5-y1)-3-
R)-2-(8-chloro-1

enyl cycl opropanecarboxamide; (1 R,
, 2,3, 4-tetrahydroqui nolin-6-yl)-Nh ~: Phenyl cycl opropanecar boxam de;
(1 R 2R 3R) - N-hydroxy-2-phenyl- 3r(®- (2, 2, 2-’1’/R£f | uoroet hyl )-2, 3, 4, 5-

t etrahydrobenzo[f][1 , 4] oxazepi n- 7-? ) cycl opr opanecar boxam de; (1

R 2R, 3R) - N-hydroxy-2- (1 -methyl - 2- (Ropmalalti f | uoroethyl)-1 , 2, 3, 4-
tetrahydro rolold ,2- vk azin-7-yl)-.3- enyl cve necar boxam de; (
R 2R 3R %R%'r In \bﬂ u%?’o'gaz%}.@,%""%—r%aisfq/qf)gpggg ﬁ@'l %ﬁg@%péﬂfogm@%%r opyrrol of
, 2- a] pyr@osa 7- y1) ANopreviasy i$3a poeipdubcdfHuraRe 6Eer & phardesut(chlly

R 2R, 3R) - N- hydr oxy- 2- phenyl -3-(2-(2,2,2-trifluoroethyl)-1 , 2,3, 4-

t et r ahydrasgPtalesalt thergppyr azi n- 7- y1 ) cycl opr opanecar boxami de; (1

R 2R, 3R) - N- hydr oxy- 2- pheny1- 3- (7- (2,2, 2-Rti fl uoroethyl)-5,6, 7, 8-

t et rahydr oi mi dazo[ 1 , 2- a] pyr azi n- 2- yI’}& Fopr opanecar boxam de; (1

R, 2R, 3R) - N- hydr oxy- 2- phenyl - 3- (2- (tri f[{ioronet hyl )i midazo[1 ,2-a] pyrid in-

4
~

e

\\\““

RN R;
Formula llI
wherein R4, Rz, Rs3, and R34 are as described for compounds of Formula I.
[0085] Also provided is a compound of Formula IV or a pharmaceutically

A,,,/I/
R R

1 2

acceptable salt thereof,

will|] 0
&

Formula IV
wherein R4, Ry, and Rs are as described for compounds of Formula I.
[0086] Also provided is a compound of Formula V or a pharmaceutically
acceptable salt thereof,
Rs

W
"
RN R,

Formula V
wherein R4, Ry, and Rs are as described for compounds of Formula |.F
[0087] Also provided is a compound chosen from

trans-N-Hydroxy-2,3-diphenylcyclopropanecarboxamide;
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7-yl ) cycl opropanecar boxamide; (1 R 2R 3R)-N- hydroxy-2-(imdazo[1

, 2-a] pyridin-3-yl)-3- phenyl cycl opropanecar boxam de; (1

R 2R, 3R) -Wohyriosos2- phenyl - 3- (pyrrol o[ 1 , 2-a] pyri m di nP¢1/0S2012/022216
yl ) cycl opr opanecar boxarri de; (1 R 2R 3R)-N hydroxy-2-(1

, 5-napht hyri di n- 4 henyl cycl opr opanecar boxam de; (1
S, 25, 3R) - 2- ( 2-GfF %y)f%ﬁ’/ﬁé’hleﬁyh YArQXYHGdr oxy- 3- (2- net hyl t h i azol - 5-

yI)cycIopropanecarb
S, 2S, 3R) - 2- (2-cycl olpr ogy(h%yrp épjfanefarli?xa“ Ihydr oxy- 3-(5-
(trifluoronet h(y1IR*tZRb@R@FNQNdr@;w@t(@psmpexmhmya)mde (1

R 2R, 3R)-2-(1-((5-fluo idin-2-yl)nmethyl )-1 H-pyrazol -4-y1l)-N-hydroxy-
3- phenyl cycl opropan%ra%{'}yg‘g& raeang C%F%OX Pée

gyrZEZgIS)4 yl )c@lﬁ}%ﬁggw_?ﬁ@a@? )ZI\MB) %kg%irﬁrﬁygréiy rzre'z PIyI rrét thl
H pyrazol - 4-y1) - 3- (rﬂqem/dctyyc]bmepanecarboxamlde
5, 25, 3R) - 1t hy iS5 T I hHCTIP e B PRIBERR0S) 3. (5. et hyl th ophen- 2
yl)cycl opropanecar b&w@&;oﬁép%g@@&a,ﬁb@ydroxy 2-(1 -nethyl -
F+pyrazol -4- y121 R* 2R* ,3R*)-2-(2-Bromophenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-2-(3-Bromophenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-2-(4-Bromophenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-o-tolylcyclopropanecarboxamide;
(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-m-tolylcyclopropanecarboxamide;
(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-p-tolylcyclopropanecarboxamide;
(1R*,2R*,3R*)-2-(4-(cyclopropanesulfonamido)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1S8*,2R*,3R*)-2-Cyclopentyl-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R,2R,3R)-N-Hydroxy-2-(1-methyl-1H-pyrazol-4-yl)-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-(pyrimidin-5-
yl)cyclopropanecarboxamide;
(1R,2R,3R)-2-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R,2R,3R)-2-(8-Chloro-2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(18,2R,3R)-2-(8-Chloro-2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-3-(2-
fluorophenyl)-N-hydroxycyclopropanecarboxamide;
(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-(pyridazin-4-

yl)cyclopropanecarboxamide;
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tol yl cycl opropanecar boxam de; (1 R, 2R, 3R)-N-hydroxy-2-(1 -methyl-1

H pyrazol -4-y1)-3-(2- (trifluoronethyl)phenyl)cycl opropanecar boxam de; (1
S, 2R, 3R) -weo(atxtBmsophenyl) - N- hydr oxy-3- (1 -net hyl -1 H pgrasedi2422216

yl ) cycl opropanecarboxamide; (1 R 2R 3R)-2-(3-fluorophenyl)-N hydroxy-3-(1
-nmethyl -1 Hpyrazol - 4- }'l cycl opr opanecar boxam i de; 1%1

R 2R, 3R) - N hy drl6%¢RBR)1Z2-(¢rétvsiarrapypyidiaAoy)-N-pygrozyg-

t ol yl cycl opr opanec e %g?h— -hydroxy-2-(1 -nethyl -1
H pyrazol -4-y1)-3-( -é Ist !rgicﬁ%tﬂgé%ﬂn%a%@? P Igﬁu_)’/l ) cycl opr opanecar boxam de; (1
R, 2R, 3R) - 2- ( 3- @I, 2R@AR)eI2-Cydtopyoln pyridia4lyl)-GeRAldordpterpyy-Hz ol - 4-

yl ) cycl opropanecar boxamide; (1 ,
S, 2S, 3R) - 2- (2-cycl MBWWM%@P@%C@@Q@T@&F | uor o- 5- net hyl t hi ophen- 2-y1) -

N- hydr oxycycl o, ; idin-4-v|)-3-(4- -N-
L Y S, CRIRPRIIORS RO RRop yridin 4-vI):3-(4-fluorophenyll-N;

S
(trifluoronethyl)t hhysprheysy2iofdrdpgudaapbaeamidear boxani de; (1 .
0173, 2 (2 B B OpY DY L hokbbid AR5 S BBy 51 o2
R 2R, 3R) - N- hydr oxy - ghéfidptloptopdndcarbdkdrhideor onet hyl ) -1 H-im i dazol - 2-
yl) | de 1 R2R 3

[

phenyl ) cycl opr opanecarboxam i de; ( , 2R, 3R) - 2-(3-chl oro-4-(5-nmethyl -1
PR NIV 2P BN Yb AR SToBesyAREANSox am do:  and

yl)cyclopropanecarboxamide;
(1R,2R,3R)-N-Hydroxy-2-phenyl-3-(2-(trifluoromethyl)pyridin-4-
yl)cyclopropanecarboxamide;
(1R,2R,3R)-N-Hydroxy-2-(1-ox0-2-(2,2,2-trifluoroethyl)isoindolin-5-yl)-3-
phenylcyclopropanecarboxamide;
(1R,2R,3R)-N-hydroxy-2-(2-isopropylbenzo[d]oxazol-6-yl)-3-
phenylcyclopropanecarboxamide;
(1R,2R,3R)-N-Hydroxy-2-(3-(oxazol-5-yl)phenyl)-3-
phenylcyclopropanecarboxamide;
(1R,2R,3R)-N-Hydroxy-2-(4-(oxazol-5-yl)phenyl)-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-2-(4-(1H-imidazol-1-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R,2R,3R)-2-(4-(2-Cyclopropyloxazol-5-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-(4-(2-phenyloxazol-5-
yl)phenyl)cyclopropanecarboxamide;
(1R*,2R*,3R*)-2-(4-(5-Fluoropyrimidin-2-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-2-(3-(5-Fluoropyrimidin-2-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-2-(4-(5-Cyclopropylpyrimidin-2-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;

H- i mi dazol - 2- y{1f%
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(1 R2R 3R)-2-(3-fluoro-4-(5-nmethyl-1 Himdazol -2-yl)phenyl)-N hydroxy- 3-
phenyl cycl opr opanecar boxam de, or a pharnaceutically acceptable salt
t her eof . WOQ8BJiveioRods for obtaining the conpounds, or pharuseceotizal |y
acceptabl e salts thereof, described herein will be apparent to those of
ordinary skill in the art, suitable procedures bei nlgﬁ descri bed, for

¥

exanpl e, in exdm3I2R" 3R odw(4-4d riflHoreethyipyFiRYidiB-HiRhanyheN 1ygroxy e

2012/ 103008PCT/ USZO&% vided is a nmethod for inhibiting
at | east one histone dﬁ%&@é@%ﬁ%ﬂé&n@ﬁgmodi ments, the at |east one

hi st one deacet {lRp3R,3R)-2-(44(B3$iflubrrBAGPYHMidinrdBygpei e Atyelrotyid- at | east
one hi stone deacetyl ase is selected from HDAC-4, HDAC-5, HDAC 7, and
HDAC-9. In some enbfMEMCOPTPRRNGGHPHIATIER is in a cell. In some

embodi ment's, t QRO -V drBRRPL haalbyri@essatabl e salt thereof,
described herelin is sel Qctil_%rﬁgf i'nhi !tf(ng(bi?d?ﬁeast one class Il histone
deacetyl ase. |n sonp)peEnyhcyatopropanbearborpmicej, or pharnaceutically

accept abl e sal £ I%* escr,i be%h rein is,a selective inhibitor of
HDAC- 4 and/ or (}jig;(r},ﬁ%g ddgoﬁxgg%(y' '86?%%’@%%’“‘?@?%‘6 of treating a

condi tion or di sordgipHERdi)ey@spraahbérboRamidaibj ect in need of such a
treatnent, conprising admnistering to the subject a therapeutically

g ady
ef fective amuliR*@R%a8RT)dddlydasy-@dmsmnyhd; @ dpypmigdingceut i cal |y accept abl e
salt thereof, descri ' e .enbodi nents, the condition or
di sorder nedi at ed M%ﬂ%éﬁ%ﬁoﬁggéﬁg?ﬁ@ﬁ%ener ative pathol ogy.

Accordingly, adw:zxm*gmiq -HWr@thMypB-(ur(ggﬁmnmn@-neurodegenerati ve

pat hol ogy nedi at ed b?/ HDAC in a subject in need of such a treatnent,
conpri si ng adni ni st¥mRNegyDeyaerropappeabosamifd;apeutical Iy ef fective amount

descr i bed_her o 208921 1 R A e R RSt ve

pat hol ogy is chosemptiemyteydlagrepamecesboxaseialee, Par ki nson' s di sease, neuronal

i ntranucl ear inel.usio i se (NLID), Dentatorubral pallidolusyian atrophy
(DRPLA), Fri edaé &%ggﬁga@ﬁ'&drﬂ%bﬁgr{gf@rrﬁ@ﬂ’a i H‘r‘%‘rYBP#% )-Bol ygl ut ami ne
di seases such as H%Héd}iﬂé)i(&ibgzoﬁél‘?é‘@a?%xaﬁﬁid@?cerebe' |lar ataxia 1 (SCA 1),

SCA 7

spi nocerebel | ar ataxia“7 , selzures, striatonigral degeneration,
progressi ve sufdiiifel,&3F)-Ndilydroxy-ar(di(drmetit-d hi-imidaneshylgblertybr3- col | i s,
dyskinesis, famlial trer\rm Glles de la Tourette syndrome, diffuse Lewy
body di sease, progr%@%]y\fi—:ychpﬁ?ﬁﬁnu%qaé ?Xaﬁg'ldgy, Pick's disease, primry
lateral scler 0(?|R8‘;2F!?f,95*)923%4-Y2-c9@|6bﬁipyﬂ§l§iﬁéblﬁ’f-5%ﬂ)rpﬁ@h%’lg)-l\!iﬁyd‘r%'xyfmsCU| ar
atrophy, hypertrophic interstitial pol'yneuropathy, retinitis pignmentosa,
hereditary optic atPhgimjcycianrepanegajoexaiside: par apl egi a, Shy- Drager

syndrone, Kennggy: LS8 aASE I\ : o< K&\ eyur odegener ati on,
Machado- Josephﬁ;ﬁf%%séeha)s%@3&8&%@?’&&1%%@@%&;”1%%wl%&&%uel ated di sease,
mul tiple sclerosis gidpylcypicpgogsseostboxgmiaesicl ear pal sy _

(St eel - Ri chardson- A szewski al | ervorden- Spdt z di sease,

-0 szey . di sease), 11 IV
pL ogr essi ve fa‘ﬁﬁ R P 0cd- T(@He‘ﬁﬁrpéé%]yg,'yaﬂébgmhﬁf‘ygrfégﬂhég@(qr@ﬁ%&
Vb ar - Kugel ber o R S ecbaRafie ) e Troot b di seace.
Dej tenn_e- Sot It as(10!?,235[?;%),-Nﬂ}?@i’my-_z-t(pi(gme?gs_aA-cgjbpmio'-zHf[ijma?:g}m ,ﬂo&g;iassi ve
systenic sclerosis,_derm ositis, and nmixed connective tissue disease.
[0093] I n sone enbod 'Nsﬂtﬂ%ﬁ‘ﬁ%'éﬁ}?@é{%éﬁl@@w{@)ﬁﬁ@' ® ogy is an acute or

chronic degene(r@-g*i,24:@*:gkﬁe@q%oﬁgxg_bﬁgwgﬁgﬁggg@%ragihrpgg,ghé}%g)eg_er ative

di seases of the eye incl'ude gl auco . at ed cul @r’” degenerati on,
retinitis pignmentosphemicystdpsopdnecasbofarhidecdodegenerati ve retinal di sease,

retinal detach t | ar cker, i gchem a affectin he outer retina,
cel lul ar damg@%ﬁ%ﬁé@"ﬁ#ﬂxﬂéé@éﬁf'§°Pré’tpiyﬁ6%e<§?ﬁ'9'g'¥hpp%Wl'l)ri§1 i scheni a,
damage associ at ed Whidhyl@gfipropaicddrboitider neovascul ar, diabetic
retinopathy, rubeosis iritis, uveitis, Fuch's heterochromatic

iridocyclitis,(IMERRASIBIN-Hyc0xRH4-(Scr-HEapropysiedd tul apheny bad; reti nal

i schem a, chor oi dal j oy , choroidal thronmbosis, carotid
artery ischem a, cdﬁ*%@&séﬁ%%éﬁgﬁg$%§%%§ﬁﬁ%etinopathy of permaturity,
retinal vein occlusion, proliferative vitreoretinopathy, corneal

angi ogenesi s, retinal mcrovascul opathy, and retinal eduema. [0094]In sone
enbodi ments, the condition or disorder nediated by HDAC conprises a
fibrotic disease such as liver fibrosis, cystic fibrosis, cirrhosis, and
fibrotic skin diseases, e.g., hypertroghic scars, keloid, and Dupuytren's
contracture. Accordingly, also provided is a nethod of treating a fibrotic
di sease nedi ated by HDAC in a subject in need of such a treatnent,
conprising admnistering to the subject a therapeutically effective anount
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conprises a psychol ogi cal disorder, such as depression, bipolar disease and
denentia. In sone enbodi nents, the condition or disorder nediated by HDAC
conpri seswdeprem®sioen. Accordi ngly, also provided is a nmechas@b/oeneati ng a
psychol ogi cal disorder, such as depression, nediated by HDAC i n a subject
in need of such a treatnent c%nBri sing admnistering to the subject a

t

t her apeut i cal | § RE13RGBRVe2-Mrbdat Digrethylaretigin-Toven iy dreyey-3-
pharmaceutical ly .descri bed herein. In some
enbodi nents, the d%%&%!@@%@%%gﬁé%%eﬁm or depressive disorder, and
bi pol ar di sor ddiR*, 2R3 2+(4-02:O @b adaspins[S, 3] héstandidi)phenyl oN-rdidsoxyder

nmedi at ed by HDAC co%i ses anxi ety. A cordi,(géql y, also provided is a nethod

of treating an anxi CRYEY HORWPPSCLREXARIGE subj ect in need of such a
treat ment, conprs)mHg i sS4y ia_ r haahly
effective anou tR%ﬁé%Rﬁgg %%%é@girrr%%rncﬂ?[%%’ gﬁa%%r@cée(th]ﬁ ??Qﬁﬁéhggyept abl e
salt thereof, descrhyrdxn3r@ianyldyo@@ropanenanpoxarbidd] nents, the condition or

di sorder nedia . HDA ri ses schi zophreni a. .. Accordi.ngl.y. | so
br ovi ded | 5 a Vot AR SR R RY2 REE g AP R SR B B 1
subj ect in need of ﬁ)&i@n@l)é¥&@ér@9@hec%@ﬂéﬂnﬁé}g adm ni stering to the
subject a therapeutically 'etfective anount of at |east one conmpound, or

pkrlrgr gaceut i cal Gr:ﬁ,aﬁd’e'?))t%l'@@g a!Dilhytjmyé@)'of‘OJO[de@‘e}ﬁYbiﬁddiﬁéééﬁtV')Pb@Qﬁ}-I’\h sone
enbodi nents, the ¢ {5 i i v, HDAC conpri ses a notor
neuron di sease, rruMébgfsﬁ%%@g[ﬂ%z%\%ﬁ%a%&gﬁﬂ@9ders, o?panyotrophic

| ateral scl er ogliRs, ARLSRY)-RedRirdxnal (4 -(4ahethyipiperagid1 iypphen@i-Bod of treating

a notor neuron disease, mnuscle atrophy/ muscle wasting disorders, or
amyot r ophi ¢ | at er al PRRNVEGYSRsOpAIeNara@xAaide:d by HDAC in a subject in need
of such a tre * S RWPLI S i e, subject a

t her apeuti cal ?@ ef %é?’?\)eﬂla%daﬁ%?gghaqtb%%gs glgélrgerb@rr%ound, or

phar maceuti cal | y acsletyédyceoapanddeebexdmideescri bed herein. [0099] I n sone

e ST st B S O

treating a cardiov SARbEA BB Riged by HDAC in a subject in need
of such a treatnent, cﬁr in% a%Hr)ral nisterihg to the subject a

t her apeut i cal | {1 R{Z&%IS )2-thrthrhtuocodpyrimideadiyl phenglpisbyadrdxydr-methyl-3-
pharmaceutical ly accrié)t c'flb| salt thereof .ddescri bed herein. In sone

enbodi nents, the cal i BVRS rgPa%%(f‘?(ﬁP?)fadﬂ' ©s chosen from cardi onmyopat hy,
cardi ac hyper t (¢ptpR* SROC2 AL AH-gyssAg g )pHEes Nt NIngdkase3- car di ac

rest enosi s, an(gl arteri o?cl gﬂ()si sﬂ_y$[ 0010%?3 n sgmnggboﬁmnt s, the condition
or di sorder nedi at eRhasyloyORDrepapeGaseexarpiléer . Accordingly, al so provided

uch 1 tr et el AoARTN TR SRt AP e Br B PR B IAES: o Bpeurt  cal 1

ef fective anount Ofylgiyclmﬁamrbdb@mﬁ)idund, or pharmaceutically acceptable
salt thereof, described herein. odi nents, the cancer is chosen

In some enb S,
from | ynphona, (15adcrak3-¢4-c ntedzyl-t &1 dPdetralydraryddin-hypiesydt Nul ar
carci nona, Wl denst Gl i i SRS ef ractory cancer of the
prostate, and Ieukaﬁe)m a@grée}ggs alr@z(?égqeuér%gtscanclg%’, ovari an cancer,
prost at e canceflS,2RAR )R -flactopbengiN-hyemxly-3 e (2 metigdoxaizat-5cancer, brain
cancer, B-cell |ynphoma, peripheral T-cell |ynphoma, and cutaneous T-cell
| ynphona. I n sone fﬂ}g%yﬁﬁﬂgqpﬁéﬂ?ggr%?ﬁﬁm cer is chosen fromthe
fol |l owi ng cancgrs » BREs.2-Cafdb@dehes an-fR - gyre A SRS,
r habdonyosar co(?rﬁs,’ Ifﬁsa?goﬁ%@ reryzlgrraﬁ?cr"%g donyorr)g, iE)rIlcr).#r%&uatrf?ﬁcl%iE poma and
teratomm; Lung: br oylighegyhcyclepnopaneearbozgmidesus cel |, undi fferentiated

bobmontol ar) Ot R SR B b S P Bl

chondr omat ous hanar j|jHenyNEyds HrebhAsBarbeRamidd; nt est i nal :  esophagus

(squanous cell carcl noma, adenocarci noma, |ei o%osarcoma, I %rrlghoma),
Y

st omach (car ci (el ARt ftorapsiesiydb ay e 3-(hbahtriBaeromaibyla H-
q ( - 4 . | Soid t |
U oo Csmal 1 boweVeRdeh s RRE R RERISSRI e RS 6 Cor s, Kar posi * s

sarcoma, |eionyonma, henmangi ona, |ipoma, neurofibroma, fibroma), |arge bowel
(adenocarci noma, tubul ar adenoma, villous adenona, hamartona, | eiomyona);
Genitourinary tract: kidney (adenocarcinoma, WIlms tunor [nephrobl astonma],
| ynphoma, | eukem a), bladder and urethra (squanous cell carcinons,
transitional cell carcinoma, adenocarcihonm), prostate (adenocarci noma,
sarcomm), testis (sem noma, teratonm, enbryonal carcinoma, teratocarcinona,
choriocarci noma, sarcoma, interstitial cell carcinoma, fibroma,

fi broadenoma, adenomatoid tunors, |ipoma); Liver: hepatong,

T ey o o o o, o o o I



[ 00102] I n sonme enbodi nents, the condition or disorder nediated by HDAC
conprises an allergic disease. Accordingly, also provided is a nethod of
treati ng wo2aidws@sc di sease, nedi ated by HDAC i n a subjpetuseonznerds of such
a treatnment, conprisi ng adm nistering to the subj ect a therapeutically

effective armunt of at |east one compound, or Edear maceuti cal |y acceptable
salt thereof, deseRiIFDRL- k%ﬂepwphﬁnvawmzd@xye% gsoprePyde but are not

limted to, respi r%gF%@éég{e@)gﬂ%i)ﬁﬂaﬁ f&br&ﬁaﬁeéa%&q% rdgl nitis,

hypersensitivity |ung sen pneunoni eOSInOphI|IC

pneunoni as, Lo@R,2R3R)- MMydnspropyMwmm@m@qi)Mydkmq 3meurmn| a,
del ayed-type hypersenS| 1%%/? interstitial lung diseases (ILD), idiopathic

pul nonary fi br05| s, PRSI P%neQ?élP?PéﬁrB ositis, system c anaphyl axi s,
drug all ergi es B3R r r4ns), and insect sting
al l ergies. [00 fl n3 s);né@&goog%]:ié%%tzg > geﬁﬂ{&l%n or di sorder nedi ated
by HDAC conpri ses amhenyﬂ@mlomapamkb@ehemmxﬂeh as a fungal i nfection,
bacterial infe fectl and t ection, e.g.,

mal aria, giar dﬁ%?& 3’%@?‘2’%%&9&9@ p}/@ﬁlgégl-g-yﬁ '%é@&o di’(/sent ery,

t oxopl asnosi s, and %}Cﬂﬁjrépaﬁéba&}@@ﬁarﬁmodl ments, the condition or

di sorder nedi ated by HDA rises malaria Accordl ngly, also provided is

a met hod of tr(é&?ﬁ@%)r? |(2rf|e@ltqu51@§y|d1NSBM@@XV%@T(?&mG’@Y'eﬂrH'@WaZ@Mat ed by

HDAC i n a subj ect i f n nprising admnistering to
t he subject a ther asb)eo&? ﬁwaslyy)%gglgglao[panggél@ %{n %‘? at | east one conpound, or
phar maceuti cal @8 mmtmb@%sal@p&mmﬁz gadink®g) B (&iluoroph8AP#N-n some

enbodi nent s, e condition or disorder i ated by HDAC conprises autism or
Rett syndrone. Accdﬂ)dirﬁlgy%)’c'%r@@arﬂﬁcé\'ib@@ﬂmi@ a nethod of treating autism or

Rett syndrone (bl e treat ment,
conprising ad st erl ng)(? léP@h 6ni1bj eg@p?ﬁ% %%@é@eﬁs/”@g”ﬁ?' Ele\lctl ve am)unt
of at |east one conrp)piJroxiy 3eheplyloyciopeoparedaryoxaraidpt abl e salt t her eof ,
modi at ed by HOAG 2BmETh 26 THORBRETI oot T areB B g der Gt
anem a, and sickle éqé‘(%r al so provided is a method of
treating a hemat ol o@fdcal ?@%mﬁ% rreél aﬂ#ﬁmby HDAC in a subject in need of
such a treat me(iiS,2BEMr2-62 ﬁgom;himenyls){l‘ehydlrg)xyfﬁ (rEO-mdingpyrimidim@r apeuti cal | y

effective anount of @é/ Idea | e| co oundr har maceuti cal |y acceptable
salt thereof, descrY ¥ fﬂé )ﬁycf’ Fﬂ g}%’bodl nments, the condition

or disorder fTBﬁ'F@QR@F@YNH%%)@?MBJ(Qﬁﬁet%XCCbQ@I%JyF)deiﬁ%ﬁﬁ)%UCh as

predi abetes or diabetes (t ordingly, also provided is a
met hod of treating Rhenm nr@p@méexara@@h as predi abetes or diabetes

Compri i ng_ adni P ERerVee (e En RS Sl BuHek R el PR Py MDD o

of at |east one conpoenylt cto" r@bmme@liam@biy acceptabl e salt thereof,
descri bed hereijn, %001 In sonme enbodi ments, the condition or disor der
nedi at ed by HOAS 28MiRr%: f'HO'Eﬂ]p@@F‘M'éW‘hM@JiOXMﬁ](?a %8.%e treated by

progeni tor/stem cel lishaset '%L’ﬁﬁ@f’ﬁ'.ﬁg%@aoﬂbﬁgﬁ&q SoxShieed to diabetes

(organ failure, cerrosrs, ntral nervous system (CNS)

di sorders asso(leaQRcBR\)-Nkhydlymya@{pjh@hyb&(M(Zﬁrbge‘mar@ethymﬂl-'&pyrmzbhé- brain
(e.g., post-traumatic s&)@ess di sor der éPTSD) tunors (e.qg.

retinobl ast omas) ; oY AYFIPRFePAIERPRNIEL] godendr ycoyt e progenitor cells
(e.g., astrocy, 371@(}2 I LS scl erosis;

derryel i nating g??srgrﬁders Sﬁ?ggas t quHep ogglst)rygphl gw&éﬁr opat hi es

associ at ed w t h whiphenyigycioproparecaibpoxareidebel | ar di sorders such as ataxi a;

d ol fact di d di ngly,
150 pr ovi ded (ECSRRNIVEROF Eaehy 3 tn B3P 3t S Poe bV idRrue 0 )" LoAC
in a subject in neefHQyrsrta-A)dycRpropatiecatBdRrhileng adm nistering to the
subj ect a therapeuti cal I y effectl ve amount of at |east one conpound, or

phar maceut i cal (Y?,.2Bc¥prZib1 8-daethyirigt-pprazoliéydr Nuwairovsrei n, either before,
during, or after a r/stem cel | based t her api es.
[00108] I n sone enboﬁdﬁeﬁﬁﬁﬂé@?&qrﬁ%é o% &? gr di sorder medi ated by HDAC
conprises a disorder related to the proliferation of epithelial and
mesenchymal cells (e.g., tunors, wound healing, and surgeries).
Accordingly, also provided is a nethod of treating a disorder related to
the proliferation of epithelial and nesenchymal cells that is nediated by
HDAC in a subject in need of such a tréatnment, conprising adm nistering to
the subject a therapeutically effective anobunt of at |east one conpound, or

pharmaceutical |y acceptable salt thereof, described herein. [00109]In sone
enbodl rrents t he condl t| on or di sor der rredl at ed by HDAC corrprl ses a

. Y I L -,



is a viral disorder for which blood cells beconme sensitized to other
treatnents after HDAC inhibition, following admnistering to the subject a
t her apeutwoabiziogdoBect i ve anount of at | east one conpoulrdy/use012/022216
pharmaceutically acceptable salt thereof, as described herein. [00111]In
sonme enbodi nents, the condition or disorder nediated by HDAC is an i mune

di sorder that (E}2BSDNtWERRWR-NhetTERazel- Y- | nmune modul at ors, upon

adm nistering to t ' ically effective anpunt of at | east
one conpound, or p@%@%ﬁ%ﬁﬁﬁ%@%@@% salt thereof, as described
herei n. [ 00112]1R)2REBR)-24®ctlomeit 2,3 4-tetrabydrbduinsiined-yHis-tiydeoxyr®di at ed by
HDAC conprises a g(rﬁ];t re}j gﬁi on or transgjl ant rejection. Accordingly, also
provided i s a met hdeN&YINCORPRNECHPIANEL: rel ated to a graft rejection or
a transpl ant rgj Reoi W (] S, Rh-at el ] {n need of
such a treat rreﬁtF(,e’Q{:?b rlﬁgﬁ;rdlgrjé d?nﬁﬁe@ﬁ/ggi(%éz{éé[?\tgma%srg%tjﬁg'?tf%hf%er apeutically
ef fective anount oftefrahydabenzolf][ t digxaaepin-Hyl ) pycoprapenetarabkgmitts; ept abl e

salt thereof, i.hed herein. 1 008PCT/ US2012/ 022216 [ 00113]1In
sone enbodi mn@?ﬁ{qr{ﬁs)c'g |df‘?)8’n25?(0"91?2@3%'122\2&#%«5%&6%' aDgé’%orrpri ses a
bl ood pressure di SOt!’e%hydi@Tp%r@ﬁq[i,Q-é]b?fdzﬁw-?lgjlﬂg- (NO regulation (e.g.,
hypertension, erectile dysfunction, ‘asthma; "and ocul ar di sorders as

gl aucomm) . Accor di ngfienylaickprppanecasgoxamideiret hod of treating a bl ood

5 : moY : | at | . at ed
Dy ToAC i n & sulgy 2B RRE R EoB 26 2 Rt oS B ol et er i g
to the subject a thgpgreii-rom-NyneibeeBiphengiuvbrefaricaltsngimiase conpound,
or pharnaceuti cal l@é acceptabl e salt thereof, described herein. In sone

d
embodi ment s, t HEEBRARNBYIERX Y2 Sheant-31(3-(3, 2ot upcoetPydr's.8¢hi ¢ di sor der.

Al dingly, al i i t ] i t hi

i sor der “that i o meaanagropyToBiER B2, AREYC BB R RGBS | LOPTLT,
c](c)np{i Isi ngt adn61IR,ER&SR)Fl‘g-hydr¢>t)ﬁ2-9,1hbhgle?-_(a-(xl‘2J?eZ-HﬁW?@tglyll)%,@,ﬁ&fLi ve ?m)unt
or a east one co u . Or, a ceuti ca acceptapl e s I eor,
descr i bed herei n. _|BORTHRIGIEEPLYE AU a7 B SR RSP EPATFRADREAT I whi ch at
[ east one conmaIR 70, MIBKFBOENIHA . AG6RRbATHESAiE SR o/AaRe! | bed

herein is the onl'y act’ive agerit given to the subject "and SO | n¢l udes
met hods of treat nent-yl)oyclbpropanecérbazamides conpound, or pharnmaceutically

accept abl e sal reof .. described herein, i ive t he subject in

conbi nati on wi @I’#’gﬁeﬁ%FNWPéO)%gﬁW'aﬂé? 1&6??‘1)’@5‘@%%)23' [ 00115] I n general,
the conpounds, or phasdRSRSIr6pandcars6Rthidet € salts thereof, described
herein will be adm nistered in a therapeutical I%/ effective anmount by any of

t he accepted niide2RaIR)NMYArex-atohenyke(pyaelatis2elruriniding- si ni | ar
utilities. The act ound, i.e., the active ingredient,
wi |l depend upon n Crygg)?r’%acrf%:@@@@gﬁggs the severity of the disease to be
treated, the ag®R2RMBRENAydvexyR2dh BAnadhthiedisubygat, the potency of the
conpound used, the route and form of adm nistration, and other factors well
know to the skill edPREM@EIOPIIPRNRGAIBOXHNAISe adni ni stered at | east once a

A e e e R L
aLe admi ni st elred asylyslproparedarioatancideposi ti on.  Accor di ng:jy, provi ded are
phar maceut | cal (% S6cEpbt eYSapoRy R S-SR -SRer o n, toget her with
at | east one phar nagﬁﬁudrgﬁllelf%m@?gﬁg?@%%mp%ﬁmwa}‘nﬁig@ carriers,

adj uvants, and exci pi ents. uttcally acceptabl e vehicles nust
be of suffici efiRIRBRYR2H1n((G-Jueropyridinfd-giraathy)-1dwyrasdl-<i-yl)-N-bydrenger t hem
suitable for adm ni?@éati an . to the animal Hﬁ(‘fl ng treated. The vehicle can be

inert or it can poss 9”}5'8&?'98@@@'9?8?@%@ $ts. The amount of vehicle
enpl oyed in conjSiPRIIDP-VB-fhords-nsSAPIEOEherR2-\IRLIRESKI-BAal hEth3fgBpt abl e
salt thereof, 1s sufficient to provide a practical quantity of material for
adnmi ni stration per RMREOIdbyBCYSiORTRRaneeToAKaANIds®; phar maceutical |y

accept abl e sal eQfn 8] Ex r h geyt hcal gept abl e
carriers or co@‘p‘%?‘g’r?t?@ %‘ﬁ&gg‘%’&%ﬁ?@%grﬁ”@ﬁ%ﬁ%ﬁ gg?oﬂgé,fh?g?ucose and
sucrose, starches, @mmjbremeqm)nhiepaem-ﬁr@cmptr@bmaiaab@mmide] lulose and its
derivatives, such as sodi um carboxynethyl cellul ose, ethyl cellul ose, and

met hyl cel lul ose; powdered tragacanth; malt; gelatin; talc; solid

| ubricants, such as stearic acid and nagnesi um stearate; cal cium sulfate;
synthetic oils; vegetable oils, such a8’ peanut oil, cottonseed oil, sesane
oil, olive oil, and corn oil; polyols such as propyl ene glycol, glycerine,
sorbitol, mannitol, and polyethylene glycol; alginic acid; phosphate buffer
solutions; emulsifiers, such as the TWEENS;, wetting agents, such sodium

I e N e - - e



[ 00119] Opti onal active agents may be included in a pharnaceuti cal
conposition, which do not substantially interfere with the activity of the
conmpound,wonoph@seaceut i cal | y acceptable salt thereof, #evarschied2iresein.

[ 00120] Ef fective concentrations of at |east one compound, or
pharmaceutically acceptable salt thereof, described herein are mxed with a

suitabl e phar ndsee® 3NNy M-4bnethdh] Hipyrazad- vk 84 hoestivihigRhen-2-he
conmpound, or phar ' .salt thereof, exhibits

i nsufficient sol ubi %',O(bﬁ‘@eﬁ”o%%ﬁ?‘%@@g?um i zi ng conpounds may be used.
Such net hods a1, RREBR)-Mdyidnmee2-¢1 -rséthlyl- 1 Hpyrazal-4yl)-3-end i ncl ude, but are
not limted to, usi nﬂ*}‘\%&%?{?l vents, such as dinethylsul foxide (DVMBO), using
surfactants, such a® IOBANeFA4RAX3MIASH i n aqueous sodi um bi car bonat e.
WO 2012/ 103008RET 5 HS\/ 09 Q_Qﬁg%, MPamhvikxdingyi9i3-@ddi tion of a
conpound, or pharnmaceut i chgll%J y cléepta }/e s;wt%ﬁeré&,@gescri bed herein,

t he resul ting m xt ufteflucagmiethyd)phehul)cyapprepspeceboxametel si on or the |ike.

The formof th [ i xture d ds, upo n of factors,
el udi ng < he (v ZRaEt- SR Y OB A STDrBAeL T e LTS of the
conpound, or phar magRytioprbpaherersizahide; sal t thereof, in the chosen
vehicle. The effectivé concentration sufficient for aneliorating the

synpt ons of t hid RIZB&eH)e24 3-8uoepheny!)de-hyefoxyt 361 -metagt di-pyrazdl-4f 00122] The

conpounds, or phar i hl e salts thereof, described herein
may be adm ni ster eg@gcslghpg(%%%e&%gé&%ﬁ%ar enterally, intravenously, by
intramuscul ar (1R,2R3RAN-Hydréxyr2d(aimethyRT HeRraxol-4yipl3imgual 1y,

transdermal ly, via buccal adm nistration, rectally, as an ophthalmc

sol ution, or by ot helIGEHORIOPARCCRFBAXAEMES t f or nul at i ons.

[ 00123] Phar nmac i CQr 1 5. ons. e f atedf@r oral use, such as
for exanple, t@ﬁ%tﬁ?’,mt@mzés%y ?gig%égp?g éé%tga% Sigi y suspensi ons,

di spersi bl e powder s(tiffucgormethyépheepityslaprepahecaiboxarsilet capsul es, or

syrups or elixj,r Phar eutical c sitiong intend for oral] use may be

pr epar ed accorGi@%&%ﬁ%@gﬁghﬁ‘a&wm%y@?%gﬂtm?t@NE?HéoWﬁ?RIT icture of

phar maceuti cal Conpﬁfdé(u"?"épmﬁ nqiegppsi tions may contain one or nore
ni ng agents,

agents, such as swee avoring agents, coloring agents and
preservi ng age(it$2Sidk)er-(cyclopropylnyddinghat)rd(ftioabinyetblyititjiaphenqeyl )-

pal at abl e preparati 'ﬂrf}s [N Soe enbodi rgant S1iqQf al pharmaceuti cal
conpositions contain y,d(g%y(s:ygopgo%%caf R\a I'g%’st one conpound, or

phar maceut i cal (15,28 GFpta-eyseblopy s tiapi-4-yHes Hydeed-Bes ehéthy LB some
enbodi ments, oral phar maceu¥| cal conpositions contain at |east 5% (wei ght

% of at |east one @dftyssamethylthippaencdiayctoproganasedpmmidesal t t her eof

d i bed h i ' jnf 9 9 . % t
750 of at | cast SRe T ant OB rylr R APk Saragh Abh R L cor
descri bed herein. [WK2kpedpdiacatistramigeer ed phar naceutical conpositions
al so include liquid solutions, i ons, suspensions, powders, granules,

| ) ) v H
olixirs, tinctlresRaRImydran mhenyt fud-(FiHRERaRy ) HImIpzabeept abl e
carriers suitable L)&éph%{h?@gf@%ﬂé@%a%?%waﬁ%@%i tions are well known in
eut |

the art. Oral phar osItions nay '‘contain preservatives,

fl avori ng agenflss,2B/@ekr2(3-chlcrgdntcsmetud HadnisazoleZ-gl)phersdl bHaydroxy-3-

t ast e- maski ng agents, and &(‘)I ori n?q agent S., WD 2012/ 103008PCT/ US2012/ 022216
[ 00125] Typi cal conpHEMQYCRPeRANGCHROXUPIdsy Aids, elixirs, emul sions and
suspensi ons i nalRISR SRPARSHILC/-¥GSI Ay RI ARMI@ERILL Y SHeny BN ¥HRy LR

gl ycol, liqui g(qsucr 0se€, sorgi t ol qand wgt er. éyr ups %?@I elyini rg rra;ye%e
formul ated with sweghamicylamepanscarboxanrdepl e gl ycerol, propyl ene gl ycol,
sorbitol or sucrose. Such pharmaceyti cal ositions may al so contain a
denul cent . [ooc_irz%Pﬁﬂré“%_ %aﬁxe?cgﬁp%ghlgﬁ?gﬁtﬁgﬁifm Iy acceptable salt _
thereof, [@e8e]i bed MetRids fBABLRMING & BOMPbaAdS BropHArlackLGtHIg preparations
such as aqueous or oily suspensions, solutions, emulsions, syrups, or
elixirs, acueptskiesabs thaseebwescripedhhetedewl barppargnd e thaseofesdinanni ng

can e pr LR o SURRL Mpediu S BHkor Rl I BGRME Pt her

sui t abl e welbivched ety efereaceSaitéd hefgihd preparati ons can contain

conventional additives, such as suspending agents (e.g., sorbitol syrup,
met hyl cel |l ul ose, gl ucose/sugar, syrup, gelatin, hydroxyethyl cellul ose,
car boxymet hyl cellul ose, alum num stearate gel, and hydrogenated edi bl e

fats), emulsifying agents (e.g., lecitB®n, sorbitan nonsoleate, or acacia),
non- aqueous vehicles, which can include edible oils (e.g., alnond oil,
fractionated coconut oil, silyl esters, propylene glycol and ethyl

al cohol), and preservatives (e.g., nmethyl or propyl p-hydroxybenzoate and



[ 00127] For a suspension, typical suspending agents include nethylcellul ose,
sodi um car boxynet hyl cellul ose, AVICEL RC-591, tragacanth and sodi um

al gi nat e;woypixmbooset ti ng agents include |ecithin and peCyasedate2280; and
typi cal pr eservatives include nmethyl paraben and sodi um benzoate.

[ 00128] Aqueous suspensions contain the active nmaterial(s) in admxture with

exci pi entl088] t abl eAlsrPreweesdhameinad dooinhidingoaldegeisenBiSNe.  Such

t
car boxy et SAHCCARPE BLESRE sEMitenis? in €8P RSP oTeBisMhe roretibRe it e, sodi um
al gi nat e, clasrt uaerA@yrln ebnch)embogmntsatgecan\edrstmme rgsr?snem?arce%ylabarper s: ng
or wettin occur S at1 de (0] exa e,
| ecithin, Sg%‘? @A‘grﬂ 3"@%@ 3‘”5‘% Cafr aJICLblE)%{gB %ﬁ&@”ﬁ %Wbpg{rr‘%n §g|pds
for exanpg |Hﬁ’ib)f@ﬁy§‘ir‘i‘¥'c%ﬂe Iﬁ%@ﬁfe%rﬁﬁo@heﬁﬁé‘%@%%?ﬂ@nﬂr gducts of ethylene

oxide with long chain aliphatic alco exa
hept adecarmaTWweebaadt;mtmwtablersattcbrneren’saiersonbeﬂ bdrain $s seleem\rwﬂoene oxi de

with parti esters deriv m fatt ac andahexrtol su

ol yowyet R IOUTY Spariane Shes ifipde 15 P 0 SHPSTE & dRE et nyl ene
oxi de wi tébrﬁ@é@mdiIor%ﬁh@ce@rda\w%c&égﬁbie%éwt@%@rsde@@htfwrréreln gnydri des,
for exanple po yethy ene sorbitan substitute. The aqueous suspensi ons nay

al so contsglectbeenbiditapptHPAEErangiordDAG-6r exanpl e ethyl, or npropyl

Phe act | MO0B8E c; ARS HiRVbt B IBTER TRy Lo, suspending
oi |, sesamedpitéd by HDACHNEG SUUjecthﬁ ne8d af Budie bateadinens Wdim@ising qui d
paraffl n. The oily suspensions nmay contain a thickening agent, for exanple

beeswax, Wtﬂ“ﬁi%% fq Werﬁ'ubi%ft‘tﬁ th&lr@QﬁiBlca”BﬁE@@té’rﬁ @f@%l@b@ft le2siiPngs t hose
set fort hcc?rﬁpe!@nd %?%pfa‘rrﬂﬁegutrt%l@%%Béﬁta’%?é’sér?tr%??&ddIchrFH hdgipal at abl e
oral preparations arnmaceut 1 cal osIt1ons ma e preserved by

t he addi t[j0091pf an larrﬁomenrerrdmdumeutshtrasccmrhtlnsrbocdaordiar medrated by HDAC

[ 00130] Phar naceutical conposi t| ons o be i e formof oil-in-water
enul si onstOMHESE W%Fﬂ.@@@eﬁﬁ? Y& R 6@)8/8 CQOQ'”é]y,f%?O@JZ%%‘P%'So% ve oil or
peanut oi f tures of

t hese. Sur:nte :[51 Ideé‘fetF@ %baépﬁgrogggg? g%nggw g@n érlg%pga@éa by ullr"r)%r?glwg%rrs for
exanpl e g&ubjecianrneedrofgumn artegptowemt, mommwm@bdwmetanrngrtogh@laubjphtaa| des, for

exanpl e sg bean., and e t artral ter derrv romfatty
2o s and REREaNG A el G [ Sa st Sty rorDPURRES A

condensat j@pRiNE daft Shéreot, R seabed Pardihal esters wit h et hyl ene oxi de for
exanpl e pol yoxyet hyl ene sorbitan nonol eate. [00131] Di spersi bl e powders and

granul es 9@92hbl e florsqme prraedimanist thenneiedegenerasgipe peiwiogy istaesatdi t i on

et g, el e, ERPERT S e et Bpd Pl e RoE g 20

di sper si r@seasey\mmu))wg)agetmmanﬁam@olpsrﬁdnrwro@n?rroszmmg Exednelid’s athxiy, t hose
al ready nentioned above, [00132] Tablets typica conpri se conventi onal

phar maceuRipeanst 9'”55@811@@@“%?ﬂ‘\”/&ﬁfy@l&@rﬁ'ﬁﬂaﬁ'§eﬁ$¢9u§l#ﬁ‘fbas slurdingioncsal ci um
car bonat e ders such
as star chdISéggédt nr%@@é%%fgé%@&(?ﬁﬁ %%@’ﬁ’? suc IaF%'r e|>{rﬂ 3§CAPYQ| nic acid
and cr oscsaemtm‘eesetrratomgnatdegenaatmn J¥ogpEsses surpraneeteart ealsgtteesior aci d and
tal c ants such as sili.con dioxi can be used tq.inmprove flo

Char acter SN SroS T BCUER I SSHTES O o A Cager SUeS Hak Teurele. Foec
dyes, ca e %Re&f S%r\ﬁﬁ such as
aspartarrgs ﬁ?é@@%aglrf@ljgé 2 nt'ho d%n@“rg)g?cl)pe bﬁ%%% ??%r%r:]@ Haé/%?)ggﬂgg% be

usef ul adjiesase, sprlmﬂrydaiemmdverosrbl Bltogresm\r&snewl (iuscliadiatrgphy nepinall ease and

i ned rel ease f |
G T uont < AUSRBE SO dho PeRRI e st B R e phafy BT R kB esReh  depends
on secondagrédranSosiRY AtdpHys hbféﬁﬁtaha%@stlc%ﬁ‘bple@@ SHyebfager ahdiichye,

[00133] Such pharmaceutical conpositions may al so be coated convent i onal

met hods, Kopiedy's isapse, rpmtejrr aggregaliepaelaied nevrdaggeeralionh Mashedehe

conpound, t el in the
gastroi ntJé%epﬁka%aa g? %] %p‘éﬂb@m@%ﬁ?ﬁé@b@etﬁ? hérrc%ﬂﬁ%lfg%g q %%?{:ealn@ﬁpfqr cation,
or at varssersts (MS), progetsind supeardetddredigc(Steal-RisHaRisdns@Reeivekins
typically include, but are not limted to, one or nore of cellul ose acetate

pht hal at e, pol yvi nyl acet ate phthal ate, hydroxypropyl nethylcellul ose

pht hal ate, ethyl cellul ose, Eudragit coatings, waxes and shell ac.

[ 00134] Phar maceuti cal conpositions for29ral use may al so be presented as
hard gel ati n capsul es wherein the active ingredient is mxed with an inert
solid diluent, for exanple, calciumcarbonate, calcium phosphate or kaolin,
or as soft gelatrn capsules mherern the actrve |ngred|ent IS nlxed mnth

. o o Y Y



[ 00136] The conpound, or pharmaceutically acceptable salt thereof, described
herein may be adm nistered parenterally in a sterile nmedium Parenteral

adm ni st radi2ore/ioamBudes subcut aneous i njections, intraveqoous012/022216

i ntranmuscul ar, intrathecal injection or infusion techniques. The conpound,

or phar maceut i cal | i%faccept abl e salt thereof, described herein, depending on
the vehi cHigeasr). Balaruordenr SRz gisansee RIPISESHKS fﬂi@'“@U@M@ﬁ'@@@ eRilegB¥sol ved in

t he vehic [
preser vat+%ggé%?%% gérJ[lﬁJrrl]éSagent %PE I’ ssoqO %&\e/éérwgfdn.'g'l n many
phar naceutoffmanaiivgess, W@ﬂ&rf—&ugeI@E@V‘eelahdadﬂmmaé I(Eharoot Maeaeckooth er
conprises at |east 90%Db ht of fhe total tlon I n sone

enbodi nerdi§eaggejahne §° tfaé Entelnys Bgment %% 8hs dise@RBsen from
propyl en nﬁw ﬁﬁ:% i
[ 00137] Tﬁp@gg&r?%lcvt?nﬁé?%ﬂrn ﬁ%ﬁ?&&ﬁ%fr@g{d accsegbggﬁgbgaﬁmte er eof u%descri bed

herei n nagiseéds® be adm nistered in the form of supp05| tories for rectal
adm ni strati of the dru These r maceutica tions. can

ot epar od BYOH xi ng. resTEs BiaRtiToats 14 BeECRaRne ERe Belinoak: 41 antie: ha
is solid @tcHrbHicn: nbﬁéif%rcﬁéé'és@oﬂhb éyequﬁ\(%tébr'cﬁﬁdrﬁé degemaraatere and will
therefore nelt in the rectumto rel ease the drug. mat eri al s i nclude

cocoa butdigeasgsiofgoeyayernciede aipucena . dry egeselatee nmuiﬁnﬂﬁgen@ratlon

Formut at ast e HoREFERFlfoer b Thpubtodtiandtle BifeyfRisd”
appl i cat i efinblodétaendlent) raclianiseker NeoidraResfedngithaduter retifa gogiuldrn the
formof gels, creans, and_lotions and for application to the eye. Topical

phar maceudaage @srpriaiad Wit diabgtissetinonaly pad retingl issdienya. (Fama@&arrpl e,
| ,
o ot ur 1 528 SToRRE i 1BGe b Blodier b\ Ak arblebRiig FaARIRRAS ruBeoss o iy

be formul |at|ed1mtlso F@bm-hlél%dmodsmailcwrdolcyd:lltnsnaeomscﬁﬂa? glawddnnaa,mmnqaaall ate
salts. The corrpound or pharnaceuticall e bl e salt thereof scri bed
or i i MPRRSB IR U P 4G T ey SRR RCHaR HeSREEH, SorhiceT

t ransder r@ggp onpri si ng at
| east onre]mt%rﬁg%%ﬁ cér@%%@%ﬁﬁ%’g@%ﬁ%a n;ﬁsg\gécjge)%?lgt)l féﬁtin?ﬁﬁﬂﬁ/& descri bed

her ei n caperbeatacityi rmménlrwelh @dmoretgroldéraiaemlteeoraamepatay,scmeeal known in the
art, such as for .exanpl.e, . water e vera gel, allantoin,

gl yceri ne? Q)?Q%Prﬁsﬁs A® ?J f’E'CBQWasSCU‘r%Pﬁﬁ}VaP”ar??”% e gI ycol, PPG 2
nyristyl q?logn] onat ejp siﬁ*ﬁ'ebhﬂ)ddlrhénts We edHdiidP8PaRBreer @A RbAC
[00141] Other materials suitable for use in topical carriers include, for
exanpl e, earoprisema Sbraiigldisease sunimas livaitfbrosis, eyetia éibsosiscipoorierand Exanpl es

m xtr os. rOUESRpraRERe o, FipedtrSnn e, KBRS BRAY cent at i ve

enmol | i entcontradtuu@e Adoordivylyabisolrbridgt Vs arriéthaa i tieeiting leefidretic disgeeey!
nonost earate, propane-1,2-diol, butane-1,3-diol, mnk oil, cetyl alcohol,
i so- pr opyMediaded by HIIAC i3 pesubict 4 nged jof sUef ayireaiment camprising cet y |

t t | I t
oct adecaredniiiefq Rie sdof P ierandiicah P erioag amBlh el PaSne’) OF% e,
di - n- but y¢oraptarudtoz, phasmpceuntydallmaccepmbe salsmepecofpsdéscpmjad here@. i so-propyl
t te, | st t t hy| t t I
ot Sbhconu LA R T Bl Sl el A ™
al cohol &cd?ﬁbﬁéése%s ighl éd)rdePL%u)éh dyadsrbasien, b%;ﬁl%tr%q’ééa%eaeﬁiod

palmtic acid, 1 sopr I no eate auryl act ate, ristyl lactate, decyl
ol eat e, ammlﬂegina stry$ompransb@dlmenpy colp@bomitlen os disorder rpedqamﬂaby biAGe,
i sobut ane, dineth et her, car bcgn di o ni tr | de:. sal vents,

such as etMYPrsh %FSS'R& \ACORANgHy) 8'?%%“'3%@ '%?5%% 81j &@ét'aﬁl il ,
et hyl ene gdyeeelogitnefionyeér, @DH‘?@S dé'pﬁéé‘!s\(érﬁﬁﬁe@lbbé‘o% A ¥ ¥lsuBjdeein

di et hyl ene gl ycoI nonoet hyI et her, di nmethyl sul hOXI de, dinethyl formam de,
t et r ahydrRges @hsudhaieatnert, Comprising zyirpwtermg ihei subliectgodi um

Se%{ |r(r)1I I@%%p%v&%&%%ﬁ% as @h lgﬁfl%‘%t Oﬁge&lm rLnggeg)lrr lpﬁghﬁg%(?li‘tﬁfa@t arch,

guns, colloidal silicon dioxide, sodiumpolyacrylate, tetra al kyl ammoni um
snectites, trialkyl aryl ammonium snmectites, chemcally nodified nagnesium
alumniumsilicate, organically nodified nontrnorillonite clay, hydrated
alumniumsilicate, fumed silica, carboxyvinyl polyner, sodium

car boxynet hyl cellul ose, and ethylene g0ycol nonostearate. [00143] The
conmpound, or pharmaceutically acceptable salt thereof, described herein may
al so be topically admnistered in the formof |iposone delivery systens,
such as snall unllanellar ve5|cles Iarge unllanellar ve5|cles and

- c o -,



typically conprise one or nore of soluble filler substances such as
sucrose, sorbitol and mannitol, and binders such as acaci a,

m cr ocrysweal2bixme3mel | ul ose, carboxynet hyl cellul ose, ane&chysecazyppropy!

met hyl cel lul ose. @ idants, |lubricants, sweeteners, colorants, antioxidants
and flavoring agents disclosed above may al so be i ncl uded. ,

[ 00145] PrrGartele sedIthersrp siescribed heeing imapae SAbeYimerss.|the SgRreRSIQR ovi ded
|0 the T ocmkeR o HidiietUsAEEULRIQY AABi3aNgKORle caN e adm ni stered
as a dry powder or in e f'ormof "an aérosol 'Using a conventi onal

propel | anf0006] g. , dincddnoe edildddirnentse tHeacenditiont or disbrderfrhediataieh nWHDAC

[ 00146] The pharnaceutical conpositjons nmay also optionally conprise an
activity CHRBHRRS aN4RY. . W‘i‘rr'BQ'_yeﬁ Sri¥eyied i Bane egé%]trﬁ%ﬁgéwa%ewari ety
of ol ec%%aiattwpyfﬁm&@u@% %]ubjé’dtfirﬁ ﬁéégfof‘éﬁb!ﬁﬁttﬁéa%*éﬁﬂ?c% ridhfy | ndependent

of therapeutic effects of the conpound, or pharnmaceutically acceptable salt
t her eof , aldemistesng hethe subjéera inendeeutichiy sBectofe amburi ofyatdedstrorer s | ncl ude

Ki trati h nd ,ab ti : 0147] Ph tical
compobi {1 SEPPIP & SR LBRE SN LA ACEPB RS sl oGy BRe S RHICBN bo. chosen
f0m a W HBOVR | et Yindlorfl beseRRentdI R oS RIGHBE bisORidrindliblees BHDRD'S 10

enhance t therapeutic effects of at |east one conpound, .
phar maceutQropnises sehizgphugnia. Sxaordinglyesfso previdediea methedrof treaéisg 2opt i onal

phar mceutt A EENRIR PRBLOLPRG uTBRubR FRhedd TR SePBrbhl 1500 some
enbodi mengsmpensihgiaaniinigteridglipthe slibfécby theiapalticdlytdfrectioaResauntenat Ot her
enbodi ments contain from0.5%to 5% by weight of the cogP05|t|on

[ 00148] Al leastrsy raragodpe yRlegedepticayeacsgptabig salb rsert idsasribeslich
packaged cgappsitions include a pharmaceutical composition conprising at

| east one conpound, or pharmaceutically acceptable salt thereof, described
herei n, ai®d9Bhst r uclhi somse Eotbadémentst e cangition or disotderimedibted syHDAG
(typically a human tient). |.n some enbodjnents, the instruyctions are for
o7 o TR a HHGIOE RO S 255 M 4 A Tuis6fRareSdi dSPIdRGs
conditio } i D R idBis PR
conposit?gﬂpgg%aﬁggﬁggg%%$%%§g#ﬁgsgtéggw? |#§ |nfgﬁﬁ%t|oﬁ; fo?kgﬁgtple, to
a pati enttreatingeamdiocaewopraiseats, muncleagtraphydneiscienwastyaritiagesters, or

phar maceut i cal canpqgsition. Pr { bi ng .infor i\an may . include for

exampl o ermyateg e st sthrara WRER] it by HBACH A biat 6 4o aaver se
reaction ydhos KahirAEnt) 86priBindtadrRinidierin &y tReCRIbjédt @l thepapeRsichlln.

[00149]In all of the f oregoi ng the conpound, or phar maceutical I'y acceptabl e
sal t t hereftgctiveameentad @t reast ene compmnd, as pharmacasdically aceeniabiigis@dt i on

w th ot he i t 00150] The net hods descri bed herein include

nmet hods f%?ﬂ%$e§%$%g%aJﬁ??hgton's di sease, including treating nmenory and/ or
cogni ti ve[0i09RRI I menih ssse ehfioeimhish tHducdndigsroor Qisdidranediateny HOAT

adm nistering .to a subject, sinmultaneously or sequentially, at |east one
conpound, CHPPHIRE AgaElieyasauiaf copdiionamecosdingly: Alspgypvidgddz Airpeiio&fei n and

one or it B, A t S di sease
such as, peitee (e ORyagiRa! Sotiich edateq bYHOREND £ euBR A
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operidgl, .Chl oropro ne i oridazine, Sulpride, eti api ne,
O o200 neS e ST EHET B ahIERS AMSOMARL s phE ST IAM el SoSHPHESat | on,
the agenthefedt BEsdRIHYrein 1A SEPDERRBAFREMESIHE QitdRias@llaPEorflifbisst er ed
separately. As a result, also provided are pharnaceutical conpositions
conpr i si nehasenl fezmtcastiomyoppthyndardiac byreartrapbyt myaddrdishisobptudl eashl t
thereof,_%ﬁscribe herei n_and one_ or re additional pharmaceutical agents

used in tREVTT EQIHRN D Mivnd _?%ﬂﬁ “i"S8%se such as, but not limted to,
Anmi triptyjooneo] | M pihasBri€ enfPRBIRMERRS B cdWlifidn BF disbRfer nrediart bnFIDAC

Fl uoxetine, Setraline, Terabenazine, Hal operidol, Chloropromazine,

Thi or i dazeameprisRe ganags, Aggeerdinglyiso orevided ifea matliokios feplinhaancesi ml arl y,

al so provi ' L] ining a

phar macodr Tt o ExBEEACTER SERIE by S5 EE SRAE BT

phar maceuidramlidtgriag eetieadigectal therdisstichlly effsctivebg@tiobet ¢f at,leastbrenot her
conposition conprising one or nore additional pharmaceutical agents used in
the treatnment of Huntington's disease such as, but not limted to,
Amtriptyline, Impram ne, Despiram ne, Nortriptyline, Paroxetine,

Fl uoxetine, Setraline, Terabenazine, Haloperidol, Chloropronazine,

Thi ori dazi ne, Sul pride, Quetiapine, C ozapine, and Ri speridone. [00151] Al so
provi ded are methods for Al zheiner's disease, including treating nenory
and/ or cognitive inpairnment associated with Al zheiner's di sease, conprising
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[ 00152] Al so provided are nethods for treating cancer conprising
admnistering to a subject, sinultaneously or sequentially, at |east one
conpound,wonopn@sevaceut i cal |y acceptable salt thereof, eevwseded2izesei n and
one or nore additional agents used in the treatnent of cancer such as, but
not limted to, the follow ng categories of anti-tunor_agents (|)

ot her cel ¢0r69@lllré,d mmf@rmawuté@ébn@ceh@plwlktfwe@fheeger@ddaereirf f &7 ent

h | I dent
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activator receptor function) and inhibitors of growth factor function,
(such gr ohekdpayosarconss llipasancomagxanyydeay thandoayamedidiemealipgmevans

hepat ocyt B gPA i ha bbbt Ahra R dsfhaftls ol (i Rl 3 N M oui es.
growt h fa@élbUndﬁﬂé@@ﬁtiﬁte@l&rﬁ@@eue@deﬁodaﬁﬁn@ﬂaylawecﬂan (hdmeHiors) and
serine/threoni ne kinase inhibitors

anti prol |¢¥P@Pm%/b&@n'ﬁ¢h@|(ﬁﬂeé§m% WQRJ’QadMH‘RP@mﬁ r%]@f‘@?%’n@q%ﬁeof as used in
di cal t ik
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ant hracycl i n%s | i ke doxor ubi ci.n, daunonyci n'a@‘? i rubi.cin and j.darubicin,

mi t omyci nYEPNARA, IHBYOSATCOmanPaRgeRs ¢ ‘613 HRPWge INFEENQTEr  exanpl e

ci spl ati ny i e86d5h KYé&cindsy vioh Xaanpbgwal t rogen nustard,
mel phal arrlg N ﬁ?oranﬁ gcé%mn(grhsfphan cyc oph sgLag de, i }A{)é!sf am de,
ni t r osour @aenocaicotoapa)lymahoma, t:atolrmldgwnoe; (Nenspo:eBsanCcynai lecemyporkal oi ds
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di fferent nmechani snms from those defined herei nbefore (for exanple receptor
tyrosi ne Kfney danocarcmema, Wilins bimer @e@hrobiaetgma]n lyenpbRana, |giéemia),

function r t ) c cul ar
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adm ni stration, the agents can be present in a conbi ned conposition or can

be adni ni §fAPEW. SEHYYARRGArCIpPRS, kﬁratﬂcaé@nqm@ BWHQ%@UQF@aﬁaw%Sl t| ons
conprisin ; ORGE

t her eof Igteégétrn#%gglﬁg%ﬁﬂ ang ﬂwaé?@;%e aritéltdteﬁgth{ra\f%ﬁgﬁﬁﬂggm esc ibed
herei n. Hiinet: &mebatonazh s@qumrcg:ocmrdlnarrm ihepk saieatstpine, laiagm)serc:mha conposi tions
cont ai ni rrace tical sn tio r| sing at | east one comnpound,
o phar mERRIPEAIM SHESB e e BB R So EeuB P BEEE R ei . and Anot her
conposi ti SONFRE

descri bed@)ﬁer ei n. dr\%f glbﬁi%é&?mnag@%g natt?[?rr\éﬁvﬁ ﬁISﬁgﬁgoﬁémng?@&gggfmanal
phar maceutwig's sajenmaon’nai@eantlymp’f@m(sretlcwem eall garaomay, roeltipteni ni st er ed
prior to, copcurr en foll admi ration of the additional
P rac oty aRr i geatognt it 81 «ren BB B b inERe S, < he compounds.
or phar nﬁ(@%téddz‘a@tlllbgln@9§@&b§tblsésﬁ@bh@ntérﬁfrﬂ%madéﬁ&{drbﬁﬁsﬂﬁﬁﬁl n, are

adm nistered in con]J unction with surgery or radiotherapy, opt| onally in
conbi nat | SONEIremyseioremarestecid asteonrmana giant selldwaors) Nefeous sxatemat  of

cancer. | epend upon a
vari ety d$8¢§§%%£®“?%%ﬁ%%iﬁ@EPhgﬁﬁﬁﬁﬂﬂgu hg%édbgﬁg (ﬂﬁéﬁh?Q ated, the
severity meningesyapirgidmal henrr@i@sarcbm@dmumetdsw)l orain (dwtrdcytmency of the
dosage interval, the particular conpound utilized, the efficacy, toxicol ogy
profile, pharmacokinetic profile of the conpound, and the presence of any
del eterious side-effects, anong other considerations. [00156] The conpound,
or pharnaceutically acceptable salt thé2eof, described herein is typically
adm ni stered at dosage |levels and in a manner custonmary for HDAC
inhibitors. For exanple, the conpound, or pharnaceutically acceptable salt
thereof, can be adnlnlstered |n S|ngle or nultlple doses by oral
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t hereof, described herein can be used as a diagnostic for identifying
and/ or obtai ni ng conpounds that have the function of nodulating an activity
of HDAC asodesxmsied herein. The compound, or phar maceutrcralisbyizacnept abl e
salt thereof, described herein may additionally be used for validating,
optim zi ng, and st andar di zi ng bi oassays. [00158] By "Il abel ed" herein is
meant t hai€ Hu,otdaﬁﬁmﬂwlIprs*laeepﬁ@sdyrapmegegm@pmawmlm%@m] |iBblasiPigt h a

| abel whi [ b [ scent
tag. . enzya Rl diERegndRLRGt e b Hitha, frflonidstihg, aRRfal LSS

chemi | um msalamrdmgrofdurompemémmg|bnnadgmgnap$mul‘r@$,, Gyme:colo?gxeali: fitarubi ndi ng
nol ecul es |gclude pair.s, ch as b|ot|n and stre taV|d|n di goxi n and

ant i di goxiehdefme ”?icﬁar@'%”@ eQﬁrY'P(éC%rVHEﬁ RE'GRADar ire- Pﬁé’r&?ﬁ’ﬂF ment ary nmemnber
woul d ”Oraﬁ\ﬂlé’shé’ﬁobéﬁé% fdix h*ba@cuﬂ@n‘n%c[%ﬁ)une b oféfn%\ébThe rf18rm%ﬁ1%%' on, in

accor dance nown pro ures as outl1 ove abel "can dlrectly

or indi rewstadmrdeomadem@asabecécarcmmha] [gmmﬁ@s}a -thexat celi ttgnmrst t he
pr ocedur erein se to

P or ot beSetibil S el iTBofs Pspertnpale: siioapal o) ilaiSadinaws |

culture Cﬁ!%érbi‘h@%eﬁﬂﬂrééﬁthél|J§I%ﬁé|ﬂoﬁf§ adBheestefhon®a, Idrbddrcbmag, but are to
be read so as to include all related materials that one of ordi nary skill

in the armel@ena); é@@gm(QI@aagelb@ar@mQﬁma,ﬁm@n’r@xs esll caicinenan botrwojsar ti cul ar

possi bl e TCliBdertive ™ TE4a R o 2R ER B Sar e R nel: another and
still achHematslbgict Bloodi(myeid llmugqécutémldrﬁon@hmw)rynﬁiﬁdbllasn@ the art
wi |l have sufficient knowl edge of such systens and nethodol ogies so as to

be abl e, '@HkeBIA chrRilie YenpRGYSERWENYA, Myslapsrideraive dizgnses: MUltt¥e as wi | |

a scl osed REP: MBRBIATESI TR HR) ddim RBIERRS. AN HROTR O

accept abl lgmphbhsa nhaligeaaht lyoguhorsajt Sairs mailgmﬁamemedmimrda,slmdbedll herein are

further illustrated b hefollovmn on-limtin exa 00161] As used
her ei n, wcmm%ﬁqHaxrwﬁrC&).cmleﬂ@ hEPEPASHE SEFRQ @mrﬁa isPrasdc 1y
abbreV| atyj e ralok I ng.
Abbr evi at |F5(§rqgé ﬁ@éﬁﬁpé%ﬁ?ﬁ&oﬂ%ﬁ& %??'Idr{és y |a§| a?gﬁmgﬁé af | uor ophosphat e
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D1 PEn: Di | SRR G B BRaIRg PEEEEahd BRENY, Heeiepal fafe
tumor for treating cancer.
[00101] In some embodiments, the condition or disorder mediated by HDAC
comprises a condition or disorder treatable by immune modulation. Accordingly,
also provided is a method of treating a condition or disorder treatable by immune
modulation mediated by HDAC in a subject in need of such a treatment,
comprising administering to the subject a therapeutically effective amount of at
least one compound, or pharmaceutically acceptable salt thereof, described
herein. In some embodiments, the condition or disorder treatable by immune
modulation is chosen from asthma, irritable bowel syndrome, Crohn’s disease,
ulcerative colitis, bowel motility disorders, hypertension, rheumatoid arthritis,
osteoarthritis, juvenile chronic arthritis, graft versus host disease, psoriasis,
spondyloarthropathy, inflammatory bowel disease, alcoholic hepatitis, Sjogren's
syndrome, ankylosing spondylitis, membranous glomerulopathy, discogenic pain,
systemic lupus erythematosus, allergic bowel disease, coeliac disease,
bronchitis, cystic fibrosis, rheumatoid spondylitis, osteoarthritis, uveitis, intis, and
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Tetraki S(fgerringc e%%ﬁgg@? We%%%g?‘é lg?grgulfg%g%os?s-,tfgrln:il%rl meod-it-le-?rlawean fever
(FMF), HBDS (hyperimmunoglobulinemia D and periodic fever syndrome),
TRAPS (TNF-alpha receptor associated periodic fever syndrome), chronic
obstructive pulmonary disease, neonatal-onset multisystem inflammatory disease
(NOMID), cryopyrin-associated periodic syndrome (CAPS), and familial cold
autoinflammatory syndrome (FCAS).
[00102] In some embodiments, the condition or disorder mediated by HDAC
comprises an allergic disease. Accordingly, also provided is a method of treating
an allergic disease, mediated by HDAC in a subject in need of such a treatment,
comprising administering to the subject a therapeutically effective amount of at
least one compound, or pharmaceutically acceptable salt thereof, described
herein. Allergic diseases include, but are not limited to, respiratory allergic
diseases such as allergic rhinitis, hypersensitivity lung diseases, hypersensitivity
pneumonitis, eosinophilic pneumonias, Loeffler's syndrome, chronic eosinophilic
pneumonia, delayed-type hypersensitivity, interstitial lung diseases (ILD),
idiopathic pulmonary fibrosis, polymyositis, dermatomyositis, systemic
anaphylaxis, drug allergies (e.g., to penicillin or cephalosporins), and insect sting
allergies.
[00103] In some embodiments, the condition or disorder mediated by HDAC
comprises an infectious disease such as a fungal infection, bacterial infection,
viral infection, and protozoal infection, e.g., malaria, giardiasis, leishmaniasis,
Chaga’s disease, dysentery, toxoplasmosis, and coccidiosis. In some
embodiments, the condition or disorder mediated by HDAC comprises malaria.
Accordingly, also provided is a method of treating an infectious disease, such as
malaria, mediated by HDAC in a subject in need of such a treatment, comprising
administering to the subject a therapeutically effective amount of at least one
compound, or pharmaceutically acceptable salt thereof, described herein.
[00104] In some embodiments, the condition or disorder mediated by HDAC
comprises autism or Rett syndrome. Accordingly, also provided is a method of
treating autism or Rett syndrome mediated by HDAC in a subject in need of such
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anemia. Accordingly, also provided is a method of treating a hematological
disorder mediated by HDAC in a subject in need of such a treatment, comprising
administering to the subject a therapeutically effective amount of at least one
compound, or pharmaceutically acceptable salt thereof, described herein.
[00106] In some embodiments, the condition or disorder mediated by HDAC
comprises a metabolic disease such as prediabetes or diabetes (type | or Il).
Accordingly, also provided is a method of treating a metabolic disease, such as
prediabetes or diabetes (type | or Il), mediated by HDAC in a subject in need of
such a treatment, comprising administering to the subject a therapeutically
effective amount of at least one compound, or pharmaceutically acceptable salt
thereof, described herein.

[00107] In some embodiments, the condition or disorder mediated by HDAC
comprises a disorder that may also be treated by progenitor/stem cell based
therapies such as: disorders related to diabetes (organ failure, cerrosis, and
hepatitis); central nervous system (CNS) disorders associated with dysregulation
of progenitor cells in the brain (e.g., post-traumatic stress disorder (PTSD);
tumors (e.g., retinoblastomas); disorders affecting oligodendrycoyte progenitor
cells (e.g., astrocytomas and ependimal cell tumors); multiple sclerosis;
demyelinating disorders such as the leukodystrophies; neuropathies associated
with white matter loss; and cerebellar disorders such as ataxia; and olfactory
progenitor disorders (e.g., anosmic conditions). Accordingly, also provided is a
method of treating a disorder that is mediated by HDAC in a subject in need of
such a treatment, comprising administering to the subject a therapeutically
effective amount of at least one compound, or pharmaceutically acceptable salt
thereof, described herein, either before, during, or after a treatment with
progenitor/stem cell based therapies.

[00108] In some embodiments, the condition or disorder mediated by HDAC
comprises a disorder related to the proliferation of epithelial and mesenchymal
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Sol vents: Acetonitrile (far UV grade) ESCI Formc MeCN wth 0.1% (v/v)
formc acid. Water (high purity via PureLab Option unit) with 0.1%
form c acwd 201200Bman: Phenonenex Luna 5 i.tm C18 (2), 1e0TrUS4016/0mmig Pl us
guard cartridge)

cells (e.g., tumors, wound healing, and surgeries). Accordingly, also provided is
a method of treating a disorder related to the proliferation of epithelial and
mesenchymal cells that is mediated by HDAC in a subject in need of such a
treatment, comprising administering to the subject a therapeutically effective
amount of at least one compound, or pharmaceutically acceptable salt thereof,
described herein.

[00109] In some embodiments, the condition or disorder mediated by HDAC
comprises a disorder related to the proliferation of bone progenitors (e.g.,
osteoblasts and osteoclasts), disorders related to hair and epidermal progenitors
(e.g., hair loss, cutaneous tumors, skin regeneration, burns, and cosmetic
surgery); and disorders related to bone loss during menopause. Accordingly,
also provided is a method of treating disorders related to the proliferation of bone
progenitors, disorders related to hair and epidermal progenitors, or disorders
related to bone loss that are mediated by HDAC in a subject in need of such a
treatment, comprising administering to the subject a therapeutically effective
amount of at least one compound, or pharmaceutically acceptable salt thereof,
described herein.

[00110] In some embodiments, the condition or disorder mediated by HDAC
is a viral disorder for which blood cells become sensitized to other treatments
after HDAC inhibition, following administering to the subject a therapeutically
effective amount of at least one compound, or pharmaceutically acceptable salt
thereof, as described herein.

[00111] In some embodiments, the condition or disorder mediated by HDAC
is an immune disorder that may be co-treated with TNFa or other immune
modulators, upon administering to the subject a therapeutically effective amount
of at least one compound, or pharmaceutically acceptable salt thereof, as
described herein.

[00112] In some embodiments, the condition or disorder mediated by HDAC
comprises a graft rejection or transplant rejection. Accordingly, also provided is a
method of treating a disorder related to a graft rejection or a transplant rejection
that is mediated by HDAC in a subject in need of such a treatment, comprising
administering to the subject a therapeutically effective amount of at least one
compound, or pharmaceutically acceptable salt thereof, described herein.
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[00113] In some embodiments, the condition or disorder mediated by HDAC
comprises a blood pressure disorder related to nitric oxide (NO) regulation (e.g.,
hypertension, erectile dysfunction, asthma; and ocular disorders as glaucoma).
Accordingly, also provided is a method of treating a blood pressure disorder
related to nitric oxide (NO) regulation that is mediated by HDAC in a subject in
need of such a treatment, comprising administering to the subject a
therapeutically effective amount of at least one compound, or pharmaceutically
acceptable salt thereof, described herein. In some embodiments, the condition
or disorder is a cardiac hypertrophic disorder. Accordingly, also provided is a
method of treating a cardiac hypertrophic disorder that is mediated by HDAC in a
subject in need of such a treatment, comprising administering to the subject a
therapeutically effective amount of at least one compound, or pharmaceutically
acceptable salt thereof, described herein.

[00114] Also provided are methods of treatment in which at least one
compound, or pharmaceutically acceptable salt thereof, described herein is the
only active agent given to the subject and also includes methods of treatment in
which at least one compound, or pharmaceutically acceptable salt thereof,
described herein is given to the subject in combination with one or more
additional active agents.

[00115] In general, the compounds, or pharmaceutically acceptable salts
thereof, described herein will be administered in a therapeutically effective
amount by any of the accepted modes of administration for agents that serve
similar utilities. The actual amount of the compound, i.e., the active ingredient,
will depend upon numerous factors such as the severity of the disease to be
treated, the age and relative health of the subject, the potency of the compound
used, the route and form of administration, and other factors well know to the
skilled artisan. The drug can be administered at least once a day, such as once
or twice a day.

[00116] In some embodiments, the compounds, or pharmaceutically
acceptable salts thereof, described herein are administered as a pharmaceutical
composition. Accordingly, provided are pharmaceutical compositions comprising
at least one compound, or pharmaceutically acceptable salt thereof, described

37



6. 50955 Typical Injections 2-7 pL (concentration - 0.2-1.0 ng/nL) WO
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gradient: A2 10 mM Ammoni um Bi carbonate in water B: 100% MeCN Ti mneA%8% 0. 00
herein, together with at least one pharmaceutically acceptable vehicle chosen

from carriers, adjuvants, and excipients.

[00117] Pharmaceutically acceptable vehicles must be of sufficiently high
purity and sufficiently low toxicity to render them suitable for administration to the
animal being treated. The vehicle can be inert or it can possess pharmaceutical
benefits. The amount of vehicle employed in conjunction with the compound, or
pharmaceutically acceptable salt thereof, is sufficient to provide a practical
quantity of material for administration per unit dose of the compound, or
pharmaceutically acceptable salt thereof.

[00118] Exemplary pharmaceutically acceptable carriers or components
thereof are sugars, such as lactose, glucose and sucrose; starches, such as corn
starch and potato starch; cellulose and its derivatives, such as sodium
carboxymethyl cellulose, ethyl cellulose, and methyl cellulose; powdered
tragacanth; malt; gelatin; talc; solid lubricants, such as stearic acid and
magnesium stearate; calcium sulfate; synthetic oils; vegetable oils, such as
peanut oil, cottonseed oil, sesame oil, olive oil, and corn oil; polyols such as
propylene glycol, glycerine, sorbitol, mannitol, and polyethylene glycol; alginic
acid; phosphate buffer solutions; emulsifiers, such as the TWEENS; wetting
agents, such sodium lauryl sulfate; coloring agents; flavoring agents; tableting
agents; stabilizers; antioxidants; preservatives; pyrogen-free water; isotonic
saline; and phosphate buffer solutions.

[00119] Optional active agents may be included in a pharmaceutical
composition, which do not substantially interfere with the activity of the
compound, or pharmaceutically acceptable salt thereof, described herein.
[00120] Effective concentrations of at least one compound, or
pharmaceutically acceptable salt thereof, described herein are mixed with a
suitable pharmaceutically acceptable vehicle. In instances in which the
compound, or pharmaceutically acceptable salt thereof, exhibits insufficient
solubility, methods for solubilizing compounds may be used. Such methods are
known to those of skill in this art, and include, but are not limited to, using
cosolvents, such as dimethylsulfoxide (DMSO), using surfactants, such as
TWEEN, or dissolution in agueous sodium bicarbonate.

38



95.5 4.5 3.00 95.5 4.4 9.00 0 100 13.6 0 100 13.7 95.5 4.5 15 95.5 4.5

Typical Injections2-7 ill_ (concentration - 0.2-1 ng/nL) WO
2012/ 103006RCR/ 1082812/ 022216 PCT/US2012/022216
[00121] Upon mixing or addition of a compound, or pharmaceutically

acceptable salt thereof, described herein, the resulting mixture may be a solution,
suspension, emulsion or the like. The form of the resulting mixture depends upon
a number of factors, including the intended mode of administration and the
solubility of the compound, or pharmaceutically acceptable salt thereof, in the
chosen vehicle. The effective concentration sufficient for ameliorating the
symptoms of the disease treated may be empirically determined.

[00122] The compounds, or pharmaceutically acceptable salts thereof,
described herein may be administered orally, topically, parenterally,
intravenously, by intramuscular injection, by inhalation or spray, sublingually,
transdermally, via buccal administration, rectally, as an ophthalmic solution, or by
other means, in dosage unit formulations.

[00123] Pharmaceutical compositions may be formulated for oral use, such
as for example, tablets, troches, lozenges, aqueous or oily suspensions,
dispersible powders or granules, emulsions, hard or soft capsules, or syrups or
elixirs. Pharmaceutical compositions intended for oral use may be prepared
according to any method known to the art for the manufacture of pharmaceutical
compositions and such compositions may contain one or more agents, such as
sweetening agents, flavoring agents, coloring agents and preserving agents, in
order to provide pharmaceutically elegant and palatable preparations. In some
embodiments, oral pharmaceutical compositions contain from 0.1 to 99% of at
least one compound, or pharmaceutically acceptable salt thereof, described
herein. In some embodiments, oral pharmaceutical compositions contain at least
5% (weight %) of at least one compound, or pharmaceutically acceptable salt
thereof, described herein. Some embodiments contain from 25% to 50% or from
5% to 75% of at least one compound, or pharmaceutically acceptable salt
thereof, described herein.

[00124] Orally administered pharmaceutical compositions also include liquid
solutions, emulsions, suspensions, powders, granules, elixirs, tinctures, syrups,
and the like. The pharmaceutically acceptable carriers suitable for preparation of
such compositions are well known in the art. Oral pharmaceutical compositions
may contain preservatives, flavoring agents, sweetening agents, such as sucrose

or saccharin, taste-masking agents, and coloring agents.
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[00125] Typical components of carriers for syrups, elixirs, emulsions and
suspensions include ethanol, glycerol, propylene glycol, polyethylene glycol,
liquid sucrose, sorbitol and water. Syrups and elixirs may be formulated with
sweetening agents, for example glycerol, propylene glycol, sorbitol or sucrose.
Such pharmaceutical compositions may also contain a demulcent.

[00126] The compound, or pharmaceutically acceptable salt thereof,
described herein can be incorporated into oral liquid preparations such as
aqueous or oily suspensions, solutions, emulsions, syrups, or elixirs, for example.
Moreover, pharmaceutical compositions containing these at least one compound,
or pharmaceutically acceptable salt thereof, can be presented as a dry product
for constitution with water or other suitable vehicle before use. Such liquid
preparations can contain conventional additives, such as suspending agents
(e.g., sorbitol syrup, methyl cellulose, glucose/sugar, syrup, gelatin, hydroxyethyl
cellulose, carboxymethyl cellulose, aluminum stearate gel, and hydrogenated
edible fats), emulsifying agents (e.g., lecithin, sorbitan monsoleate, or acacia),
non-aqueous vehicles, which can include edible oils (e.g., almond oil, fractionated
coconut oil, silyl esters, propylene glycol and ethyl alcohol), and preservatives
(e.g., methyl or propyl p-hydroxybenzoate and sorbic acid).

[00127] For a suspension, typical suspending agents include
methylcellulose, sodium carboxymethyl cellulose, AVICEL RC-591, tragacanth
and sodium alginate; typical wetting agents include lecithin and polysorbate 80;
and typical preservatives include methyl paraben and sodium benzoate.

[00128] Aqueous suspensions contain the active material(s) in admixture
with excipients suitable for the manufacture of aqueous suspensions. Such
excipients are suspending agents, for example sodium carboxymethylcellulose,
methylcellulose, hydropropylmethylcellulose, sodium alginate,
polyvinylpyrrolidone, gum tragacanth and gum acacia; dispersing or wetting
agents; may be a naturally-occurring phosphatide, for example, lecithin, or
condensation products of an alkylene oxide with fatty acids, for example
polyoxyethylene stearate, or condensation products of ethylene oxide with long
chain aliphatic alcohols, for example heptadecaethyleneoxycetanol, or
condensation products of ethylene oxide with partial esters derived from fatty
acids and a hexitol such as polyoxyethylene sorbitol substitute, or condensation
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products of ethylene oxide with partial esters derived from fatty acids and hexitol
anhydrides, for example polyethylene sorbitan substitute. The aqueous
suspensions may also contain one or more preservatives, for example ethyl, or n-
propyl p-hydroxybenzoate.

[00129] Oily suspensions may be formulated by suspending the active
ingredients in a vegetable oil, for example peanut oil, olive oil, sesame oil or
coconut oil, or in a mineral oil such as liquid paraffin. The oily suspensions may
contain a thickening agent, for example beeswax, hard paraffin or cetyl alcohol.
Sweetening agents such as those set forth above, and flavoring agents may be
added to provide palatable oral preparations. These pharmaceutical
compositions may be preserved by the addition of an anti-oxidant such as
ascorbic acid.

[00130] Pharmaceutical compositions may also be in the form of oil-in-water
emulsions. The oily phase may be a vegetable oil, for example olive oil or peanut
oil, or a mineral oil, for example liquid paraffin or mixtures of these. Suitable
emulsifying agents may be naturally-occurring gums, for example gum acacia or
gum tragacanth, naturally-occurring phosphatides, for example soy bean, lecithin,
and esters or partial esters derived from fatty acids and hexitol, anhydrides, for
example sorbitan monoleate, and condensation products of the said partial esters
with ethylene oxide, for example polyoxyethylene sorbitan monoleate.

[00131] Dispersible powders and granules suitable for preparation of an
aqueous suspension by the addition of water provide the active ingredient in
admixture with a dispersing or wetting agent, suspending agent and one or more
preservatives. Suitable dispersing or wetting agents and suspending agents are
exemplified by those already mentioned above.

[00132] Tablets typically comprise conventional pharmaceutically
acceptable adjuvants as inert diluents, such as calcium carbonate, sodium
carbonate, mannitol, lactose and cellulose; binders such as starch, gelatin and
sucrose; disintegrants such as starch, alginic acid and croscarmelose; lubricants
such as magnesium stearate, stearic acid and talc. Glidants such as silicon
dioxide can be used to improve flow characteristics of the powder mixture.
Coloring agents, such as the FD&C dyes, can be added for appearance.
Sweeteners and flavoring agents, such as aspartame, saccharin, menthol,
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peppermint, and fruit flavors, can be useful adjuvants for chewable tablets.
Capsules (including time release and sustained release formulations) typically
comprise one or more solid diluents disclosed above. The selection of carrier
components often depends on secondary considerations like taste, cost, and
shelf stability.

[00133] Such pharmaceutical compositions may also be coated by
conventional methods, typically with pH or time-dependent coatings, such that the
compound, or pharmaceutically acceptable salt thereof, is released in the
gastrointestinal tract in the vicinity of the desired topical application, or at various
times to extend the desired action. Such dosage forms typically include, but are
not limited to, one or more of cellulose acetate phthalate, polyvinylacetate
phthalate, hydroxypropyl methylcellulose phthalate, ethyl cellulose, Eudragit
coatings, waxes and shellac.

[00134] Pharmaceutical compositions for oral use may also be presented as
hard gelatin capsules wherein the active ingredient is mixed with an inert solid
diluent, for example, calcium carbonate, calcium phosphate or kaolin, or as soft
gelatin capsules wherein the active ingredient is mixed with water or an oll
medium, for example peanut oil, liquid paraffin or olive oil.

[00135] Pharmaceutical compositions may be in the form of a sterile
injectable aqueous or oleaginous suspension. This suspension may be
formulated according to the known art using those suitable dispersing or wetting
agents and suspending agents that have been mentioned above. The sterile
injectable preparation may also be sterile injectable solution or suspension in a
non-toxic parentally acceptable vehicle, for example as a solution in 1,3-
butanediol. Among the acceptable vehicles that may be employed are water,
Ringer's solution, and isotonic sodium chloride solution. In addition, sterile, fixed
oils are conventionally employed as a solvent or suspending medium. For this
purpose any bland fixed oil may be employed including synthetic mono- or
diglycerides. In addition, fatty acids such as oleic acid can be useful in the
preparation of injectables.

[00136] The compound, or pharmaceutically acceptable salt thereof,
described herein may be administered parenterally in a sterile medium.

Parenteral administration includes subcutaneous injections, intravenous,
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intramuscular, intrathecal injection or infusion techniques. The compound, or
pharmaceutically acceptable salt thereof, described herein, depending on the
vehicle and concentration used, can either be suspended or dissolved in the
vehicle. Advantageously, adjuvants such as local anesthetics, preservatives and
buffering agents can be dissolved in the vehicle. In many pharmaceutical
compositions for parenteral administration the carrier comprises at least 90% by
weight of the total composition. In some embodiments, the carrier for parenteral
administration is chosen from propylene glycol, ethyl oleate, pyrrolidone, ethanol,
and sesame oil.

[00137] The compound, or pharmaceutically acceptable salt thereof,
described herein may also be administered in the form of suppositories for rectal
administration of the drug. These pharmaceutical compositions can be prepared
by mixing the drug with a suitable non-irritating excipient that is solid at ordinary
temperatures but liquid at rectal temperature and will therefore melt in the rectum
to release the drug. Such materials include cocoa butter and polyethylene
glycols.

[00138] The compound, or pharmaceutically acceptable salt thereof,
described herein may be formulated for local or topical application, such as for
topical application to the skin and mucous membranes, such as in the eye, in the
form of gels, creams, and lotions and for application to the eye. Topical
pharmaceutical compositions may be in any form including, for example,
solutions, creams, ointments, gels, lotions, milks, cleansers, moisturizers, sprays,
skin patches, and the like.

[00139] Such solutions may be formulated as 0.01% -10% isotonic
solutions, pH 5-7, with appropriate salts. The compound, or pharmaceutically
acceptable salt thereof, described herein may also be formulated for transdermal
administration as a transdermal patch.

[00140] Topical pharmaceutical compositions comprising at least one
compound, or pharmaceutically acceptable salt thereof, described herein can be
admixed with a variety of carrier materials well known in the art, such as, for
example, water, alcohols, aloe vera gel, allantoin, glycerine, vitamin A and E oils,

mineral oil, propylene glycol, PPG-2 myristyl propionate, and the like.
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[00141] Other materials suitable for use in topical carriers include, for
example, emollients, solvents, humectants, thickeners and powders. Examples
of each of these types of materials, which can be used singly or as mixtures of
one or more materials, are as follows.

[00142] Representative emollients include stearyl alcohol, glyceryl
monoricinoleate, glyceryl monostearate, propane-1,2-diol, butane-1,3-diol, mink
oil, cetyl alcohol, iso-propyl isostearate, stearic acid, iso-butyl palmitate, isocetyl
stearate, oleyl alcohol, isopropyl laurate, hexyl laurate, decyl oleate, octadecan-2-
ol, isocetyl alcohol, cetyl palmitate, dimethylpolysiloxane, di-n-butyl sebacate, iso-
propyl myristate, iso-propyl palmitate, iso-propyl stearate, butyl stearate,
polyethylene glycol, triethylene glycol, lanolin, sesame oil, coconut oil, arachis oil,
castor oil, acetylated lanolin alcohols, petroleum, mineral oil, butyl myristate,
isostearic acid, palmitic acid, isopropyl linoleate, lauryl lactate, myristyl lactate,
decyl oleate, and myristyl myristate; propellants, such as propane, butane, iso-
butane, dimethyl ether, carbon dioxide, and nitrous oxide; solvents, such as ethyl
alcohol, methylene chloride, iso-propanol, castor oil, ethylene glycol monoethyl
ether, diethylene glycol monobutyl ether, diethylene glycol monoethyl ether,
dimethyl sulphoxide, dimethyl formamide, tetrahydrofuran; humectants, such as
glycerin, sorbitol, sodium 2-pyrrolidone-5-carboxylate, soluble collagen, dibutyl
phthalate, and gelatin; and powders, such as chalk, talc, fullers earth, kaolin,
starch, gums, colloidal silicon dioxide, sodium polyacrylate, tetra alkyl ammonium
smectites, trialkyl aryl ammonium smectites, chemically modified magnesium
aluminium silicate, organically modified montmorillonite clay, hydrated aluminium
silicate, fumed silica, carboxyvinyl polymer, sodium carboxymethyl cellulose, and
ethylene glycol monostearate.

[00143] The compound, or pharmaceutically acceptable salt thereof,
described herein may also be topically administered in the form of liposome
delivery systems, such as small unilamellar vesicles, large unilamellar vesicles,
and multilamellar vesicles. Liposomes can be formed from a variety of
phospholipids, such as cholesterol, stearylamine or phosphatidylcholines.
[00144] Other pharmaceutical compositions useful for attaining systemic
delivery of the compound, or pharmaceutically acceptable salt thereof, include
sublingual, buccal and nasal dosage forms. Such pharmaceutical compositions
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typically comprise one or more of soluble filler substances such as sucrose,
sorbitol and mannitol, and binders such as acacia, microcrystalline cellulose,
carboxymethyl cellulose, and hydroxypropyl methylcellulose. Glidants, lubricants,
sweeteners, colorants, antioxidants and flavoring agents disclosed above may
also be included.

[00145] Pharmaceutical compositions for inhalation typically can be
provided in the form of a solution, suspension or emulsion that can be
administered as a dry powder or in the form of an aerosol using a conventional
propellant (e.g., dichlorodifluoromethane or trichlorofluoromethane).

[00146] The pharmaceutical compositions may also optionally comprise an
activity enhancer. The activity enhancer can be chosen from a wide variety of
molecules that function in different ways to enhance or be independent of
therapeutic effects of the compound, or pharmaceutically acceptable salt thereof,
described herein. Particular classes of activity enhancers include skin penetration
enhancers and absorption enhancers.

[00147] Pharmaceutical compositions may also contain additional active
agents that can be chosen from a wide variety of molecules, which can function in
different ways to enhance the therapeutic effects of at least one compound, or
pharmaceutically acceptable salt thereof, described herein. These optional other
active agents, when present, are typically employed in the pharmaceutical
compositions at a level ranging from 0.01% to 15%. Some embodiments contain
from 0.1% to 10% by weight of the composition. Other embodiments contain
from 0.5% to 5% by weight of the composition.

[00148] Also provided are packaged pharmaceutical compositions. Such
packaged compositions include a pharmaceutical composition comprising at least
one compound, or pharmaceutically acceptable salt thereof, described herein,
and instructions for using the composition to treat a subject (typically a human
patient). In some embodiments, the instructions are for using the pharmaceutical
composition to treat a subject suffering a condition or disorder mediated by
HDAC. The packaged pharmaceutical composition can include providing
prescribing information; for example, to a patient or health care provider, or as a
label in a packaged pharmaceutical composition. Prescribing information may
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include for example efficacy, dosage and administration, contraindication and
adverse reaction information pertaining to the pharmaceutical composition.
[00149] In all of the foregoing the compound, or pharmaceutically
acceptable salt thereof, can be administered alone, as mixtures, or in
combination with other active agents.

[00150] The methods described herein include methods for treating
Huntington's disease, including treating memory and/or cognitive impairment
associated with Huntington's disease, comprising administering to a subject,
simultaneously or sequentially, at least one compound, or pharmaceutically
acceptable salt thereof, described herein and one or more additional agents used
in the treatment of Huntington's disease such as, but not limited to, Amitriptyline,
Imipramine, Despiramine, Nortriptyline, Paroxetine, Fluoxetine, Setraline,
Terabenazine, Haloperidol, Chloropromazine, Thioridazine, Sulpride, Quetiapine,
Clozapine, and Risperidone. In methods using simultaneous administration, the
agents can be present in a combined composition or can be administered
separately. As a result, also provided are pharmaceutical compositions
comprising at least one compound, or pharmaceutically acceptable salt thereof,
described herein and one or more additional pharmaceutical agents used in the
treatment of Huntington's disease such as, but not limited to, Amitriptyline,
Imipramine, Despiramine, Nortriptyline, Paroxetine, Fluoxetine, Setraline,
Terabenazine, Haloperidol, Chloropromazine, Thioridazine, Sulpride, Quetiapine,
Clozapine, and Risperidone. Similarly, also provided are packaged
pharmaceutical compositions containing a pharmaceutical composition
comprising at least one compound, or pharmaceutically acceptable salt thereof,
described herein, and another composition comprising one or more additional
pharmaceutical agents used in the treatment of Huntington's disease such as, but
not limited to, Amitriptyline, Imipramine, Despiramine, Nortriptyline, Paroxetine,
Fluoxetine, Setraline, Terabenazine, Haloperidol, Chloropromazine, Thioridazine,
Sulpride, Quetiapine, Clozapine, and Risperidone.

[00151] Also provided are methods for Alzheimer's disease, including
treating memory and/or cognitive impairment associated with Alzheimer's
disease, comprising administering to a subject, simultaneously or sequentially, at
least one compound, or pharmaceutically acceptable salt thereof, described
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disease such as, but not limited to, Reminyl, Cognex, Aricept, Exelon, Akatinol,
Neotropin, Eldepryl, Estrogen and Clioquinol. In methods using simultaneous
administration, the agents can be present in a combined composition or can be
administered separately. Also provided are pharmaceutical compositions
comprising at least one compound, or pharmaceutically acceptable salt thereof,
described herein, and one or more additional pharmaceutical agents used in the
treatment of Alzheimer's disease such as, but not limited to, Reminyl, Cognex,
Aricept, Exelon, Akatinol, Neotropin, Eldepryl, Estrogen and Clioquinol.

Similarly, also provided are packaged pharmaceutical compositions containing a
pharmaceutical composition comprising at least one compound, or
pharmaceutically acceptable salt thereof, described herein, and another
composition comprising one or more additional pharmaceutical agents used in
the treatment of Alzheimer's disease such as, but not limited to Reminyl, Cognex,
Aricept, Exelon, Akatinol, Neotropin, Eldepryl, Estrogen and Clioquinol.

[00152] Also provided are methods for treating cancer comprising
administering to a subject, simultaneously or sequentially, at least one
compound, or pharmaceutically acceptable salt thereof, described herein and one
or more additional agents used in the treatment of cancer such as, but not limited
to, the following categories of anti-tumor agents

(i) other cell cycle inhibitory agents that work by the same or different
mechanisms from those defined hereinbefore, for example cyclin dependent
kinase (CDK) inhibitors, in particular CDK2 inhibitors;

(i) cytostatic agents such as antioestrogens (for example tamoxifen,
toremifene, raloxifene, droloxifene, iodoxyfene), progestogens (for example
megestrol acetate), aromatase inhibitors (for example anastrozole, letrazole,
vorazole, exemestane), antiprogestogens, antiandrogens (for example flutamide,
nilutamide, bicalutamide, cyproterone acetate), LHRH agonists and antagonists
(for example goserelin acetate, luprolide), inhibitors of testosterone 5.alpha.-
dihydroreductase (for example finasteride), anti-invasion agents (for example
metalloproteinase inhibitors like marimastat and inhibitors of urokinase
plasminogen activator receptor function) and inhibitors of growth factor function,
(such growth factors include for example vascular endothelial growth factor,
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epithelial growth factor, platelet derived growth factor and hepatocyte growth
factor such inhibitors include growth factor antibodies, growth factor receptor
antibodies, tyrosine kinase inhibitors and serine/threonine kinase inhibitors);

(i) antiproliferative/antineoplastic drugs and combinations thereof, as used
in medical oncology, such as antimetabolites (for example antifolates like
methotrexate, fluoropyrimidines like 5-fluorouracil, purine and adenosine
analogues, cytosine arabinoside); antitumour antibiotics (for example
anthracyclines like doxorubicin, daunomycin, epirubicin and idarubicin,
mitomycin-C, dactinomycin, mithramycin); platinum derivatives (for example
cisplatin, carboplatin); alkylating agents (for example nitrogen mustard,
melphalan, chlorambucil, busulphan, cyclophosphamide, ifosfamide,
nitrosoureas, thiotepa); antimitotic agents (for example vinca alkaloids like
vincrisitine and taxoids like taxol, taxotere); topoisomerase inhibitors (for example
epipodophyllotoxins like etoposide and teniposide, amsacrine, topotecan);

(iv) antiangiogenic agents that work by different mechanisms from those
defined hereinbefore (for example receptor tyrosine kinases like Tie-2, inhibitors
of integrin .alpha.v.beta.3 function, angiostatin, razoxin, thalidomide), and
including vascular targeting agents; and

(v) differentiation agents (for example retinoic acid and vitamin D).
[00153] In methods using simultaneous administration, the agents can be
present in a combined composition or can be administered separately. Also
provided are pharmaceutical compositions comprising at least one compound, or
pharmaceutically acceptable salt thereof, described herein, and one or more anti-
tumor agent as described herein. Similarly, also provided are packaged
pharmaceutical compositions containing a pharmaceutical composition
comprising at least one compound, or pharmaceutically acceptable salt thereof,
described herein, and another composition comprising one or more one or more
anti-tumor agent as described herein. When used in combination with one or
more additional pharmaceutical agent or agents, the described herein may be
administered prior to, concurrently with, or following administration of the
additional pharmaceutical agent or agents.

[00154] In some embodiments, the compounds, or pharmaceutically
acceptable salts thereof, described herein, are administered in conjunction with
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Unit dosage forms can contain generally 0.01-1000 mg of at least one compound,
or pharmaceutically acceptable salt thereof, described herein, for example, 0.1-50
mg of at least one compound, or pharmaceutically acceptable salt thereof,
described herein. For intravenous administration, the compounds can be
administered, in single or multiple dosages, at a dosage level of, for example,
0.001-50 mg/kg/day, such as 0.001-10 mg/kg/day, for example, 0.01-1
mg/kg/day. Unit dosage forms can contain, for example, 0.1-10 mg of at least
one compound, or pharmaceutically acceptable salt thereof, described herein.
[00157] A labeled form of a compound, or pharmaceutically acceptable salt
thereof, described herein can be used as a diagnostic for identifying and/or
obtaining compounds that have the function of modulating an activity of HDAC as
described herein. The compound, or pharmaceutically acceptable salt thereof,
described herein may additionally be used for validating, optimizing, and
standardizing bioassays.
[00158] By "labeled" herein is meant that the compound is either directly or
indirectly labeled with a label which provides a detectable signal, e.g.,
radioisotope, fluorescent tag, enzyme, antibodies, particles such as magnetic
particles, chemiluminescent tag, or specific binding molecules, etc. Specific
binding molecules include pairs, such as biotin and streptavidin, digoxin and
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Met hod E (Heck reaction - 2) [00169]A stirred m xture of aryl brom de (10.0
mml ), ethyl acrylate (15.0 mmol), palladiumacetate (1.00 mmol), P(o-tol)3
(2.00 mMoW 2aredioseoset hyl am ne (20.0 mmol) in MeCN (50 nmierTamsodegriced with
nitrogen for 15 mn and heated to 80C for 3-18 h. The reaction m xture was

cool ed and the MeCN renoved in _vacuo. The residue was partitioned between
DCM and H2UIHGRKIR BEC. o @faieShesificraindieg enprabsesd the, comGlierae HARSBESRT at or

d 0 1 Xt f
Ul t oni unedPeimaylfti1afolbd o HRIBABBIACH of FAGES R LelcRATK £ 52" hmot)
in DCM (Z&cldcdamwﬁb&heWmtmoeé’dlﬁesLast-WﬂIEnéB dBdvel )Thedabélhcam dickttlg or

ete addltlon ﬁhe m xture was warned to r.t, stirred

dropw se. corrEJ

for 2 h a'HQ'rﬁ?PLVnErﬁé‘ e\/\ﬁ’?ﬁ%?@@%) The layers were separated and the
S

organi c pﬂggisc S %%ﬁ@dm EK/Ett tﬁ% dd?%ce%&’urés%@tﬁ@het;ﬁﬁd&ag@é&%edq{éréﬂ (thSOH) ,

filtered ncent r at Suzuki coupl rom boronat é on
scaf f ol d)of| @t3d jorbe anderstoed thed Irefierenrceoto marbd:mipr bpié¢rsbmedin, seagémtbd (3. 02

P ot ) o Bl sbrroliodiol Srgtne dud e Rol Figadt s e Ririihd! BubaraiBbd e vas

degassed palifsgiad iPBRRIRM RAAEG M AteridRAkal Sfe &f Brdlﬂ'é? skmaﬁtth@artm/dmwe was
diluted with H20 (20 nL) and extracted into DCM (2 . The organic

| ayers weiegogagsas keingofntercshaswalse pails bart@n@r@onteéhtrrw g8.thahe crude

d t
eact on TapasiaplefEst el iR aeRfe it st 36 OB BT BURES hna;
(0.066 mwsvs)temaﬁd:uaqmemeﬁumm&%dtﬁemnd étulMa@tﬂbué smar, Thet ideattalon was
heated at 100C for 2 h. The mixture was diluted with H20 (10 nmL) and

ext r act edsSHity DOREE QbslﬁL)n thenart il aave SHEigens kmew@dsgsca‘@@chm a phase
t Y/ t f
Sepr oL or S0 HRRAN RSB AR ARG UL ERBL TR X e ©

mol ), 1NsUNR2SIEsti(LEione asrmill)opdmdalll?d{el%ﬂ)edr mtﬁrpib@emm'hélng thel restlaoes élﬁd m.)

was stirred at 100C f or d;? h. . The reaction m xture was diluted with water

and ext r ROERAESHIgRIRpE H%redi?-gani c layer was dried and concentrated and
the crude mxture was purified by fgyagfapsigg ca col um chronat ogr aphy.

Met hod | (Buchwal d reaction) [00173] To a stirred solution of aryl brom de
(0. 76 nmmol0P16AH ani hlee cOMPOUNE®|Qr phardiacgatieallysackpiabinsalésithedeotant Phos

(0.048 mmpl sium carh te (1..66 mmol d2(. 24 mol ). The
i e ur e ERBeT et 36 MeBens et Bed FRTHIN cER i it teke ract d 1 nto
DCM (20 nfg)lowihdendH-Briting dxairgpleswer e passed through a phase separator and
concentrated and the crude m xture was purified by flash silica colum

chromat odi0f3RY]  ExAspeed herriacthedall®yingabbre\catiomsank@-the following

meanings. If an abbreviation is not defined, it has its generally accepted
meaning.

Abbreviations

[obmim][PFs]: 1-Butyl-3-methylimidazolium hexafluorophosphate

BOP: Benzotriazole-1-yl-oxy-tris-(dimethylamino)-phosphonium
hexafluorophosphate

DCM: Dichloromethane

DCE: Dichloroethane

DIPEA: Diisopropylethylamine

DMA: Dimethylacetamide

DME: Dimethoxyethane

DMF: Dimethylformamide

DMSO: Dimethylsulfoxide
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trans- 2, 3- D phenyl cycl opropanecar boxylic acid (1) [00174] To a stirred
solution of trans-stilbene (1.0 g, 5.6 mml) and copper sul phate (44 ny,
0. 28 mmolwoiznizoBwwene (50 nL) at 75C was added et hyl di aroamsediawe22d. 16 ni,
11.1 nmol ) dropw se. Evolution of nitrogen was observed. The m xture was
stirred for 15 min, _allowed to cool to r.t. and concentrated in vacuo. The
resi due wa8*t aken- ulplechospram Rasitive lpnisationi | tered. The filtrate was
concentr d and pugjfi f Ll ol umm chromat ography (gradi ent
el ution g‘t:—e?r'ol eum e Iﬁé#@%@%ﬁ&&i@“ﬁ%ﬁ%@t roleumether). The ethyl ester
i nt er redi Bt,®: was t hbietldyl e$tmdrved in MeOH (5 nmL) and aqueous 2 M LiOH (10 ni)
and sti rrE t 50C l%?{y 16 h, The m xture was washed with Et20 (30 nlL) and
t he basi ¢ %ﬁg‘éous seinvt pesfaki di fied usi ng aqueous 1 MHCI. The resulting
precipitate was col,ﬂgglted by filtration to give the title conpound (62 ny,
5% as a white solid. trans-N Hydroxy-2, 3-di phenyl cycl opr opanecar boxam de
(2) [00178BPEG: | ow nidigmd® érbatnmizander laquiddofprooradodrapbg ng, 0.26 mmol ). The
crude material was purified by preparative HPLC and PEAX cartridge
(DoM MeOHTEX 1) - THEOLE At was renoved in vacuo to afford the title
conmpound (GRSTD, 38%GuRSCRroMEtbgrapPlyiMasd- ShBctr&ietry) 254 (MH) +, (ES-) 252
(M , RT 2.97 mn (Analytical nethod 1). 1H NI\/Rrg (ppm (DVSO-d6) : 10.55(1
H, s), 8.68IMQSH, sbithigm3gs(rinmethyldlybemige 3.09 (1 H, dd, J = 6.8, 5.4 Hz),
2.83 (1 .dd, J :Igl'ag 6.8 Hz), 2.20 (1 H, dd, J = 9.6, 5.4 Hz). Exanple 2
Reaction Sthene 2 §f5 (E) - (2- Cycl ohexyl vi nyl ) benzene (3) WO
2012/ 1030Q8BH/ US20424t88RM&6 [ 00176] To a stirred solution of K3PO4 (11.4 g,
53.8 mmIIQ in DVMA (15 nL) was added bronobenzene (3.0 g, 19 nmol),
vi nyl cycl Me&dine (SMeihagol 45. 8 mol ) and pal | adi um acetate (213 ny, 0.95
mol ). Th J.Xture yye W =Te? 40C for 16 h, allowed to cool to r.t.,
diluted V\AIﬁ ‘wat er metﬁf&ﬁ%ﬁ@lﬁ&ﬁ%ct ed into Et0Ac (2 x 50 nL). The
conbi ned Bdgani c | ayaltadivvaran g@bbad with water (2 x 50 nlL) and brine (2 x
50 n.), s rated, drie s4), filtered and ncentrated. Purification
by flash é&iﬂ?@hbol rﬁﬂdgﬁﬁ%%ﬂ%fﬁﬂ&swe&dlpﬁ 'U@zﬁ)e the title conmpound as a
col ourl es 1 . .Bi i i i
(R 2 SRt 9, B BiaRnenyiphosphino)ferrocereldichioropaladiumil o (a)
[ 00177] ToPa(RRha)4 edT st kis(triphenfyldhosphbe)palle@livs(®nol ) and Rh2(0Ac)4 (106
ng, 0.806 mmol) in a rous DCM (10 nmL) was added ethyl diazoacetate (0.85
nm., 8.06 ?ﬁtr%l) in Eﬁ?ﬁ%?@ﬂlﬁm at arate of 0.2 nL/h. After conplete (
addi ti on RRJONY:UrRhYGENRH) aé&dtd or 1 h at r.t.. Purification by flash
silica colum chronat ography (gradient elution of i-hex to 2% EtOAc in
i -hex) gaRé:the titRetepgapdnRl as a col ourless oil (400 ny, 18%.
(1R, 2R*, )-2-Cyc - oxy- 3- phenyl cycl opr opanecar boxam de (5)
[ 00178] FOr?"OWi ng ne%ﬁgﬁ)&ﬁhé%%%g%npound 4 (750 ng, 2.76 mmuol ). Purification
by pr eparRuP~es:HPL Q-@isyeldHexylgHdsphinend @Haisas-propdiyt € 15biphen{l10 ng, 3% .
LCMB (ES-'-) 260 (MtH) +, 258 (MH)-, RT 9.41 mn (Analytical nethod 3). 1H
7.18-7 1204kl . T 0B bt D = 7.6 10). 2302 27(1 H my. 1821 68(7
H m, L %'-:1.00(6 &@%@r&“%

Xantphos:  4,5-Bis(diphenylphosphino)-9,9-dimethylxanthene

Analytical Conditions

[00162] Compounds were named with the aid of the Cambridgesoft
Chemistry Cartridge (v. 9.0.0.182) software.

[00163] All reactions involving air- or moisture-sensitive reagents were
performed under a nitrogen atmosphere using dried solvents and glassware.
[00164] Racemic mixtures of the cyclopropyl core are denoted using
asterisks e.g. (1R*,2R*,3R*). Chirally pure compounds are denoted without
asterisks e.g. (1R,2R,3R).
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Exanpl e

(6a) [00179] To a stirred solution of benzyl

3 Reaction Schene 3

Br

bromde (27 nL, 227 mol)

acet one avonoiviosms added tetrahydrot hi ophene (10.0 ni, peTAISoOMI0P221d he

sol uti on
washed w

was stirred for

to m\/p the title

conpoundg

@aiyuﬁaltﬁoaditm ' (

51M9thyd 8

1-(2-Flu
2012/ 103
was adde
stirred
filtrati
filtrati
1-(4-Fl y
sol uti on
was adde
stirred
compound

R Y b2 52

822216
&GN @pemhydr ot hi o
for 17 h. The result
ok Stk FoRmie_sMakN e
on, to give the tit
or obenzyl ) t et rahydr
of 4-fluorobenzyl
d tetrahydrothi ophe
for 17 h. The resul
as a white solid (

Jl. III pIICI
3180]

phene (25 nL
[ing prec
d in Et20
e conpou
ot hi ophen
or om de (
ne (1.8
[ing pre
160 ng,

cli
3

nF; 02%’ 12r1ﬁnl)|F§Urm'r%b h?Pé'

Description

8% .

2- Fluorobenzyl brom de (8 g, 42.3

t-he m xture. -was

OIS e ABIGTEHe et igrata
for 1 h beWheb q% @@Hglcb%%q/acu

nd as a white solid
i um brom de Wate) (igo p8tityloaa stirr

ShekRIFac."

pitate was gf {9, tigfRid 4y 9i ve the t
%9 . Exanpl e 4 Reaction Schene 4

Column: Phenomenex Luna 5 um C18
(2),1700 x 4.6 mm (Plus guard
cartridge)
Flow Rate: 2 mL/min
A: Water/formic acid
B: MeCN/formic acid
A% B%
95 5

95

95

gradient:

Time
0.00
3.50
5.50
5.60
6.50

95
95

Typical Injections 2-7 yL (concentration ~
0.2-1.0 mg/mL)

1- Benzyl t et r ahydr ot hi opheni um br om de

in

16 h and the resulting precipitate filtered and
ith acetaone (’2 x50 n1\ and dried under air

nmol )

i

m

ed
L)
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(E) - Et hyl

Purification by flash silica c

-3-(2-nitrophenyl)acrylate (7) [00182] Foll owi ng nmethod C from
2-ni trobenzal dehyde (5.0 g, 34.2 mol).

ol um

chr omat ogwephiz/(gradi ent el ution i-hex to 50% DCM i n i - rex)Uusgaz@22he titl e

conmpound as a white solid (2.9 g,

(1R*, 2R,

3IR*)Y-Fthvl-2-(2-ni

38

rnnhpnv1

%A .

\ 3- nhpn\ll rvr‘l Qpropanecar hm(\/I ate

(8)

[00183] T
(75 L/ 3
m xture
slowy

m Xture
and extr
washed w
separ at €
concentr
el ution
oil (2.1

(1R*, 2RY,

[ 00184] A
(75 mL)
was filt
chromat g
title ca

(1R*, 2R¥,

(10a) [(Q
water (1
2.67 Mo
into boi
to cool
| ayers w
resul tin
1.77 mu
was stir
i nt o DCN
(20 L)
Purificd
to 5% Et
449 . LC

(1R*, 2R¥,

(10b) [Q
mmol ) an
mol ) wa
r.t. The
and cool
The orgs
r epeat ed
purified

d St iBiearsd GesniniN o
ed sul
\%(asrﬁ%'a 3%{“’ - 78C.
added via syringe pu
was warnmed to r.t.,
acted into DCM (2 x
Mth water (2 x 250
d and the organic |
ated. Purification
i -hex to 10% Et OAc
0 g, 51%.
3R*)-Ethyl-2-(2-am
A\ solution of 8 (2.1
was stirred at r.t.
ered through Celite
graphy (gradient el
npound as a red oi
3R*)-Ethyl-2-(2-is
0185] To a stirred s
0 nL) was added con
). The reaction m
ling water (20 nlL)
tor.t. and extract
vere washed with bri
g red oil was disso
| ) and cesi um carbo
red at 80C for 16 h
1(2 x 30 mL). The c
and brine (20 nl),
ition by flash silic
OAc in i-hex) gave
IMS (ES+) 325 (M+H) +
3R*)-Ethyl-2-(2-fl
0186] A sol uti on of
d [bmm[PF6] (1.8
iIs added and the m x
m xture was then h
ed tor.t. DIPEA (O

tw ce nore. The co
by flash silica co

ini c | ayer was decant

h of 27 (2]

Li HVDS (
m (1 nl/
stirred
100 ).
m.) and b
ayer was
py fl ash
n i-hex)

nophenyl
D g, 6.75
under H2
and puri
ution i-h

foniumsalt 6a (5.10 g,

90 g 13.1 nnDI) i n anhydrous DCM
19.7 mmol ) and the
28oldents; 1 1M03/9Auetdwitrlle’l(FﬁHFF)V was

mn). After c I dition, the
for 16 h, oﬁj’éagﬁ IRRMER (180
The combi rm%e%gémg Ry B LT €
rine (100 nmL a Ic mXxtur
dried (MySMM Afnnncmnenh RBicdrbonate
silica colum chromatography (gra
gave the title conpound as a yel
Column: Phenomenex, Gemini NX, 3
) - 3- phenylcyclopropanecarboxylate
mrol ) and WORCFY/ 180096 M) in Me
(1 atnosphere), for 17 h. The m X
fied by flash silica colum

eXloWoRA1Y0 Et Ofenli/mih - hex) to give

(1.55 g,
OpPr opoxyp
ol ution o
cent r at ed
Xt ure was
and stirr

ne (20 my

t hen di
obi ned ofr
dried (M
A col umm
the title

Luor opheny
ni trosoni
M) was ¢
[ure was

cated to

18 nL, 1.
ed from
mbi ned or
unn chro

82% . LCMB (ES+) 282 (M+H) +.
henyl) - 3- phenyl cycl opr opanecar boxy

BB 0 sy MulBrrdRéEr Ton my

stirred at Bicafoonale th whiegn poure
ed for 30 mn. The solution was al

ed into OCM (3 x 20 nB)100dMeGhbi ned or gan

), dried (MgSO4) and concentr at ed.

ved in DMF (5 nL) and 2-bronopropane (0.17
nate (434 Tige 1.34 My ) were B¥ded. The mi

I d mnth er (20 ) and extra

@é iC Iay mere wasRed with wat
Sﬁ%b, filteged and copgentrated.

chr omat ography (gradient elution i
@60pound a a col our1@3s oil (125

133§-phenylgycloprodeg%arboxylate
wg et r af | ugg gbor at e 4525 ng, 1.07
ool ed to OC._Conpound 9 (300 nm,
stdrred for986 mn at48C, and 17 h
100C for 2 h (gas evol ution observ
07 nmmol) and Et20 (10 nL) were ad

t hpitAnhjectiomi d2.amel tdUneeRtrat@ss
gani c | ayers were concentrated and

natography (gradreﬂﬂ bhuﬂﬁdﬂ |-hex

1,

{ THF

)
e was

di ent
ow

9)
OH
ture
t he

| at e

>

d
| oned
c
The
m.,
Xt ure
ct ed
er

- hex
ng,

07
at
ed)
ded.

to

5% Et 0A
459 .

g I‘IIC}\} l.U UI Ve

LCMB (ES+) 285 (M+H) +.

I S |
IIC (rirc

bUIIpUUIIU as>S d L,UI ottt I TS5 UI I \J.OJ

(1R*, 2R*, 3R*) - N- Hydr oxy- 2- ( 2- i sopr opoxyphenyl ) - 3-
phenyl cycl opr opanecar boxam de (11a) [00187] Fol | owi ng net hod A from conpound

10a (125 ny,
(gradient elution DCMto 5% MeOH i n DCM

0.39 mmol).

ng,

Purification by flash silica colum chromatography
gave the title conmpound as a white

solid (28 ng, 23%. LCMS (ES+) 312 (M¢tH)+, (ES-) 310 (MH)-, RT 3.41 nmin
(Anal ytical method 1). 1HNWR 6 (ppm (CHCI 3-d): 7.99(1 H, s), 7.41 (2 H, d,
J=7.6 H), 7.31 (2 H t, J=7.1Hz), 7.27-7.18(2 H m, 7.11-7.07(1 H,
m, 6.92-6.87(2 H nm, 4.66-4.59(1 H, septet, J =6.0), 3.29 (1 H t, J =
6.4 Hz), 2.81 (1 H dd, J =9.2, 7.3 Hz), 2.02 (1 H br m, 1.36 (6 H dd,
J =10.1, 6.0 Hz), OH not observed.

(1R*, 2R*, 3R*) - 2- ( 2- Fl uor ophenyl ) - N- hydr oxy- 3- phenyl cycl opr opanecar boxam de
(11b) [00188]Fo||omnng met hod A from conpound 10b (130 ng, 0.46 mmol).

Pur fication by flash silica colum chromat ography (gradient elution DCMto

1°)/0 MeOH in DCM gave the title conpédnd as a white solid (18 ny, 14%.

LCMS (ES-'-) 272 (MtH)+, (ES-) 270 (MH)-, RT 3.02 min (Analytical net
1). 1H NVR 6 (ppm) (DVBO- d6): 10.60 (1 H, s), 8.74 (1 H, s), 7.34-7.14
m, 3.17 (1 H dd, J =7.0, 5.6 Hz), 2.86 (1 H dd, J = 9.5, 7.0 Hz),

hod
(9 H,
2.25



Exanpl e 5 Reaction Schene 5 1213
(1S*, 2R*, 3R*) - Et hy1- 2- (2-f |l uor ophenyl) - 3- phenyl cycl opr opanecar boxyl ate (12)

[ 00189] A woxbiw®3mB sul fonium salt 6b (500 ng,

1. 80 nmolpr/ustéglozieinamat e

(0.20 m., 1.20 mmol) and 12- crovvn 4 (0.19 n., 1.20 nml) in DCM (10 nL) was
cool ed to -78C_ LiHMDS (? 41 solution in THF) was_sl ow y added vi a
syringe dl.ﬁﬁm_(@ri’ﬁﬁ_tﬁsce}&flﬁer coﬁpl etle addition, the mixture was warned| to
r.t. and ELN” 16 h. The react|ion m xture was quenched with H20 (30
m.). The bi plh m xture was separ atsolvan: t he éwgtorittild (Beer$V weade)washed
with brijne (2 x 30 m.), dried (Mg504), filtered anc?r aon ted.
Purification by flash silica colum |[chr omat ogr apMt éﬂ°a&Mﬁ%ﬁWPi3&fj i F hex
to 50% |EtOAc in i-hex) gave the title conpound agarqpak l&ssipi | (190
ng, 56%|. LOMB (ES+) 285 (M FH) +. PG parRy v/
(1S*, 2RY, 3R*) - 2- (2- Fl uor ophenyl ) - N- hydr oxy- 3- pherBurel;ab dptrapaitpedhboxam de
(13) [00190] Fol Il owm ng nethod A from|conpound 12 @%? Tﬂg@ 0. 67 nmol ) .
Purification by flash silica col umm [chronmat ograp g %359 el ution DOM to
5% MeOH|in DCM gave the title conmpound as a white solid (50 ng, 28%.| LCVS
(ES+) 272 (MtH)+, (ES-) 270|(MH-, RT 3.06 mn (Anal ytical nmethod 1).| 1H
NVR 6 (ppm (DVBO-d6): 10.60| (1 H, s) Calurm:(1 H, Sypelqo,Aescenfie®(7 H, m,
7.13- 7./06 (2 H m, 3.03 (L H dd, J = 6.8, 53% =
9.3, 6.9 Hz), 2.23 (1 H, dd| J = 9.3 5.3 H) exf g iR tibhratl = ¢
CO2RCONHIOH Br\ CC2R 2-Br, R = Et, 14a 3-Br, R = E‘ialo%,@.?ﬂm C18, 150
x4.6mm.
Flow Rate: 1mL/min
gradient: A: Water / formic
B: MeCN/formic
Time A% B%
0.00 96 4
3.00 96 4
9.00 100
13.6 100
13.7 96 4
15 96 4
Typical Injections 2-7 uL (concentration ~
0.2-1 mg/mL)
10cm_ESCI _bicarb Me 4
CN P TS
Solvents: Acetonitrile (Far UV grade)
Water (High purity via
PureLab Option unit) with
10 mM ammonium
bicarbonate (ammonium
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2- Br,
4- Br,

[ 00191] Fol | owi ng met hod C from 2- bronobenzal dehyde (4.66 g,

R = Et,
16¢c ¢c

15a 3-Br,
2-Me, R = HEt,

R = Et,

15b 4- Br,
17a2- Me, 18a 3- Me,

R = M, 15c

2-Br, 16a 3-Br,

16b

R = Et 17b3-Me, 18b 4- M,
R = Me, Iwo24ei#03@8c (E)-Et hyl -3-(2-bronmophenyl)acryl at @eCtA®a)i12/022216

25.2

Column:

Flow Rate:

gradient:

Time
0.00
0.50
4.00
5.50
5.60
6.50

0.2-1 mg/mL)

hydrogen carbonate)
Waters Xterra MS 5m
C18,100 x 4.6 mm. (Plus
guard cartridge)

2mL/min

A: Water/Bicarb

B: MeCN

A% B%

95 5

95 5
95
95

95

95

Typical Injections 2-7 uL (concentration ~

10cm_Formic_ACE-
AR _HPLC_CH3CN

Solvents:

Column:

Acetonitrile (Far UV
grade) with 0.1% (V/V)
formic acid Water (High
purity via PureLab Ultra
unit) with 0.1% formic
acid

Hichrom ACE 3 C18-AR
mixed mode column
100x4.6 mm
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mol ). Purification by flash silica colum chromatography (gradient elution
i-hex to i-hex:DCM 5:2) gave the title conmpound as a colourless oil (2.52
g, 39% . wONBIm@$wy 255, 257 (MH) +. (E) - Et hyl - 3- ( 3- br orophuseyikpariy | at e
(14b) WO 2012/ 103008PCT/ US2012/ 022216 [00192] Fol | owi ng method C from

3- bronohenzal dehyde (10 g, 54 1 mol)  Purification by flash silica colum
chromat qgraphy (gradient elution i-hex to i hex:DCM 1:1) gave the title
conmpound as a colourless oi| (7.8 g, 9 CMS ( ESH 257 (M+H) +.
(1R*, 2RY, 3R*) - Et hy1l- 2- ( 2- br omphenyl)%glﬁ}a%%tlﬁyl cycl gp%](l)‘éﬁﬁfecar boxyl ate (15a)
[ 00193] A m xture of sulfonipmsalt 6a (1.52 g, 5.88 mmol) and ci nnamate 14a
(1.00 g, 3.92 mmol) in DCM THF (5:2,| 35 nlL) was cooled to -78C. Li HVDS
(7.84 ml, 1 Msolution in THF) was s|¥@ESdded vi d:SYRI8RGOMIAD (1 nif h).
After cqnplete addition, the mxture was warnmed tog.MecNFbihiced for 16 h
and quenched with H20 (30 nmL). The bji phasic m xture was separated and fhe
aqueous |portion re-extracted with DM (30 nL). The conbi ned organic | ayers
were washed with water (50 pL) and er'B.ne (50 an%e separatlg?, dried (MgSO™4),
filtered and concentrated. Purificatf by flash”silica cdfum

chromat agraphy (gradient el ution i-hexoho 2.5%dg 0OAc in iphex) gave th
title cqgnpound as a colourless oil (.05 g, 78%. LCMS (ES+) 345, 347
( M+H) + 3.00 98 2

(1R*, 2RY, 3R*) - Et hy1- 2- ( 3- br ormphenyl)f%’%-Bhenyl c%cl opr opanmr boxyl ate (15b)
[00194] A mixture of sul foniumsalt 6a43910 g, 8.10 rmol) &hd ci nnanate 14b
(1.03 g, 4.04 mmol) in DCM (20 nlL) wapsg00led tep -78C. Li+th®S (6.00 nm, 1 M
solution in THF) was sl ow y| added vilja sgri nge punp (6 nL/h). After conplete
addition, the mxture was warmed to [12-9, stirr® for 16 4 and quenchefd
with H2Q (30 ni). The biphasic m xture, was sepcajggﬂt ed and 4 he aqueous |gayer
was re-gxtracted with DCM (BO nlL). The conbi ned organic layers were washed
wi th watler (50 nL) and bring (50 nlL)|, dried (MgS™), filtered and
concentrjated. Purification py flash |silica colum chromatography (grad]ent
elution|i-hex to 5% EtOAc i i-hex) [gh¥RicalHaieciione0h®élind as a col ouf | ess
oil (350 ng, 25% . LCM5 (ESt+) 345, 347 (MrH) + (1R*, 2R*, 3R*) - Met hyl
2- (4- branmophenyl) - 3- phenyl cycl opr opanecar boxyl ate (15c) [00195]A m xture of
sulfoniumsalt 6a (3.39 g, 13.1 nmol) and (E)-nethyl 3-

(4-bronophenyl )acrylate (2.10 g, 8.71 mmol) in DCM (50 nL) was cooled to -
78C and slowy treated with LiHWOS (13.1 nL, 1 Msolution in THF) (via
syringe punp, 1 nL/h). After conplete addition, the m xture was warned to
r.t., stirred for 16 h and was quenched with H20 (50 nL). The bi phasic

m xture was separated and the organic | ayer washed with brine (2 x 50 nL),
dried (MgSO4) and concentrated. Purification by flash silica colum
chromat ography (gradient elution i-hex to 5% Et0OAc in i-hex) gave the title
conmpound as a colourless oil (600 ng, 20% . LCVS (ES+) 345, 347 (M+H)+
(1R*, 2R*, 3R*) - 2- ( 2- Bronophenyl ) - N- hydr oxy- 3- phenyl cycl opr opanecar boxam de
(16a) [00196] Followi ng nmethod A from conpound 15a (100 ng, 0.30 mmol).
Purification by flash silica columm chromatography (gradient elution DCMto
5% MeOH in DCM, then passage through a PEAX cartridge (DCM MeOH, 1:1) gave
the title conmpound as a white solid (32 ng, 33%. LCVS (ES+) 332, 334
(M+H) +, 330, 332 (MH)-, RT 10.44 mn (Analytical nmethod 3). 1H NWR 6

(ppm (DVSQd6): 10.57 (1 H, s), 873 (1 H s), 7.66 (1 H dd, J =7.9, 1.2
Hz), 7.41-7.33 (3 H m, 7.30-7.15 (5 H mM, 3.28 (1 H dd, J =5.9, 6.9
Hz), 2.83(1 H dd, J =9.5, 7.1 Hz), 2.20 (1 H, dd, J = 9.5, 5.6 Hz).

(1R*, 2R*, 3R*) - 2- ( 3- Bronophenyl ) - N- hydr oxy- 3- phenyl cycl opr opanecar boxam de
(16b) [00197] Fol Il owi ng method A from conpound 15b (100 ng, 0.29 mmol).
Purification by flash silica columm chromatography (gradient elution DCMto
5% MeOH in DCM) gave the title conpound as a white solid (28 ng, 28% . LCMS
(ES+) 332, 334 (M+tH)+, 330, 332 (MH)-, RT 3.81 mn (Analytical nethod 1).
1H NVR 6 (ppm) (DVMBSO-d6): 10.54 (1 H, s), 871 (1 H s), 7.50 (1 H s),
7.44-7.40 (1 H m, 7.35-7.22 (6 H m, 7.18 (1 H t, J =7.2 H), 3.12 (1
H dd, J = 6.8, 5.4 Hz), 2.88 (1 H dd, J 9.6, 6.8 Hz), 2.23 (1 H dd, J
= 9.6, 5.4 Hz).

(1R*, 2R*, 3R*) - 2- (4- Bronophenyl ) - N- hydr oxy- 3- phenyl cycl opr opanecar boxam de
(16¢)

D
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[ 00198] Fol | ow ng met hod A from conpound 15c¢ (100 ng, 0.30 mmol). The
resi due after work-up was passed through a PEAX cartridge (el uti on DCMVEOH,
1:1) to gwoeoiw3dost | e compound as a white solid (34 ngpc3ARpo12/00d08s ( ES+)
332, 334 (M+tH)+, 330, 332 (MH-. RT 3.30 min (Analytical nmethod 1). 1H NWR
6 (ppm) (DMBO-d6): 10.54 (1 H, s), 8.67 (1 H, s), 7.51-7.45 (2 H, n'), 7.31-
718(6Hrr)715(1Ht,J:72Hz)307(1Hdd J =6.9, 5.4 Hz),
2.81 (1 S —$ '
(1R, 2R*, 3R4) B toad@twﬁ 1- ﬁle@hb@'W cycloproparﬁé@éh@ﬁahate (17a) WO
2012/ 103008P /U82012/ 022216 [00199] To a stl rred sol ut| on of 15a (200 ny,
0.58 Mo T : i pl,
0.58 mmol ), Pd(PPh3)4 (67 ny, 0. 058 nmol ) and cesium carbonate (566 ny,
1.74 mol ). The m xture was degassed with.nitrogen for 10.mn and heated in
the mcrowave at 115C for 10 min. TheSelventfe was al Msthanol oARB@shdel r.t.
and partitioned between DCM and H20 (15 nL each). Th Ogayl wer e
passed through a phase separator and concentrated. Pﬁlriﬂ i cat ?\(/)/r\ﬁ rT?if‘\ash
silica colum chromatography (gradient elution i-hexatid V3&eEBigh pumty hex)
gave the title conpound as a colourless oil (140 ng, 869 . ,
(1R*, 2R*, 3R*) - Et hy1- 2- phenyl-3-mtol yl cycl opr opanecaY’Bg:@’?a?té Uitgg ypit)
[ 00200] To a stirred solution of 15b (200 ng, 0.58 mplp o 12.FoMsRNES Yt er
(9:1,3 nL) was added trimethyl boroxine (80 pl, 0.58 mml), Pd(PPh3)4 (67
ng, 0.058 mmol) and cesium carbonate (566 ng, 1.74 rrrml) The m xture was
degassed with nitrogen for 10 mn and.heated in the 5C for
10 mn. The m xture was allowed to coS:IOFUtrB T.t. and 9 %ﬁggégé en DCM
and H20 (15 nL each). The organic |ayers were passedARhraxddnddehase
separator and concentrated. Purification by flash silica colum
chromat ography (gradi ent elution i-hex to 5% Et 0Ac iePlurelQ0xgdai@m he title
conpound as a colourless oil (120 ny, 73%.
(1R*, 2R*, 3R*) - Met hy1- 2- pheny1- 3- p-tol yl cycl opr opanecar boxyl ate (17c)
[ 00201] To stli__rregdighuti on of 15c (BRAv Rate:0. 60 nmomL/mih di oxane/ wat er
(9:1,3 n1_ nmet hyl bor oxi ne (80 pl, 0.60 mmol), Pd(PPh3)4 (69
ng, 0.06 RROoHPlanEgseHUsar bogate (585 ng, 1.80 mmol). The m xture was
degassed W Th nittogen for 10 min and @d in the niGRAWaYE,@LiIc115C for
10 mn. The mxture was allowed to 008 o r.t. and partltloned lgetween DCM
and H20 (15 nL each). The organic |ayers were passed Bhe@hfanphase
separator and concentrated. Purification by flash silica colum
chr omat ogr aphy (gradient elution i-hex to 10% Et OAc in i-hex) gave the
title conpound as a colourless oil (1fhe0, 75%\e, B%
(1R*, 2R*, 3R*) - N- Hydr oxy- 2- phenyl- 3-o-t ol yI cycl opr opanecar boxam de (18a)
[ 00202] Fol | owi ng nmethod A from conpoufd017a. Pu98f| cati on2by flash silica
col utm chr omat ogr aphy (gradient el uti Sw ? I\/EOH i n, t hen
passage through a PEAX cartridge ( ' gave the t|tIe conpound as
a white solid (10 nmg, 7% . LCVS (ES+) 1260 (MH)@ RT 9. 541ppn (Anal yti cal
method 2). 1H NVMR 6 (ppm ( DMSO d6) : 10 54 (1 H s), 871 (ll H s), 7.36 (2
H d J =7.5H), 7.271(2 H t, J = 7154%), 7Ql710(590rr), 3.12 (1 H,
dd, J = 7.2, 5.7 Hz), 2.76 (1 H, dd J5%5 9.4, 793 Hz), 2.34 (3 H s), 2.07
(1H dd, J = 9.4, 5.6 Hz).
(1R*, 2R*, 3R*) - N Hydr oxy- 2- phenyl- 3- m 19l yl cycl opgopanecar poxam de (18b)
[ 00203] FoI | owi ng net hod A from conpound 17b. Purification by flash silica
col utm chr omat ogr aphy (gradient elution DCMto 5% MeOH in gave the
title conpound as a white solid (67 ( 268 (M+H) +, RT
3.71 min (Analytical nmethod 1). 1H prgy%é? ?%*%85362"‘10 54(1 H, s),
8.68 (1 H s), 7.32 (2 H d, J =7.5H), 725(2H t, J =7.4 H),
7.20-7.08(5H—mm+—3-05(1 H dd—J =60 5 4 Ly 2 7701 U4 dd_J . 6,
6.9 Hz), Synthetis $ection 2 15 (1 H dd, J = 9.6, 5.4 Hz).
(1R*, 2R* e ol yl cycl opr opanecar boxam de (18c)
[ 00204] Fo@%%%k%gaﬂg%ni %r&om crg:r%pgu)ad 17c. Purification by flash

[00165] To a stirred solution of ester (0.30 mmol) in THF/MeOH (1:1, 3 mL)

was added hydroxylamine (0.2 mL, 50% aqueous solution, 3.00 mmol) and
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silica colum chromat ography (gradient elution DCMto 5% MeOH i n DCM

foll owed by elution through PEAX cartridge (1:1, DCM MeOH) gave the title
conpound we 2a1mtoBie solid (21 ng, 17% . LCMS (ESt) 268 @hrh)S2012832236 71 m n
(Anal yti cal rrethod 1) 1H NVR 6 (ppn)(DI\/SOdG) 10 54 (1 H s), 868 (1 H,
s), 7.32 (2 H Hz) , 5 (2 Hz), 7.20-7.10(5 H,
n, 3.04 thassluauhyq]"owdg (§3r5949ﬁ9yﬂm9|)7i h@lmmtuerNa%SHfr@d etrefor 24, 2.28
(3 8 ) méutfatized dith 1 HEIZ, Bnbrextratiddbith BEWP ! the'cdMBiEL SgatiBe™ 7

CO2Et CO2

(1R*, 2R, [3iRns- vrbreaghddiwith toripgh@ 0yl ), papseniiroygh aphesersspardtokghdt e (19)
WO 2012/ 103008PCT/ U82012/ 022216 [ 00205] A m xture of sulfoniumsalt 6a (1.00

g, 3.76 r¥RILNYAE%t hyl - 4- nitroci nnamate (553 ngy, 2.51 mmol) in DCM (10
m.) was ¢ 1 Msolution in THF) was slowy
added vi amgyft?%isg(h §ixa b ’E;&%azé jﬂ_

After conplete addition, the m xture was
war ned t0[0|0166] st |T0 ethlfrr@d SDIlhtlcandf amdzl(l@lﬁédnmoi)hBEm)(Q 29 nropl) a@hide bi phasi ¢

i Xt t dt cted th DCM (30
T The ERHBRR Ao LR b r s Sas RBITEEG ) And br | e
(50 nt), Wdr@ewbwa@w)zg nﬁmlol)errﬁé réﬁ&ud%%@@wer@é@gnrr@@rat Ft.gat pendimytetl! ash

silica col'um chronmatography (gradient elution i-hex to 5% EtOAC in i-hex)
gave t he With wateroitfonhpaag eatrgéteﬂomo&uo%(qa)x 2§, m2Bdhe cooNsineeSryarsg 2

Mt

(1R 2R SO M RIRR Gy 205 ARG (A QR B SRES8P BB ac o (20)
[00206]A|v|@tm§d QWi pAy 19 (180 ng, 0.58 mmol) in MeOH (6 ni) was
hydrogenat ed usi ng %cube apparatus (Full H2 node, 10% Pd/C cartridge, 1
nL/ min, r[00167] The T‘éé‘c&ti”&ﬁ‘ %'%@Qﬂ@ft\ﬁlﬁ Yt Bhesphongasatate (% -¢emano))dn| ow oi |

165 0 | th
(ke one, S BRI BwHE Sueh SBEL nhfud DA KImBh HorfngiSe. THB! Nes! S
ggenylescycmo@mmpﬂa@sme@mﬂ ahdef@t)addtez0F1 éleelaycm (2. @mmol)ufl‘lh?rree{:tmﬁlnpougd
165 i 5
(245 0w, "ioentat paked fo PEITPAh Wad BTed G 17C¥ch@‘g?ﬁ]5¥§nchm°%xf ire was
stirred %atrer:SS%B’rﬂ_g aH ékt?é?ﬁlngﬁit;b@kcm& {)Qn%‘@b‘?ﬁL)( I P a I@%g@@\ﬁ/@ ¢ layers

were coll ecte hase separ and concentrate tion by flash
si lica cotambinetrandawagirethith (pted{Zexb0ehi), daadl(Mgé‘»Ozt)oﬂlmed BndAc in i-hex)
gave the title, c Prg)ound as a pale yellow solid (175 nmg, 77% . LCVS (ES+)
386 (NH_Dgroncentra

(1R*, 2R*, @Rthod DX Hdckrebefisropanesul f onam do) phenyl ) - N- hydr oxy- 3-
phenyl cycl opr opanecar boxam de (22) %00208] Fol | owi ng net hod A from conpound

21 (175 ni901§8ﬁ5 mb® . stimesl .%oéumq awl far@rrddwéé 4@pneiond aadydrasisniavibr

P00t 5 (RTBl R bR Ry S AL s Mo RS ™

concent r a(geg4 mﬂm)sampioeaswﬂntdaebb@éj(e@ueﬁmo@ rfm&smiuﬁon Rﬂafsldega@tse@n by
preparative HPLC and_ passage throug tridge (DCM MeOH, 1:1) gave
the titl eURIFPBNREE RO SvRin kefors hﬁaté%tonb% gb/éor 1IZ(|5NBTbE§¥)<tU3$’3’9(SIVH RT

020 i B IRAIRS O Pyt DB TSl 3L D
5.4 Hz), d’gﬁalo(léyéf,s wiehe Washell with 61,9 (32} 502nbPardd bAn¢ 12 k,500tL ), bassédo Hz)
2.15 (1 |_{‘nrough a phage separa?for arzd concentlgal%e jbdJ =6.3H) Bamle s
Method E (Heck reaction — 2)

[00169] A stirred mixture of aryl bromide (10.0 mmol), ethyl acrylate (15.0
mmol), palladium acetate (1.00 mmol), P(o-tol)s (2.00 mmol) and triethylamine
(20.0 mmol) in MeCN (50 mL) was degassed with nitrogen for 15 min and heated
to 80°C for 3-18 h. The reaction mixture was cooled and the MeCN removed in
vacuo. The residue was partitioned between DCM and H,O and the organic

layers were passed through a phase separator and concentrated.
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Reaction Schene 8 Table 1 (E)-Ethyl-3-cycl opentyl acrylate (23a)

[ 00209] Fol | ow ng nmet hod C from cycl opent anecar bal dehyde (2.00 g, 20.4

mrol ). Puwofnamwsms by flash silica columm chromat ogr apirgT(use@dioente el uti on
i-hex to 5 2 i-hex DCM gave the title conpound as a colourless oil (2.00
g, 58%. é 259 (M+H)

(E) - Et hy|Msﬂ(q |Qp1wwt@£1d’|eaaﬂqn)) acryl ate (23b) [00210] Fol | owi ng

met hod C o'bq t ”Et)ﬂan 1By 6t |8ms 1?{)8% Hﬁ‘ﬁ'&lg &?gra .enfmﬁﬁ %' ) -

Purlflcat flashs ca Co ograph tlon I - hex
to Et 0Ac)1zgar/cBNrt Heg8192 dnmmpmiﬂbowd(mma) wels| cooled to 2900. nyHMIEB48.92CMS ( ES+)

181 ( Mk E) - Et hyl - 3- di e | | 23c) [00211] Fol |
ot hod C T-bHeRyPPHLAR BHoRMpBa AR FaB R acen BT H T PHESEIDn by
flash si It'ocratf Eer%r@ﬁ ARt RRRABY \A(lﬂl{ﬁgb?‘]'?(t) rfﬂ.)“t'l'frféqlg&/%&e\?&eret o gft’e'ét OAc in

i -hex) gave e conpoun d as a colourless ‘oil
trans: ci sjnd tt@l\@g(aEEmhanNeMH)shed with brine (2 x 30 mL) separated dried

E) - Et hyl 4] di oxi n-6-yl | at 23d
[ 00212] MOy TR RCSHTRTEISS dl hydr obenzol bl [ 1. 4] di oxi ne. 6-
car bal demgmd@@@&ukﬂgo@mmqyam Hvbhdte Gt &t flash silica colum

chromat ography (gradient elufion i-hex to 5% EtOAc in i-hex) gave the title

conmpound [&9131]/\/m t el @ @l gtigregdsadutian ofgmjopropybromegcafiok ol) in

[ ooara] Lo PSR E MR Qs Re Yodrol Gl ol Sl pAMG R Bt e

6- car bal demslpafd Betasgiund aéétanergvs1 el e mixtgre\edd avy@ided@ih used
wi t hout further purification ES+) 269, 271 (M

(1S*, 2R+, Bifteger@nd Neateq g HRR1 or-230 pﬁ@ﬁyeegmrbw%b@q@aaﬂﬁet@w%tféH(z@4a)

[00214] A @igthb§ n@ExBackR B BONBER 20TRL).  TROBRANEIR3Rs WirPBadsed: 96
through a phase separator and concentrated. The crude residue was dissolved
in dioxane and an aliquot (0.66 mmol) was added to a reaction tube. To this was
added heterocyclic halide (0.69 mmol), Pd(PPhs)s (0.066 mmol), and aqueous
Na,COs (5 mL, 1 M solution). The reaction was heated at 100°C for 2 h. The
mixture was diluted with H,O (10 mL) and extracted into DCM (20 mL). The
organic layers were passed through a phase separator and concentrated.
Method H (Suzuki coupling)
[00172] A mixture of cyclopropyl bromo scaffold (2.00 mmol), boronic ester
(or acid) (2.40 mmol), 1N Na;CO3 (6.00 mmol) and Pd(PPh3)4 (0.10 mmol) in
dioxane (6 mL) was stirred at 100°C for 3 h. The reaction mixture was diluted
with water and extracted into DCM. The organic layer was dried and
concentrated and the crude mixture was purified by flash silica column
chromatography.
Method | (Buchwald reaction)
[00173] To a stirred solution of aryl bromide (0.76 mmol) and amine (0.86
mmol) in dioxane (4 mL), was added XantPhos (0.048 mmol), cesium carbonate
(1.66 mmol) and Pdz(dba)s (0.024 mmol). The mixture was stirred for 16 h at 90
°C, diluted with water and extracted into DCM (20 mL). The organic layers were
passed through a phase separator and concentrated and the crude mixture was
purified by flash silica column chromatography.
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mmol ) and 12-crown-4 (1.44 nL, 8.92 mmol) in DCM (20 nL) was cooled to -
78C. LIiHVDS (8.92 nL, 1 Msolution in THF) was slowy added via syringe
punp (4 muOhp12/WBdoer conpl ete addition, the reaction m epCus20a®22aé med to
r.t. and stirred for 16 h. The reaction m xture was quenched with H20 (30
m.). The bi phasic m xture was separated and the organic |ayers washed with
brine (2 kxawple ) separated, dried (MySO4), filtered and concentrat ed.
Puri ficaty f glica colum chromat ography (gradient elution i-hex
to 5% Et Oﬁgg?tﬁé/rl‘- %%%ggve the title conpound as a colourless oil (263 ng,
79 . (1R, 2R*, 3R*)-Et hyl-2- (1- et hyl - 1BPpyr azol - 4- y1)OBHOH

phenyl cycl opr opanecar boxylrat e (24b) [ 08215] Foll.-owm ng%hod F from conpound
23b (810 ny, 4.50 mol") and 6a (1.94rhyg, k. 50 NP, ification by flash
silica colum chromat ography (gradient 4elution i-hexsto 75% Et0Ac in i-hex)
gave the title conmpound as a colourless oil (493 ng, 41% 3:1 trans:cis).
LOVS ( ES+yansr2,3-Ninhenylcyclopropanecarboxylic acid (1)

1R*, 2R, t hy1+2- i 1 0l Q- R a t
(zac) Lo BT RE [ oT S5 RERNGIP Ty S (5t Syl E T S8 RABTRUTRINEF © 1

g, 8.43 muiphatelBe ng dd.28 onmwvhsn tstuéns (BRI at 78CC avab addexeithyt o stir at RT
for 17 h. Purificatjon by flash silica colupn chronmat ography (gradient

el ution idiAgxagelaisgd, B Biac Tilnl Mpxgrapiee + Raoltion Of p§ ¥eas a

| our | i od 2 0 26
(o o Sy £ T Mg Wa i fok 3y A1 MEdd cool o rfy and
phenyl cyctamenfratest &ramuyl afthe (e3ittie W 2AkenFad irki®ld (e nhlgdar fillevedconpound
23d (2.64.g, .11.3 | 6a (4,4 6. 1). Purification by, flash
oo caTlkitians wh sl aRfte @ AnttpwiecR T it cqinty SR RE Y
i - hex) gacg?al\ﬁ!:%ﬁtJréMib@ PERBRAMN Bthas t6 2B%, FHOARSH piitfold fR2tHE. FRUethCVE

ES+) 325
E 1R*? 2R+, aftel) in@mediate(wag: Hevr@issolgediimyleh 6 mi)) sindiaayegiuexd M- I6OH ) - 3-

phenyl cycl.ap lat Q02 Fal | owi h FAf e (946
o, 3 o2 OB P ARG SAh e B ST R P e e R RS BB E o T &
col uMm  chafdrdeOgE O BY uéAliasblanodn atidificdnuding @gueud 9% EOACTHardsuliy) gave
the title conmpound as a colourless oil (484 ng, 38% 4:1 trans:cis). LCMS
(ES+) 3590regipitatawps collected by filtration to give the title compound (62 mg, 5%) as a

(1S*, 2R \ﬁm% éaﬁdwl- 2- (8-chl oro-2, 3-di hydrobenzo[ b] [ 1, 4] di oxi n-6-y1)-3-(2-
fl uor ophenyl’) -cycl opr opanecar boxyl ate (24f) [00219] Fol |l owi ng nethod F from
23e (860 ingns-Bl-APdroxpid), 3-aliehedlyldytiopBopanechriddkamigk)(2) Puri fi cati on by fl ash
silica col umm_chr omat ogr.aph radient elution i-hex to 10% EtQAc in i-hex)
gave. s ho ODIPET Conprplithiag Metbthr Fagsasmpoumyrh (6 mabae Srmops dhe oi o)
LCVB ( ESH : ' ' [=153le Ve ;

(1s*, ZR*,%rﬁa%?nzé%g?\g%e Parléﬂbwyg?é)%ﬂgém%%?@cl opr(%%)ratnceI %r boxam de (25a)
[ 00220] Us(DigMride@bt] 141 ) ridre salnpoiuwals Beraoydd 0bvapuottotBfarddhe fit/euri fi cati on

o' ang Shobid PGS B BB LENS e H IR ST 1
9% . L . , - . . 6
ooy (VG B R A Ul id )| MR SQr RO 4 WSER,0

: . i X , i , .2
7.18 (3 HH, 9) 8.69 €BH1sH 786-1116 (§0 b1, k) ,3.09 11 Hu de0d = 618, B4 Hz),eggam(z H,
m, 1.50

: o'T 8 : -
(iR 2R 37 W arbhy P8 . A0 il 54 1A - .
phenyl cycEgampiecar boxam de (25b) [00221] Fol | owi ng nmethod A from 24b (493
ng, 1.83 mmol ). Purification by flash silica colum chromat ography
(gr adi entReaetienScheme d 59 MeOH in DOV and then preparative HPLC gave the
racem c mxture as a white solid (235 ng, 50%,Preparative chigabyHPLC
gave the titl mpound (Chi r k 1C30/70 :°? H

¢ c 3o A A,
x PR Ph O Ph O

3 4 5

(E)-(2-Cyclohexylvinyl)benzene (3)
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| PA/ MeOH (50/50/0.1% form c acid)/Heptane, 1.0 nL/mn, RT 10.3 mn). LCMS
(ES+) 258 (MtH)+, (ES-) 256 (MtH)-, RT 2.65 mn (Analytical nethod 1). 1H
NVR 6 (ppwi)(zﬁ)l\ﬁ@s@ﬁ): 10.50 (1 H, s), 8.63 (1 H s), 7.etT(b2H20%R167.34 (1
H s), 28713(5,rr),378(3Hs)286(1Hdd J =6.9, 5.3 Hz),
2.63 (1 H,_ dd

(1R*, 2R+, [9RAYBN wﬁ@ﬁﬁ@@@r@h@@@%ﬁ@d%41955918)@mb@rw£n@éawbbxam de

L2ve), LO0RazhmeaBaRbbatiahe (105, SOMPUIAIENUBTRATE (088 IR ). 1o, oo

in DCM amehol ami pealbdibmsacatiieG2d 3 \ag t OS5 tnbl. Jmmeaaaasmédi atv solid

9 5 2.52 thod 1 1H
(vaRrrg (p;ﬁﬁq g%@gj a”?é’ élto(cg)wljg)rst) dﬂ;t%wth%eé B@”%?Xﬁgc O, 8)72 (1
H, 7(1 H,
w310 TP EOR Py DI %5@@@?%959%@8&?%%9%8@?%,W'té.@%ﬁ%? 2 a7
(1 H dd, x50:ml9) ahd Brife k2 x .50 mL), separated, dried (MgSO,), filtered and

1R 2R, 3R 4 -N-h - 3-
|(ohenyl cyc %ﬁéf?é’? ﬁ%ﬂéd% %?Oﬁ(%l'ﬂ%o? ré(ﬂaﬁ%grﬁéﬁ{ﬁg’y%%ﬂa@f%t%npound
24d (652 b cdmpPdumamas cd?ékﬁﬁlés!sC@MZO:SD 65d3sh silica col um chromat ography
(gradient elution DCMto 5% MeOH i gave the racemc mxture as a

white sol (1R* (4203 RY;EByhe- cypho@payla’i -Phenylnyelaprogrneca@exyiatee(4)i t | e conpound

R .1 P TEws (Eos SRS S Rt soue BRe oS P ORa e 5) M
NIVR 67(59 (@MB@rdfﬁol) |ﬂaQarﬁ1¥/d(ohs|'DCﬁ/)4 (1(§m1§m(a% etdjde‘ii)ethgl %gz‘ﬂgfeﬁbteqogf = E73 29

7.2
Hz) 6. 80Nk, 64)6(mmq>l) imDCH @@? k) ﬂt a gate of Qaé rquJZhHAftﬁﬂ comp:Lets @fdmpm He) |

2.78 (1 1 Hz
(iR 2k aredfimprenas Sinftfor ot £ brficliof By sAsTstied colit E) e oy a-
phenyl cymmpwmogmpaybmdmrdeldtm@f /{Wﬁéﬂ%(ﬁtmmg-hm) gawzle e titten 24e (484

ng, 1.35 mol Pur i f| flash silica colum chromat ography
(gr adi entcwfa%‘l’%aﬁél\ﬁ %(14 A’érnd then preparative HPLC gave the

the race * dNé'x i raI HPLC
gave the 1(R FZ m}oungel Chi ?lal p E“ﬁ%‘ ‘5’25’4‘399 @%Dﬁe&/ 50 (lr)ﬁ"?%??or mc
acid)/ Hep[tOQHéB] 1 0 Iﬁd)J!qwmg nﬁathbtd Afmnmpommusd «Eﬁ@)mgﬂfﬁ /63180 M+H) +, RT

566 (1 HPOBfEatoh S nigBprtiife HPLC Bah¥he thBRELIRARE 49 witd g dfp)* )
7.21-7. 13 13%) rDOI\/lé (E%+? beb, (M:LH)J 258. E()m H?—?SRTGQ Z?GﬂmFdAné t.éa|~m8th?odHZ)
4.34-4.26 (4 H, 1 Hz) ;22(2Hm)

9.6, 6.8 $)'H uwﬁla((mpm)(wsojdea 90§1 @1, 8,76 (1A, S) 730 )
y1) - Ryl 1§20 SDFEEh i 0L 857859 b gty MM gt AePadeded W' rom

24t (472 my,1.3120000@H), nt)o yield a white glass (480 ny). Pur| fication by
preparative HPLC gave the the racem c product as a white glass (180 nyg,
39% . Preb% ?@ﬂ@/é chiral HPLC gave the title conpound (Chiral pak I A 50/50

Et OH (0. 1%%\&{ cﬁ%’rﬁééHept ane, 1.0 nL/mn). LCM5 (ES+) 364 (MtH)+, RT
3.60 mn ytical nmethod 1). 1H NVR 6 (ppm (DMSO-d6): 10.55 (1 H, s),
8.72 (1 H s), 7.38 (1 H t, J =7.6 Hz),[7\28-7R2Op{6aH, m, 7.13-7.05 (2
H m, 6.95(1 H d, J =R2_IBrHz)-—=¢. 80RI-H./d, EJ‘Z-E';; %sz) 4.36-4.24 (4 H,
n),293(1Hdd J = 6.9, 53Hz)272 1Hd‘HJ—93 6.9 Hz),

2.17(1 H dd, J = 9.4, 5.3 Hz). Exanple 9 eaction Scheme 9 R1,Br R CO2Et
26a-e CcbBenzyltetrahydrothiophenium bromide (6a)

[00179] To a stirred solution of benzyl bromide (27 mL, 227 mmol) in
acetone at r.t. was added tetrahydrothiophene (10.0 mL, 114 mmol). The
solution was stirred for 16 h and the resulting precipitate filtered and washed with
acetone (3 x 50 mL) and dried under air, to give the title compound as a white
solid (51.9 g, 88%).

1-(2-Fluorobenzyl)tetrahydrothiophenium bromide (6b)
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[00180] 2-Fluorobenzyl bromide (8 g, 42.3 mmol) was added to
tetrahydrothiophene (25 mL, 284 mmol) and the mixture was stirred for 17 h. The
resulting precipitate was collected by vacuum filtration and then slurried in Et,O
for 1 h before collecting by vacuum filtration, to give the title compound as a white
solid (7.7 g, 66%).

1-(4-Fluorobenzyl)tetrahydrothiophenium bromide (6c)

[00181] To a stirred solution of 4-fluorobenzyl bromide (4.0 g, 21.1 mmol) in
acetone (30 mL) was added tetrahydrothiophene (1.8 mL, 21.1 mmol) and the
mixture was stirred for 17 h. The resulting precipitate was filtered to give the fitle
compound as a white solid (160 mg, 3%).

Example 4

Reaction Scheme 4

CO,Et CO,Et
NO, NO2 NO, A NH, R
X CO,EL b B c .
@O _3> @/\/ 2 o, @A ‘oh ° @A "o
7 8 9
d e
CONHOH CO,Et
R A R A
(jA.,,Ph ‘ @A,,,Ph
_—
R = OiPr, 11a R = OiPr, 10a
R=F,11b R =F, 10b

(E)-Ethyl-3-(2-nitrophenyl)acrylate (7)

[00182] Following method C from 2-nitrobenzaldehyde (5.0 g, 34.2 mmol).
Purification by flash silica column chromatography (gradient elution i-hex to 50%
DCM in i-hex) gave the title compound as a white solid (2.9 g, 38%).
(1R*,2R*,3R*)-Ethyl-2-(2-nitrophenyl)-3-phenylcyclopropanecarboxylate (8)
[00183] To a stirred solution of 7 (2.90 g, 13.1 mmol) in anhydrous
DCM/THF (75 mL/30 mL) was added sulfonium salt 6a (5.10 g, 19.7 mmol) and
the mixture was cooled to -78°C. LIHMDS (26.2 mL, 1 M solution in THF) was
slowly added via syringe pump (1 mL/min). After complete addition, the mixture
was warmed to r.t., stirred for 16 h, quenched with water (50 mL) and extracted
into DCM (2 x 100 mL). The combined organic layers were washed with water (2
x 250 mL) and brine (100 mL). The biphasic mixture was separated and the
organic layer was dried (MgSQ,), fitered and concentrated. Purification by flash
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silica column chromatography (gradient elution i-hex to 10% EtOAc in i-hex) gave
the title compound as a yellow oil (2.10 g, 51%).
(1R*,2R*,3R*)-Ethyl-2-(2-aminophenyl)-3-phenylcyclopropanecarboxylate (9)
[00184] A solution of 8 (2.10 g, 6.75 mmol) and 10% Pd/C (200 mg) in
MeOH (75 mL) was stirred at r.t. under H, (1 atmosphere), for 17 h. The mixture
was filtered through Celite and purified by flash silica column chromatography
(gradient elution i-hex to 20% EtOAc in i-hex) to give the title compound as a red
oil (1.55 g, 82%). LCMS (ES+) 282 (M+H)".
(1R*,2R*,3R*)-Ethyl-2-(2-isopropoxyphenyl)-3-phenylcyclopropanecarboxylate
(10a)

[00185] To a stirred solution of compound 9 (500 mg, 1.78 mmol) in water
(10 mL) was added concentrated H2SO4 (0.85 mL) and NaNO; (184 mg, 2.67
mmol). The reaction mixture was stirred at 0°C for 1 h, then poured into boiling
water (20 mL) and stirred for 30 min. The solution was allowed to cool to r.t. and
extracted into DCM (3 x 20 mL). The combined organic layers were washed with
brine (20 mL), dried (MgSQO.) and concentrated. The resulting red oil was
dissolved in DMF (5 mL) and 2-bromopropane (0.17 mL, 1.77 mmol) and cesium
carbonate (434 mg, 1.34 mmol) were added. The mixture was stirred at 80°C for
16 h, then diluted with water (20 mL) and extracted into DCM (2 x 30 mL). The
combined organic layers were washed with water (20 mL) and brine (20 mL),
dried (MgSQy,), filtered and concentrated. Purification by flash silica column
chromatography (gradient elution i-hex to 5% EtOAc in i-hex) gave the fitle
compound as a colourless oil (125 mg, 44%). LCMS (ES+) 325 (M+H)".
(1R*,2R*,3R*)-Ethyl-2-(2-fluorophenyl)-3-phenylcyclopropanecarboxylate (10b)
[00186] A solution of nitrosonium tetrafluoroborate (125 mg, 1.07 mmol) and
[bmim][PFg] (1.8 mL) was cooled to 0°C. Compound 9 (300 mg, 1.07 mmol)
was added and the mixture was stirred for 30 min at 0°C, and 17 h atr.t. The
mixture was then heated to 100°C for 2 h (gas evolution observed) and cooled to
r.t. DIPEA (0.18 mL, 1.07 mmol) and Et,O (10 mL) were added. The organic layer
was decanted from the ionic liquid and this process repeated twice more. The
combined organic layers were concentrated and purified by flash silica column
chromatography (gradient elution i-hex to 5% EtOAc in i-hex) to give the title
compound as a colourless oil (135 mg, 45%). LCMS (ES+) 285 (M+H)".
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(BE)-Ethyl 3-(pyridazin-4-yl)acrylate (26a) [00226] Fol | owi ng nethod E from

4- br onopyri dazi ne (500 ng, 3.14 mmol ). Purification by flash silica colum
chr omat ogwephiz/(groadi ent el ution i-hex to Et0Ac) gave t lreTtustéie/oezmpound as
a colourless oil (94 mg, 17% . LCMS (ES+) 179 (M+H) +.

(B)-Ethyl -3-(2-cycl opropyl pyridin-4-yl)acryl ate (26b) [00227] Fol | owi ng

met hod D (WAL SR BI e dar BRRIOPEYYRRATO-31. 00 g, 5.05 mmol) .

Purificatj ' romat ogr aphy (gradi ent elution i-hex
to 10% Et%&é&ﬁ%cﬁﬁé%ﬁ%ég&g&fﬁad#@ﬂépcorrpound as a white solid (530 ng,

?E)% - hC:\{IB?(,)(I E;]F)Z 2_1If80|(d\Mh@ fnetho((jj ?frogn gpmpoimg 10|a)(125 mg, 0.39 mmol).
- Et -3-(2,2-di f] uor gbenzo : i oxol-5- crylate c
[ 00228] %o*f’%f&ﬁaﬁ'enrd%/tdﬁﬁg‘ %l'jcfar QRIL@‘J”b?]FH 1250graghy (St s paqféé?/bﬁoo@%xm e

(2.00 9. fhebh NBCM) g2l thbGe! iiniurld &5 viite %gg(gbgﬂg, SHY,9MRERES aphy

(gradient elution i-hex . 9% Et'OAC 1 n I -hex) titfe conpound as

a white s@Sig J12 G2+id)+, 16S). 310008-H)ESRT 324617 minAhalytical method 1). 'H
E)-Ethyl -3-(6-(tri I i din- 3-yl I 2

Eoézzg] Lo Mﬁép@m&&?ﬁ% @P%;I LT @/'F'? d r\érﬁ@éy?%%?i"&i hd (1.0 g,

4.42 I b ' I .y I i ent

ei uti on i 1A DG ERGAD N TIZRT LER. AP 8T ST T ARl A (i T

solid (704, septef99 6.0) CBRI((EFH)t, 3466 4NAt1)) 2.81 (1 H, dd, J = 9.2, 7.3 Hz), 2.02

[ 00230] Fol | b rikoRd b s vt 40%s Bitblgh X GBPOBSIhy 1) yr i i ne (1.0 g.
(1R*,2R*,3R*)-2-(2-Fluorophenyl)-N-hydroxy-3-phenylcyclopropanecarboxamide
(11b)

[00188] Following method A from compound 10b (130 mg, 0.46 mmol).
Purification by flash silica column chromatography (gradient elution DCM to 1%
MeOH in DCM) gave the title compound as a white solid (18 mg, 14%). LCMS
(ES+) 272 (M+H)+, (ES-) 270 (M-H)-, RT 3.02 min (Analytical method 1). 'H
NMR & (ppm)(DMSO-dg): 10.60 (1 H, s), 8.74 (1 H, s), 7.34-7.14 (9 H, m), 3.17
(1H,dd,J=7.0,5.6 Hz),2.86 (1 H,dd, J=9.5,7.0Hz), 2.25 (1 H, dd, J = 9.5,
5.4Hz).

Example 5

Reaction Scheme 5

CO,Et CONHOH

F A F
O IO OO
‘" - 'y
12 13

(1S*,2R*,3R*)-Ethyl-2-(2-fluorophenyl)-3-phenylcyclopropanecarboxylate (12)
[00189] A mixture of sulfonium salt 6b (500 mg, 1.80 mmol), ethyl
cinnamate (0.20 mL, 1.20 mmol) and 12-crown-4 (0.19 mL, 1.20 mmol) in DCM
(10 mL) was cooled to -78°C. LiIHMDS (2.41 mL, 1 M solution in THF) was slowly
added via syringe pump (2 mL/h). After complete addition, the mixture was
warmed to r.t. and stirred for 16 h. The reaction mixture was quenched with H,O
(30 mL). The biphasic mixture was separated and the organic layers were
washed with brine (2 x 30 mL), dried (MgSQ,), filtered and concentrated.
Purification by flash silica column chromatography (gradient elution i-hex to 50%
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4.42 mmol ). Purification by flash silica colum chromat ography (gradi ent
elution i-hex to 15% Et0OAc in i-hex) gave the title conmpound as a white

solid (1080mrg12/0%90s LCVS (ES+) 246 (M+H) + PCT/US2012/022216
(1R*, 2R*, 3R*) - Et hy1- 2- pheny1- 3- (pyri dazi n- 4- yI )cycl opropanecar boxyl at e
(27a) [00 31] Fol | owi ng nethod F from 26a (94 | ) and 6a. As the

reaction ¢ ﬁb/dm)egayeatheélﬂepompqwg &Se&@pl%lﬁe%@'éﬂ)%q’ 81,8 %R0C and

addi tion iumsalt, 12-crown-4 and Li HVDS (0.5 eq each)
wer e dgi‘e%lﬂ@{géﬂ casfﬁ\g y flash silica col urm chromat ogr aphy (gradi ent

el ution i85 R93AE)EAQ-Farephdreyl - NtH el roorp qineny by clopoapanachessxaonitle (45 ny,
32% . LCNéﬁsESﬂ 269 (MH) +.

(1R*, 2R* ) - Et hyl- 2- (2-cycl opropyl pyri di n-4-y1) - 3-

phenyl cyc anec 7 r?h%bﬁ t om conmpound
26b (530 '198“921’ %'W%%%Q%P&W%%u ot @\11 0,11G; 089 rhmlcho™

chr onat ogIPamm;atlpgrbamﬂ&shTtsiMaJcolomnn| GhrernatagrapPbry (‘glmlcerit elutiondRCMyevE%t he

b (very BeLHE RS R br TR SrtodEiEe Bl 1B Gl Saf sl eak™® (557
f 1 uor ophemg )yl WHWQES?MEMZ@E FQ'??*P% hﬁ@?ﬁﬁél?@éél%tﬂ@dm‘;t hgd F from

26b (130 0. 60 Mo 90 mmol Purification by flash
silica coNn&&5dhpmr)@M Pagdly 10 §Pdditbm §l7@t(|1dTh $), Rehe-180248d.EnDAc18n i - hex)

gave Lhe 1 bbi8 SROLDS! (R, BCT-YB! 85HS) b AAEPHTB, J183% 5 hsPa%s' o)
(1R*, 2R*, AR) d&thy B.2-3.3H)cl opropyl pyri di n-4-y1) - 3- (4-

fl uorophenyl )c¥cl opr opanecar boxyl ate (27d) [00234] Fol | owi ng net hod F from
26b (481 R¥ampled nmol) and 6c (921 ny, 3.32 mml). Purification by flash
silica cof 'SV aphy (gradient elution i-hex to 25% EtOAc in i-hex)
gave the tlg?t&(?orrpom%%as a colourless oil (510 ng, 71% 4:1 trans:cis).
LCVMS (ES+) 326 (MHH) + CO,R CONHOH

(1R*, 2R*, 3R*) - E§Q 1-2 (&5 R-di Bl uorobenzg[d] [ 1, 3]di OXé)l 5-y4) - 3-

phenyl cycl opr opgegar boxyl ate (27 ng | 'ow ng od™ om conpound
26c (1.62 g, 6.3 | ) and 6a (2.46~g, 9. nol ) . fica by flash
silica colum ciy ommt qey aphy (gradi,gnk-@l wai on i-hex tozﬁ%.dgt OAc in i-hex)

gave the titl e ssompcting as a col oupBeBsEQi% (400 ny, @%HgQCIVS (ES+) 347
(MrH) + (1R*, 2R*, 3R*) - Et hy1- 2- pheny1® 3 {6 {¥ri f | uor onet hyFy pyri di n- 3-
yl)cycl opropanecar boxyl ate (27f) [00236! Fol | owi ng nmet hod F from conpound
26d (700 ng, 2.86 nmol) and 6a (1.11 g,"4.29 mmol ). The reaction was
inconplete after 2 h. The reaction was ggaled to 0C and a%pdpnal 1

equi val ent of sulfoniumsalt, 12-crown-a and Li HMDS wer e and the
m xture was stirred at r.t. for LN |cat|om/|e |I|ca
col um chr omat ogr aphy (gradi ent el bt/l,on i to 5% Ht OAc |n hex) gave

the title conpound as a col ourl ess 0il (7 2:1 trans S, 65% . LCMS
(ESt) 322 (MrH) + 2-Me, R=Et, 17a 2Me, 18a
(1R*, 2R*, 3R*) - Et hy1- 2- pheny1- 3- (zﬂwrﬁm@momt hyl ) pyri Gme-1a-

yI) eyel opiRaRee Rt DX dmabheliatylate (14a)
[00191] Following method C from 2-bromobenzaldehyde (4.66 g, 25.2
mmol). Purification by flash silica column chromatography (gradient elution i-hex

'U

to i-hex:DCM, 5:2) gave the title compound as a colourless oil (2.52 g, 39%).
LCMS (ES+) 255, 257 (M+H)".
(E)-Ethyl-3-(3-bromophenyl)acrylate (14b)
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[ 00237] Fol | owi ng met hod F from conpound 26e (100 ng, 0.41 mml) and 6a (159
nmg, 0.61 nmmol). Purification by flash silica colum chromat ography

(gr adi entwel2ot2/108008- hex to 10% Et OAc in i-hex) gave thePpCituseoicorpoand as a
colourless oil (130 ng, 2:1 trans : cis, 100%. LCM5 (ES+) 322 (M+H) +

1R*, 2R*, 3 Hydr oxy- 2- pheny1- ri dazi n-4-yl)cycl opr opanecar boxam de
(250} T 0NDOADED | Mk oliowies Resthkd @ﬁ&%@%@oﬂ yo@h%e«rﬁ%g?fs AU at | on

by flash 4% MeOH

Do and FaficeRich Hy Rl dg%a?ﬂé"{ﬁ?éff%bcgﬁ% gt QLSRR 8 E T 5

my, 21°)/109x:DOBNB :( EGae REstildVbdinpourt ag .06l oinessAoibl 78 lg(;EB"/d)EﬂJ@Md saa) éH4

NI\/R6 9 (1H s), 934 (1 H s), 9.15 (1'H, d, J = 5.
8(81('%1[;'\/5553% )71“/%*%)5 6(1 (1 H, )r‘r) 7. 4(() 7.30 %4 H, r‘r)( 7.27-7.24 (1 H

(11 H3 33 ((13? téR*dSiR*)JEthyﬁz%z Pothodhenyi$3lchdnyidicidfopanecafodiylsteI158) -

(1R, 2R, 3@0293]2 q/cAcnmlxtu{nglopyuifmlnmsqmﬁa . 59@ 6:88 Bvmol) and cmnamate

Db {350 1 (R08'S” A e BE T HE15, 8 S v RBIPER UinC c idHES gr aphy
(gradi ent(7e$4Jh1L0n I@@Uldt@rﬁ%mbéls%aaéé@ vtéﬂ%rrr@@e;mrﬁ mxﬁyh? as a

white solid (60 ng, 19% . Preparativ iral HPL ave the title conpound
( Chi r al pakfterc@oplete agtiorothe(BoiWBe/MESIWAGNEE &0 &b ayr/rﬁéfnra%eh amdo L/ mi n,

(Anal vt 1 ek BRI (30 s s B il A eperpiedprd 8 § r

(1
s), 8.32 éduddusﬁ;orﬂo&rée&trb@tbd \Ftﬁ’:l?)dl\ﬂ((kd)rrm Jl'he JorﬁblHé&i ortjaraéiﬂy (2 H
n),725(2H, -82Hzg 7.07 = 5.2, 7 Hz 3.10(1 H,
dd, J = ewere waéhletth@g((Ldrde@nd rtaeg(5@ mle) pepafated, cimed( #50ad, J =
9.7, 5. 6

(1S 2R, 3 e?% &?/Cgl%gg'rz%%)% pyri rcagﬁr?%g_( a%ﬁ(sg%ﬁ:égg%%ﬁgﬁ%l?toﬁﬁ?ﬂ} oxycycl opr
opanecar b((gxamedeeloﬂm) -h#Ot@ Q5% E@@@Sﬁ@ﬂe&lﬁ@ﬁﬂéﬂ(&ﬂ%ﬁo@ﬁ@ﬂﬂ@bﬁd | owi ng

T o oAb arEs 8028 LTRSS b nebtME by ave the racent o
XU e 36 Rl RO G1-00b ok BBy 35 Heny a@%r@éér\’&:a‘?&b%te"(‘%@%gave

the title corrpound (Chiral'pak 1 C 40/ 1 form c acld)/heptahes
rrL/ m n, H00993] mi n)A nigivee pEwa‘orﬁum gan6d (2. 192@ 8. iBmmal) @M@Irylalm&te met hod

D 1M D00 87 PR o B8R g epdinl et el ol 1
?)1’ H3 83 rﬁ‘i]: hz‘leédlutlén-rn fﬂ-jﬁ) vﬁa@sllﬂ/)y a@ctl&ﬁvﬂeﬂs)ﬂrlngé(bum]p f6 H}LZh) 6AferHz) . 2.36

(1R 2R 3R)ompleize eﬁ@l l@lp,rtbgymwedvas wagmed %o (h, slirgeqt 8}5h1éhlgv ﬁpd W%QQcycl opr

ol ) PP R SGY TREBIPESR, R ARE ScRorafd BOF A Sor g PlRt "or it on

DCM t o 5%/&/@%‘1eb<t‘raa@MW|gaD€M i(lao mlqemh@ cmwﬁimédao@@nm bitscews @ wastidalts ny,
309 . Preparative chir % the title conmpound (Chiral pak | C 20/ 80
| PA/ MeOH Visomagero(d @%‘hbarﬁﬁi @rlae é‘?mlle) P"aﬁ‘é (M93@4Mﬂh$r@p| apg cescentratey. Love

ES 3 59
Eppﬁg(mépo&“@‘%@@”ﬁ e o Ha eRargBhy Rt atflen, DR 19 5% _ ¢
, 7. 40E(CAdIn dukx)bave8hd fitle .compmundia?d cObuHess pil (I5A g, 25%).t, J 8.8
7.07 +/ Hz 3.07 (1 H dd, J = 6.8, 54HZ,2.99
(1H dd '—é"lﬂs %cg%‘[]%ﬁf\?)(h 2(1)H dd, 5—96 5.4 Hz), 2.14- 2)06(1
RDR23 R4 -Weti 2-(4-bromo 3- phenylcl:sycloproREnecarboxylate (15¢)

h
(1R 2R 3R @ 2-(2,2-Difluor obenzo[dp en)é»])dl oxoT dr oxy- 3
phenyl cycﬂ%ﬂ%baneo&ﬂhﬂ&t@@nﬁﬂeulﬂ’%em gasiobal £3.881g, d\'&th@mmﬂ aod (8)-fedhyl Sanpound

27 4oo 1,17 P t il | h t h
Car ad ont Ceraashelifiptraisia i 6P Dafob i B o0 b i Redig or o 2ae
white sol T@Pd and srwa fré%led WHERAMIADS e L hinflal1 MRdktasve THE) Wi bgrirgarpound

(Cnhiral pak 1 C 20/80 1PA/ MeOH (50/50/ 0. 1% form c aci d)/ Heptane, 1.5 nL/m n,
RT 6.3 mi PYmpLERE/ESAftengamplaiepaditiam, thegixiirg waswymed 40 e shived 1) 1H

NVR 6 (p ( (4 H m,
7.31 (2 ﬁ@rQQ‘Vﬁ%é@aﬂf[%zn)‘éﬁeé)@@ '?5%5@7[3 %%'Qﬁéi'chﬁﬁ(rgd‘%% J=6.8 5.4
Hz), 2. 92sdplarbtedihd theorBahic 18yé&r wlghed?with btibek2 xd80 mL)=dPedB(M§SD4)iz) -

(1R, 2R, 3R) - N- Hydr oxy- 2- phenyl - 3-(6- (trifl uoronet hyl) pyri di n- 3-

yl ) cycl opr opanecar boxam de (28f) [00243] Fol |l owi ng nmethod A from conpound
27f (720 ng, 2.24 mmol ). Purification by flash silica colum chromatography

(gradient elution DCMto 5% MeOH in DCR§ fol |l owed by preparative HPLC, gave
the racemic mxture as a white solid (83 ng, 11% . Preparative chiral HPLC
gave the title conmpound (Chiral pak 1C 20/80 | PA/ MeOH (50/50/0.1 formc

acid)/ heptane, 1.0 nL/mn, RT 14 5 mn) LCIVB (ES+) 323 (NH—|)+ RT 8.60 mn
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(1R 2R, 3R) - N- Hydr oxy- 2- phenyl - 3- (2-(tri fl uoronet hyl ) pyri di n- 4-

yl ) cycl opr opanecar boxam de (28g) [00244] Fol |l owi ng nethod A from conpound
279 (130 wo,202/300smol ). Purification by flash silica cecuros2aboerzas ogr aphy
(gradient elution DCMto 5% MeOH in DCM foI I ovved by preparative HPLC, gave
t he racemc m xture as a white solid 8% . Preparative chiral HPLC

gave the and FRNGasRieGhd (J@ﬂ«pataqnp@kﬂ%b lesb@eolupwm;rema(tw/agbmgr@dﬁntm c

ol vt SRR el B EoATh o Bl PR gl g el Bl 00 1

§) 408(;1H(600hmgg20%) =LEMS kE3+) 3493471 (MrH¥) , 7.70 (1 ? 2(; J > 5.1 HZ)

3' 35 (1H, (%ﬁ% 21% 3Ry- ?i?(f%)ramﬂ@genﬁﬂgwrﬂxy&doh%wlcy@?@m@a@qaz >$az’n59 (1 H
J = ng_ %5 4 Hz). Exanple 10 Reaction Schenme 10 OH CO NH OHCO2Et 1

80 4-Bro (hydroxynethyl )-N-(2,2,2-trifluoroethyl)benzam de (29)
[ 00245] To[08186] r r edFaliesyirg shethod A somnéamponrtd | 80 thy, 0S3BONIYI).39. 8 Mol )

'DCES..tO dd 2.2-trifl t hyl ).
Thi s s BETTREBN TSNS oMo B sP By iR Ao REM R 30 &
mol ) i n eROHH DTN, t@ﬁpéi&%@ehﬁ%@ﬁéPE&@@é@ﬁdd&% MTM@OH X w)"ga\y@s
quenched with iced water (100 nL) and stirred DCM (50 was

added andhetlergompewndas af\/i/hlteefi%Cd@ (BRrroagd3%i).| LEMS ﬁ§+b3§%rﬁ?¢4 (I\Ayldbs wer e

i o Do 15 i) (Ve RO B AT AR RO Bl LLT ARG BRESIGIISTT | 1o oo

and concedy)r #0.6% (1 H,%)v8 731 H fs)whisbe199] ddtl.J eree ,CIr26H) N7 ¥4 ur 83 (2H 9)
cont ai ni ng_-50% resi dual 5- bronopht hal i de was %Isessed to the next step.

LCVS ( ES+')‘)37l§0 312 (% M+H))+357—8Eir1o|ﬁodcé-\{ 2,.529.48. BH)I 2 ddthydd,iksoPmidi-1 n- 1- one

30 002 f 29 (2.2 g, 7.05 I d NWP (13 nL
|(n ZanLydrlf)}gi ﬂfloaﬁgj ?5 %6 C)added(l -Prlg\]/gCI . Li Clrm?lz). gnrrL, 14.(1 mml))

keepi ng t(&R*1HRHBRYE2H B Bremoph&owd)-NAhydroxgddpt eromcycRipropanecdrbexaraiiet i on
was stlrre% t SCfor 1 hand at r.t. for 1 h. The reaction was then cool ed
to 5C andl -tetranet hyphosphorodi am dic chloride (1.57 nL, 10.6

mol ) wasy o@qg?ﬂ drofﬁdﬂo?/\ﬁn m@th'b‘aaﬁtﬁdhﬁ‘c&r{ﬁﬁ%ﬁgofﬁﬁg%%sdo%éﬁﬁ{d hux for 2

days. The m xture was coo ed, quenched w aci W th
aqueous 1Pwifid@tioary feashr silicaechlumnociEomatograpky fgradient eTth@ndB@Nhioc5%ayer S

R N e RO SN N TR AT Y T
the titl G(EQWQ%S(N&I-W@' B80s332 cM(rir?) RT 3[8e nGif YABalyBER Théthowa. ugied in
the next Stelfé (ppm)(Dl\I/?ga d62)9140 5%9(1 IS s), 71 (1H,s), 750 (1H,s),7.44-7.40 (1

H, m),7.35-7.22 (6 H,m), 718 (1 H, t,J =7.2 Hz), 3.12 (1 H, dd, J = 6.8, 5.4 Hz),

2.88(1H,dd,J=96,6.8 Hz),2.23 (1 H,dd, J =9.6, 5.4 Hz).

(1R*,2R*,3R*)-2-(4-Bromophenyl)-N-hydroxy-3-phenylcyclopropanecarboxamide

(16¢)

[00198] Following method A from compound 15¢ (100 mg, 0.30 mmol).

The residue after work-up was passed through a PEAX cartridge (elution DCM-

MeOH, 1:1) to give the title compound as a white solid (34 mg, 34%). LCMS

(ES+) 332, 334 (M+H)+, 330, 332 (M-H)-. RT 3.30 min (Analytical method 1). 'H

NMR & (ppm)(DMSO-dg): 10.54 (1 H, s), 8.67 (1 H, s), 7.51-7.45 (2 H, m), 7.31-

718 (6 H,m), 7151 H,t,J=7.2 Hz),3.07 (1 H,dd, J =6.9, 5.4 Hz), 2.81 (1 H,

dd, J=9.6,6.9Hz),2.17 (1 H,dd, J = 9.6, 5.4 Hz).

(1R*,2R*,3R*)-Ethyl-2-phenyl-3-o0-tolylcyclopropanecarboxylate (17a)
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(E)-Ethyl 3-(1-o0x0-2-(2,2,2-trifluoroethyl)isoindolin-5-yl)acrylate (31)

[ 00247] A stirred m xture of 30 (2.96 g, 10.0 nmol ), ethyl acrylate (1.62
mL, 15. 0 woubj)21op@l adi um acetate (224 ng, 1.00 mol ), PCoASediRd212608 ny,
2.00 mol) and triethylamne (2.78 nmL, 20.0 mmol) in MCN (50 m.) was
degassed under_nitrogen for 15 mn and heated to 80C for h. An additi onal

anount of[084PPhdi un @eetisies sadptipmef 15a (P0wme) 9. 58P061Q|b'm)@0>(mwﬁf?r 2. 00
| d | d 80C
for n for Gher bt el @ided driindborif (TR, b ML ARTRPBARIR! FAE”, Sl oved

: n vacuo.0.068 mmeguaﬂﬁecmnpmlrbortatemém ey, mngm)aﬁdehﬁﬂtmedvaéwe ?r gani c
ayers were passed. throu ase separ concentra rification
by flash de9gssgdaitimiogd Pé%{)‘ga”f'%ﬁﬁ Rlegf’rt%ﬁlrb rBicRYaYe At ig'%ct g’rﬂ@% Et OAc
i n i -hex)gavend hexiukd WasGhenedng c%%l 59) P"h(ahg %%ﬁ‘ht'lcgwe(dlbgt\/\%n DOf &Fdide

material was used 1 n the next step. 314
(1R*, 2R*, BE® X1 &ntly @adh X Ihemgaq|(;Ia3mr§werefuassed)mrbygb1|asphamcﬂepanaibryl) 3-

h I I 48 F f 1(1.70
D Y L SRR PR ol 8 ROZUSIE h at TEL o P 911
col um chg|onsh REERRNB% BIGAE @rm-h@*)g:jd\/érthb tn/@Xc dnte & %@wume»ss reﬁ:lx) gave
the title conmpound as a white solid (340 ny). (ES+) 404 (M+H)

(1R 2R, 3R)14R-Pgd@@%y-- 2- ( 1- oxo- 2- (2, 2, 2- trlfluoroethyl)lsm ndol i n- 5- y1) 3-

pheny | oyl RSB HKRTI R (LRGSR BB TRICRER), Lo 2 (340
(gradi ent[oeR00] on Drd/atinky dddion of BBV200ehgt D58 rmmm inadibxandflatergave t he
racem c mxture as a white solid. Preparat|ve chiral HPLC gave the title

conpound @hi 3 Bl aves) asidss) trinathboraxine (&0 h 0-58ma)o h&si(BRBe): (87 0Gr/ i n,
R N e L S T SRS
Hz), 7.56dddasdedsyith mitrégel Iom 0 chin énd rfea(t)ed-lm) themidtowaveat tl15°C for7106 Hz) ,
i 2;, ) g 711%ymxtyr%m)a(sla"ﬂwe&do cglo iy ang %m&g@edzé@%eegﬂwd i 8
() - et 1 0 (12 loeat: Themutals fucks e posadh igacn fiiascaboarae 11
2012/ 1030a8Pcmddsraied. (Rrification by flash silica column chromatography (gradient

elution i-hex to 5% EtOAc in i-hex) gave the title compound as a colourless oil

(120 mg, 73%).

(1R*2R*,3R*)-Methyl-2-phenyl-3-p-tolylcyclopropanecarboxylate (17¢)

[00201] To a stirred solution of 15¢ (200 mg, 0.60 mmol) in dioxane/water

(9:1, 3 mL) was added trimethylboroxine (80 ul, 0.60 mmol), Pd(PPhs)4 (69 mg,

0.06 mmol) and cesium carbonate (585 mg, 1.80 mmol). The mixture was

degassed with nitrogen for 10 min and heated in the microwave at 115°C for 10

min. The mixture was allowed to cool to r.t. and partitioned between DCM and

H2O (15 mL each). The organic layers were passed through a phase separator

and concentrated. Purification by flash silica column chromatography (gradient

elution i-hex to 10% EtOAc in i-hex) gave the title compound as a colourless oil

(120 mg, 75%).

(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-o-tolylcyclopropanecarboxamide (18a)

[00202] Following method A from compound 17a. Purification by flash

silica column chromatography (gradient elution DCM to 5% MeOH in DCM), then

passage through a PEAX cartridge (DCM/MeOH, 1:1) gave the title compound as

68



[ 00250] Fol | ow ng met hod C from 3-brono-4-nitrobenzal dehyde (5 g, 21.7

nmmol ). Purification by flash silica colum chromatography (gradient el ution
i -hex to wO%E1004msi n i -hex) gave the title conpound (2PeTgiS2®ZMp2216 CVS
(ES+) 300, 302 (MtH+. (1 R* ,2R* ,3 R*)-

Et hyl - 2- (3- brono-4-ni trophenyl) - 3- phenyl cycl opr opanecar boxyl ate (35

00511 FOf NP AGT I AGHS 761 S SO TSR E O-54 Brmebns veedl on (4. 04

, 15.6 e [ ' L ftier \ShiAqri t I fior 72 h.
'?’he reac%kﬁo&%ﬁc%ﬁw Fg%%@ﬂg%ﬁ?g@ 29&4&10%5)’ ?'7re1q 1{-‘8‘61%&7&36%) |§|UI foni um
fsal té ﬁz-%r‘b@f;al-ﬁpl,d?.lzzf(m{sf t,\/\ﬁﬁej.laqué)ﬂ?alnd?.UO%rh”l,xh).)Be12N(stlrs]H$?dr‘ﬂgd?.al r.t.
or . Purificatio ash sili u chr t ogra radi ent

el ution i2Kel2k -7@/9@#0%@, ‘J n 91-4’I"7e§)|'f7§a§§4t(gg‘|’t9fr}t Eﬁc@ﬁﬂo&wé 3%- §/§| | ow oi |
(630 ng, @%)‘_)/0). LCMS (ES+) 390, 391 (MtH+ (1 R* ,2R* ,3

R*) - Et hyl - 2- (4- am no- 3- br onophenyl) - 3- phenyl cycl opr opanecar boxyl ate (36)

[ 00252] To(1&*sR 3 RHpNdlydroxpdepteenyb3{rB80lytayclopradaneoaroxamidefddo) (12 nl)

Focti on 03BF " LaEelyits Bndtiot afoy BREoRho WiB' ARt e was.
fi] tered diuabietibmantpapteriat Mlucheces) suaueas pADEM)icied

bet ween 1IN HCI and DCM Me e agueous Ia%er was extracted several tines

wi t h DCM ther@lecenmporet a3 gavhite $aligd(od Mmer 86 GdnbeMS fESH) 268 QHiftbhd, Rhe titl e

Eomorend &8 andia mebied BEokL R s3Bem RS HOn 10 S IEIRER at o

(37) [002@3]17%6(.52)4221&11 anJ ef7. s ¢y oprg (2H (1436 18, HA), 32070b)(5iH), M (10 )
was added DI PEA (0.23 ni, 1.31 nmml) and isobutyryl chloride (140 , 1.31
mol ). Tha0pdAdl.idh Jit &1%det Wad S17 (¥ &t dded ?9*63/6\/%["@}, %%%(%bkié&i,z-?ge

[ i spL h t d trated t fford th
Cehe conpaurat s o M L oNE (8 430, 432 (Mg (1 R\ 2R 3 RY)-
Et hyl - 2- (@-R*2F", SRY)- N hmivbxiy-Bxmnlyt-8-prig v By clpbrepph egarboramjien €k8xr) boxy| at e

5255 ot 102891 i HeSINinG YRETOBA oS CRIPOE Wegdaaairelion By0iasn.  Then
copper (1) ﬁéﬁ%ﬁﬁmﬁ:@ﬁoﬁ%to&gﬁg\/ @@Hkn%mt%ﬂqﬁéw%ﬁ%mﬁ}%bﬁﬂﬁtﬂ)@%m xture was

heat ed under m crowave irra ron at 140 C for 4 e reaction m xture
was di | utfetdowed yEiMiemithrorgh BEAecoatidge (TresDeM: Megait pgaenttheltitiene. The

ic | bi ned, dried, (MS f i ed.
PUPRT cat TP RS ePER PR Cff a1 0o et Kmiy 268 B 0EC RIFDET BHRL hex
to 10% Et itieal e i ORBOLEE): I
ol LCIVS@?EQ’-E;M%SO, S \(/HNmﬁw(rpbﬂ“) 06): €082 (1ok, SpBlogren A, ¥Rl | ow
(1R 2R, 3R -3R{BYtircbxy= Z-g Piz), 500 6dYI, behz g4 HaXa280-761¢ {§ Hzm), 3.04 (1 H,

5. (350 A BOOmaE) B itk ooy ALk PR TE i S B gt aphy
(gradi ent=0l8Jt5.4MACM t o 5% MeOH in DCM gave the racemc mixture as a tan

solid (126 ng, 36% . Preparative chiral HPLC gave the title conpound
( Chi r al pakxa®apled/ 80 EtOH (0. 1% formic)/heptane, 1.0 ni/nmin, RT 15.7 nin).

LOVB (ES 3.59 min (Analytical method 1). 1H NMR 6
(ppr ( DVEREAEYOR Hitibing 7, 2037 5 7 A v ool methed D

CO,Et CO,Et

— G (&
o OaN 19 HoN 20
l o

CONHOH CO,Et

B d b
'y - "y
2 0 T 2 0
V/H 22 VH 21

(1R*,2R*,3R*)-Ethyl-2-(4-nitrophenyl)-3-phenylcyclopropanecarboxylate (19)
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(1 H s), 7.66-7.64 (2 H m, 7.39 (2 H d, J =17.60 H), 7.35-7.29 (3 H,
m, 7.26- 7.20 (1 H nm, 3.36-3.23 (2 H m, 2.96 (1 H dd, J = 9.6, 6.9
Hz), 2.30w0kotd/108mg J = 9.6, 5.4 Hz), 1.42 (6 H d, J =péTASkmp/2BX@nple 12
Reacti on Schene 12 CO 2RlcO 2RlcO\IHO—I 3 Br R1 = Et, 15b 4-Br, Rl = M,

15¢ 3-Oxazole, Rl = 40a 4- Oxazol e 40b 3- Oxazol e, 41a
4- Oxazol 00205] A mleure of sulfoniam salt 6a (1 00 g, 3.76 mmol) and ethyl-4-

1R*, 2R*, b |
e (10a) TBOSEERRES foad e Phrpiot | QERM Ykt WS Recig il sl ot @
((jO t19 [rLblalEMDSr(ﬁIZIf)rgll_Pgig\ﬂéo%m?gm Flfg{F)Qva(ﬁsIUij added via syringe pump (1

i-tert- - -
3, 4,5, 6- tfé‘w Wloeﬁmk%tﬁﬂdsdzlp%%%wh'r e waggvarmpd © il %Hﬁﬁd)for k20874 600

ng, 4.35 %@éﬂ&n}gd%ﬂ@%@ 3BIrAL \. SPhd Biph8s S RAGH %M?@s%aﬁéﬂ mas degassed

With nitr 15 mn before healng at 11 The mxture was
cool ed anaiguidustlegenwah rédExraéedmiiin Ba mn&d viihehcaAitine@ oxgaBtic tyers The

Pur i 11 cat WO Bened AR Seater (2 887 and ERRIRATEG! ARy (MBI 8 GFon | - nex

to 25% Et(%ﬂbe'nﬂatedwﬁ&m%‘ﬂ@nt Iééhtéll@cac&ﬂ@ﬁﬁ\d%r@ﬁlaﬁ)g?rﬁbw(drﬁé@n@blutlbﬂg‘l ng,
100% . LCVMs (ESt+) 334 (MtH)+ (1R*, 2R*, 3R*) - Met hyl

2- (4- ( oxaztx B o)@t%wm)l-@@emglﬂa@/atlwmmuedaastﬂ)xgllqw@llUm)ynq 00257] A
t d +1.46 | | 0.19 niL, 2.42 1),
ISDdI(E)rAg) 2?%%51@9&%?%%%#??%% -tért- bum()Zl Z)iaé(i tel’l(l sopropyl- mol)
3,4, 5, 6- t @Rt BNt o plyeDy4- aZnMbbﬁé@yﬂpb%@n@@cl@ro;ﬁhnbft’érbﬁﬂyléte (#@P03( 604

ng, 4.38 muol pivalic aci was

degassed mo?ﬂ%ln t r oy SRlution ofy(omno%@fﬁ 6'8(96@& hg58aff“mpib'0 M@Q"h ML) The
m e s gk oI dhut i, PEMR0C R SR ORRER b0 (3 ¢ 30

m.). The organi ayers we asse ase separator and
concentr at erd_/rriﬂurrltf)i Cldte r@lacbtyn hirtsie sialsicomcentrated tolyiwratyetiow@iy(16§r adi ent

elutlonl-hex 25% Et OAC i veth i | e conpound as a
col our | es@goﬂ 081 &ﬁgwaéi*ﬂﬁ?g CI_@QE\/ e synthesis.

(1R 2R 3 _

ohenyl 6yc opropa%'g?g'?tﬁ‘gxa r$1f¢325;?é|69ﬂ>ro%a)rﬁb%lbmftsmmhQioﬁb*nenyl) -3

phenylcyclopropanecarboxylate (21)

[00207] To a stirred solution of compound 20 (165 mg, 0.59 mmol) in DCM
(5 mL) was added cyclopropylsulfonyl chloride (248 mg, 1.76 mmol) and
triethylamine (0.24 mL, 1.76 mmol). The mixture was stirred at r.t. for 16 h and
washed with water (10 mL). The organic layers were collected by phase
separator and concentrated. Purification by flash silica column chromatography
(gradient elution i-hex to 50% EtOAc in i-hex) gave the title compound as a pale
yellow solid (175 mg, 77%). LCMS (ES+) 386 (M+H)".
(1R*,2R*,3R*)-2-(4-(cyclopropanesulfonamido)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide (22)

[00208] Following method A from compound 21 (175 mg, 0.45 mmol). The
carboxylic acid was obtained as the major product. The mixture was acidified
with aqueous 1M HCI and extracted into EtOAc (3 x 10 mL). The organic layers
were combined, dried (MgSO,4) and concentrated. The sample was then
subjected to method B. Purification by preparative HPLC and passage through a
PEAX cartridge (DCM/MeOH, 1:1) gave the title compound as a white solid (15
mg, 8%). LCMS (ES+) 373 (M+H)+, RT 8.20 min (Analytical method 3). 'H NMR
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[ 00258] Fol | owi ng met hod A from conpound 40a (482 ny,

1.45

mol ) .

Purification by flash silica columm chromatography (gradient elution DCMto
5% MeOH iwoDReM)10gmse the racem c mxture as a white sol PdT(R3@20222160%) .

Pr epar at

(0.1 formc acid)/heptan

RT 2.82
6 (1
8 Hz

Hz) ,
.32 (1
(1R 2R 3
phenyl cy
40b. Pur
DCMto 5
299 . Pr

8.7
= 7.
7.2
2.3

EtOH (0.1 formic &id)/hepkand’

ive chiral

n® PRMAHEIMEOcal):

%HVPB@ d633-71

ESt) 321

 2H(

?ﬂ)?ﬂat Fdd o gUs/udp Atolh 1Py 587%(@91‘*&?)%6@2%?’11

&, 3Z 6.0 W), dd15(ll H, 6d.2) =8.8, 513)Hz)2098 @HH, Hd6.9Hz).9. 6,

dd, J_= 9.6,
XanAle B

CREAEROR SHh

i fication by

Sikat
% MeOH in

eparatiye ch| ral

oxy- 2- ( 4- (oxazol -

5.4 Hz).

HPL

5-yl) phenyl) - 3-
gam de (41b) [00259] Fol | owi ng net hod A from conpound
ash silica colum chromat ography (gradient elution
gave the racem c m xt @Etas a white C&NHQH* (88 ny

%¥e%t he t| t I/égfonpoun

m n)R1

d (Chir

6.

( ES+

HPLC gave the title corrpound (Chiral pak 1 C 40/ 60 EtOH
e L/
ﬂ@tﬁ%(d H)s), @@Wesx §p61%

(MeH) +,
1 H s),
H d, J
t, J =
9HZ),

| pak 1C 20/ 0/ 80

) 321

(MtH)-F, RT 2.77 min (Anal ytl,gg_l met hod 1) NMVR 6 (ppn')l_%(sD%E de) :

10.63(1 H s), 8.76 (1 H, s), .49(1 H s), 2?"'576 7.72 (3 7.47-7. 36
(4H m, 7.35-7.29 (2 H m, 7.25-7.20 (Tablet, 3.18 (1 H dd, J = 6.8,
5.4 Hz), 294 (1 H dd_J =06 68Hz) 230 (1H dd J=20986 4 Hz)
Exanpl e |13 ReadRion SchemR23 |ACB 8 OH N 15RMv. R2 Compoun
(1R*, 2R*,3R*) - 2-(4- (1H im dazol| - 1-yl) phesyl) - N-hydroxy 3-

phenyl cylcl opr opangcar boxamni de |(42) [00268] A st rr d | utlion of 15¢ (100
ng, 0.30 mol CuCl (3| nmpn0.03 mpwal ) and Kﬁo 0. 30ppRMoI )| i n 2YP
(0.1 nb)| was ssed with nitjrogen bef gt} o of acetyl acetone (7 pl,
0.075 mpl) and imidazole (26 ng, 0.39 nibl). he m xture was stirrled at
130C for| 17 h, coqled to r.t. | diluted with DR and washed with 1 M NaHCCB
(2 x 20 mL). gani ¢ | ayers were pagsed ﬂtr o@ phase separatjor and
concentriat ed W180 nmg). ThePRrude rial|wa ed iin THEAMeOH (1:2Pe 3
m.) and hydro>y'§'/l amne (0.1 nlL,| 50% aque sol Gt i on, 1.51 mmol) and

pot assi um hydr oxi de (67|nmg, 1.20 mmol) fe added® The milxture was |stirred
at r.t. for 2 h. ,neutralized wth 1 M HEl an(c]ioextra {ed |nto OAc. The
organi c | ayer s "‘e concentratied and t he s(u i 8sol v in pyrliidine (1
m). To this E«Ol tion was Rldded hyabcoxyl né&_h hl or i de 0. 2%f
mmol ), BOP (8 NE, 0.20|mml) fand triethylanm e (§2 pl, Q.59 ). The

m xture was stirred at f.t. for 2 h, corngentratedcCand partitioned bet ween
DCM and H2O—The orgamni ¢ tayers were 1sof at ed by phase separator and

concentrated. Purification by preparative HPLC gave the racem c m xture as

a white s(cEl)iethwmcwopéﬁty)ddaylateema)st eps) .

m n (Ana
H, s)
d, J
H m
2.24
5 (4-Bro

. 113 no
0 037 no
sol ution

’:8
3.

net hod

| 5;}

1

e ns el

1 0E) lEth?VEJ(ﬂI%&HYILﬂHIdyréﬁ)I@ZQQadFM)at@Pﬂb )t

15 mn before a so

was stirred

H, SIfollo;vw

for

LCMS (ES+) 32

0 (MtH) +,

8 (1 H

under n

he neqthnd Q)froﬁg C%gpemﬁneggrba'd%@dg (P09, o4
r%;r\??? PJH@‘%U@% Hjﬂéjs;h S.hl oI@mHzc?hr%r%a@ épl%flgérggfént gbtlon /%%x7 16 (2

’( 1 Ho 5id,-hex:boVy gaﬁe:%hemle cémwhd abda Belaatiess ob¢h oy, 58%).
opyl oxazole (43) [00261] Triflic acid (18 6 i,
se to a solution of thalliumacetate (14.37 g,
The

ution of 4- bronpacet ophenone

i trogen.

RT 2.24
8.71 (1
(2 H,

in cycI opl09 g 0hi t r i Fellqwing method@ fepma ddnatiy!-{ hepweralerbealkeideygieed to 90C

for
taken up

(Rt Sha ) eSS AR el

i due

er.

was

The

organic |@Y@d|§nt/\@|030|$$héf<@c§ EOAd) gavk (HDABBImpbihd as edyalot sipEdhgated to

give a d
(gradien
pal e yel
(E) - Et hy

ark re

"o8tns LeRig (Bok

i

op

|Z1|r95

APPShigtitRe

ro

urification by flash sil | ca colum chromat ogr aphy

) 1@ 49t 0Ac in i-hex) gave the title conpound as a
ES+) 264, 266 (MHH)+
| ) phenyl ) acryl ate (44)

[ 00262] cqmpaun]j 43 Ecﬂlcﬂ\ﬂngméihomclfbom evhiylidiaenytabaldedyde 2 g, 19.5 mol ),

Pd( GAc) 2
triethyl
for

w th wat

(337 1y

i) Pausicatondy tas

15 min before heating the m xture to 8OCfor
was concentrated and the brown residue was taken up in DCM (150 ni),
separated, dried (My2S™), 7tfiltered and concentrated to give a

er,

ri-ort

§|I|qanc

0- to'%gﬁm_

shlne 915

9rReh%

i%@&éﬁg‘é’ @HJ?{W%%? trogen
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[ 00263] Fol | owi ng method F from conpound 44 (360 ng, 1.27 nmmol) and 6a (494
nmg, 1.91 nmmol ). Purification by flash silica colum chromat ography
(gr adi entwel2ot2/108008- hex to 25% Et OAc in i-hex) gave thePpCirtiseoicorpoand as a
col ourl ess oil (300 ng, 7:2, trans:cis, 63%. LCMS (ES+) 374 (M FH) +

cl opropyl oxazol - 5-yl ) phenyl) - N- hy

(1R 2R 3R - 2 faés@dq'
phenyl cyc hudexIDake thrslitle GG'ZIQQ]JF@SIGFS@AW{@U%%‘Q%@H{ZA% BofRf%npound

45 (300 f flash | | h t h
Cor st ent '%Sﬂ%bmgg%wéﬁﬁ’i%@m Gave the racem o mixture as e
\(A/nclh te isol (53- Etﬁ@lgils-r% ,3-dl B9drogelza?l[a][aMl]diexm(lﬁjﬂ;)-}yﬁ)hcriyﬂ%ﬁél(m)e Eﬂrjle titl eRT C(i)gpgund
ira or i ept ane mn
mn). % E%ﬁ) SGE(EEQWPé metbeg %(:Mjltbyd ZQ[é[ﬂ WPY%QT ytical
h d1 H, 7.65 (2
met hod )carégd@N?déxlé@gfq (1@'\@9@&)7@1@@&&71?%&1&) %uéaééléﬁlﬂqz Hs)t, 165 (7 2,

Hz) ‘7. 23¢fﬂromatogra@hy(grazileﬂz)ejut@n]j?he(ﬂtol-ﬂj%c&tOAb in i4eX) gevd thzlitle 2. 92 (1 H,
dd, J = 28 dd = 4 , .23-2.17 (1 H, ,
19571 osedmpbugy 68 % witd Soflel @4 § 3%&%&% (VA LV Eoe AL
CONECRNEGRIE (6o S 228t Ay Coly frcfaicaogny| oxazol

yl) phenyl cyclopropanecarboxylate ound 40 0. 23
mol ), pi Qﬂl 8l aci dF¢linwing method G'rfiﬂn)l 8- Qitb@r@s B y&ebenzeld Médlomeng

) ana. e AR DSl o ey e BellemBR oot ReR B en”

three ti nmthePd(JﬁHP@)t%n( 4 oS (€93} 2ogmRl) (RReH)br onpbenzene (54 ng, 0.34
nol ) were then added and the m xture was heated to 110C overni ght. The

reacti on X4 SRAFBYL-CYCIorRENY-SRhanYiGyClepsorangaadpoxyiata($4ahd ext ract ed

\émoag/ %38{8@%&4} USZBA@%@%?%%?( %%g&ﬂ?rﬁo ﬁé‘(ﬁé emgaaxgnce(%‘lt r'a? ed.

Puri fi catmarolpgnd Hasdnowni4 (lad4 oilyrén9Z o iroBCAH 30 (dr)adhsecdoled td on i - hex
0 - : .
L0, 50% g};@ 'S(:,H- MG PR 11 soltoR S TRSRSh SRy SSHGY LS nge! (22 ™
(1R, 2R*, Nn#&/ﬂgoAﬁe?B@r‘ﬂgl@fé 28 (tlﬂ)n(?w %Eﬁl&r‘i’mﬂ%}e Was w?_lrmed tor.
d 8)" [ 00266] Fo

yl )phenyl cycl opr opanecar 4 oW ng mnet rom
conpound amd sthpedripr 1® |®6Thatreaactid?umlﬁumawasqubycmﬂ(bwahéﬂz@&ﬂ—lmo: dhee t he

titl d as. whi t | id S 7 : RT
4, 00" m n RRHAT T W asbers o etk by e wilh buae 14 430 o)
8.71 (1 HnL?)sep%rét%d%@@d gl‘a8§04§!7fblte7ecﬁén& %oht:erﬂratéd P%nﬂcé‘ﬁdn b7 fl8gh 7. 54 (3
H rr) 7.4 31-7.23(2 H,

m . . 22- snllq%cqlqmﬂ chwmaiaography kgrad@ntgl(lﬂloe Iﬂwexaoé%@OAzs |91-h@x) geveid, J =

6 8 tlﬁ%)tltle co%p&}nd'%s g%olc)]urresg o (2%3:?71&2?% :
(1R*,2R*,3R")-Ethyl-2-(1-methyl-1H-pyrazol-4-yl)-3-
phenylcyclopropanecarboxylate (24b)
[00215] Following method F from compound 23b (810 mg, 4.50 mmol) and
6a (1.94 mg, 7.50 mmol). Purification by flash silica column chromatography
(gradient elution i-hex to 75% EtOAc in i-hex) gave the title compound as a
colourless oil (493 mg, 41%, 3:1 trans:cis). LCMS (ES+) 271 (M+H)".
(1R*,2R*,3R*)-Ethyl-2-phenyl-3-(pyrimidin-5-yl)cyclopropanecarboxylate (24c)
[00216] Following method F from 23c (1.00 g, 5.62 mmol) and 6a (2.18 g,
8.43 mmol). The addition was performed at -78°C and allowed to stir at RT for 17
h. Purification by flash silica column chromatography (gradient elution i-hex to
50% EtOAc in i-hex) gave the title compound as a colourless oil (270 mg, 19%).
LCMS (ES+) 269 (M+H)".
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Exanpl e 16 Reaction Schene 16 co2Ri CO2Ri CONHCH 3-Br, Rl = Et,
15b49a-150a-1 4-Br, RL = Mg, 15c Table 3 WO 2012/ 103008PCT/ US2012/ 022216
F3L. 4 5080 2012/43@8k PCT/US2012/022216

(1R*,2R*,3R*)-Ethyl-2-(2,3-dihydrobenzol[b][1,4]dioxin-6-yl)-3-
phenylcyclopropanecarboxylate (24d)

[00217] Following method F from compound 23d (2.64 g, 11.3 mmol) and
6a (4.4 g, 16.9 mmol). Purification by flash silica column chromatography
(gradient elution i-hex to 7.5% EtOAc in i-hex) gave the title compound as a
colourless oil (652 mg, 18%). LCMS (ES+) 325 (M+H)",
(1R*,2R*,3R*)-Ethyl-2-(8-chloro-2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-3-
phenylcyclopropanecarboxylate (24e)

[00218] Following method F from 23e (946 mg, 3.52 mmol) and 6a (1.37
mg, 5.28 mmol). Purification by flash silica column chromatography (gradient
elution i-hex to 10% EtOAc in i-hex) gave the title compound as a colourless oil
(484 mg, 38%, 4:1 trans:cis). LCMS (ES+) 359, 361 (M+H)".
(1S*,2R*,3R*)-Ethyl-2-(8-chloro-2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-3-(2-
fluorophenyl)-cyclopropanecarboxylate (24f)

[00219] Following method F from 23e (860 mg, 3.20 mmol) and 6b (1.33
mg, 4.80 mmol). Purification by flash silica column chromatography (gradient
elution i-hex to 10% EtOAc in i-hex) gave the title compound as a colourless oil
(472 mg, 39%, 3:1 trans:cis). LCMS (ES+) 377 (M+H)" RT 3.48 min (Analytical
method 7).
(1S*,2R*,3R*)-2-Cyclopentyl-N-hydroxy-3-phenylcyclopropanecarboxamide (25a)
[00220] Using method A from compound 24a (1.05 g, 4.06 mmol).
Purification by flash silica column chromatography (gradient elution DCM to 4%
MeOH in DCM) and preparative HPLC gave the title compound as a white solid
(23 mg, 9%). LCMS (ES+) 246 (M+H)+, RT 3.18 min (Analytical method 1). 'H
NMR & (ppm)(DMSO-dg): 10.57 (1 H, s), 8.76 (1 H, s), 7.35-7.27 (2 H, m), 7.24-
718 (3H,m),1.88 (1 H, t,J =5.0 Hz), 1.71-1.60 (1 H, m), 1.58-1.47 (2 H, m),
1.50-1.16 (8 H, m).

(1R,2R,3R)-N-Hydroxy-2-(1-methyl-1H-pyrazol-4-yl)-3-
phenylcyclopropanecarboxamide (25b)

[00221] Following method A from 24b (493 mg, 1.83 mmol). Purification
by flash silica column chromatography (gradient elution DCM to 5% MeOH in
DCM) and then preparative HPLC gave the racemic mixture as a white solid (235
mg, 50%). Preparative chiral HPLC gave the title compound (Chiralpak IC 30/70
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4 50f 4 501 (1R*, 2R*, 3R*) - Met hyl
2-(4-(5-fluoropyrimdin-2-yl)phenyl)-3- phenyl cycl opropanecar boxyl ate (49a)
[ 00267] Fovbawixg3owet hod G from the crude boronate deri vedtiuseomb3ri1¢ 250 ny)
and 2-chloro-5-fluoropyrimdine (91 ng, 0.69 nmmol). Purification by flash

silica colum chromat o&)r aJohTy (gradient elution i-hex to 10% EtOAc in i-hex)
gave t he IPA/MeQHd RYARY. Hé Tarmis anidYidertasel 1 Cxab/mig, RIoHIH. MinkvECMSS+) 349

(MEH) +. (ES+) 258 (M+H)+, (ES-) 256 (M+H)-, RT 2.65 min (Analytical method 1). 'H
NMR & (ppm)(DMSO-de): 10.50 (1 H, s), 8.63 (1 H, s), 7.61 (1 H,s),7.34 (1 H, s),
7.28-7.13(5H, m), 3.78 (3H,s),2.86 (1 H,dd, J=6.9,5.3Hz),2.63 (1 H,dd, J =
9.4,6.9Hz),1.97 (1 H,dd, J = 9.4, 5.3 Hz).
(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-(pyrimidin-5-yl)cyclopropanecarboxamide
(25c¢c)

[00222] Using method A, from compound 24c (270 mg, 1.08 mmol).
Purification by flash silica chromatography gradient elution DCM to 7% MeOH in
DCM) and reversed phase HPLC gave the title compound as a yellow solid (9
mg, 5%). LCMS (ES+) 256 (M+H)+, RT 2.52 min (Analytical method 1). '"H NMR
S (ppm)(DMSO-ds): 10.61 (1 H, s),9.06 (1 H,s), 8.79(2H,s),8.72(1H,s), 7.34
(2H,d,J=7.6Hz),7.27 (2H,t,J =7.5Hz),7.22-7.17 (1 H, m), 3.15 (1 H, dd, J
=6.8,5.5Hz),3.04 (1 H,dd, J=9.6,6.9Hz),2.37 (1 H,dd, J = 9.7, 5.5 Hz).
(1R,2R,3R)-2-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-N-hydroxy-3-
phenylcyclopropanecarboxamide (25d)

[00223] Following method A from compound 24d (652 mg, 2.01 mmol).
Purification by flash silica column chromatography (gradient elution DCM to 5%
MeOH in DCM) gave the racemic mixture as a white solid (420 mg, 67%).
Preparative chiral HPLC gave the title compound (Chiralpak IC 30/70 IPA/MeOH
(50/50/0.1% formic acid)/heptane, 1.0 mL/min, RT 8.1 min). LCMS (ES+) 312
(M+H)+, RT 8.59 min (Analytical method 5). '"H NMR & (ppm)(DMSO-de): 10.57
(1H,s),873(1H,s),735(2H,d,J =759 Hz),7.29 (2 H, t,J =7.5 Hz), 7.24-
717 (1 H,m),6.85(1 H,d,J =85Hz),6.80-6.74 (2H, m), 4.26 (4 H, s), 3.02 (1
H,dd,J=6.8,54 Hz),2.78 (1 H,dd, J=9.6,6.8 Hz),2.14 (1 H,dd, J=9.6,5.4
Hz).

(1R,2R,3R)-2-(8-Chloro-2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-N-hydroxy-3-
phenylcyclopropanecarboxamide (25e)

[00224] Following method A from 24e (484 mg, 1.35 mmol). Purification by
flash silica column chromatography (gradient elution DCM to 5% MeOH in DCM)
and then preparative HPLC gave the the racemic product as a white solid (174
mg, 37%). Preparative chiral HPLC gave the title compound (Chiralpak IC 20/80
IPA/MeOH (50/50/0.1% formic acid)/Heptane, 1.0 mL/min, RT 10.4 min). LCMS
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(1R*, 2R*, 3R*) - Et hy1- 2- (3- (5-f | uoropyri m di n- 2-yl ) pheny1l) - 3-

phenyl cycl opr opanecar boxyl ate (49b) [00268] Fol | ow ng nmethod G fromthe
crude borwoave/wsrsved from 15b (300 ng) and 2-chl or o- 5PCirase@pyeins di ne
(107 ng, 0.81 mmol ). Purification by flash silica colum chromat ography
(gradient elution i-hex to 10% EtOAc in i-hex) ave the t|tIe compound as a

col our | es&E31)13461 868 lylI+HdyRT 3.8XEnineSrplviiss! 0

phenyi cyc OB BESL G bR T Sh BT RELRE] E”%f&%f*ﬁg“%%@ %4 he
crg?gngoghgautazodmgmpd :L:‘Irﬁmo?lﬁcH(ﬂﬁOG 88)(1a&hd, Jm~r§I1 Hz%:)6 77 (1CH d,J= €l ash
17T ot cop eI rEhmheBYPtbi - CEPAAT Bt i BB Helk 20 kobb Btoke 9% 1 hov)
gmlle: the §igtihs, oomp@Uady@s) @ L@l pyHBss oil (240 ng, 98% . LCMB (ES+) 371
g 1R H)ZR* G&QR]\&R)F&L&% Zhidrer, 3-dhydtobanza[b][ 1 Hidioxine-py{3) (yfluarogheny)-N-

| ) phenyl | b It 00270] Fol | owi thod G f th
I ey S R PRSI ah 538 [ 002701 Fol | owi ngethod G from the
2-chl oro- [@09251' uor PaRIWINE P thiSddA AR 3225(4‘7!32m@ 9D5mPhol) toveldf 4 Galteon by

flash silica colum chronat ography (gradient el ution i-hex to 10% EtOAc in
-hex) gadless KBQ ng)e PesifipationdownerepataliveiHPéEsganeg theabe ragema4opducicvs

(ES+) 399 . o . .

(iR 2R, SR VG 9lpse 6198, 9%, Preserdye s BRLGSAYSE Hoai n- 2-

yl') phenyl ()cwpd)@rm (Deirgpak bosp/su EIQH4 98N %A QﬁaﬂdhE@I)/metm e heidm@ )i r om t he

crude boronate derived from 15c¢ (480

2- chl or o-ECMS G‘E%@r%@“ﬂ?ﬂbﬁ;ﬁ-ﬁﬁcﬁ%@ﬂ%%wa' medhodntdl JH NBRiF i cati on by

| hox) oelrE QM AR 1R CORTEIE FOLPEL ST R EE e %E@? PeGE e "

309 ( MrH) (. H( iR 7.2827.GR(2 Hylen h 3 192¢pHedyd = zewz()p@:so azl-ﬂ 18,3= 2.1 Hz),

e AL B A5, L i i B

1.00 mmly 173111r|_|| fdcats om By3 Hoesh silica colum chronatography (gradient
elution i- to 10% Et0Ac in (-hex) gave the title conpound as a

col our | esExaimniplg 920 ny, 849 . LCMS (ES+) 331 (M+H)+.

(1R*, 2R, heny1- 3- (4- (pyridazin-4-
yI )phenyl ';89%“'%%96%@%%% boxam de (49g) [00273] Foll owi ng nmethod G fromthe
crude boronate derived from 15c (400 ng), andcds;bronopyri dazonmeH( 160 ng,
1.00 mmol ). Purlflcatlon by flash silica colu chr omat og hy (gradi ent

el ution i-hex rRG>10%EHOAC mc%élx)—gave b£ tle—cvrrp%uzg @S a pal e
yel low solid (210 ny, 61°)710). LCVE (ES+) 331 (NEH) +.

(1R*, 2R*, 3R*) - Met hy1- 2- pheny 1284 4- (pyri m di Alad- 28ag
yl )phenyl ) cycl opropanecar boxyl ate (49h) Taple 2

R1 R2 Compound R2 Compound
B Ph 28a Ph 28e
N. =
B A
N Z# Ph 28b Ph 28f

NP :

' /-
N~ \© 28¢c Ph 28g
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[ 00274] Fol | owi ng method G fromthe crude boronate derived from 15¢c (274
nmg), and 2-chloropyrimdine (87 ng, 0.76 mmol). Purification by flash
silica covormmxiosmsaat ogr aphy (gradi ent elution i-hex toP25asENOAe22i6 |- hex)

gave the title conmpound as a pale yellow oil (110 ng, 46% . LCM5 (ES+) 331
(MFH) +. (1R* 2R* 3R*)-Methyl-2-phenyl-3-(4-(pyrimdin-5-

yl ) pheny anecar,boxyljate (49i) 0275] To a stirred solutjon of 15c
(130 ny,| 0. in|VeQHNME (1:5, 5 , was added Pd(PPh3)4 |(45 ng,

0. 039 mpl ), ium f | ori11928;1 0 mmol ) and 5-pyr| m di ne| boronic
acid (58 ng, 0[47 mmol ). Th& mi xture wasi./degassed wi.th nifrogen [for 15 m.n
before h i {n the mcrowave at 120C 1 h. The reactjon m xfture was
di | ut ed wit-h—H20 ( 10 nr‘l__\ and-extracted iitio DCM ( 50 \ The or anl c—| ayvers

were dried over I\/gSO4 flltered and concentr at ed Purlfl cation by colum

chr omat ogg@pﬁmg(?g@gio%gn g!w‘)ralf%brg%bt 0 5% EtOAc in ihex) gave the title
a cto :

conpound riess oi 3% . LCMS (ES+) 331 (M+H) +.

(1R*, 2R*, [BB226Met hyﬂolwlﬁg (e thioldolE dnoym ¥ rordmoprigazipaéb9a Mm@-3.14 mmol).

h I . . at 49j 00276] Fol | G f th
Prde borbiEiet B AR T ik qoltmicheb At pﬁsﬁeeorvé“d%"@'%ﬂwﬁéfnmd. ne (298
ng, 2.00 pisAg) gdvdl thbitfRIdPRpdDNd 4518 Rofdurlesd Qb4 MRy CW%{TEE@E’/@

(gradient el utlon i -hex to 50% Et OAc in 1-hex) gave the tlhe corrpound as a
pal e yel | b&® OVtrH)305 ngy, 56% . LCVS (ES+) 365 ( MtH) +.

1R*, 2R* net hyl iLm di R=2: Yyl ) ph 1)-3-
E)henyl cycqg*pr?)tg%I 2%’;9%'8&9?‘%? P@é}ﬁ%{gw@tﬂlégﬁ gvm) gge%t %od G fromthe
crude bormoarg] deri W@Iﬂ)vﬁh@lﬁhétﬁ@d(Q5@nﬁ@)broﬁﬂﬂ2%c§d’lb@rb@y§p%ﬁﬂlﬁdk’pﬂolgﬂ di ne

(89 ng, 0.69 mml). Purifrcation by flash silica colum chromatography
(gradi ent5.8bunMeN. |Rusdication @B%EB@A@&WMmH@WOFQQWQr@W (gr@‘ﬂ'@nt:@#ﬁi@(]nd as a

(ire , ore, SISO i 0 aeihs Y oDy 2SR i sotg (520 mo

phenyl cyc4gm). qmsq&r&qmlga(w}@wl) [ 00278] Fol | owi ng nmet hod G from crude
boronate derived fro onp- 4- met hyl i m dazol e (242 ny,

R e b E by 2 isrobgn ol Aoty PasrIRte KOk | ut ot ar h Hoo €26
1) 7 e S0 NGRS S D oSS A S,

separator- an rifircation I"as
chr omat ogfZephyg, 8 gdadimaht FUniftoation DgVashGilidatedlombGromatagrapley épbdient

| nt er nedi a]t ash%}é@# @ﬁ@ﬁc&ﬁﬁ%e@éavg%e Fﬁeuggm%bﬁcrilaga V\ﬁ?e gseéj in the

next step®

(1R, 2R, Q) g276%) @cﬁ@@smyzammhm 2yl ) pheny! ) - N- hydr oxy- 3-
phenyl cycl opr opanecar boxam de SSOa 0279] Fol | ow ng net hod A from conpound
49a (220 (m);Etoyle3-(onfisifluoraraetngi)eyridins- !djedrylamw(Zﬁd)l ca col um chronmat ogr aphy

di ent to 5% t whi t
Soi T CaaloRg2oLon, Fdldying AR5 frar Moz Bftubkar s RIERYIE (D Gt hou
1)1- HlH NW4Q(rﬁlﬁl@']2)( (PNBfdalion bg f@@h(sillcb#cdj&mng}hﬁ?mgﬂ)ggrbph& (g}aéleﬂt gl#llﬂgg g LO
((j, J ) ’Ieshepfzt)o {Ofbﬁq/@ Iﬂlhex)gaﬁevh%tlﬂﬁyo&zaogoq@sw WBltessoHd 796_0 é 18
(1R, 2R, @‘EW eaze(wﬁiamem)pm.dmm gr)ad:rmneme)- N- hydr oxy- 3-

e R s
e corannireD- Fraudiblrsh lic DB RRdaol g sbisnb e eh'S
3. 61 mi n ihexaloyts% &t ORet ingdhek) galeitMIescompny(vd)mca wéjte soid $8QA Mg, s),
901 (2 Hyo$)p ofis’dkd A dd6 Ghenf 20
(1R*,2R*,3R*)-Ethyl-2-phenyl-3-(pyridazin-4-yl)cyclopropanecarboxylate (27a)
[00231] Following method F from 26a (94 mg, 0.53 mmol) and 6a. As the
reaction was incomplete after 1 h, the reaction was cooled to -20°C and
additional amounts of sulfonium salt, 12-crown-4 and LIHMDS (0.5 eq each) were
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(2 H t, J=4.0H), 7.51-7.48 (2 H m, 7.37 (2 H d, J 6 Hz),
7.29-7.24 (2 H nm, 7.20 (1 H d, J =7.3 Hz), 322(1H dd J:68 5.5
Hz), 2.85W0Xotd/108@8 J = 9.6, 6.8 Hz), 2.32 (1 H, dd, J ?C@/l&zoﬁ/odzzlﬂz).

(1R*, 2R*, 3R*) - 2- (4- (5- Cycl opr opy! pyri m di n- 2-yl )phenyl) N—hydroxy 3-
phenyl cycl ropanecar boxam de (50c) [00281] Foll owi ng net hod A from conpound
49c (240 a@fecb Barifigadion. bﬁ!ﬁﬁhﬁlw¢Q£WnB)FW‘P@§FPQ§ﬁPh§6@régl%‘ﬁﬁM'ﬁF‘dWography

d t % whi t
TS e R IR ST 1
1). 1H NMESH)280iM-EVEOd6) : 1058(1,5)870(1H s)864(1HdJ
=52 H =8 2 H d, J =8.2 H 7.38-7.29
(3 H, n))“ﬁgz??’:? é’gkﬁftﬂ“y'%@ CVC@pFﬁFBV'pyf'dzrir“ f%s 1H m, 3 17)(1 H dd, J
; 2 az 5. ﬁhé@cgc‘?oﬁ@péﬁed%rb&@la% (27§é?4 g 9 HZ) 2 28 (1 H, dd, J = 9.6,
(1R, 2R* [BR2B2P- ( 4- Kdlioving Innethooelf rﬁxohpyonnpodndzﬁby(ﬁﬁﬁhneguﬂ 14 Karmpramdy - 3-

S, X% 2P SPRLSER RP1S0) Sk Ak ORISR BRIBAT LasorPound

product . Jiwe piepcd ianhéia) >gtavé %é’\/ﬁﬁe @6hﬁiofuh§%s% b@|oaﬂé§§yw(:m g 4avgl
extracted into Et0OAc he organic | ayers were conbi ned, dried

(MySO™1) , $Altranseeishhd SNE&W BQ8éN|+HVF|e corrpound was then subjected to

met hod B. r4d4d £381 romat ogr aphy (gradi ent

el ution I:f(ﬁ.‘téc!:\t 55}3%%&3/% (%69/?'%8 t&fm:sggrrpound as a white solid (77
ng, 37% . fldedbh '\;g&b)/clé@ﬂ)p(d\ﬁeld)aﬂboxfiv%e M : RT 13.26 nmin (Anal yt| cal

met hod 3). 1H N

P Iz' 5% &@9 26 (1 H , J =50
Hz), 8. 7110023?4! s),Fg osmngznﬂh Jrom Qﬁb( ngz (mey) aad 6p 624§ 0 HE)
7,50 (2 Hngo o nfl? biscalipntyacabe doioihyrbiogaBy (Gatierty, 7= 715

= 9 7 6. élutian j-hex 8226% EOAId in Bhex)Yake the Jitllmompound as a colourless oil

(1R 2R3 Tri f| uor onret M) rim dj o= 2- phenyl) - N- hydr oxy- 3-
phenyl cyc éé ’é%aﬁié’a?ﬂ e dig)-( Eé g %51’2)3%?@@”&6“ ng method A from conpound
49e (180 1-2 9IdvEio M 2l gilica colum chronatography
(gradi ent utlon %h}y g dE Eﬂsb M ga th(he racem c mxture as a

whi te soIﬁl@r@p@em@)oyBl@%opahe@pmmMate(2Tnl)r al HPLC gave the title conpound

%?"1%?"2"?.@9%941?0’ o relehyhG gt gl § Yomeash €8T i 2o kiR el e ™) 1

NMR 6 8.47 (2
oy sz @P@Qnﬁ@n ﬁ@nf&%t.bﬂaﬂﬁﬂa“sh s.|%§&|§%n%hr§%at%§9h{zl%rﬁduef‘n)t : Yoy (

7.33 (2 I-13|Ut|0n Jrhex 1:0 85%z tOArc zru PQQX)rgave the tlﬂepoznnaztwd & a@otwrlﬁssaxﬂ J

5 5.2 Mg DR ol (USSRl 38 (11 s =86, 5.

yl )phenyl01W92Rrp3lap)am§/amg>ga¢mderdb@afz¢[dﬂ[Oqaqa@kspwygv@ ng method A from
conpound 49f 568 ng, 0.21 Pur|f| cation using an !solute anion

exchange @WV@%W@WWW e 21¢) gave the racemic nixture as a white

1 T iR (el ettt o B dpolifa 3R 87 (338 bl pd T 2O°

Hz) 8. 716&(@2#6g59 4SBer$oI][ 1Pbt|f|¢higonby:flésrﬁslllda 50Ib|lzr)n, cr&oﬂmat()@’aldhyd J = 8.
E'Z Yy I %‘@%ntgug@n #heatq §°/<HE?9§% G th tﬂ( P%u%ai@ H7 3’5 3
5 S1A Sl (gl FORSHES PAEMASE (1 963~ 0.0
yl )phenyl61£§7c2,li)’p3lat))a5@(ybﬁmbbeam -346{(Bigprqroetbybpyradinegdsi ng met hod A from

d .58 Puri f t by flash sili I
chr bt oot BIRPER e SR BHIOM t 0 5056 MoK i 1 DOV gave t he. T ace ¢
m xture a@0286Pf f - Whbligwie§ InhéthoOF fdm ouhélﬁéd((ﬁﬁa)m 3286 Mirklbty.andT 2. 77

mn (Analéatlca met hod 4). 1H NVR 6 (ppm) ( DMSO- d6) : 9(1 H s), 9.66(1
H dd, J €al.81 g 42%gmoly. fb@:[eaq:tIO@dNasurwoalmetelafm%)Th@refaptlpmwasd J =

(127HH2), Sy @oﬁ)aﬂﬂ_ﬁo%iéno 1 Frecfivaidifor s @@@ff,@#@l@ Dy Be 8 hdHZ) 7.48

7.22-7. 16LIHMDE ware a3ided- éhdll(’ﬁme(rﬂ:lxl'djrem)as gtireed aflr.tifordth min= P&rlﬁcatﬁ)rﬁby-IZ)
2.29 (1 H dd, J = 9.6, 5.4 Hz).

(1R*, 2R*, 3R*) - N- Hydr oxy- 2- pheny1- 3- (4- (pyri m di n- 2-

yl ) phenyl ) cycl opr opanecar boxam de (50h) [00286] Fol | owi ng nmet hod A from
conpound 49h (110 ng, 0.33 mmol). Purification by colum chronat ography

J>||_IH

(gradient elution DCMto 5% MeOH in DCM) gave the title conpound as a white
solid (75 ng, 67%. LCMS (ES+) 332 (M+rH)-F, (ES-) 330 (MrH) -, RT 2.78 mn
(Anal ytlcal net hod 1) lH NIVR 6 (ppn')(DIVBOd6) 10.59 (1 H, s), 8.90 (2 H,

P . ~ NS — AN



Purification by flash silica colum chromatography (gradient elution DCMto
5% MeOH in DCM and passage through an !sol ute ani on exchange SPE (el ution
DCMI\/EOH,Wm:zil)zmgam the title conpound as a white solidpC2Usew2/013%) . LCMVS
(ES-" ) 332 (MtH) -F, RT 3.07 min (Analytical rrethod 1) 1H NWVR 6

(ppm (DVBSQd6) :  10. 60(1H s), 9.18 (1 H, e}si'g"l ) 8.72 (1 H, s),

179 (2 RS SiicaceumT phyomatagraphy (radiny ehitionyihex o 57 EB0RE AN ) = 7 6
Hz), 7. dd, J

b s 5 9 o degchrindyf g broploukiges 7o g 2:f %ﬂﬁ?)mﬁ%#) LpHS S

5.4 ) (ESX)ZRBM+13Y( 4- (5- chl oropyri m di n-2-yl )phenyl) N hydr oxy- 3-

phe

nyl cyc r m de 0L),. [.00288] Fo|.l ow nmet hod A from conpound
49j (300 Jﬂ'z-‘p %Qggﬁ%ﬁ%yrgﬂ#@nwggé%@hm&m @yl’)@i@j ¥~ 40% was obtai ned
after qu@?H@%%ﬁg% &J@gg |ca col utm chr omat ogr aphy (gr adi ent

el ution reparative chiral HPLC gave the title
conpound [002B7hI pade)It’c)vsﬂﬁg Nethd Mok CoMPBONG 26ef(d0bineg,db4 timeptaades, 1.0

rT‘L/ S , .RT 3.90 Anal i | t hod
LT e B ST Plsimrie) | Pestesion ty T siagolpgn piolialginbhy 3 HS),

8 37 (2 ngéhleﬂtéluﬁoﬂ/-Hék to io%)E(@Abhn ﬂhex]) gav% tReHitls, comdBuriPadta d, J = 7.6

Hz), 7.32 (2 H, t, 7.26-7.21 ., dd, J = 6.8,

5.4 Hz), QO|9'$|€(S§ ol (1@@ mQ 21 rams vcis, 180%). 2-@%8((?84)3@3(@%) 9.7, 5.4 Hz).

|(o ﬁeR:ly I2 5:/ C r%!%iﬁ%ga@m?iﬂ% gﬁ%ﬁﬁi ?’y(b%%o I QE)C&CY?&} ﬁ‘gﬁ%@} 9\"?5?3(6'91% onpound

49k (180 a)O 52 nmmol ). The carboxylic acid was obtained as the major
product. The reaction m xture was acidified with aqueous 1M HCl and

ext r act ed00288] Et 0Akoltoyving method ATH@moWg?a(ﬁﬁzmQaQé s Renifisadien bydr i ed
SHA

E))I\//gf I a)sh SI |§Qée[:g+lﬁﬂ1 Ph%g %r%?hg;@— ?gra ﬂatﬁ)% 5 N[%t %%)tkgms[p/&wghl |02

7% and mdama/rea:eedéphaﬁBPgm/ \tdﬁggtugteln@?riﬁgl}nmlaggﬁshm? sblid 6 mgl;LEdi‘K]f\)/:éGGrrg

(Spgg’) gogxgeéﬁé ES.L‘é %é.ﬁwg'-\liﬂ'lﬂi)* gT:}é)%@'r( fz’*ri@'ytg? fethed nggw\"\i& (1 H5 ?)1 |
3017 bRl "0 6038 HSES Mg 019 179 =4 MRl 5 Tal

(3 H s),H2sR9.d3L7181 doH, r\1{“72067 30 (4Hm), 7.27-7.24 (1 H, m; 3.22 (1 H, dd J

(1R*, 2R*, 3 Fégrox 4- (5-nmet hyl- 1H-i m dazol - henylg_I
phenyl cyct 5@#@@‘& é)(é ¢, J50814, [P0 biad ] 4-6P (6. ﬁ@ |4E‘t @d5l3 Zbm conpound

491 (280 HPLC the titl
451 (250 o 2R 58, TP\ U bER N YLIBAL v FPLC gave (he (1o
ety . o0 3 T G2,

. 7.25- @023%’11 H, %?' Ovﬂngm‘%tlm'ﬁg')og“ QOE@O’@TdWm@%OﬂQ 604 m&od). 1) 2. 92
(1 H, dd, pdrificafioft: by6ﬂa7sh"gﬂoa %olé?nn%kﬁ*gg%;fl?gﬁagﬁ% rgdlé?'f?tellﬂB?]%(ﬁﬁ/ﬂto goganpl e 17

Reacti on Schene 17° 5-Bronp-2-cycl opr I'I'ne
2012/ 103GGS%TMBQM@MZBEB"a{:mM]XT@reaaSaIwmhecrrolldf(6ﬁmng|a19%) anhydri de

0 any it ifnHETs obiR T bind PP ara ¢5h s BBk I P AN G e
evapor at o0 THBrii0a )49 ad oL T RTS0.895npLENISHES U2 THF

conplex 1 M (80 niL, mol ) and the m xture was stirred at 50 C for 48 h.
The reactf m&ESOb?%%(Mdﬂ)ecRmd%auméﬂnanlml@alan%tbpdth)oﬁHdwlMRw HCl (27 m)

s EBSRS EATR TB B BT R R
2 el 1 ow o 1T EA -%q:ﬁ?%n%@"éiﬂ) AT Rl DG AR o
Schene 185.2, 1.7 Hz), 3 10(1 H, dd, J =6.7, 5.6 Hz), 2.99 (1 H dd,J =97, 67 Hz) 2.34
(1 H,dd,J=9.7,5.6 Hz), 2.12-2.07 (1 H, m), 0.98-0.93 (4 H, m).
(1S,2R,3R)-2-(2-Cyclopropylpyridin-4-yl)-3-(2-fluorophenyl)-N-
hydroxycyclopropanecarboxamide (28c)
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CO2Me CO2 Me CONHOH

(1R*, 2R*, 3R*) - et hyl- 2- (4- (2-cycl opropyl i soi ndol i n-5-yl) phenyl) - 3-

phenyl cycWopopmsmsar boxyl ate (51) [00292] Fol | owi ng et rou/US26120m2be

bor onat e deri ved from 15c (1.5 mml) and 5-br orm 2 cycl opropyl i soi ndol i ne

(240 nmg, | ). m xture was stirred at 90C for 2 h, diluted with H20
(20 ni) aﬁ@&ZQeract%Qllqmn@nmoei%fmny 27¢Hé5@r”@arﬂ 46 myeb s Rusifieatipsiid

ol um. oo o EAR0M Airat o aBT SR Itk P I SR MEORP DERY, 31 ' ©
est er i ntgaveettheateemic mixtatd asvanidff-WBHE solid (5D, 36ENE RreEPajatidd @hfrktH) +.
éﬁ?ﬁﬁ?’;cﬁ&b e §|2 B es oo E@fﬁo&ﬁcﬁa‘?ﬁéhﬁaﬁﬂy??S?nycﬁ;nloound
51 (40

compound AIUCHAATER, 0 A RTS. S PO U SRR T2 R g i
(Anal yti c(aolnaimtchbmeﬁ)od 1)4 mwﬂl\m(ap(ppm)mmema)s ) 1DCB$61 H;LsHs 8) (18,85 (1 H,

s), 7.65 (2 H 27) bé 3 (1 J:7.9Hz),
7.44-7.27 @4(F4Hr§ J752'6HZ) 04‘(11H tnc} 747 473|47d 7Q2H m)37|-’118y70§ 17

dd, dd
D ovs 5@ o) SR U0 S0 HiTa daTLRL By o - G2 B BB G Ry O
Exanpl e 1&d,Rea® 4, ?11335(220;3%41%& IVE |ml 1)1N2b| herﬁﬁlc:SSZl ci)4a30 Tabl e 4
1R, 2R*, 3R*) - M - 2- -
E)henyl cch1 1)2664%)6% P& @ylp %%idr%d&rf#&m y t_h)c/)d H from conpound
15c (660 | cat | orﬁ)}%ﬁé}?ﬁ %&%ﬁ@gl(%u? phenyl boron| c acid (547 ng, 2.40

nmol ) . Pu I'ca col um chromat ography (gradient elution
i-hex to [DOQEME} O0Ac Foilowmg:xr)et@@deAthn @2i7dl (616 ongpoubd narmol. eirificatian by (710

(ke 2R S8 Stk FPS. GhroMaRSTaRPY Aaeient plytin BEMLIFANPPHATM.

phenyl Cycé%m@%éé@ﬁd?ﬁmb@ 8s 63%e solid (145 mg, 30%). Preparative chiral
HPLC gave the title compound (Chiralpak IC 20/80 IPA/MeOH (50/50/0.1%
formic acid)/Heptane, 1.0 mL/min, RT 13.7 min). LCMS (ES+) 313 (M+H)+, RT
2.87 min (Analytical method 4). "H NMR & (ppm)(DMSO-ds): 10.65 (1 H, br s),
882(1H,brs),833(1H,d,J=5.1Hz),7.40 (2H,dd, J=8.4,5.6Hz),7.25 (1
H,s), 714 (2H,t,J=88Hz),7.07 (1 H,dd,J=5.2,1.7 Hz), 3.07 (1 H, dd, J =
6.8,5.4Hz),2.99 (1 H,dd, J=9.6,6.8 Hz), 2.32 (1 H, dd, J = 9.6, 5.4 Hz), 2.14-
2.06 (1 H, m), 0.99-0.92 (4 H, m).
(1R,2R,3R)-2-(2,2-Difluorobenzo[d][1,3]dioxol-5-yl)-N-hydroxy-3-
phenylcyclopropanecarboxamide (28e)
[00242] Following method A from compound 27e (400 mg, 1.17 mmol).
Purification by flash silica column chromatography (gradient elution DCM to 2%
MeOH in DCM) gave the the racemic mixture as a white solid (300 mg, 78%).
Preparative chiral HPLC gave the title compound (Chiralpak IC 20/80 IPA/MeOH
(50/50/0.1% formic acid)/Heptane, 1.5 mL/min, RT 6.3 min). LCMS (ES+) 334
(M+H)+, RT 3.89 min (Analytical method 1). "H NMR & (ppm)(DMSO-ds): 10.63
(1H,s),876(1H,s),7.44-733(4H, m),7.31 (2H,t,J=7.44 Hz), 7.25-7.18 (2
H, m), 3.21 (1 H,dd, J =6.8,5.4 Hz),2.92 (1 H, dd, J = 9.6, 6.8 Hz), 2.25 (1 H,
dd, J = 9.6, 5.4 Hz).
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[ 00295] Fol | ow ng met hod H from conpound 15c¢ (660 ng, 2.0 nmol) and

4- (9H car bazol - 9-yl ) phenyl boronic acid (886 ng, 2.40 mml). Purification
by flash wol2oaosmBunm chromat ogr aphy (gradi ent el uti onpcThs2012022086 Et OAC
ini-hex) gave the title conpound as a yellow oil (310 ng, 31°)/0). LCMS
(ES+) 4945% H) + _ o

(1R*, 2R+, R ZRNERWYH ydroxy-2phastyhp 46 triflugrepgrhyl Jemigienyol b] [ 1, 4] oxazi n- 7-

1) ph - | b | at 53 00296] Fol | i t hod H
! Lo compllSRpE A EroRANAR_agh x| Se (55¢) 1002961 Followng metho
4- met hy 1-[D0R43}, 5, 5F¢IEi\magméthbdlA3ro'm dompalind A741(720 yrig, 2824+ Aty dr o- 2H-

b b I Purj f t fl I
col unm CHPBHEGR A %ﬂm éaltime) FpoetoaTHEhy (GTBoleF mnES ML 576 - nex)

th | 400
?&‘:ﬁ) \ (ellgb I-?er? g%\?é i/b:?%ﬂ))(@r‘)é(tl?é H#L%E%p%?énhéqa@em%ﬁ%?%?(y 3.
phenyl cycWbite eplam&h’hmlgo)ia%)dé’reﬁa-)tlv{BQJOiIGI?ﬂ'lPhD gaventipenfétehaainpodndm conmpound

53 700 1 f h hro h

Car ad ent (Iralsa I CERB R 1PALHPEIF fa 8000 Tam Ae) heSBréned By REART o =0
cart ridgeid, §|rﬁhgoﬂcﬂ@/‘(%9mé\’3 W+99¥GRT®60 ﬁﬂﬁ'@\ﬁal i%dlHhEthad 3. wpite solid
(450 ngy, 649 urification by chiral preparative HPLC gave the title

compound P@MR ﬁdblpfail&(DMSQ])d&mEt?@-ﬂ(lﬂ S)°/<8F84)(1/Hhep18a8ﬂe(1l'i. 9, BLO277 @T 13.0

ook ( Dves, 08 70147 da(dh 0t 8.3 oy 1d Ao 7 ¥ e S50 P i

oy 87omp %@J, 71 5*1’3?13 ; Haeds flf‘?%,”b“é M{?@%ﬁéﬁ? g e oy 581 24
6.8 Hz), HzBe. 4(3L(1H,—| dd, J 397 8n6 5.6Hz).Hz) |

éﬁiyﬁ@céﬁ%%%ﬁﬁ%éﬁéo&zm )()é%%é@%? H)&Wﬁﬁhﬁet%éé Rl_wgm)égrrgound
53b (300 ywpy C%p%péﬁgaa}bo)ahﬁﬁgl(gggzon by preparative HPLC gave the title
conpound as 'a white solid . LCVB ( ES 495 I\/Hrl—%.‘41 RT 11.55 mn

(Anal yt i ci90244] hod Byllowirg th@d(/mﬁm DMS(DOtdleﬂ 7@(16@ g gpmod). 79 (1 H,

20 be), Boakeng) fshiticEdouiy hrbmaiberpny (GaflenyflionCi ki 1 1y
7.25 (1 HveDH ih BCK)ZoltBured By Plefdrative HPLO, gave the raedmidzhixtidre9ss 41 H, dd,
9.6, 69H2%d234 1 H dd, J = 9.6,

J 4
( 1R 2R 3Rybife g9 8%)4 Rrepasative chira Hlj’aﬁoggzﬁ%@rfﬂ@mmﬂoun%xam n-7-

| ) ph thod A
7\ o conpll r@“’ﬁ%@ﬁ@ B AR RS R AL ROEREL T (R BT e s
t he naj or1@Badingt LCM&(IES&):BQ@I(!\/IH#—WNR@mnanl(AnéllyBcblwmeﬂhodql)eous 1 M HCI
and extracted_i nto Et 0Ac The organic | ayers were conbin

dried (MNSUE O PPW@M@Oa tl) 88r§<§eﬂt'ﬁa$)e§ 81TﬂeHs§)n§|7e (/Ga|§| ghém %Qtﬂzéct ed to

(0. 19 a7 PLd el 7B Qe 5 RERS B0 By av Sl f iR Glfding as &
whi te sol 7.8 HYCWRA-ESD)(149 1, M*‘BBﬁHFHd‘UQ% 6“514H'¥?316 1 H, dd J=9.5,
2012/ 103008PCT/ US2012/ 022216 (Analytical nethod 1). MR 6

(ppm) ( DVEEEH3); 24@ @3d1dgH J 59.5.80-4812). H, s), 7.56 (2 H d, J = 8.1 Hz),

7.38 (2 76Hz)735727(3Hn’)7267.20(H,n’),7.15(1

H, dd, J”EX%'“?*‘*E% Hz), 7.02 (1 H d, J=2.1H), 6.81 (1L H d, J=28.4

Hz), 4. 33Réaéor BcdHemd 103. 33-3.28 (3 H, n) 3.14 (1 H dd, J =6.8, 5.3

Hz), 2.91 (3 H, s), 2.91-2.85 (1 H n), 2.26 (L H dd, J = 9.6, 5.3 Hz).
HOH _

Exanpl e 20 Reacti op, Schene 20 co2Ri CO2Ri F.C Br
o *OHNT CF; T H — \—N;’:Q/
F3C N

o o 29 o 30

CONHOH CO.Et

. . F<C Xy COsEt
. C\_N/);@A by T FSC\_NM o 3 \_N;Q/\/
o 33 0 3 O 3
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3-Br, Rl = Et, 15b55a-i56a-i 4-Br, RlL = Mg, 15c Table 5

(1R*, 2R*, 3R*) - Met hy1- 2- (4- (4-i sopropyl pi perazi n-1-yl ) phenyl) - 3-

phenyl cycwopoepmsmsar boxyl ate (55a) [00300] Fol | owi ng netrhoadskoimermeonpound
15¢c (250 ng, 0.76 mml) and i so-propyl pi perazine (125 pl, 0.86 mmol).
Purification using flash silica colum chromatography (gradient elution

i -hex/ Et0OAc 0%to 1009 gave the title conpound as a yellow oil (187 ng,

659) . )

(IR 2R SRRSO R 2R rluoroathyibanzaiR (20)) 5.

Eggn%llzg%cnoonnﬁpanecﬁm bcstyﬂegitws(oéﬁbbn[d?@&mﬁ]rﬁmhltnmlg%aﬁf Bodg, lggfé} mrmp?prrpound
n | SO ra I perazin no

b oot Hﬂ%cggﬁﬁgnw s 200BE R TR e (51195 BHTOBY ul | on

DCM MeOH tv@a@sﬁrrl_%b%‘? A heetdrt 'a%dﬁf&mﬁ‘ﬁqgrﬁo;?ntbfﬁl'idé)w 80 b éé%ommbl) 58%) .

LCVB (ES+) 393 (M+
(1R*, 2R*, |B|?)‘rpewmtlby,13® (h@n(hlaeﬂedﬁcb BOLC dqyt£ bl |Tdhermi]xictyr1e)\pa|$3qyet)emad with

h I | 0030 I i t hod f d
5e {250 1RG0 YRaEC RN 2 sGrad a0, Bap pITB b8 g Y ADA0REs 2088 ol )
Puri fi cat m@fureywad Akéred thr&@hcgﬂ.wmm@ b%l@@fy@%wd@&ééhéﬂww H£20) 8@ X
i -hex/ Et0OAc 0% to 100% gave the title conmpound as a clear oil

59% . LCMVEQ md)rnggbe @guepus layers were back-extracted into DCM (50 mL).

Dhonyt oy cToBPENE A¥anf loiss Mete SRR (TR, birRa bt P REK P ivg 28pouna

15c (250 offwhite oligmihe @0de dnidtudé I@EQF‘golomh@émrﬁhgmsd%Gésmal %. 86 mmol ).
Purification by flash silica col umm chronmat Og:ie&ﬂé é:_%adl ent el ution

i - hex/ Et OX@NRNthalideouss gEraressRd 19 theded fish ek, Si1f (Mz'ﬂ)) ny,
599
(1F/\3‘, ZWO@E(I&%%% @?éh‘pﬁa@e}gwﬁ%ng%@Blorn% (33 :),] hept an- 6-yl ) pheny1l) - 3-

phenyl cyclof@dé6panecho Iacstyrieaita)lmﬁﬁec)f 2903024, 703 onmaipaneg tNMB (11 3 fmlonmconpound
15 250 ta f t It (160
o, 0. 56 FHIOUPTR bl baC BT ReaeRt d%%ﬁ%r%ca%&ﬁﬁa#&ﬁﬁé gt
(gradi enty é@é}ﬁﬁoéﬂ{é! éﬁﬁ@’ﬁ%l&/"lb%.lwt% a@ESfi%nt(BQ nﬁlh§,|tﬁe985@%'\ﬁa§‘s a

(210" ny, . 350 ( MFH) +.

clear oil LCMS ( ES+
(1R*, 2R* , SRred &t L fa 1(i$a(1dea>tahyfdr oy r Flog afa]qti@naﬂapyt’r@nl coad 1y “Gyehgheny 1) -

oo AP REBRRRSRN RSB SRR, LR IRHTSh b ARDRS, 1o s

ng, 1.72 é@ﬂécbdroawséwﬁélr@ébt@h mlm’@ Wad hEatedtWETLETYr Q@RI BRbY
(gradient elution DCM MeOH 0% to 8% gave the title corrpound as a yell ow

oi | (265 Mixtureayas CoTips, gE@qghegjgwlt Mfg}(bo mL), acidified with aqueous 1 M HCI

§/I1$:)hgr|?*yl %@%f@gflgéan gﬁo'x {S@ rT?IéS ﬁ'}g 6l%Jan'ic Ia&/Qrs]wg e)cri)rlleooe Mgsb'b,l'
filtered and concentrated Purification by flash silica column chromatography
(gradient elution i-hex to 20% EtOAc in i-hex) gave the title compound as a white
solid (3 g). The crude material was used in the next step. LCMS (ES+) 294, 296
(M+H)"
(E)-Ethyl 3-(1-0x0-2-(2,2,2-trifluoroethyl)isoindolin-5-yl)acrylate (31)
[00247] A stirred mixture of 30 (2.96 g, 10.0 mmol), ethyl acrylate (1.62 mL,
15.0 mmol), palladium acetate (224 mg, 1.00 mmol), P(o-tol)s (608 mg, 2.00
mmol) and triethylamine (2.78 mL, 20.0 mmol) in MeCN (50 mL) was degassed
under nitrogen for 15 min and heated to 80°C for 3 h. An additional amount of
palladium acetate (224 mg, 1.00 mmol), P(o-tol); (608 mg, 2.00 mmol) and ethyl
acrylate (1.00 mL, 9.26 mmol) were added and stirred at 80°C for a further 2 h.
The reaction mixture was cooled and the MeCN was removed in vacuo. The
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[ 00306] Fol | owi ng method | from conpound 15b (500 ng, 1.56 mml) and
4-(pyrrolidin-1-yl)piperidine (241 ng, 1.72 nmol ). Purification by flash
silica covormmxiosmsat ogr aphy (gradi ent el uti on DCM MeOHPQ%sUSe0184220@ve t he
title conpound as a yeIIow oil (230 mg, 35% . LCVMS (ESt+) 491 (M+H) +

(1R*, 2R*, 3R*) - Et hy1- 2- (3- (6, 7-di hydropyrazol o[ 1, 5-a] pyr.i m di n- 4(5H) -yl ) phen
yl) - phenrﬁs \UpP @aaﬁ@aadw\ymﬁ GM =i Fﬂzs@govl]th@prgml%amwam from

Z??g?gdt%%% &2@ L@r aghg% %g@ér)a]t(gr%drﬁo centr(aﬁ% Purlflsatécgﬂ rﬁ%lﬁfh silica

Purificat mcﬂumlnycﬁrbmtogs'abhy, {agredletmnmllmbnonmxctgrmﬁ/aftogcad ueek) ghwd then

DCM MeOH to 80 ave the ti co el.l ow oi |
LCMVB ( ESH) 0/0 as a white soltd 81.7 gr)r.p e cruée material was Use t%e next

(1R*, 2R* ) ( *hyl pi perazin-1-yl ) phenyl) - 3-

phenyl cyc%gér olbl\gwgg%c? ﬁé‘( (Mpﬁ 5i) [00308] Fol | owi ng nethod | from conpound
15¢c (250 (HiR", ZR*?ﬁRh)FE)ﬂhyl amu d%orﬁe(h?123tr|cﬁlelol-thyel)le®|5dpllr; 56yI188- Mol ) .

Purificat |r%)n [{&5' sol ut ebca i on( ﬁichange SCX (el uti on DCM MeOH 50% and
5-10% 7N RN PP BPE conpound as a yellow oil (72 ng, 27%.

LCMS (ES oﬁiﬁu M+F9fd1|owmg method F from 31 (1.70 g, 5.40 mmol) and 6a 2 10 )9
(1R*, 2R*, droxy-2-(4-(4-isopropylpip era2| n-1-y

phenyl cyc8 d@m@@ﬁedﬁﬂﬁl@ﬁﬁﬂm o ﬂ@§B<’§)|ICPOIDIMJQP rc@rcpmwtqggawm Ebﬂdlﬂnf- eloBonpound

55 170 t tl
compound ‘Al EEAG 1) 4GP ¥ i O BR TR T A SR My 2. So
mz? (QHZLMBM@(ESFB)IM(M}H)WH) NVR 6 (pprr)(DIVBO d6) 10 50 (1 H,7 go\; ;71.(2
H rr) &%B 3R)-N-Hyprexys 241 px0- 2é2@82¢rﬁluqr0$§1yl)@0mphnﬁy - 2.75-2.61 (2
' 2 ér@er{yﬁwéiodiigpar?ecargo%m%e](3§'¥) 2.12-2.06 (1 H m, 1.00 (6 H d J

= 6 5 Hz)

( neny oy J"”?‘”ﬁ:‘%ﬂ";‘?’&”‘”?ﬂ“‘“ D) T 00510] Bol & owt v et had A {1 ar byorrpound
55b (180 r'ﬁ‘j% SFECRIRBI ChTpATe r@&??&sﬁras'gﬁ cudiardothEaledigain BEMF T T
conpound &%y r&%a?aqiquﬁlﬁié d&&; cerﬁ@\ﬁéﬁ@@s a?’m té“ﬁb‘l‘?ﬁ RT 7.23 mn

(Analytlcal math . 1IH NMR™6 10. 56 1H s), 7.37 (2 H,
d J =17. IBre}pa)ratlvE goral HiR,C gave the:t/tTe Bomppund (2bralpak (1C 39/70 OB, @81 (1 H,

) 6386‘80( iglhetfbneg, B8 AR 7 L iy EeMeiESH Sy wbE RE°,. 74

1 d
5(5 14HHZ§ 3471 rﬁ|n5(A|ﬁé)yt|cgl t‘ﬁ%tl’(cfb L1 TH Nﬂ/lF?éA(;Z)%nJ@MS@ a%&/grbod;y“zq s) 8;72’3 g

i 1 uor opy(irie) s) a 7101611Hydj)the7h9 II—)z—)S? 56f(eﬂyls)yzl46p(ﬂd1$ﬁd1ebar8umklam m5 (36¢)

[ 00311] Fol | hod A fr o

Purifi cathl oamfb 1 &2 Ué "iIIiL@Z ga@g‘q hé 1&(%12@ tcggﬁpg?gﬂgz)ag% zzan'i"t 2 solid
(35 ny (E M8, J BT ( | Mt ygal hod 6).

1H NWR 61{%%#?_%& §)7 HLB%FD%& H, as)J %gtsgh IL&EZ %)3,1?1 M. HB J r@ , 7.31 (2
H d, J =6.8.Hz)H2)30 (1.125dd,2) #9.T,, 54Hz)7 4 Hz), 7 19-7.08 (3 H rr), 6.60 (2
H d, J =_8.2 Hz 3.66 (2 H t, J =13.4 Hz), 3.44 (2 H m, 2.99(1 H m,
2.70-2. 65E¥@MRle 533" (1 H M), 2.08 (L H dd, J = 9.5, 5.4 Hz).

(1R*, 2R* ﬁ&&ngn%@ﬂj met hyl azeti di n-1-yl ) phenyl ) - N- hydr oxy- 3-

phenyl cycl opr opanecar boxam de (56d) [00312] Fol | owi ng nmet hod A from conpound
55d (200 ng, 0.59 mol). Purificatdn by preparativeS¥HPLC gave the tit] §°:F

429) .

conpound as_a whjte 8olid (23 ng,[ 14% . LCVB (ES+ 7 (MrH) +, Rg 3.42 Mn
(Anal yti cal' ﬁﬁod Iy 1H (ppn) ( DVBO™d6) 10749 P11 H-3), 1 Hpr
s), 7.33 m, 7o 12 (1 H n),of05(2 H d, J = §

6.37(2HZ(§| =8.2 Hz é48(a¢H s), 2.97 (1 H, ¥d, J = 6.9, 54 HF
268(1Hdd J =95 6.9 H), 206 (LH dd, J = 9.5, 5.4 Hz), 27(6
H s).

(1R*, 2R*, 3R*) - 2- (4- (2- Oxa- 6°%F4spi r o[ 3. 3Thept an- yl)phenyl) N-hydroxy
henyl cycl opr opanecar boxa e (56e "

pyyppig Ph(.! >_<\o o

N 39 38

(E)-Ethyl-3-(3-bromo-4-nitrophenyl)acrylate (34)
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[ 00313] Fol | ow ng met hod A from conpound 55e (214 ng, 0.61 mol).
Purification by preparative HPLC gave the title conpound as a white solid
(23 ng, IWeN2012008M88( ES+) 351 (M+H)+, RT 8.07 min (Anal ytrcrals2emeibrads 3). 1H
NVR (ppn)(DI\/SOdG) 10 50(1H s) 864(1H d, J—18Hz), 7.31 (2 H,
7. 2) n% 7083Hn) éH,d,Jz
), wozg 13. 61FQ”9VW19 meth9d4 f@”?s@ krame- 4rﬁltrotzer!¥@1qebyqe( @ 21% 6.9
)

4 Hz
e, SR SPuiheetn ol Teshisliobpdpenipnifodraph (i sultin i, (1 o
phenyﬂoc1,0.%ﬁimmanempgawmenﬂéﬁbmmwmmy BI30NAECMSUEDH) 230022216
0314] F %}%mj JT'B'[ hod A from conpound 55f (265 ng, 0.68 mol).

Puri ficat reparatl ve HPLC gave the title conpound as a white sol | d
9 49 S 7

(NNR”% (or (DNB@%%?? S %‘W“W DHEQYTI RS TG RRABS M (5
,J—7(85l)12),724715(2H m, 6.89 (1 H s), 6.84 (1 H dd, J = 8.4,
Q) iﬁ?%f 5 FSloyipg mietiod} fo3i dinpoling %4423 & B8 ghesigga' *

2.81-2. 71§84 15‘13 mﬁf}oT")O 'ﬂwel%a(c%oh'wd@mc8mb§a‘te%ft@43(1r2mb’ atht, fot 725.1. 83 (1
H m, , 1.48- m .

(1R*, 2R* ﬁmyea@mdwmgo@e@h@rm%arod;aozad@pimn|&ﬂumzaier3thf|§u5@mlum aall.-

1) pheny! YR RCARTERRAE A ko KRRV ESIAPUAB BFE DO 1o
title conpotifichtion b@/fvd’shtsih@d:cbldﬁﬁﬁ‘l&rﬁmmd@%h %@Mle(rﬁéﬁtloﬁf)%e(xl\fbﬁ% RT
2.42 m nl_étAnaI ytical method 1). 1H NWR (ppn¥ 1 H s),

d J =
8.2 Hz
5.4 Hz
(1R*, 2R*
Xy 3-
[

1
y
0

8 72 (1 ¢ inzi-gx) g ve the titl CQ’W’%’IWI-%G yellaw off (Q&O(ng 121%) LCMS5.7. 14 (2
. )édéﬁ)l,\@@aao(lH m, 6.67 (L H d, J =7.59 Hz),
384369 AMEN 1 H dd, 3 =693 54 Hz), 2.90-2.82 (1 H, ),

2.82-2. T2, 2R, w*) 2.22 (1 H dd, J = o. 6EtEyM2-I(&)amiﬁoCH§b(02rldﬂ)hed1yl)B—
12. 01 Hz)
(1R 2R, 3F8h%yg@%t@r9pﬁ¢ﬁ?dh9%%t§z(§ﬁg[1 5-a] pyri ni di n-4(5H) -yl ) phenyl ) - Nhydr

oxy- 3- ph | opr NeHa H PN from
conpounde@bES%ES 13(,9%0 46‘r ; ﬂﬁ%%@g%éﬁﬁgéﬁbﬁre vvalzﬁh %ﬁgﬁﬁggéafter
purifi catinbpabg apeb@ac@t(mernHPwesa@Idadmntm)mm(82441]9 51y mmobpand the

P f t b t HPLC | k 1A 40/ 60..] PA/ MeOH

CB01 507 0. teasral piRUEE gd FRRL R oo B TR AR iR WS RON e i 11 e
CompoLN. kY, CERE)arl orcHhttos. T il R pldcimbo WREROFN HoI 11 MR
6 (ppm) (DMSO-de). 10.50(1 H ). "8 74 (1 H s 7.36-7 28 (5 H

7. 26- 7. 20and DM eOMR. Obhg aqueous, IayeHN&S&XtP@«; edseergl times with DGM1. 9 Hz)

£ 152 T ottt i o o b
(1R*, 2R" fa@BS%)"NON@%EQﬂ(%C( pi per azi n- 1-yl ) phenyl ) - 3-

phenyl cycl cl)_\pr oFganecar boxam de (56i) [00317] Fol | ow ng met hod A from conpound
55i (70 ni e3Rmo Eihy3a(3- br%%@ﬁdﬁowyfﬁmlsgpa@n% HPLC gave the title

d 09 LCMS (ES+) 352 (MrH)+, RT 6.86 mi
EZLTET’S?. Al '@e%&dﬁ?%%% ﬁﬁ;%l%t@%? (/()DI\/SO d6)(10 ?30 (1 |(4 3 8.64 (1 o
s), 7.31 [(0925!3]d JTGak(ﬁutI@)ofd}r’QﬁOL{rﬂjﬁﬁ(ﬂo thgs 173 Bmidzdl) infD2M (m)mos H,
D65 5. Wenigacs DIREAIC2S il 13 Emehdl) s esqnppienlanga 140 9. 53l 7).
3123:0(2&9 Hznrlrﬁﬁn ?h@?ea(tihoh' m&fbreubvg%s @[%rc%(da\g)gl‘ﬁ W?te%@pdo)%e%ltr%é@fa'nw Schene
phenyl cycphgaeopalatechby prase depasror draDedr8lentrated to efferd theMiplewnvdnadmd 250

my, 0.75 | 0.230 nm, 1.1 1),
b prh3) A PR ) obENR S BSE RAMEERS (4 hi) ves heated 1n {he
m crowave(1@®* 2R0SRF0EtHy|1p- gZTiééprprérQo‘Mjéxéﬂﬂ@em Bated and purified by
flash silica colum chromato raph%g(gradl ent elution DCMto 10% MeOH in

DCM to aphemdcyclaprepanecasbmpdried38s a white solid (175 ng, 73%. LCMVS

(ESh) 3200l - (Aol BV Rt ng  (1ARRI) Kb RBPIH.

phenyl cy anecarb
2.28 mmol), pyridine (5 mL) in DMF (15 mL) was degassed for 30 min. Then
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[ 00319] Fol | owi ng met hod A from conpound 57 (160 ng, 0.50 mmol).
Crystallization from MeOH gave the title conpound as a white solid (71 ng
459 . LCMWBOQERHN3®R1 (M+H)+, RT 2.80 min (Anal ytical neu)trmmsi()lz/omme 6
(ppm (DVSO-d6): 10.58 (1 H, s), 870 (1 H s), 821 (1 H d, J 0.8 Hz),
7.94 (2 H d, J=28.1 Eizgﬁ 7.452&2 H d J =28.1 Hzglp 7.39-7.33 (3 H m,

7. 31- 7. 23¢apner(lfgromide g mmol) wapedded and the regction mixtyre WﬁS dd, J =
326002 8 @%%@@ﬂ@wﬂgwrrﬂdlatlgn Gt 12030%}4 h. E?‘ﬁé*Péaectu%% rﬁ?ﬁfr&'v@& Scheme
(1R", 2R*, Gikktgd MithiYCMRarfal washew isByéral tiresi witiy elate?-arid) pdreny Ihe drganic

e G K G RSN N TR e
1- et hyl f?asmm@%hﬁﬁfm Hdta@arggwgr gef?ge'im,onf%-r?e& o0k -EtBING .B',%tx)on by

flash silica ¢ chromat o nt elution DCMto 10% Me
DCM gavegaveethei titlcecaroppaoich(Bodsmg, §8%d) aw aswdlictv 0.8 LCMS (B3%) 35&@52 (ES+)

333 (l\/HrI—l)@/| I%%R*,ZR*,SR*)-N
- Hydr oxy- 2~ (1-met hyl - 1H i m dazol - 2-yl ) phenyl) - 3-

phenyl cyc( 1@@2RWEH oS 2-i$§ftopY188RZd[HfoNalzen6 99-3ret hod A from conpound
59 (187 , y@ )grgq I&?zg |onZd{r](?r?anDCM gﬁd washes with MeOH, gave

t he t|tlepf¢%'wﬂﬂm¢iﬁpr@@a®36ﬂﬁ oxarsiglei (89 98 ny, 53% . LOMS (ES+) 334 (I\/H—I)+ RT

.70 (1 HOBZPSY ! ¥ QIBRPG fnctlvou & AT iRl S GBOHSL S mioh o1 S
H m, 7. Q@nf?cal@n(b%/ ﬂésbfﬁlllcéc&ar’rﬁﬂcﬁrbrr@tog}aph)l |_%QJ'aHZ’én,t eﬂjtb‘h(BCMl t085%
3.19-3.13 (1 H 6.8, 5.4 Hz) 290& , 6. HZ) 2.26

(1 H dd,MsOH m I@CM:) gpvieANe resenmin r@lxi@r%%e arbﬁolsth%’%@emgﬂ@%é |ve 'Ph 15c
Preparative chiral HPLC gave the title compound (Chiralpak IC, 20/80 EtOH

(0.1% formic)/heptane, 1.0 mL/min, RT 15.7 min). LCMS (ES+) 337 (M+H)+, RT
3.59 min (Analytical method 1). '"H NMR & (ppm)(DMSO-ds): 10.63 (1 H, s), 8.76
(1H,s),7.66-7.64 (2H,mm),7.39 (2H,d, J =7.60 Hz), 7.35-7.29 (3 H, m), 7.26-
7.20 (1 H, m), 3.36-3.23 (2 H, m), 2.96 (1 H, dd, J = 9.6, 6.9 Hz), 2.30 (1 H, dd, J
=9.6,54 Hz),1.42 (6 H,d, J =6.9 Hz).

Example 12
Reaction Scheme 12
COR; COoR4 CONHOH
5 —@/A LY e — T
N~ N~ Lz N~ L~
3-Br, R4 = Et, 15b 3-Oxazole, Ry = Et, 40a 3-Oxazole, 41a
4-Br, Ry = Me, 15¢ 4-Oxazole, Rq = Me, 40b 4-Oxazole, 41b

(1R*,2R*,3R*)-Ethyl-2-(3-(oxazol-5-yl)phenyl)-3-phenylcyclopropanecarboxylate
(40a)

[00256] A stirred solution of 15b (500 mg, 1.45 mmol), oxazole (0.19 mL,
2.90 mmol), Pd(OAc); (16 mg, 0.07 mmol), di-tert-butyl(2',4',6'-triisopropyl-
3,4,5,6-tetramethylbiphenyl-2-yl)phosphine (67 mg, 0.14 mmol), Ko,CO3 (600 mg,
4.35 mmol), pivalic acid (59 mg, 0.58 mmol) in DMA (8 mL) was degassed with
nitrogen for 15 min before heating at 110°C for 16 h. The mixture was cooled
and diluted with DCM (20 mL) and washed with H2O (3 x 30 mL). The organic
layers were passed through a phase separator and concentrated. Purification by
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(1R*, 2S*, 3S*) - Met hy1- 2- (4- br onopheny1) - 1- net hyl - 3-

phenyl cycl opr opanecar boxyl ate (61) [00322] To a solution of 15c¢c (331 ny, 1
mrol ) i n woyoiHe3@s - 78 C, was added LDA (2 Min THF, OPE&Trdspodoepas se and
the reaction mxture was stirred at -78 C for 30 mn. Methyl iodide (O. 065
m., 1 mmol) was added and the reaction mxture was allowed to warm up

rt. and #AsTysiken eoump ¢hrorn¢éogr@aby.(gf@dmrytmt@wmeme’%%&d%mﬁ Wby and
h SHA
{1t or od Sy BB GAABARY ol ek R AOIRL APBRCLERS (o ffaddo=Ool

chr omat ogiMpy  ( gr adi ent eI ution i-hex to 50% EtOAc in i- hex) gave the

(1R oo B R AR gt S(Er%'%ylar?hﬁr%'mé@%ylﬁhgﬁ Opaneratoye

phenyl cy(mP opanecar boxyl at e (62) [00323] Fol I owi ng method G from 61 (346
? and 2-chloro-5- fluoropyrimdine (170 pl, 1.1 nmol).
Pur| f| cat [0@255]/ f | aAlstigietisotutiool afdccB@mag i phmo{)gosazaa0.dPunion i - hex

90, A2 el ;s BETOpRRSe M 0 bF iS5 BAURDANS £ OaR5sy 0 | (160 8
(1R, 25,3 ﬁ*észet@émé%%yﬁé@ng? %rex/?)onh?nalmﬁwnhwdk%o%mmggj 30

phenyl cycl opr opanecar boxani 0324] Fol N'owi n t ho

my, 0.97 ﬁﬁﬁlmmOl?upIVﬁll@a@ﬁdﬁ%pgf & hm@plhI@@Mel(ﬁﬁmd;hmmcieg@;samwth

e 1 1 & EBHBO 8 Befre ney o 360ty ol A TRed oA ElodRary . BT
10. 83 m narchaibted ivied DORA r@mw&»anammmmmb( @a@hﬂ)) THy 6igaic H, _s) ,
8.98 (2 H d, J =0.7 H), 864%}1Hs),831(2H J=81H,), 7.51

(2 H d, 'ayersgvare-passed tgmaughepiasesepgratar. angl onosniraled. fpuriicatiopbo, d, J

ot e e e el hsstoTalodebPh b Sl e Bk SieAd I
phenyl cycyae theaitecaorbpoyndae a(@iurld383R5BVO rag,s85%).edCMS (ESen320 conpound

15¢c (1.0 @}Iﬁg.J,OZ mmol ) in dioxane (5 nL) was added bi s-pi nacol at o di boron
(844 ny, mml) Pd(dppf)d 2 (246 ng, 0.30 mmol ) and pot assi um acet ate

(1.48 g, (kR IRMWPLN-HyEXRXBUYORaHES- fdawi th nitrogen, heated to 100C
for 2 h, (dlluted Wlth);EJI:I}IZ)(()y(«()LK“?L‘)?l andggxtr cted into DCM (2 x 20 nmL). The

organic I@mwymommbomrndgkmaa) phase separator and concentrat ed.
Part of t d d 400 . 1. 00 I i I t
of weor (B0RRF] ana FeiR7HS méthad A (Pilot ARN4ERIRE, LE sy 157

nol ) andpGdatiof bYRlash & dohh. cthmarf@dgvbphy(%%v;eﬁlewtm PEMLEES,f or 16
h, diluted with H20 (10 nL) and extracted into ._The organic

| ayers W@%%B@M)mwghedamm%w@r%& @meosqildr(aéatmga,tW) Purification

by fl ash | i ol 9\MeOH i n
oov) - at § of B G R £ e Bt SR copathaTon ek C AP P PE" s
319 (MFl‘&)ﬂmdé(ﬁi‘])/ﬁéﬁtaﬁ&*?O%L#nlﬁlﬁ-wvaﬂmb LoyS psny 321 iviRAgE ORY - 3-

phenyl cycl oBr opanecar boxam de (65) [I\H\%3261p|:0| | owi ng nethod A from conpound
64 (121 n82anBgAmabiticamethas: )oxy|1'| PR DM @iched! B82 1 hél.rhaj &6

product. 119 BBAARST (S (TR Y BD RUBL SELED, Lo TSIO8I saa i

(9 ny, ZJE)HOB J iﬂ@ﬁf&‘w)z 323 @F#H}n’; 7. 2E<T1$1 49J mﬂz(rﬂ)awtzl (qaii dqethed 3).
1H NVR 6 DVBO- d6) 10. 56 H l 8.48 H d, J =
Hz) 986 4(I22H2%8(1JH dd, Jt &@,69 st) @132{1 Id dd 0.6, FHé)HZ)7 40(2 H, d,

2.5
) £ 21 gt Sty ol Enlehs . D3 L o
H dd, J m&)&ycﬁ);ﬁobar)ecal‘baxbrﬁtﬁewm By, = 9.6, 5.3 Hz). Exanple 25

[00259] Following method A from compound 40b. Purification by flash

silica column chromatography (gradient elution DCM to 5% MeOH in DCM) gave

the racemic mixture as a white solid (88 mg, 29%). Preparative chiral HPLC gave

the title compound (Chiralpak IC 20/80 EtOH (0.1 formic acid)/heptane, 1.0

mL/min, RT 18.7 min). LCMS (ES+) 321 (M+H)+, RT 2.77 min (Analytical
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Reaction Schene 25

(E)-Methyl -3-(5-(trifluoronethyl)pyridin-3-yl)acrylate (66) [00327] A
stirred swbuvizon3®mB 5-brono-3-(trifluoromethyl)pyridi nePCIB2@2/042242 mol ),
(E)-ethyl-3-(4,4,5,5- tetrarrethyl 1, 3, 2-di oxabor ol an-2-y1l) acryl ate (1 0 g,
4.43 mol ), Pd(PPh3 4 (511 ngy 44 mol ) and Na2003 (13.3 nL, 1

sol ut i on, Methag! roiH NMR 5d§9€fé€QMSQ dh): A0tGoer, $b8. AD(htns k9 Kftah1 heat ed

Lo, 100C 1 717073 BS, Trhe 285 9ved oy 5gb dhl U 50 Ay patier (20

Or gam c layerg midd) Js2b.8, M .80 (mH), ddTUe= o, vasHafliush edH @g>y=> and the
resul ti ng whi te precipitate collected by vacuumfiltration (431 ng, 45%.

LCVS i ndi%ét éd IHRgt the corresponding carboxylic acid had formed. In a
separ atenélgri'llfﬂ §g| onyl chloride (0.19 niL, 1.99 mml) was added slowy to
MeOH (5 C, and the acid (431 ng, 1.99 mmvol) was added. The

m Xt ure VReaékdh Setémen3l.5 h, cooled to r.t. and concentrated. The

resi due was dissolved in sat. NaHCO3 (20 nmL) and extracted into DCM (3 x 20
nL), and the conbined organi cCPAyers passed throughiFAHfHase separator and
concentrated to give the titlx corrpound as a col ouyhess oil (403 ny, 88%.
LCVMB (ES+) 232 (M+H) + i —

(1R*, 2R*, 3R*)-Et hyl-2-p 13( trifluopor | ) pyNgh n- 3-

yl ) cycl opr opanecar boxyl ate (6@ [00328] FoN_owi ng m#ghod F from conpound 66
(403 ng, 1.74 rrrmlg and 6a ( 678033 2.62 mmol ). After stirring at 0C for 2
h an addi {liFoRR", IRY-24rH Vidtirreazobf -y IPARDE \Wehydrayekt. Purification by flash

silica co t elution i-hex to 10% Et0Ac in i-hex)
gave the ‘%'ﬁﬂg’é&c&@??g@é%%%g%x crg{dgﬂfl?gss oil (250 nmg, 2:1 trans : cis, 45%.
LCVS ( ESH00280] ( M+H\ stirred solution of 15¢ (100 mg, 0.30 mmol) CuClI (3 mg, 0.03

(1R 2R, 3R) - N-Hydrox 2- phenyl - 3- (5-(trifluoroneth ridin-3-
yl ) cycl opingidh éQar(MjénQ é8%0 nypsh 9) NM"?&Q\ﬂﬁ’@'—%’é’?ﬁ@@gﬂswfi')wtaonpound 67

250 fil I oTps A aph

(gr adlrrgnt eﬁg?l on Mddl Jﬁfﬁdﬁwaggt%ﬁ#dﬂ%ﬁ@"ﬁ&)gﬁgﬁﬁ‘gt. veP%'PLE )g;ave

t he racening, 6138t mnelasTlee whktuee wakistirre8at@0°Cxé) 17 Ry eoaledttovﬂe diutedl HPLC
the tjt Ch 20/.80, Et QH 1% f

Oy o0 hepeh SRR eSS L ECRE T St B v . 30 i

g S“\nagyts'scé’éiségﬁttg%g? Bﬁﬁbé\'y@pﬁaﬁﬂpﬂd mn@@éed @@066'19? 1Th%3 cgl)de\] 8_9$ élle-l)

7.32 (2 materuanmsﬁuasmq |n7TI25 I\(I&OH (1r1 Ci]rrrl-.)’ana hyx:)roxylamme((ﬂ Hmlobscur ed

gamrrlglt gr) %eaoﬂﬂ OY8 sgﬁ.ﬂ@ 12’?61 mmol) and po?dssmm h%roxide &3’7 mg, 1920 rhmol4 He).

tert-But yledt 4dddd. 1Re ?rﬁituWw)as%t&@tétQW\%@Qhﬁ)nMéQltraTzIéhIQnMﬂ G IHDI=pRYy | ) phen
yl)- 5,6-d ihydropyrid -1(2H) - car boxyl at e (69) &00330] Fol | owi ng met hod H

from Conp@m»aptchmttp g@@A@g The ergenic lapers(were concentrated and the residue re-
(rert- bul GXEGOLRRN d'&ngoun O R AT UREY Dol Rkl BRI & (750 1D,
p 0

2.4 mol) e’'cru was used I'n the next Sut further

puri fi cathyaroctdftie 280 nR0)2Wairhyl},-ROPh@Myig 30.08nhrhod,shdbtrietHytarhingr opyri d
i n-4- yl)phenyl)cycl opr o_Panecar boxyl ate (70) [00331] A solution of 69 (2
mmol ) in & 241x 0 POl FAg Bibdune wag sbieseel @ 4-t- for 2 h,"concentrated and

partitioned between DCM and H20. The organic layers were isolated by phase
separator and concentrated. Purification by preparative HPLC gave the racemic
mixture as a white solid (10 mg, 11% over 3 steps). LCMS (ES+) 320 (M+H)+,
RT 2.24 min (Analytical method 1). *"H NMR & (ppm)(DMSO-d:): 10.58 (1 H, s),
871(1H,s),830(1H,s), 777 (1H,s), 762(2H,d, J=8.1Hz),743 (2H,d, J
=8.1Hz),7.35(2H,d,J=7.6 Hz), 7.31-7.24 (2 H, m), 7.22-7.16 (2 H, m), 3.17
(1H,dd,J=6.8,54Hz),2.89(1H,dd,J=96,6.9Hz),2.24 (1H,dd,J=9.5,
5.3 Hz).
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m.) was stirred at r.t. for 3 h. The reaction m xture was concentrated and
the residue dissolved in DCM MeOH 1:1 (2 nL) and passed through a SCX
cartri dgewfebizriosns7 M NH3 in MeOH). The free am ne wasPCIalSatied2236 a
yellow oil (655 ng, 96% . This was dissolved in CH3CN (20 niL) and
052003(1.2 g, 3.9 mmol) and benzyl brom de (255 pL, 2.15 mmol) were added.
The reactF¥#mMpl&fldre was stirred for 17 h and concentrated. The residue was
di ssol vedyj ed with water and brine. The organic |ayer was
passed thlragﬁ%@ﬂ P %s@gégpar ator and concentrated. Purification by flash
silica colum _chromat ography (gradient elutionQk&-hex to 15% EtOAc in i-hex)
gave the tifl'® esnpbund as Pl ow oi | (305 s, 36% . LOVB (ESH°2%24

(MH) +. — 0

(1R 2R 3R) % 4- (1- Benz¢1§1, 2, 3, 6-t étrah
3- phenyl cygl opr opanecar®oxam de gg;u{[ 003 3
conpound 70 (300 ng, O0.7a3mmol ). Puri}i ridges(el ution
DCM MeOH 1:1) gave the racemic m xture as a yellow solid (23 , 949 .
Purification by chiral preparative HPLC (Chiral pak 10 40/ 60 EtOH 0. 1% FA)
/ heptane, 1.0 nL/min, RT 14.2 nin) gave the title compound as ¥'V&'l ow

solid. LCM5 (ES-'-) 425 (MrH)+, RT 7.59 nmin (Analytical method/3). 1H NWR 6
(ppm (DVSO-d6): 10.61 (1 H, s), 875 (1 H s), 7.45-7.20 ( , nfh 6.18 (1
H s), 3.63 (2 H s), 3.15-3.08 (3 H m, 2.86 (1 d 9.4, 6.7 Hz),
2.69 (2 H t, J =56 H), 2.55-2.46 (2 H m, 2.2 (1}q, dd, ,J = 9.6, 5.3

Hz). 5-(4-Bronophenyl)-2-nethyl oxazole (72) [00333]Triflic acid (37 ni,
0.22 nol) was added dropwi se to a solution of thalliumacetate (28.7 g,

0.07 nmol)_in _acetonitrile (400 at r.t_under nitrogen. The sol ution was
stirred 12%‘r(4'f}5°'rﬁoﬁﬂS@Y'%nzécygil%Pgbg)W%? (ét"!)or onpbenzal gehyde in acetonitrile
(200 ) opgegfided pilc bR qeleihilon off was 896ed Brogise fo a Bafliiopact i on

m xture was conhcentrated and the red resi due was taken up in DCM (600 ni),
washed wi ofthglitior acaidteNAKGEBg, WaBémoldin extlgmgsdaitrien@00ankralt mtatiedert o gi ve

b 12. .. Purifi i by f | h sili 0l h h
Caradi ontEpheR T Soubsh asiinatlied 5, mPTRidie o 30uBRETR 11 e Conpound as
an or angepptddtetshHehode iﬁ%@lﬁ)k@%iﬁﬁ(ﬁdmz Sty dedtamdthe solution

Et hyl - 3- (4- ( 2- et hyl oxazol - )phenécl)) acrylate (73) [00334] Fol | ow ng
net hod E WasheaiagiodiCrer 2d). gheyeagBommixiirerivasmontaetraiedadndothesedut i on

d j ' t trated t
uas Aecaneiule 9 IR LAJLIMARTH SR G SapPa  NatcEanART T ot od Lo
dried (My&%Er. Jing argaciensyert avbre GepavatedNdisd (g, S0l )i filterédighdwas triturated

with diethyl ether to give the title conpound as a beige solid (6.18 ng,
66% . LCMONaesinptesie giNg@dark red gum. Purification by flash silica column

(1R*, 2R*, - - | € | VR .
phenyl cycﬁg%gnoag‘é%éég%%éﬂ%{te t%a’) iO%B%(gﬁoﬁg owﬂrﬁé})eﬁzg%%tq:e ?trl%m conmpound
73 (500 nepmpo@id asal PalaydlGa solid63.87,9, B092). mhENS (HBe) 2842660 M we}y

i nconpl et er The reaction ooled to,- and an additional 1.5
equi val en@%%ylé%rl%f"g%lcéfﬁllogﬁﬁmﬂOXP’Z-Ol' [ -eﬁylg‘?ﬁfyll?it‘?—l were added and the

m Xt ure S at ' (4% r g Pyt Whs@t d bl i col um

chr omat ogltr{)lggﬁgp( gr a%?tnr?f) g}glétft%: %?7. 9hg§( 'r’rirgélg,()%%ﬁgt%ﬁaitﬁﬁii?j m&’)%ve t he

title conpoumd REOAS)0B3rdgeg.ol.b e, irgortho-taylphoshingrtBhd eng,rammal),s) . LCVS
ES+) 348 . +. : s

(15" 2R SRDIAIRGIAZ [ A BGHHRASTN 5Pk bt fgassegapitynitrogen

y1) phenyl e velhprsyiercsadthepineahixtiré46)80P008368 holrheweagtiorehb@drefwds om
conpound 73 (500 , 1.95 mmol) and 1-(2-fluorobenz I%tet r ahydr ot hi pﬁhenl um
br omi de. (@Xceniaten an improwesidue:wes &kasyUp IMBAM (130 aLoovashed wi

chromat o \/ Lent: el ik | = 9 R Y he
e corpauneoairgib Bl M 20, piered ahdpiieerififed b Y Gule” es)
366 ( M+H) RurificHRoa Ry3shisilitedcal umneirdmaZogrephy (graaismit €hition) igtextpl ) - 3-

phenyl cycl opr opanecar boxam de (75a [00337]&? | owi ng method A fraom conpound
74a (460 Efﬁqu):@;%Vﬁdhé)f(ﬂemwm%$ A gYe velivnsalid (334 o Bl LiSMSat ogr aphy
(gradi ent E%wt}tiéﬁl” 0 5% MeOH in DCM and then preparative HPLC gave the
racem c re as a ite solid (35 ng, 59% . Preparative chiral HPLC gave
the title conpound (Chiral pak I C 40/60 EtOH (0.1 )/0 form c acid)/ Heptane,
1.0 nb/mn, RT 12.0 nmin). LCM5 (ES+) 335 (MtH)+. RT 3.28 min (Anal ytical
method 1). 1H NVR 6 (ppm (DVMBGd6): 10.50 (1 H, s), 863 (1 H s), 7.55 (2
H d, J =8.1Hz), 7.43 (1 H s), 7.3487.23 (4 H m, 7.23-7.15 (2 H, m,
7.14-7.07(1 H m, 3.05 (1 H dd, J =6.8, 5.4 Hz), 2.81 (1 H dd, J = 9.6,
6.8 Hz), 2.40(3 H, s), 2.16 (1 H dd, J = 9.6, 5.4 Hz).

(1S, 2R, 3R) - 2- ( 2- Fl uor opheny1) - N- hydr oxy- 3- (4- ( 2- net hyl oxazol - 5-

o o o o - . NN PN NN o P



WO 2012/ 103008PCT/ US2012/ 022216 Exanpl e 28 Reacti on Schenme 28

(1R*, 2R*, 3R*) - Et hy1- 2- ( 3- (5- net hyl pyri m di n- 2-yl ) phenyl) - 3-

phenyl cycwopoepmsmsar boxyl ate (76) [00339] Fol | owi ng et rau/uS26Iz0m2i61e crude
boronate derived from 15b (565 rrg) and 2-chl oro-5-nethyl pyrimdine (194
ng, 1.51 mmo urification by flash silica colum chromatography

(gr adi ent (18" LﬁIR @%Rl) ey - 2&413%YEIQP)1@WIQXQZOIT§X})I)%Wé! Jthe title conmpound as a

I I 359 (M+H) +
ng?grR, 3 ‘IIIII%IOS’S?/H%"?‘%Q?/%X WEEP I)yri i Iii n- 2-3(/| )I)IIIenyl ) - 3-
gge?gItsgycl!ooasepaneclémlbnwgmmﬁhb?ﬂ?ﬁ fr[oﬁ@ﬁéﬂonhdj GM: (Bg0mey, lhnl?Aﬁnrfrr]]bDrarworrpouRd
. Pyri tion ash silica colum chromatogra
(gr adi enITg% ‘&I‘I'&g MGy, III/B'@ILW I?n[%I\III GC FRIUFRCEHPE AR ARM Y% asga i
whi te sol i on ?’ﬁe@(go EB f@AI:Yr?/ Frébkc? gadveﬂﬁé(ﬁtlgaéb‘?noé%déébe conpound

(Chiral pa I 40? 0O EtOH ormc acl t ane mn, RT 18.0
mn). LCM®IQEEYs GUE00VRE) 7r2 R’ans chs7 6. (U(&MSy(tESclaB?rMMTdd) 1). 1H NMR 6

e 1 a0 (R ST adlenor Sihathy D iebiah o0 (3 % Y (5 5

.5 Hz 15 1 H dd, J 6.8, 5.4 Hz 2.78
(1 H, I:Id ﬁhér%/kgkldbrobane]ca{t’ﬂxza?ggé)(468 ( Exanp Ie 29 Reacti OII Schene

29  (1F00284] SR*)FQIEIVI‘IW nrethod A fras |¢9mppurr?g;45a(z3@p mgy® Bpreme)) - 3-

003411 o AMERBREY HesT et Eagbraenroagi 3y s Al ORI CHER S s
was addedvieOH pi DEM) give tﬁeb@t@mldr&ﬂduﬂ@as §mte@mub)(3oﬁ%@m%ﬂ 2 (246 ny,
0.30 nmol ) and potassium acetate (1.48 he m xt ure was

degassed RiaPRaiNer uh Hidacewe i Tisocomend KOnGaPRk g 0 (h Eidhflezo m)
d ext 2 T. h
R e e A e S W AR e M

nmol ) vvasw@ a\ﬂQIyeHTlaaesarrﬁn)(Analgtu@él rvetBiod (19. rYH)NIBlHUéTﬂ;IﬁnI(&)M&(D @g)d to this
was added 3-nethyl pyrazole (145 pL, 1.8 nmmol) and Cu20 (15 , 0.11 mmol)
The mi xt u‘r@6%a(§ I'Ir/.ta),rfﬂ £8 (étH 18)0t66d2 Ha.h) = @i2 bizpd .02 (h H-i30, (.28-7183 (and

extracted i 9 i YEL S, ver sed 0 phase
epar at orHal EonaaTraY ol SE: {ath ot By fRAan & 11 ol cobuim o9 54
chromat OQIFIQPIZYQZ(QIHCIUGHIJ -69 nt6 OHz), b G1OH6@&4)£E@°6 52II-IIz)h2>QB 207 nded the
title conpound as a creamsolid &150 &g 30% . LCMs (ES+) 333 (M
(1R 2R, 3F\I)'I m)H-dPok(8 2 H 31 RS-A3 @ p’WazoI 1-yl ) pheny1) - 3-
phenyl cyct%)@?)ﬁ%qgcar boxam de (79) [00342] Fol | owi ng nethod A from conpound
78 (148 mml ). Purification by preparative HPLC gave the racem c
m xt ure aReacttonﬁolmuhedS(w 8 ny, 47% . Preparative chiral HPLC gave the
title conpound (Chiral pc%lﬁwlc 40/ 60 IPA/I\/EOH £50/50/0 1 formc
acid)/heptane, 1.0 nL/mh, RT 9.0 nin). ¥°56 min (Anal yt t@¥cHmet hod 1) .
LCVS (ES+) 334 (MrH\+ /RT 8.67 nin. 1 (pprr)(DI\/SOdG) 10.62 (1 H, s),
8.75 (1 H, s), 8.4 1HPhd7—24 : PW9—(—2H d, 8prd Hz),
7.47-7.37 (4I—K .32 2HPhL,< =47.5 Hz), 7.27p H, m, 6.37(1 H,
d, J =2.4 H)y 18(401.H dd, 68454H2)Ph2‘<\9 (144, dd, J = 9.6,
68Hz)232(3Hs)227(1Hde 9.6, 5.4VHz).
(1R*,2R*,3R*)-Methyl-2-phenyl-3-(4-(2-phenyloxazol-5-

yhphenyl)cyclopropanecarboxylate (47)
[00265] Compound 40b (75 mg, 0.23 mmol), pivalic acid (14 mg, 0.14
mmol), potassium tert-butoxide (78 mg, 0.69 mmol) and RuPhos (16 mg, 0.034

mmol) were dissolved in dry toluene (5 mL) and the reaction flask was evacuated
and back-filled with nitrogen three times. Pd(OAc) (4 mg, 0.017 mmol) and
bromobenzene (54 mg, 0.34 mmol) were then added and the mixture was heated
to 110°C overnight. The reaction mixture was cooled and treated with 0.1 M HCI
(5 mL) and extracted with Et,O (3 x 10 mL). The combined organic layers were
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Exanpl e 30 Reaction Schene 30 CO2Et
(E)-Ethyl-3-(6-chloropyridin-3-yl)acrylate (80) [00343] NaH (792 ng, 20.0
mrol ) wasweddexiopmsti on wi se to stirred anhydrous DVSO @i&8/usk)12/0Tizes m xt ure
was heated to 80C until evolution of gas ceased and then cooled to 0OC. A
solution of (carbethoxynethyl)- triphenyl phosphonium bronmde (4.3 g, 10.0
mol ) in QWE& @80, YiltRead 2t RoReRIY@IeGhd PURECaHOM Rit Bash siigagoliMt .t for 30

in. The Ao af: ;

o- i o oi SURTEATRERYERPHEN Py B A © FREISOP B 98511° B8 avded anc

the mixt tljcncamwazsn&amarc&ﬂbtatess.dil_ f2@rmg, %%ghec&sg&)se)_ﬂi_ﬁs(nﬂher)ﬁpour ed into
racted into X : e organics were

Conbi ned (é%!}%ﬁsﬁgﬁ'@ﬁ%ﬁ%ﬁg(@%ykgﬂé)p%ﬁ?%ﬁ%ﬁ3 x 100 ). o

separ at edy%ﬂ{éngg?%p g hnélsteaesdY {@t ed. Purification by flash silica

col um chr omat gradient elution i-hex to 80% EtOAc in i-hex) gave
the titl 00@66pbund fallcavigg inhethosioAifbni Gospoynd 45422 m@MB OpESHoI 212 ( MHH) +.

1S*, 2R*, 3R*) - Et hy1- 2- (6- chl idin-3-y1)-3-(2- : :
{1 vor opheBgieTer SpSpRAEE NPt seve (Bd e o Tirng %amRie R4 F ¢ om
conpound @@ ¥34Q. rmmé-(E§+?TBDV)(NHM+§R1(4109%@,(Aﬁa%calfmbbhodpwri1H' cation by
flash silica colum chromatography '(gradient elution i-hex to 40% Et0OAc in

i -hex) gaMMR Bdppm)(MSOrpouna.58810Hng), 873%1. HLEVS. (808 @29, tysHB4 (3
(1S*, 2R*, 3R*) - Et hy1- 2-(2-f1 uorophenyl) - 3- (6-(4-i sopropyl pi perazin-1-yl)pyri
in- ey ol o iRt AP g (AP 1B 2142 (Kot ¥oB OURREREU b b2 21

[ 00345] A 1 r f-e Lo 6 I d L r i perazi ne
(0.75 m)%ﬂhZé’?eﬁzﬁr@?ﬂgﬁW&%ﬁ@ﬂ%Qo@?ﬁ Qﬁd]%hgogroe%%ﬁ N mxture
was di ssok.@éd1iHh daCM £ 9®, 6Ly HahR.@d¢hét ddi, Ui+ 9t &r3 H2).x 20 nlL). The organic
| ayer was gass?d éhr ough a phase separator and concentrated to afford a
crude conpM®I8d8d in the next step (205 my). LCVB (ES+) 412 (M+H) +. (1S,
2R, 3R) - 2RéAcioNSchehs@y ) - N- hydr oxy- 3- (6- (4-i sopropyl pi perazi n-1-

yl) pyridin-3-yl)cycl opropanecar boxam de (83) [00346] Fol | owi ng nmet hod A from
compound 82 (200 g, @°45 nmol). Purifi cabRon by preparati §&HILC gave t he
racemc mxture as a Mhite solid (49.8 ny, 26% . PreparatiAe chiral HPLC
gave the title ciﬁ"%mi r al pak 56, | PA/ MeOH (i 50/®01 formec

aci d) / hept ane, B® /nin, RT 13.R@iA). RT 2.18 ni lytical nethod 1).

LOVB (ES+) 399. 1H NVR 6_(ppn) (DVBO- d6), 10. 63 (1 H, s), 8.%024(1 H s),
8.17(1 H, s), 7.8 @2 H m, 7.30°7.27 (1 H m, 7.17-7.14 (2 H m,
6.86 (1 H d, J =288 Hz), 3.55-3.42 (5 H n), 2.99-2.95 (1 H m,
2.78-2.74(2 H, ), 2.67-2.57(3 H, ), 2.1%abléB dd, J = 9.0, 5.2 Hz),
1. 06((6H—d—3—F4-Hz)—FExanmple 32 eton—Schere—34
3or4 3or4
R2 o Compound R2 o Compound
Substitution Substitution
Ne\
U 4 50a NS A 4 509
E =N N~
Ne -\ N
U 3 50b S 4 50h
F ~N ~N
Ne N \
[T 4 50c N 4 50i
=N k P
N
Ne\
N NN
| /\l\|l/ 4 50d /@( 4 50j
Cl ~N
CF;
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(E)-Ethyl-3-(2,6-dichloropyridin-4-yl)acrylate (84) [00347] NaH (613 nyg,
15.4 mmol ) was added portion wise to stirred anhydrous DMSO (10 mL). The
m xt ure wae 2heamemst o 80C until evol uti on of gas ceasedpamastéen2roel ed to

0C. A solution of (carbethoxymethyl)- triphenyl phosphoni um brom de (3.29 g,
7.74 rrrml) Ln O('—'s m)\/\a':fhpn adg and the mxture stirred at r t for

30 mijn. Th N\qigkt ure was cooled to OC | and a sq|ution of
2, 6-di chl gf oi soni coti n&l dehyde %0e 35 .74 m?h’l/) i n| DVMBO4 (5
andthqzéng;d?e was stirredfat r.t foj h. NmM xture was the
into aaueous 1 MHCI and extracted infgiDCM (3 x 50 ). The or
conbilned q\pd ‘Q/ashed with H20 (3 x 100} :) anqhﬁ?p\ne (2 x 100 nmL),
separ|at eq; red (MgSQ#) and coggentr g Qr catipon byaflas

col umm chy gpat ogriaphy (gradi ent el uti ¢ “he}N8 20% Et0AC in i hex) gave
the tlitle conpound as a yel|ow solid [1j25 66% . LCMS (ES+) 247 (MtH) +
(E) - EfhyT-3-(2-chlor o- 6- cycl opr opyl pyr|d|n 4- yl')acrylate (85) [00348]A
stirred solution of conmpound 84 (1.29 g, 5.24 mmol), cycl opropyl boronic

aci d (496(1My,2R, 3R*)|=Math)yj 2f(4t(aBioropyioiihatephenyibdsi c) (3.88 g, 18. 3
nol ) , QAc nd tricycl ohexyl phosphine (1.05 ni, 1
Min tol u‘é*?n%MWC ”’gﬁca\rﬂ&yﬁme)(ﬁé?ﬁzo (30m./ 1.5 nL) was degassed using
ni trogen [0O26Zp M NF@ERMvihG eRethed 6drarh tHEBRadedbordhate ddhmedfedatisen m xture
was allowed to cool, diluted with H20 (50 nlL) and extracted into DCM (3 X

50 ni). TREOTBahamd-chierant-dyotenyEmigisndd! md.i. @Q@ﬂmQ')x PugifiggyoraBy bri ne

(50 m), t | ash
silica coﬁ%ﬁﬁgl rgonlg ﬁgQﬁBW?H?Z% u%q%[[?%l qﬂee 'ﬁ)d %ﬁ@?&ﬁ@ Iﬁéx} hex)
gave the gavd témdﬂl@p@mnﬂoWasyxeddl@yMesslono(%%ﬂg JTN0%BRACMSESCESH) 252. 5
( MHH) +. SR*, 3R*) - Et hy1- 2- (2- chl or 0- 6- cycl opropyl pyri di n-4-y1) - 3- (2-
fl uorophe @T'}'bycl opropanecar boxyl at e (86) [ 00349] Fol | owi ng net hod F from

conmpound eq‘:{ ajpgh @ﬁgdj?@ §f%%r |d|nPE'A/'I bhgﬁ}tdzgn by flash silica col umm

chr omat ogr aphy (gr t|on | ex to 4% EtOAC in i-hex) gave the title
conmpound QW@Q/Im]omGpanécemboxmm (d4Pb). LCMS (ES+) 360.5 (M+H) +.

15%, 2R* h 2, 6-di
1£I uorophe@%é E:I )(;pr @M@%é’l’l ycl(gp% ’ﬁ%gn’:‘fg’%@%})ﬂgéq%\;@&] P kon of
compound @00(PaAB2. hide. SMBbiop AHFUIRBI%0Y nf a8 iman! AL b. 72

mol ), potassi um phosphate (tribasic) d, ), Pd(OAc)2 (14 ny,
0. 065 mmilgshesitica eolog @wgmtmm@bw(gr@d(@temtm i-hiexnioi 1) % &itOéyean ihexB mol )

{hen: hoat Sttt 1B B TR R A b LBER L 8T L e wi ¢

H20 (10 rr(IM+|a d extracted into DCM (3 x 10 nL). The conbi ned organics were
washed with d§2 x 10 nmL) and brine (10 nL separated, dried (MSOH)
and conceldf¥ 2R Rﬁdﬂ?mybat(ﬁo(ﬁ W'%@@Hpﬁ”ﬂni 520y JRfenYBH-onat ogr aphy

%fagbg%pﬁ%@&%@??&w?%ﬁ%Qﬁgc n i -hex) gave the title conmpound (164

I(1S 2R, 3F{p02§9]2 6- DF@ILchn rmmel?nloﬂyGlf::blm{hﬂe yﬂ.hde%}c(r?néle;ﬂmm@de‘rmﬁ)ﬁghydr?xycyc
opr opan oxam 00351] Fol | o t.ho rom 87 (164
o O Do) Bl Briromtar Bkve p}quygmmﬁ?r&rﬁé&m BRrBmogrdpKegtion

(g7 ad et byehisdd SlcPed b ér(edm-&bg adkitIfisy LREEM FoTB BIOACInAS @
white solid (85 ng, 53% . Preparativ hiral HPLC gave the title conpound
(Chiral parkex)(gallﬁltﬁé tlh‘l@@bwmuﬂr(ow aoplouepsad (240 ngri9B8ib n, LEWMSHESH)i n) . RT
2.48 mn éfﬁ ¥h§4cal method 1). LCMS (ES+) 353 (M+H)+. 1H NMR 6

(ppm ( @\ﬂ 0.86 (1 H s), 9.01 (1 H s), 7.64-7.59 (1 H, n),
7.53-7.4 * PR (.20 (1.8 H, s),
AT 2 '_’T*R BRY)- Me&?ﬂ? p?fﬂer(g23td4 (m(trlfﬁo%méﬂww?)p%lr’rﬁdm 2 17(2(H o )
1.12-1. oulmhenyﬁyyclmr@ﬁpn@camoméata (M)Scherre 32 OOEt

[00270] Following method G from the crude boronate derived from 15¢

(250 mg) and 2-chloro-4-trifluoromethylpyrimidine (126 mg, 0.69 mmol).
Purification by flash silica column chromatography (gradient elution i-hex to 10%
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OCEt-:: I I \ NNNNNVjv R 89a-b90a-b R =N' 92a0 NHOH 92b F3c

1- (Cycl opr opyl net hyl ) - 4-i odo- 1H pyrazol e (89a) [00352] To a sol ution of

4-i odopyrwoahe/1(98 ny, 5 mMmol) in DVF (6 nL) at 0 C wagcadiea 2M2dd1¢ 227 ng,
5.9 mol) and the m xture was stirred for 1 h. Then cycl opropyl brom de

(755 ng, 5.9 mmol) was added _and the reaction m xture was stirored at r.t.
over ni ght EtOMe I idapigavern g difle compouideatch 6alonrens o822 MB43pd ext ract ed

with Et OA'CCMEqﬁoée)l)@é%ﬁ\ﬁﬁﬁr was dried (MgSO™4), filtered and concentrated

to afford a cr e next step without further purification (905

> ’(47?0/?1'(1 H xml}mfﬁgll_)e " '31:(|4_(5_(triﬂuorqorln)e thyl)'pé/'rimidi?ézéb) [00353] T

- (4-1 odo- azol - 1-y1)-5- (tri r omet ri di ne 0 a
sol ution ﬂ%ph@%i{/[)gypgwrgpép@cgr@géylﬁbe, (u‘%e I )yi nm[/)lVF (10 L) at 0 C was added
052003 (ﬁ[eoﬁzgﬂ 7.4 m\ﬂing'me@mhrefﬂdiﬁgﬁé;tﬁdaélb&b%ie% d ffbergcl- 5 9, 8.3

mol). T reaction mxture was stirre 60C overnight. The reaction
m xt ur e wd$0queghahe a-akiloro-FH2w Lnomektyi@acineding (24 SENGAC.33Thmodr gani ¢ | ayer

e ot PR o e A PGl Bl i R gy e
(M-H) +. (EoAE yLhek) Ghveade Itﬂ@r@%m 2 white®0iaZ 980 %?c@&w. yleis (90a)

[ 00354] A mi xture of conpound 89a 3.6 mol ), palladiumacetate (10
nmy, 0.04 (hipt)399@MEd)'3 (27 pL, 0.16 mmol), Et3N (1 nL, 7.2mwol) and et hyl

acryl ate (0D i as. St fked at .80C for 17 h. The reaction mxture
was parti(ltﬂko%%_’%%smﬂggpy&gt%ﬁen%gﬁgt(g&@&ggﬂgoorgani c layer was washed with
wat er andy|{engl)cldiépropehie€stboainidn (49F) | t ered and concentr at ed.

Purification_by flash silica colum chronat o%raphy (gradient elution i-hex

to 40% Eti88272h i - Hextiowjae enethed: Gifram ¢ enate eenven fem 19689 ny,

3 (1 (5 (CPPTTah e R gridsaet B mg, 1.00 moneh. Puriication by flas,
silica column chromatography (gradient elution i-hex to 10% EtOAc in i-hex) gave
the title compound as a colourless oil (220 mg, 84%). LCMS (ES+) 331 (M+H)".
(1R*,2R*,3R*)-Methyl-2-phenyl-3-(4-(pyridazin-4-
yl)phenyl)cyclopropanecarboxamide (499)

[00273] Following method G from the crude boronate derived from 15¢
(400 mg), and 4-bromopyridazine (160 mg, 1.00 mmol). Purification by flash
silica column chromatography (gradient elution i-hex to 10% EtOAc in i-hex) gave
the title compound as a pale yellow solid (210 mg, 61%). LCMS (ES+) 331
(M+H)".

(1R*,2R*,3R*)-Methyl-2-phenyl-3-(4-(pyrimidin-2-
yhphenyl)cyclopropanecarboxylate (49h)

[00274] Following method G from the crude boronate derived from 15¢
(274 mg), and 2-chloropyrimidine (87 mg, 0.76 mmol). Purification by flash silica
column chromatography (gradient elution i-hex to 25% EtOAc in i-hex) gave the
title compound as a pale yellow oil (110 mg, 46%). LCMS (ES+) 331 (M+H)".
(1R*,2R*,3R*)-Methyl-2-phenyl-3-(4-(pyrimidin-5-
yh)phenyl)cyclopropanecarboxylate (49i)

[00275] To a stirred solution of 15¢ (130 mg, 0.39 mmol) in MeOH:DME
(1:5, 5 mL), was added Pd(PPhs)4 (45 mg, 0.039 mmol), cesium fluoride (119 mg,
0.78 mmol) and 5-pyrimidine boronic acid (58 mg, 0.47 mmol). The mixture was
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[ 00355] To a sol ution of conpound 89b (960 ng, 5 mml) in DMF (10 nL) at OC
was added 052003 (2.4 g, 7.4 mmol) and 5-trifluoronethyl-2- chloropyridine
(1.5 g, 8w8 rmio¥eosThe reaction m xture was stirred at @Q0TUsv@roe2hé. The

reaction m xture was quenched with H20 and extracted with Et0Ac. The

organic |l ayer was dried filtered and concentrated to afford a
crude use‘éjega‘ﬁsﬁﬁémﬂb%rog? OW ﬁbmbefqrethee.tmguﬂhq Qegrowave Bt 480¢C fareby |

LCVS ( ESH

(iR, ore o HE eb SR pure was diuted with HeO (10 k) end eracjed igto pCM

phen%/I cycdwmbpambeargljmwlayeﬁ (S&ia)jlrl{adméﬁwd@ﬁdm\mte%dmdwom&rftwm E:orrpound
90a (195 0.89 mo and 1-benzylte r ot hi opheni um ate (436 ny
1. 33 nmol ”fﬂ?é'OF‘é?élcQQ'abW Oing é‘Fe tign /g tPeE%jeté éﬁ\cvlﬁé' cool ed

to -20C af’ﬂ&)%g@ﬂﬁetﬂg@%%ﬂoﬁd%éY:@lo%'?lb%s%I ($2kbhﬁ§“'93%)sﬁhém 1{1 jown-4 and

Li HVDS wer e the mxture stirre overni ght. Purification
by flash 331 (MaH}bol umm chromat ography (gradient elution i-hex to 25% Et OAc

o R R A B 20 ™ S 1

(1R*, 2R, oﬁarﬁet%ﬁ‘wé y$atg1(4gg (t r| f1uoronet hyl) pyridin-2-yl)-1H pyra
zol - 4- yll}gg cI o r opanecar boxyl at 1b) [00357] Foll owi ng nethod F from

conpound 87(51263 n@ollcwwegm@ﬂalop Grftomifmeﬁmdett@ctroaageddmwadd‘mmn’iimﬁhfp|f|ate

uas cool dieh: BB sl iolcRRifhn 28 F 20 Gl bbb difadfea

12- cr own- §|u@awdolurﬁﬂ\@ﬁowert@gr@¢alytag@dﬁbrttiemtr@nx/thub«etossO%rEtd)Aaimthex) gues ni ght .
Purificatjion by flash silica colum chromat o%éa&ylég@lradl ent_elution i-hex

to 10% Et f@ﬁctltéerpqmmd @%aepadweliqw pd (3Q3rFsl St (ESit)65 (41 g,

(itl? 2R 3 r%r%c%%) IYI %py(ﬁxt I—%razg,)pﬂ y¥L N hydr oxy- 3-

phenyl cycﬂﬂmydm&lmnapdume&mrbdqlét@&d?k] 00358] Fol | owi ng met hod A from conpound
i ot Tl T el v
(Oni ral pal LC %5%‘8 T O g PR O, (R b BRI prukichtign B9TRR
ET( 12n)0( gl\;zg)(f_w}sﬂéua ecilgmgmomm@phmgramm@wmp I-neaMB %%BtO@@Bn(IMeN%; (gl\/g
o o) e et cogypo%gs popele pefidy ot €180 g, 7ol ASM%» B84 oo 1

n, 382((M#H)+d J = 1Hz) 2.80 (1 H, dd, J = 6.8, 5 3 Hz), 2.59 (1 H,
dd, J = 9.4, 6.8 Hz), 1.91 (1 H dd, J 9.4, 5.3 Hz), 17-1.07(1 H m,
0. 46- 0. 39((]8*}2R*@R*)d\ﬂgmyd}2fzv(4((§ rneth*yj 1H- |m|dazol 2- yI)phenyI) 3

(1R 2R3 ( 5-(trifluoronethyl)pyridin-2-y1)-1H pyr
azol 4-yl) ‘%@%& gﬁé% C%EQ%W%S (%ng) [ 00359] Fol | owi ng method A from
conpound [@DR76P63 neouoav.ﬁg metblod. GRtorh fonm bororbye Héaedt Foii t5¢ ¢bum

chr omat ogr aph%ﬁ((gr adient elution DCMtao 5% MeOH in DC'\%T t hen preparative
chiral HPRNEQCRIY grhsaro- @Wﬁ%@“l@@i@e@ﬁz(@gl £9/mompd) f BieiTeXteid WP Hept ane,

L0 e g P IARRAPS R AL Shg LSRR DB 10
(M-H) +.  IMHLINVIRN € |4 ympaw(ebdBasdé) thrbOgh h mhlasle senaramr &ad(cbneentsateds. 64 (1 H,
S) 8 ol 9I£;<|ritj_|qqt|o )Foi?lewz'ﬁ ‘g@sh_'sl?aa cglumrycfgro%togrﬁ%g (g@q%ergttellﬂ‘pn_ 7. 5_ \SNJ
\%OEZE1030@@%&@%4&36%%3%%% e'stge‘f' therr‘ﬁ'ed%te és ’ajellgv\)'gﬁ ﬁ8% rﬁa) ( 1_"'9 20'
5.3 Hz) Ekfaerpr@eaﬁam@d:waemﬁdherﬂee Bext step LCMS (ES+) 335 (M+H)
(1R*,2R*,3R*)-2-(4-(5-Fluoropyrimidin-2-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide (50a)
[00279] Following method A from compound 49a (220 mg, 0.63 mmol).
Purification by flash silica column chromatography (gradient elution DCM to 5%

MeOH in DCM) gave the title compound as a white solid (81 mg, 37%). LCMS
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cCo2me T ~*, Ph 097
(E)-3-(4-(tert-Butoxycarbonyl)-2,3,4,5-tetrahydrobenzo[t][1, 4] oxazepi n-7-yl
)acryl i c woi20121@3)08[ 00360] To a stirred sol ution of tertPowtusieiziobreso- 2, 3-
di hydrobenzo[t][ 1, 4] oxazepi ne-4(5H)-carboxyl ate (480 ng, 1.46 mmol) in

di oxane (20 nL) was added , ,

(E) - et hyl (BG40 &5} e hadthyin tAralgtical Bieined d)-ard XM I5(eemHDMe0: 360 ng,

o 0,08 Wby M Db e Lo gt S TR R S et o
90C for 1. dhes Feacy giomiay! vise (pag, dll Htregl o) thovR8 andy extsaghed nto

DCM The organi c | ayer was passed t ugh a phasé separator and
concent r at.20.(1Phrd, )i 4t3 ba),3y18 (hsh ddi U imca7colaulrtn), @HdatHoddapmPB.6gr adi ent

el ution |%’3q4@;%3%5%o t (?A\Eé%r;é%z%g gave the title conpound as a yell ow

oil (267 H) +.

(E) - t ert - BR*YAR3R =28 NBFYuch [da-2 1y itrehy ) N-hdroxy-3-
di hydrobedr?zo t][1,?]2(;:glzepi ne?g%(gﬁl)-ca%oxyl g?e (94) [00361]To a stirred

sol uti on REYsERIEPIEqPBI%aHided58R) ol ) in MeOH (30 nL) was added H2SO4
3 drops he m r. r [ WXt ure was
((:oncenlto r Za[toggggj]d pﬁ@h@ﬁg E@%ﬁgs%qrsoﬁﬁgggn%ggﬁéﬁ% bcﬁ?@néggg?ggﬂﬂ gr adi ent

el u]ti)on EQ)I),ﬂiﬁcatiBE%yl\MﬁHl ﬁlﬂbmmmr\rﬂmocrgbmw@egdgpgr@wmﬁgwt@;nﬁ%@Mﬂ)?l)%ng, (13%6
mmol ). This s dissolved in [X 10 m) apd di-tert-but i car ponat e 4
To 1. 30 MeGH MeRaNBic e B, NBLG AR BE s SORPOUNRAS BT RESTDR vias
stirred “Jads fer «3Ng s L J ; (iﬁq:% m) .
The bi phgrtsnlj){gurtr% Qt?urpé %2 ghakeKEglr:kjgtsﬁgM\gﬁgg’nﬁg)éﬁﬁIfe%%\gglw e a@é@ous

| ayer was1) etHeMMRSt(edmMDMSDEN X 30.58.()1 ldnsl), Ot (DHDs) &7 b(PHNEE 8. PAhssed

t hrough a phase separator and concentrated. Purification b%/s)flash silica

col um chZdntat dgt 4Phiz), drabt et (Ze ut) oh 3¥ (Bdk 4.6 28% HEDAZ9H-24 (Ze) gave

the title a L, OW 204 3 — ORY + 3| CMHH) +.
tert-But yﬁnw??m%g’;@ 3?(*%) Hg) (S(r]rée% Q))%yggpgon@g)%'g-%ﬁgﬁyéﬁc%bgﬁb‘]py1) -2, 3-

di hydr obe®Bpbfd H), 2] 3X ez Eipdded 4(Rb) 5daboxyl at e (95) [00362] Fol | owi ng
method F from c*orrlggund 94 (200 ng, 0.60 mol gp@and

1- benzyl t @fF @R 6#Btnd-EhfeGiveianreny pyiraidingey| iapenyl) dbhyeoxy-3-puri fi cati on by
flash sil} Vi adient elution i-hex to 20% Et OAc in
i - hex) ga%@é}@cﬁﬁtp?égﬁ%%%ﬁgg (gbgél ourless oil (206 ng, 84% 5:4

trans: ci si002BCMS ( HS3)owiad ngéthidd+A from compound 49¢ (240 mg, 0.65 mmol).

1R*, 2R*, 3R*) - Vet hy1: 2- phenyl-3-(2 3, 4, 5- hydr.ob 111, 4 in-7-
Vi) cyel o SSRBARNOIAER A G PR SR BPeY (9 P L B D OM Eemound 95
(206 ng, febfH mTDb)\/ld'Cd‘taf\)gftﬂ? tﬁlé%dMoWa@Q%ﬁte"?&@"ﬂGé fig .96k ). andMdie

m xture heated to 8 . The reaction m xture was ctoncentr at ed,

di ssol vedBS)B73 (M idph, diia B89 mirofAratioskotetitad 1). M adpunu)ip bl S

sanpl o welb o shoBt e DetrS N ednsd o B0 % HAleF Y Ry 82

(L8 s AT e e A e L amiom 4 7 P oo
715(1 H,m),3.17 (1 H,dd, J=6.8,5.4 Hz),2.90 (1 H,dd, J = 9.6, 6.9 Hz), 2.28
(1H,dd,J=9.6,54Hz),221-2.13 (1 H, m), 1.19-1.09 (4 H, m).
(1R*,2R*,3R*)-2-(4-(4-Trifluoromethylpyrimidin-2-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide (50d)
[00282] Following method A from compound 49d (220 mg, 0.55 mmol).
The carboxylic acid was obtained as the major product. The reaction mixture was
acidified with aqueous 1M HCI and extracted into EtOAc (3 x 10 mL). The
organic layers were combined, dried (MgSOy,), filtered and concentrated. The
compound was then subjected to method B. Purification by flash silica column
chromatography (gradient elution DCM to 5% MeOH in DCM) gave the title
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[ 00364] To a stirred solution of conmpound 96 (137 ng, 0.45 muol) in DVF (5
m.) was added DI PEA (0.23 nL, 1.35 mmol) and 2,2,2-trifluoroethyl-4-

met hyl berwenerulodmaat e (172 ng, 0.68 mmol) and t he m xt ece/useanmel2i© 80C

for 2 h. The reaction was partitioned between DCM (50 rrL) and H20 (50 m),
and the organics collected. The aqgueous portion was ex DCM (50

m), and SHBPRWIHAR VBl "WaShed i ﬂ-@Mﬁ(ﬁE@S)f&O@dMﬁHﬁaﬁ% llM H) /0

L, T I d
and conceil it Zamibinaicy ThAREh D, AIRRS LEhEPMS O IeBEg A
(gradi entg ebyyi Y, 'Ji‘l% H9)738Q?/<r (FHO4S, 8.881(2 P%) JGAg e lpe 7t93 {feHcqnpeund as
a colourless oil (126 ngy 299 . LCVST(ES+) 390 (M+H) +.

(1R*, 2R*, BRHZ)NT 18020y d 2) e yiz) 37.88-(2 H, 7, 2- 7i& Hap o8 [/H) £,2) 3745 5-

ey DAL AR B T A P SRR SR TBT e /8 0

Puri fi catign 2tep pr Bpagal eve7 HPBHeave the racem ¢ mxture as a white solid
(33 nmg, 25% . Prep arative chiral HPLC gave the title conmpound (Chiral pak 1C
10/ 90 Et o4 @R@%)r%i%(@Tékﬂuasqrﬂ%thMleqln@ wpheny))-Rhydpoxy-#i n) . RT 3. 70

Anal 407 (MrH)+. 1H NMVR 6 DVBO- d6) :
r1no.n4£3 ?i %ﬁé@@yc@%@ﬁ%&ﬁrbéﬁﬁg%ﬁﬁ%b H, ((ZJ, T): 7.6 Hz), 7.(22?)7.(15(2 H,)
g) ,927 1gé[0038a] ( ;Lr) I-Eolfmﬁnggﬁ{tlh?xim fl(ol’rigog'rp%)gnﬂ 49¢ (180Hng00.43 rAmol)9 SZ) J

. e Ty ) . . , S), =
6.8, 5. 'ﬁé f'Cai'O?é)yfﬁaﬁ% S'ﬁﬁ? CQiUﬂ?ngcflfO”@t@rﬂEW (@raé*ﬁr&f'%ondaé'\/'ﬁ@° 5, 5.4
Hz) . (15* 81—1 fﬂ:f)tg@ gé?% t%e(r 8%5&%9&1%@515m%t%zsd’?lﬁ“(bg%é’lﬁyé%)(“ di n- 4-
yI)cycIopropanecar
[ 00366] 1- I(’&p@mweo@emiw:)u@gaa@m bﬂe_ebmboopdé@hrtalpaM@rk(i)ﬁﬁ)@iﬂ%wl&&OH

1 Cor onor GOARHRY % oifnie AERURIERENE o Polliniy R oA rloﬁﬁ&?o@ﬁp%vn@%b (190

, 0.88 qqicqq a Jg—@?r“ om de
?g85 ng, 1. 19+m?£lld?%6(Prﬁ}r|F |r%21 I onﬁ?t%fgsshh—'}s,ﬁl ca L? chro tbhgjg@aphy
(gradi ent(1eHus), 9(89 62hlaz<s),@ %(’/b H @)O«B 4N (2 Hhex) =gaeeH1)he 55 @2l 18, gahp@2d as a
col ourl ess oil 3.2 trans:ci s‘}. LCME (ES+) 342.5 ( MEH) +
(1S*, 2R, HRL Y. 451 ﬁw d. ég?ﬁd%%)omér@f)' 3@ @y‘ﬂ?bﬁréﬁ‘pgﬂl %Jy? i h-24H2),
yl)cycl o xy ) Q3 / 6=
[ 00367] 1- geglﬁ]fﬁ)?d gnzéq% ?eéf’?% y%l(r) hﬁ%phg?@ %fb%?%%(ggz\%éSJ
synt hesi z&8, 6s3 IHg).t he sanme preparati on as conpound 6b, from

1- (brono vl .3:.f1 yor obenzene. | I owi ng method F from conpound 26b (190
nmg, O. 88% %R\& %'g )lN%fgycgﬂ¥%édg@rW58)(ﬁéPV% '?8’ 1H-t hi ophen- 1-i um bromi de
(363 nw, ;Jl p%%n%@%lopr%%héb%bk@%d@’ édf?Sh silica colum chromat ography
(gradi ent eI ution 1 -hex to 25% Et OAc ini-hex) gave the title conpound as a

col our | esl9028#] ( 243Folpwisgmethod Arfrans comppuntd@9s (6&8¥, (326 nmeih) +.

panecar Do daHR UegtsEa P o FaMrE SRk DR RO 5 8RYE 260
my, O.88 tmub);emﬁumutmaés anwHie édwsmgshglwwomms phseNBEDAVIaplY, RT

(gradient el ution DCMto 5% MeOH in reparative HPLC gave the
racemic nd Qﬁdﬁ'@ (A alytigai methasl 1) 1MNMRr§ (DBBD DM@ﬁéﬁa)r 40i3%(1cHi 8r19.2¢PLC

oo e oS of TB e Y b AT ey, 8 250t i Od a8 LaHIB 2. Love
(ES+) 329d(JVE'é)1*HzéP7 W'?NH W@JW@Qﬁ}z 71@8?@%%1 b= 8)1 H% ?237(3%? H, S)

8.21 (1 H
dd, J = d2]= faHaz)mz 7024(ZH-|m)d(322}7;16a1ﬂ-| 9),3. vra)m |‘|2d912J(‘16I8 5d1d J =

oy SOHHZ 2,63 ﬁf’H(%d Hy WYls, 6 ey, D1t Hd g 26 2ath)(t R M,

(1S, 2R 3F{)1R2 2(F2’=§R€)Lropﬁ9@bd yz HéWI%W pyfida2mt4-.uor opheny1) - Nhydr oxycycl opr
opanecar boxani de ( 700b) ow ng nethod A from conpound 99b (243
nmy, 0.75 Yﬁﬁﬂeﬁw)PmWFPﬁO@éﬂE@@fb@yamﬂdﬁstQ lica col um chronat ogr aphy

Facem o oPedPL s Tolihied MeRd AdRRb RS BRSSO NS, ORE IR Al "reLc
gave the rpumm@t.onrmonm éllﬁh‘”a C@UmkcHr@T%%@@ph?@rﬁﬂwﬁt(eﬁﬂ{oﬁQDONﬂg)T(ﬁ}é{nhgd

aC| d) / hept ane, (g(AnaI ytlco

'@'E@H '%@@'\/{)l\@ﬁlfﬁﬁhefﬁpﬁm @'%W@n@%@jﬂ/@@r‘ﬂ%ﬁe sql PP%dy, 8.70 (1
H,s)821(1Hd,J—51Hz)727 18(1Hn)716704(3H,n),
6.97-6.90 (2 H m, 3.02 (1 H dd, J = 6.6, 5.2 Hz), 2.91 (1 H, dd, J =
9.6, 6.7 Hz), 2.24(1 H, dd, J = 9.7, 5% Hz), 2.01-1.94(1 H m, 0.88-0.80
(4 H m.



Exanpl e 35 Reaction Schene 35

(1s*, 2R*, 3R*)-2-(2, 6-Di cycl opropyl pyridi n-4-y1)-3-(2-fluorophenyl) - Nnydr oxy
cycl opr opaoeoryiosocan de (101) [00370] A mi xture of 15c (2B@O/USYO120222% nmol ),
5- et hyl - 2- (tributylstannyl)thiazole (350 ng, 0.90 mml) and Pd(PPh3)4 (43
ng, 0.03 rrrmlz i n di ox was heated under m crowave irradiation at

15000 for'—CiM$ E$ie) ?r?é’a@{lﬂd#( rﬁ&?bﬁe%@“%ﬁdféhfﬁ%@@@%na HOWMiR Ded by flash

To give (RETDOPSERERRLEOSHS S8k Yl 5sT2 Gl SR B 1)

(1R 2R, 3R} 5N hysis iy - @76‘(10—5d@t=h¥(|7t Ihk)aISO(bZE W Behﬂf&ysl)s '§5 5 Hz), 7.92 (2

phenyl cycl opropanecar boxani de '(102) [00371] Fol [ ow ng from conpound
101 (160 Myd, =461 iim) §.48RAH fd,dat Bo‘nsz 7f3%1!;21deL uc,=a7 6dﬂzomﬁ XInY @3dRogr aphy

i e ol Ham1bg2r o 8b8) Mbragpds 0 LRI 4P bFE Bage Dfoed HPE Z28mound

(Chiral pay HGA4Q 60@.6,F\ H (50/50/0.1% form c acid)/heptane, 1.0 nL/m n,
RT 11.8 mn RT 3.72 min (Analytical nethod 1). LCVMS (ES+) 351(I\/HrH)+ 1H
NI\/R 6 ( MM@B’QNHW@&(ZHMWW(Q -(egyirnidin- 2s) 7.75(2 H, d, J = 8.

1
7 11 'ép}‘eﬂy')gy""jpmp% é{@"a%‘%ﬁ? ,S(gdH J= 6.7.8,19(5.24Hi—|z;: %.327'(i H,
dd 'J = 900286] 8 Hzlfolloing ni@hidd Arichen cBMBOLNd ASHO(10D rhig, 083 rinl)9. 6, 5. 4

Hz). V\D 2012/ 103008PCT/ US2012/ 022216 Exa i on henme 36
65104100003 qabp % A N e AioP MO oM OBE 2] NaH
(792 ny, t r rias ) BMpO (18

The %@w s heate torﬁg%%éﬁ\mlﬁﬁl\eél?gﬁ%négg) a['gmge(asea and t hen
cool ed to(l\ﬂ}ﬂ-l)*A(ESF)Lﬁ?.Q)(l\/ltH) - daF Retéhomry (Al ytigal rmethpdér)yﬂﬂﬁlﬁ\ﬂﬁtﬁ)m um

ctirred dePmOMED SoFtdo (el w9 &2 Bhb, J5ot 80 B Gl . Botuld on of
G- ohl or of qogi 501 HAAEhYGE 434 Bmid zgrqznm by DR (367 ) RS gdded and

t he m xturée was s ed at r. t e’ mxture then poured into

aqueous 17 BIHK) 7a1r91|(1elxltr,ac:t 23 Ho), @. 1M H3dd, J& 618) 5.4The), araparti dsdaves e
conbi ned and washed with H20 é3 X 100 nl) and brine (3 x 100 nli),
separ at ed?- d@ieeHZX l@ty@dﬂj) Hafd. ¢5reEndAdi®d. Purification by flash silica

I [ ' Uri 80% EtOAc in i-h
Che 11016 oo B SDnE  COoha e B,y e (s 212 (Wb o

(1S, 2R )Bmh)en&t)bydem’opénemnbommrided(m)a yl)-3-(2-

o oD b o1 P SRSTaS OBl Bl ook ST b s Fpdpi, £ from
oy | et PR Conarmaageaygasasop o ey ooy 98 0%
MeOH in DCM) and passage through an Isolute anidn exchange SPE (elution

DCM-MeOH, 1:1) gave the title compound as a white solid (21 mg, 17%). LCMS
(ES+) 332 (M+H)+, RT 3.07 min (Analytical method 1). 1H NMR & (ppm)(DMSO-
ds): 10.60 (1 H, s),9.18 (1 H,s),9.15(2H,s),872(1H,s),779(2H,d,J =81

Hz), 745 (2H,d,J=81Hz),7.35(2H,d,J=7.6 Hz), 7.27 (2 H, t,J = 7.6 Hz),
719(1H,t,J=72Hz),3.18 (1 H,dd,J=6.8,54 Hz),2.92 (1 H,dd, J=9.6,6.8
Hz), 2.27 (1 H, dd, J = 9.6, 5.4 Hz).
(1R,2R,3R)-2-(4-(5-Chloropyrimidin-2-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide (50j)

[00288] Following method A from compound 49j (300 mg, 0.82 mmol). The
racemic mixture (119 mg, 40%) was obtained after purification using flash silica
column chromatography (gradient elution DCM/MeOH 0% to 10%). Preparative
chiral HPLC gave the title compound (Chiralpak IC 30/70 IPA/MeOH (50/50/0.1
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(1S*, 2R*, 3R*) - Et hy1- 2- (2-f | uor opheny1)-3-(6-((2,2,2-trifluoroethyl)am no)py
ridin-3- yl)cycl opropanecar boxyl ate (105) [00374] A m xture of conpound 104
(65 ng, OwdQB1wmewdop, trifluoroethylamne (1.0 nlL) and NPT(UB2@2m2)16aS
heated in the mcrowave at 225C for 1.30 h. The reaction m xture was
concentrated and the crude conmpound purified b%/ﬂfv‘l ash silica colum

chr omat ogleEP2¢IgY Beptanes.l -QmiMindil &2 1 0vs MelbEMSh (W) SfaM+iHh&RTi t 1 e

d vel.l . i 04 . 3 ) 2R,
Sommoun SserpUShCalapiykFE Oy U £ GIRIORSO.0P TN 1 o G
trifluoroethydy @W?”fl) RYs§) @37 & Ml bpyelg)_gr%,aﬂg@a@l}q),xdam de 4 F—IQ?,)?AO (2
[ 00375] Fol | owi 'ng met hod ‘A from conpound 105 (40 ng, 0.105 mmol’). Post
wor k- up tHedraeeh® HzohBaURH Mad =obbdiz)ed.28s7 2 1ufiH.eny @.23 (1 B8 dagy) =08%) .

et ohs nopt &5 A8 2561 AHE. 3 20 1 G HER DR S S Tes e hoa 1)
LOUS (SRS Hi Ikt MR Rpa) (DSRS0 1Aab2 ghny) 3. 8. 65 (1 H ).

7.96 (1 H t, J° , 7.33-7.25 13(1 H m,
7. 07- 6. 9RENyIcygorrep@egarbexargide 58ks. 6 Hz), 4.14-4.01 (2 H, m, 2.83 (1

t % 2 odgBl 3 Sroffdwing ridnieh Kiril ooy oeiddgkRy s B2Hmeh. 99 2

EE)OB% ]hxl Tiee Carb((jdxy!id iacidr\msaf bH;lyali)ﬁédré@IHB)rtnz ( éjc??rgmb@ycrti diﬁr'éaxz!i%ramixtllméé ®a6107)
stirr mxture o -pronp-2-(trifl uoraonet | M daz , -
o] pyr i di recidiegonity aaueppsAMHC! athgrtragted inio EtORCHS 110 Mo Thsro! )
| 1 adi 0 384k - Q. Z6 | d
Pri etnyl coSpBictadiaiier® Phpfled iR Ithgstl P cofcpciraed difd ndrfQaliBe ) an
ni t r ogen $ubjedsd o methddi8 atFedificati@0Ry flash $Bich.colthen cbemhatographyt ur e was
| ed th \ ' .. Th i d titioned
betvien: DOl FRORTIYITE B0F deehe 1 T iy A0d pksisarglive ML o Bhe el
separ at Orc&ﬁﬁ?/@r%@@%_t\h@ﬁ@golidﬂrd rfn'g,caw)pmdqmsgtssr 336! (MPH)$ORIM®.50 min

chr omat ogr ap (gradient elution i-hex to 100% Et OAc) gave the title
conpound @natytical meyredd dlv $ONMR OLppen)JHMEIBU) ): I0CHMBE(1 BSs), 82856 (2 MH) 4.

(1R*, 2R*, 3R*) - Et hyl- 2-phenyl-3-(2-(trifluaronethyl)im dazo[ 1, 2-a] pyridin-7-
Vi) cyel opt BhHEbd FR k) PLES & 268520 S0k Mg Bbaoay bimbd 807+ S Bhpound
ri 1o T A 25 B sl . CHar 191 ae B by 1 5o Qi ok orimm e
chromat ogilap2y31( (8 Hdsp2 2@ (Lt dd, J =H@&, 54 BOPL EtOAc in i-hex) gave the
LI Ll e SOk RsRR Rarts) b Clhe A MEmidSad 2ol cl &) LOVB (ESY)
phenylcyclopropanecarboxamide (501)
[00290] Following method A from compound 491 (280 mg, 0.84 mmol).
Purification by preparative HPLC gave the title compound as a white solid (4.8
mg, 1% yield over 3 steps). LCMS (ES+) 334 (M+H)+, RT 7.93 min (Analytical
method 3). 'H NMR & (ppm)(DMSO-ds): 10.62 (1 H, s), 8.42 (1 H, s), 7.88 (2 H,
d,J=8.0Hz),7.41-7.28 (6 H, m), 7.25-7.20 (1 H, m), 6.84 (1 H, s), 3.16 (1 H, dd,
J=6.9,55Hz),2.92 (1 H,dd, J =9.4,6.7 Hz), 2.31-2.20 (4 H, m), OH not
observed.
Example 17
Reaction Scheme 17

O o)
O . -
Br/©:l<‘( Br/©:l<\<N<] Br/©:/\N<
¢] O

5-Bromo-2-cyclopropylisoindoline
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(1R 2R, 3R) - N- Hydr oxy- 2- phenyl - 3- (2-(tri fl uoromet hyl )i m dazo[ 1, 2-a] pyridin-7
- yl)cycl opropanecar boxam de (109) [00378] Fol | owi ng nmet hod A from conpound
108 (540 wp,20i/¥doosmol ). Purification by preparative- HPRCTgmse@20k2216 acemni ¢
product as a pale yellow soli d (215 ngy, 41 % . Preparative chi ral

purification afforded the title conpound (Chiral pak | C 40/
| PA/ MeOH(E99288) / HepT%ﬁéQ‘}Jt@Wf/F?ﬁtha“q:@ﬂdeA[@erfﬁrﬁ , 2&REne |ES# laggre (2% FH)

572 ?i it Glod AR neL 52 0! d?f’?émi@%géﬂorﬁ% ﬁéré*a%

7
30- 336t(rfed-‘at 90 °C Tor3P7 R. The(sdIVentias éva?@ﬁ)ré’tel:lﬁar(leHF (@p,mB)i8s (1 H, dd
4

D Sadeehi 1 456 M addas B MesSaHP conien 11480 AL, b fimalf and

E)- Et hy' the A{w fd ém—é’&gi 5@;’]@%@&8 ¥ aftf febtlon h%%%go?ilé:cf éieﬁ“’%gﬂ? met hod C

to a stirre ution I -1,3 thiazol e-50 carboxa 1.00 g,
7. 86 mmlr)ourada]mhqdrsmhﬂloﬁl-dﬁIil!/DH@L]Z?amL)]a@dsmaedaaicfébo&miMulm Ayeri de (0. 63

, 16. t Thi t 30
0 o O ToRdnelRhs Wk P Sy naTelt, i paudS R ade s %ﬁa'ﬁ?d%ﬁﬁﬁg’ﬁr (10
m) was agigedxids@eniwith BEM. 1Pke orﬁ%léﬁﬁ)}étr'\/\% ¥, "ﬁiﬁéf’éﬁdarﬁd)c&:fcéﬂ@téd irred

for 18 h. The reaction m xture was poured into iced water and extracted

wi t h et hyto aftasd dhe titlaicempogadias a ¥§law a1 Mg Rddo Wi kGMSY (Biet) 288, @40( MySO4) |
filtered @Eﬂ_lgoncentrated to give a dark browm gum (1.97 g). Purification
by flash ita colum chromat ography (gradient elution i-hex to 100% Et OAc
i n i-hex)Egavmplé he t|tIe conpound as a pale yellow solid (1.39 g, 89%.
LCVS ( ES+ 198 (M+H)

(1R*, 2R* @GU%WMQZBWH hyl t hi azol - 5-y1) - 3- phenyl cycl opr opanecar boxy
(111) V\D 2012/ 103003PCT/ US2012/ 022216 [Q@;@O] Fol | ow ng net hod & from
conpound 110 (O. 7g 3.65 mmol ) and

8.
7.
J
5.
(

1- (2-fl uor obepzy hydr o- 1H t hi ophgaTUr 3_mMmmol ).

Purification flas ilica coI oma?@ n i-hex

to 30% EtOA in i hex) gavB>—t e (1 e corrpound : 3 (392
37% 4:1 transéqm s) %) 287( B @

ng,
(1R 2R 3 g 9% t By %
phenyl cyahgéé%aéﬁgc%rpéf%?ﬂr@ (IQ((lf}f ?8\{;5@{?’@[] phe r¥e)t%od A from 111 (390
my, 1.36 mmy)cycl?lﬁro;bar@@darb@xmmsepar ati ve- HPLC gave the the racem c
product as a pale yel|ow soli dﬁé'(z) Preparative chira
buri i cat noeaséhve llctiiog enashaboareon & pardsiate Haruies bom 156 (1.5 mmol
| PA/ MeOH( H8I | qnm e 0 {i +, RT
> 86 i m A hog 9@?9805 %‘@’X“%‘H“?h” Nz ?’pp BIQ/B%G) At 5%9(53 HIL@Q) ,
8.72 (1 Hat 30°C for2A (d]JuH;d with k&oeezmmmana ebdtraat)ed imto2REM (30 L) HThe) ,
a ng J %gntg Iag&j@ V'LEF)e pa(ssed thro%’gh a phase Separator gn’d conc%n{ratekd s), 2.16 (1
Purification using flash silica column chromatography (gradient elution
DCM/MeOH 1% to 7%) gave the ester intermediate as a yellow oil (360 mg,
59%). LCMS (ES+) 410 (M+H)".
(1R*,2R*,3R*)-2-(4-(2-cyclopropylisoindolin-5-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide (52)
[00293] Following method A from compound 51 (40 mg, 0.098 mmol).
Purification by preparative HPLC gave the title compound as a white solid (6.9
mg, 17%). LCMS (ES+) 411 (M+H)+, RT 7.48 min (Analytical method 3). 'H
NMR & (ppm)(DMSO-ds): 10.63 (1 H, s), 8.75(1 H, s), 7.65 (2 H, d, J = 8.1 Hz),
7.56 (1 H,s),7.53 (1H,d,J=79Hz), 7.44-7.27 (7 H, m), 7.26-7.20 (1 H, m),
405(4H,d,J=93Hz),3.17 (1 H,dd,J=6.7,5.3 Hz),2.90 (1 H, dd, J = 9.5,
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Exanpl e 39 Reaction Schenme 39 OOEt0 NHOH E

(E)-Ethyl-3-(imdazo[1, 2-a]pyridin-3-yl)acrylate (113) [00382] Fol | owi ng

met hod C woam2Zmsa@azo[ 1, 2- a] pyri di ne- 3- car bal dehyde (1 ®CTAIS3&20m12hg .
Purification by flash silica colum chromatogr aphy (gradient elution i-hex
to 75%EtOAC|n|-he) ave the title conpoun LCVS ( ESH+)
217 (MrH)6-8 H2)R2. 28+, l:J,Rg(j,-E [Ha-24 Hzi dd4ot- 98;‘13‘] 39 |0d$6r0368/(12) Ham),

phenyl cyc(l) gRr ngf?'? n?gxyl ate (114) [00383]Followi ng nethod F from 113 (800
ng, 3.70 mmlg) d I-(2- fluorobenzyl)tetrahydro-1Hthi opheni umtriflate
(1.82 ny,Ekamplemdl ). Purification by flash silica colum chromatography
(gradi ent eI uti o i - hex 50 100% Et OAc in i hex) gave the title conpound (813
ng, 72% .Re H) +.

(1R 2R, 3R) - N—hydr oXy- 2C(§2|\,|5n dazo[ 1, 2-a] pycszmgil n-3-yl)-3- CONHOH

phenyl cycl opr opanecar bpxam de (115) 2012/ 103008PCT/ USZ2012/ 022216
[ 00384] Fol | ow ng/@yé om 114 5= . 66 ymol precj pitati on from
onpo

/\
DCM gave the titl )/0 reparative
chiral purificario® gave (Chlra Pa ; 50/50 Hept ane 5.0
m/mn, RT 10.4 mn). L5©MS (ES+) 294 (5R4#¢H)+, RT 2 05 m n34a-€ Anal yti cal
met hod 1); 1H NVR 6 (ppm (DVMBO- d6): 10. 56ﬁ§g’|é—| 8.72 (1 H s), 8.14 (1
H,d,J:6.7Hz)752(1H d J =09 943(01H s), 7.41 (1 H,

s), 7.35 (2 H, 75Hz), - (4H r? H m, 3.20
(1H dd, J = 6 55 B i %i”@“ﬁd g)s 5. 6O F?OL%‘.]dog (1 H dd,
J =9.5 5.4 I-1Z‘)_EX*dTrp1—e_4'®— T ene 40
(E)-Ethy|-3-(':-Ch|Qj’O ri |n-3-yl)acry \19385] NaH (570 ng, 14.24
mol ) was added p rt se to fidarre 54c
oWen

N 54b

(1R*,2R*,3R*)-Methyl-2-(3'-(benzyloxy)-[1,1'-biphenyl]-4-yl)-3-
phenylcyclopropanecarboxylate (53a)

[00294] Following method H from compound 15¢ (660 mg, 2 mmol) and 3-
(benzyloxy)phenyl boronic acid (547 mg, 2.40 mmol). Purification by flash silica
column chromatography (gradient elution i-hex to 10% EtOAc in i-hex) gave the
title compound as a yellow oil (710 mg, 82%). LCMS (ES+) 435 (M+H)"
(1R*,2R*,3R*)-Methyl-2-(4'-(9H-carbazol-9-yl)-[1,1'-biphenyl]-4-yl)-3-
phenylcyclopropanecarboxylate (53b)

[00295] Following method H from compound 15¢ (660 mg, 2.0 mmol) and
4-(9H-carbazol-9-yl)phenyl boronic acid (886 mg, 2.40 mmol). Purification by
flash silica column chromatography (gradient elution i-hex to 30% EtOACc in i-hex)
gave the title compound as a yellow oil (310 mg, 31%). LCMS (ES+) 494 (M+H)".
(1R*,2R*,3R*)-Methyl-2-(4-(4-methyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-7-
yl)phenyl)-3-phenylcyclopropanecarboxylate (53c)

[00296] Following method H from compound 15¢ (330 mg, 1.0 mmol) and
4-methyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydro-2H-
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anhydrous DMSO (10 nmlL). The m xture was heated to 80C until evol ution of
gas ceased and then cooled to OC. A solution of (carbethoxynethyl)-

tri phenylwbaspesioam brom de (3.05 g, 7.12 nmol) in DVSECTAB20m2)0222a6 t hen
added and the m xture stirred at r.t for 30 m n. The m'xture was cooled to
0C and a solution of 5-chloronicotinal dehyde (1 mmol ) in DVSO (10
m) was aeREPRITb4lorazinedBal éngak24amel)e L&tf'cﬁt'@n pbﬁrf|a§hr$'|'015rf@|tﬂﬁ‘5%ture was

th t Th
e POUT o BRHE Sl eflorth L6 3618 IEATHER St TS
m_l) sepamcahpdunaﬂasexdye(llNQE@M)ZS@nﬂgpm%arill@MSe@Sﬂmoo‘ M—BI‘H) on by flash
silica co el u to 25% Et 0A -h
gave the %@%r{ E{/]' Xi)é%ﬂx}?'% Y- Y%}V @?%ex 3 LCVS (ES? I-;] |271ex)
M+H) +.

ElR*H) 2R* %rhe*n)ylCé(tclgplro%arzecarlﬁ?éarrglgﬁr(ﬁéa%_ 3-y1) - 3-phenyl cycl opr opanecar boxyl at
e (117) [[sz%] Fol Iléoudvgngméth@dlfAffmmmmo@mdS@ (70007g bl )mesmed). 1- ( 2-

fl b 1Hth fl

bur 1 1 oat Pifieaoh G siia oS eRladarenhY Tk ey Pusart ABOADEn | hex
to 15% Et &G0l 100% hexhe@%%we@ bt/lFtERX%@ﬁﬂ@g@féeM%@me MéE&H 114$Bvé EST)
361 (M+-H) + (1R 2R, 3R)-2-(5-Chl oro él’l di n- N- hydr oxy- 3-

phenyl cycuhgp"ﬁ@g@mmaﬁbm@madmlteﬂaw 60389]%%DORMH@CWWCW&|rom 117 (396

(g’r aéi égtﬁ%ﬁu% 'Vﬁ C®R’§(}H?/2%ﬁf&%§%d (?r@'a Ogé\(plgin %(ﬁ/%\[?%@%ﬁ@' Eﬁ??’?‘ cat I on

gave the igstanec1.0aMPMAIRTIBLO fin).SLEMS P43 (MeHghiRBU pumid i cation
gave the title conpound (Chiralpak | C 40/60 IPA/IVEOH( 0/50/0.1°)/0 formic
aci d) / heptfaadytisabmethod #). RINMR S (pm)(DMEUsd¢ ESY).6349 H.M)HB¥6 (R1H.33)10 i n.

0 %8 4o TosR e Lo AP ¢ RO YRS, 75h nidp i Bs Yarh T
m, 7.26(@dH = ‘3132EI-72)65|25)(2I-T sb%%gnz 1 H, dd] J‘—ée‘ﬁeﬂhz),?z.ég @HKRd U J =
7.2 Hz), 3.10 (1 'H, 3 (1'H dd,;”J =9.6, 6.9 Hz)

2.26 (1 H=9cﬁj68Hz)9260 ($Hl,ddz)J 8:6a oA z:)u [00388] The fol | owi ng exarrpl es
T o PR SR I8 GRS TSR PRl e above
phenylcyclopropanecarboxamide (54b)
[00298] Following method A from compound 53b (300 mg, 0.61 mmol).
Purification by preparative HPLC gave the title compound as a white solid (8 mg,
3%). LCMS (ES+) 495 (M+H)+, RT 11.55 min (Analytical method 3). '"H NMR &
(ppm)(DMSO-d:): 10.66 (1 H, s),8.79 (1 H, s), 8.33(2H,d,J=7.8 Hz), 8.03 (2
H,d,J=8.2Hz),783(2H,d,J=8.0Hz),7.78 (2H,d, J =8.2 Hz), 7.54-7.47 (6
H, m),7.44-7.30 (6 H, m), 7.25 (1 H, t,J = 7.2 Hz), 3.23 (1 H, dd, J = 6.8, 5.4 Hz),
298 (1H,dd,J=96,6.9Hz),2.34 (1 H,dd, J = 9.6, 5.4 Hz).
(1R,2R,3R)-N-hydroxy-2-(4-(4-methyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-7-
yl)phenyl)-3-phenylcyclopropanecarboxamide (54c¢)
[00299] Following method A from compound 53¢ (280 mg, 0.70 mmol).
The carboxylic acid was obtained as the major product. The reaction mixture was
acidified with aqueous 1 M HCI and extracted into EtOAc (3 x 10 mL). The

organic layers were combined, dried (MgSQ,), filtered and concentrated. The

sample was then subjected to method B. Purification by chiral preparative HPLC
(Chiralpak 1C 20/80 EtOH (0.1% FA) / heptane, 1.0 mL/min, RT 15.9 min) gave
the title compound as a white solid. LCMS (ES+) 401 (M+H)+, RT 4.02 min
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0 (1S, 2R, 3S)-2-(2-fluorophenyl)-N hydroxy-1-nethyl -3-(4-
(2- met hyl oxazol - 5-yl ) phenyl ) cycl opr opanecarboxam de 0 / N O -1V NHCH AF 40
(1S, 2R, 3Ry020122108d080r ophenyl )- N hydr OXy- 3- (4- ( 3- net hyl 1iFepyusamelo221g/1 ) pheny

| ) cycl opr opanecar boxam de "N F3C 0..."NHOH AF O
(1S, 2R 3R) -2-(2-fluoro hen N-h drox-3 4- ( 3-
(trifluor iga) meth ﬂ)az pPﬁH@ﬂMS)Q:Si@) Jx@pbhkc a). Bokal tes).W0

2012/ 10309_%5%’#%2,013/ 912@%67.&? b Hod, 6 Hz), 7.35-7.27 (3 H, m), 7.26.7.20

(1H,m), 7.15 (1 H,dd, J =8.3,2.1 Hz), 7.02 (1 H, d, J = 2.1 Hz), 6.81 (1 H, d, J
= 8.4 Hz), 4.33-4.29 (2 H, m), 3.33-3.28 (3 H, m), 3.14 (1 H, dd, J = 6.8, 5.3 Hz),
2.91 (3 H,s),2.91-2.85 (1 H, m), 2.26 (1 H, dd, J = 9.6, 5.3 Hz).

Example 20
Reaction Scheme 20
COR; COR; CONHOH
N “Ph N b N “Ph
Br—-‘/ RZ_'/ Rz_-/
3-Br, Ry = Et, 15b i
4- BrrR11 Me, 15¢ S5a-i >6a
Table 5
3ord 3or4
R2 o Compound R2 o Compound
Substitution Substitution
4 56a 3 56f
N
~ J CQ
(\N}\ 3 56b Gl 3 56
N g9
o N=
N N_Z
Q 4 56c & 3 56h
N
F*°F \f
>QN)% 4 56d B o 4 56i
/N\)
DC/N 4 56e
O | B | e | e,

(1R*,2R*,3R*)-Methyl-2-(4-(4-isopropylpiperazin-1-yl)phenyl)-3-

phenylcyclopropanecarboxylate (55a)

[00300]

Following method | from compound 15¢ (250 mg, 0.76 mmol) and

iso-propylpiperazine (125 ul, 0.86 mmol). Purification using flash silica column




A0 -AO (1 S, 2R 3R -2-(2-fluorophenyl)-N- hydroxy-3-(4- (isopropyl(2-

nmor phol i noet hyl )am i no) phenyl ) cycl opropanecarboxamid e N1 0 ohi NH 40 (1
R 2R, 3R) -wo(2Bt2xyedoepr opyl pyrimid in-5-yl1)-N hyd roxy- 3PCT/US2012/022216

phenyl cycl opr opanecar boxam de 0 110 A cmNH & (1

R, 2R, 3R) - 2- (benzo[ d] i soxazol - 3-y1) - N- hydr oxy- 3- )

pheny! cy CHERMGHRETEAY Kararan elutorn ex/ KIGAE Dot 100%) gave the titl
compound as a yellow oil (187 mg, 65%). LCMS (ES+) 379 (M+H)",
(1R*2R*,3R*)-Ethyl-2-(3-(4-isopropylpiperazin-1-yl)phenyl)-3-
phenylcyclopropanecarboxylate (55b)
[00301] Following method | from compound 15b (250 mg, 0.76 mmol) and
iso-propylpiperazine (125 pl, 0.86 mmol). Purification using flash silica column
chromatography (gradient elution DCM/MeOH 0% to 8%) gave the title
compound as a yellow oil (180 mg, 58%). LCMS (ES+) 393 (M+H)"
(1R*,2R*,3R*)-Methyl-2-(4-(3,3-difluoropyrrolidin-1-yl)phenyl)-3-
phenylcyclopropanecarboxylate (55¢)
[00302] Following method | from compound 15¢ (250 mg, 0.76 mmol) and
3,3-difluoropyrrolidine (124 mg, 0.86 mmol). Purification by flash silica column
chromatography (gradient elution i-hex/EtOAc 0% to 100%) gave the fitle
compound as a clear oil (210 mg, 59%). LCMS (ES+) 358 (M+H)".
(1R*,2R*,3R*)-Methyl-2-(4-(3,3-dimethylazetidin-1-yl)phenyl)-3-
phenylcyclopropanecarboxylate (55d)
[00303] Following method | from compound 15¢ (250 mg, 0.76 mmol) and
3,3-dimethylazatidine (105 mg, 0.86 mmol). Purification by flash silica column
chromatography (gradient elution i-hex/EtOAc 0% to 100%) gave the fitle
compound as a clear oil (210 mg, 59%). LCMS (ES+) 336 (M+H)".
(1R*,2R*,3R*)-Methyl-2-(4-(2-oxa-6-azaspiro[3.3]heptan-6-yl)phenyl)-3-
phenylcyclopropanecarboxylate (55e)
[00304] Following method | from compound 15¢ (250 mg, 0.76 mmol) and
2-oxa-6-azaspiro[3.3]heptane formate salt (160 mg, 0.86 mmol). Purification by
flash silica column chromatography (gradient elution i-hex/EtOAc 0% to 100%)
gave the title compound as a clear oil (210 mg, 59%). LCMS (ES+) 350 (M+H)".
(1R*2R*,3R*)-Ethyl-2-(3-(hexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl)phenyl)-3-
phenylcyclopropanecarboxylate (55f)
[00305] Following method | from compound 15b (500 mg, 1.56 mmol) and
octahydropyrrolo[1,2-a]pyrazine (195 mg, 1.72 mmol). Purification by flash silica
column chromatography (gradient elution DCM/MeOH 0% to 8%) gave the fitle
compound as a yellow oil (265 mg, 44%). LCMS (ES+) 391 (M+H)",
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R 2R, 3R) - 2- (6-cycl opr opyl pyri dazi n- 4 yl)- N—hydroxy 3-
nyl cycl opr opanecar boxam de ,N --N O."NHOH 'F 110 (1

(1
phe
S, 2R, 3R) -weo(2atdlosmsophenyl) - N-hydroxy 3-(6- (3 met hyl 1 HPpynzszmlz/onzlﬁ
I
2

-yl ) pyridin- 3 yl )cycl opropanecar boxam de Q. NHOH ' F 40 (1

S, 2R, 3R) - 2- oro -2-yl) py din- yl)
(2-f1 uoro(& ’53/RI-)@WVE%W@Vh@K%ﬁéﬂ@M@@'%&érrY'HEDN'CN[‘.1,'. ...) NI HO,

o7 et e AR apEe RO fmagop v peraz L
[00306] Following method | from compound 15b (500 mg, 1.56 mmol) and
4-(pyrrolidin-1-yl)piperidine (241 mg, 1.72 mmol). Purification by flash silica
column chromatography (gradient elution DCM/MeOH 0% to 8%) gave the fitle
compound as a yellow oil (230 mg, 35%). LCMS (ES+) 491 (M+H)",
(1R*,2R*,3R*)-Ethyl-2-(3-(6,7-dihydropyrazolo[1,5-a]pyrimidin-4(5H)-yl)phenyl)-
phenylcyclopropanecarboxylate (55h)
[00307] Following method | from compound 15b (250 mg, 0.78 mmol) and
4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine (106 mg, 0.86 mmol). Purification by
flash silica column chromatography (gradient elution DCM/MeOH 0% to 8%) gave
the title compound as a yellow oil (165 mg, 42%). LCMS (ES+) 388 (M+H)"
(1R*2R*,3R*)-Methyl-2-(4-(4-methylpiperazin-1-yl)phenyl)-3-
phenylcyclopropanecarboxylate (55i)
[00308] Following method | from compound 15¢ (250 mg, 0.76 mmol) and
N-methylpiperazine (95 pl, 0.86 mmol). Purification using Isolute cation exchange
SCX (elution DCM-MeOH 50% and 5-10% 7N NHs in MeOH) gave the title
compound as a yellow oil (72 mg, 27%). LCMS (ES+) 351 (M+H)"
(1R*,2R*,3R*)-N-Hydroxy-2-(4-(4-isopropylpiperazin-1-yl)phenyl)-3-
phenylcyclopropanecarboxamide (56a)
[00309] Following method A from compound 55a (170 mg, 0.49 mmol).
Purification by preparative HPLC gave the title compound as a white solid (36
mg, 21%). LCMS (ES+) 380 (M+H)+, RT 2.30 min (Analytical method 1). 'H
NMR & (ppm)(DMSO-ds): 10.50 (1 H, d, J = 1.9 Hz), 8.64 (1 H, d, J = 1.7 Hz),
7.31(2H,m), 7.25 (2 H, m), 7.20-7.07 (3 H, m), 6.88 (2 H, d, J = 8.4 Hz), 3.08 (4
H, m), 2.99 (1 H, m), 2.75-2.61 (2H, m), 2.56 (4 H, dd, J = 7.4, 4.1 Hz), 2.12-2.06
(1H, m),1.00 (6 H, d, J =6.5 Hz).
(1R*,2R*,3R*)-N-Hydroxy-2-(3-(4-isopropylpiperazin-1-yl)phenyl)-3-
phenylcyclopropanecarboxamide (56b)
[00310] Following method A from compound 55b (180 mg, 0.46 mmol).
Purification by preparative HPLC gave the title compound as a white solid (73
mg, 42%). LCMS (ES+) 380 (M+H)+, RT 7.23 min (Analytical method 3). 'H
NMR & (ppm)(DMSO-ds): 10.56 (1 H, s), 7.37 (2H,d,J=7.6 Hz),7.30 (2 H, t, J
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WO 2012/ 103008PCT/ US2012/ 022216 CI,NHOH F 0 , FN (1

S, 2R 3R)-2-(2-fl uorophenyl)-3-(6-(5-fluoropyrimid in-2- yl)pyrid
in-3-y1) \Mohyﬂmeqosycl opr opanecar boxam i de ONHOH =F N | P@d@ske12/022216
.............. "3.,, (1 S, 2R 3R)-2-(2-fluorophenyl)- N—hydroxy 3- (6 (5-

t hyl d - 2- - 3- b NHOH O NO
(1 R 2R SR ey 27 (BH, Eonb oy chasiop S5 Py i), 668 (1 . o, 0=

I n-3-y1) -25Rhenyl @& QPf 9raReca PG AR, BuON= X! 5.4 Hz), 2.87 (1 H, dd, J =
95,69Hz),273(1H,t,J=6.5Hz),262 (4 H,t,J =46 Hz),2.22 (1 H,dd, J =
9.6,5.4 Hz), 1.06 (6 H, d, J = 6.5 Hz).
(1R*,2R*,3R*)-N-Hydroxy-2-(4-(3,3-difluoropyrrolidin-1-yl)phenyl)-3-
phenylcyclopropanecarboxamide (56c¢)

[00311] Following method A from compound 55¢ (205 mg, 0.57 mmol).
Purification by preparative HPLC gave the title compound as a white solid (35
mg, 17%). LCMS (ES+) 359 (M+H)+, RT 9.27 min (Analytical method 6). 'H
NMR & (ppm)(DMSO-ds): 10.50 (1 H, s), 8.64 (1 H,d,J=1.8 Hz),7.31 (2H,d, J
=76 Hz),725(2H,t,J=7.4Hz),7.19-7.08 (3H, m),6.60 (2 H, d, J = 8.2 Hz),
3.66 (2H,t,J=13.4Hz),3.44 (2H, m), 2.99 (1 H, m), 2.70-2.65 (2 H, m), 2.33 (1
H, m), 2.08 (1 H, dd, J = 9.5, 5.4 Hz).
(1R*,2R*,3R*)-2-(4-(3,3-Dimethylazetidin-1-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide (56d)

[00312] Following method A from compound 55d (200 mg, 0.59 mmol).
Purification by preparative HPLC gave the title compound as a white solid (23
mg, 14%). LCMS (ES+) 337 (M+H)+, RT 3.42 min (Analytical method 1). 'H
NMR & (ppm)(DMSO-ds): 10.49 (1 H, s), 8.63 (1 H, s), 7.33-7.20 (4 H, m), 7.19-
712(1H,m),7.05(2H,d,J=82Hz),6.37 (2H,d,J=82Hz),348 (4 H, s),
297 (1H,dd,J=6.9,54 Hz),2.68 (1 H,dd, J=9.5,6.9Hz),2.06 (1H,dd, J =
9.5,5.4 Hz), 1.27 (6 H, s).
(1R*2R*,3R*)-2-(4-(2-Oxa-6-azaspiro[3.3]heptan-6-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide (56e)

[00313] Following method A from compound 55e (214 mg, 0.61 mmol).
Purification by preparative HPLC gave the title compound as a white solid (23
mg, 14%). LCMS (ES+) 351 (M+H)+, RT 8.07 min (Analytical method 3). 'H
NMR & (ppm)(DMSO-ds): 10.50 (1 H, s), 8.64 (1H,d,J=1.8Hz),7.31 (2H,d, J
=7.6 Hz), 7.28-7.21 (2H, m), 7.19-7.08 (3 H, m), 6.60 (2 H, d, J = 8.2 Hz), 3.70-
3.61(4 H,m), 3.48-3.39 (4 H,m),2.99 (1 H,dd, J=6.9,5.4 Hz), 2.70 (1 H, dd, J
=9.5,6.9Hz),2.08 (1 H,dd, J=9.5, 54 Hz).
(1R*,2R*3R")-2-(3-(Hexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl)phenyl)-N-hydroxy-

3-phenylcyclopropanecarboxamide (56f)
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N 040 ----( NO (1 R 2R 3R)-2-(5-chloro-6-(2-nethyl oxazol -5-yl)pyrid in-3-

y1l) - N- hydr oxy- 3- phenyl cycl opr opanecarboxamde HN OH F3C,F 1 HN N /. (1
S, 2R, 3R) -weo(atdtosmsophenyl) - N- hydr oxy- 3- (2- (2, 2, 2- trif lpaorusedibypbzns

i no)pyrid in-4- yI)cycI opr opanecar boxam de H O, N, -2-CH N40 CF3 (1

R 2R, 3R) - N-hydroxy2 henyl -3-(1 -(2,2,2- trifluoroethyl)-

H pyr azol [08334] cycl bpllayyias seetheshAriiare cpmpoung) 556265 mg, 0. 68 mmol).

Purification by preparative HPLC gave the title compound as a white solid (9 mg,
4%). LCMS (ES+) 378 (M+H)+, RT 8.26 min (Analytical method 3). '"H NMR &
(ppm)(DMSO-ds): 10.56 (1 H,s), 7.38 (2H,d,J=7.6 Hz),7.30 (2H,t,J=7.5
Hz), 7.24-7.15 (2 H, m),6.89 (1 H, s),6.84 (1 H,dd, J = 8.4, 2.4 Hz), 6.69 (1 H, d,
J=76Hz),387(1H,d,J=11.2Hz),3.71 (2H,d, J =12.2 Hz), 3.13-3.03 (4 H,
m), 2.87 (1 H, dd, J = 9.6, 6.9 Hz), 2.81-2.71 (1 H, m), 2.30-2.19 (2 H, m), 2.16-
2.04 (2H, m), 1.91-1.83 (1 H, m), 1.81-1.70 (2 H, m), 1.48-1.39 (1 H, m).
(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-(3-(4-(pyrrolidin-1-yl)piperidin-1-
yl)phenyl)cyclopropanecarboxamide (569)

[00315] Following method A from compound 55g (230 mg, 0.55 mmol).
Purification by preparative HPLC gave the title compound as a white solid (40
mg, 10%). LCMS (ES+) 406 (M+H)+, RT 2.42 min (Analytical method 1). 'H
NMR & (ppm)(DMSO-ds): 10.56 (1 H, s), 8.72(1 H, s), 7.38 (2 H, d, J = 7.61 Hz),
7.33-7.24 (2H, m), 7.25-7.14 (2 H, m), 6.90 (1 H, s), 6.90-6.80 (1 H, m), 6.67 (1
H, d, J =7.59 Hz), 3.84-3.69 (2 H, m), 3.08 (1 H, dd, J = 6.93 5.4 Hz), 2.90-2.82
(1H,m),2.82-2.72 (7 H,m),2.22 (1 H,dd, J=9.6,5.4 Hz),2.00 (2H,d, J =
12.01 Hz), 1.79 (4 H, s), 1.65-1.51 (2 H, m).
(1R,2R,3R)-2-(3-(6,7-Dihydropyrazolo[1,5-a]pyrimidin-4(5H)-yl)phenyl)-N-
hydroxy-3-phenylcyclopropanecarboxamide (56h)

[00316] Following method A from compound 55h (180 mg, 0.46 mmol).
The racemic mixture was obtained after purification by preparative HPLC as a
white solid (41.5 mg, 24%). Purification by chiral preparative HPLC (Chiralpak 1A
40/60 IPA/MeOH (50/50/0.1% formic acid) / heptane, 1.0 mL/min, RT 10.1 min)
gave the title compound. LCMS (ES+) 375 (M+H)+, RT 2.90 min (Analytical
method 1). 'H NMR & (ppm)(DMSO-ds): 10.59 (1 H, s), 8.74 (1 H, s), 7.39-7.28
(5H,m),7.26-7.20 (4 H, m),7.02 (1 H,d,J=1.4 Hz), 5.66 (1 H, d, J = 1.9 Hz),
415(2H,t,J=6.1Hz),3.74 (2H,t,J =5.2Hz),3.14 (1 H,dd, J = 6.8, 5.4 Hz),
2.88 (1 H,dd, J =9.5,6.8 Hz), 2.28-2.22 (3 H, m).
(1R*2R*,3R*)-N-Hydroxy-2-(4-(4-methylpiperazin-1-yl)phenyl)-3-
phenylcyclopropanecarboxamide (56i)

[00317] Following method A from compound 55i (70 mg, 0.20 mmol).
Purification by preparative HPLC gave the title compound as a white solid (49
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NO (1 R2R 3R)-2-(1 -cyclopropyl-1 Hpyrazol-4-yl)-N- hydroxy-

3- phenyl cycl opr opanecar boxam de WO 2012/ 103008PCT/ US2012/ 022216 H O, N ' CH
(1 R 2R, 3Rp-2bkdhwpsoosxy- 2- pheny1-3-(1 -(1 -(2,2,2- trifl uecoashyppizperid
in-4-y1)-1 H pyrazol -4- yl)cycl opropanecar boxam i de NO CF3 HO,N OH (1
R 2R 3R)-2-(1 ,3-dinmethyl-1 . .

H- pyr azol Mg. %Q?&)Wdéﬁ) gRényi+hiel BiropameindApalviralqaetiodngo H

NMR & (ppm)(DMSO-ds) 10.50 (1 H, s),8.64 (1 H,s), 7.31 (2 H,d, J =7.6 Hz),
7.25(2H,t,J =74 Hz), 7.20-7.08 (3H, m),6.89 (2 H,d, J =8.5Hz), 3.09 (4 H, t,
J=48Hz),299(1H,dd,J =6.8,54Hz),2.71 (1 H,dd,J=9.5,6.9 Hz), 2.44 (4
H,t,J=4.7Hz),222 (3H,s),2.09(1H,dd, J=9.5, 54 Hz).

Example 21

Reaction Scheme 21

¢O2Me GO:Me CONHOH

0 T 0 ot
r 15¢ &/\N 57 &‘N 58

(1R*,2R*,3R*)-Methyl-2-(4-(oxazol-2-yl)phenyl)-3-
phenylcyclopropanecarboxamide (57)

[00318] A mixture of compound 15¢ (250 mg, 0.75 mmol), 2-(tri-n-
butylstannyl)oxazole (0.230 mL, 1.1 mmol), Pd(PPhs)4 (43 mg, 0.038 mmol) in
1,4-dioxane (4 mL) was heated in the microwave at 150°C for 1 h. The mixture
was concentrated and purified by flash silica column chromatography (gradient
elution DCM to 10% MeOH in DCM) to afford the title compound as a white solid
(175 mg, 73%). LCMS (ES+) 320 (M+H)".

(1R*2R* 3R*)-N-Hydroxy-2-(4-(oxazol-2-yl)phenyl)-3-
phenylcyclopropanecarboxamide (58)

[00319] Following method A from compound 57 (160 mg, 0.50 mmol).
Crystallization from MeOH gave the title compound as a white solid (71 mg,
45%). LCMS (ES+) 321 (M+H)+, RT 2.80 min (Analytical method 1). '"H NMR &
(ppm)(DMSO-d:): 10.58 (1 H, s),8.70 (1 H, s),8.21 (1 H,d, J = 0.8 Hz), 7.94 (2
H,d,J=8.1Hz),745(2H,d,J =8.1Hz),7.39-7.33 (3 H, m), 7.31-7.23 (2 H, m),
7.22-7.15(1 H, m), 3.20-3.13 (1 H, m), 2.91 (1 H, dd, J = 9.6, 6.8 Hz), 2.28 (1 H,
dd, J = 9.6, 5.3 Hz).
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HO,N OH (1 R 2R 3S)-Nhydroxy-2-(2-nmethylth iazol-5-y1)-3-

phenyl cycl opr opanecar boxam de \I 40 ONHOH A (1 R 2R, 3R)-2-(8-chloro-1

, 2, 3, 4- t ewoahiadise@ai nol i n- 6-yl)- N hydroxy- 3- phenyl cycl eprasanecanboxam de
lellel a ONHOH CF3

Example 22

Reaction Scheme 22

CO2Me CO2Me CONHOH

M©~ﬁ©~ e

(1R*,2R*,3R*)-Methyl-2-(4-(1-methyl-1H-imidazol-2-yl)phenyl)-3-
phenylcyclopropanecarboxamide (59)

[00320] Following the method described for compound 57, from 15¢ (222
mg, 0.67 mmol) and 1-methyl-2-(tributylstannyl)imidazole (300 mg, 0.81 mmol).
Purification by flash silica column chromatography (gradient elution DCM to 10%
MeOH in DCM) gave the title compound as a yellow solid (187 mg, 84%). LCMS
(ES+) 333 (M+H)",

(1R*,2R*,3R*)-N -Hydroxy-2-(4-(1-methyl-1H-imidazol-2-yl)phenyl)-3-
phenylcyclopropanecarboxamide (60)

[00321] Following method A from compound 59 (187 mg, 0.56 mmol).
Crystallization from DCM and washes with MeOH, gave the title compound as a
white solid (98 mg, 53%). LCMS (ES+) 334 (M+H)+, RT 9.74 min (Analytical
method 3). 'H NMR & (ppm)(DMSO-ds): 10.58 (1 H, s), 8.70 (1 H, s), 7.65 (2 H,
d, J = 8.1 Hz), 7.44-7.31 (4 H, m), 7.30-7.24 (3 H, m), 7.23-7.15 (1 H, m), 6.99 (1
H,d,J=1.1Hz),3.75(3H,s),3.19-3.13 (1 H, dd, J = 6.8, 5.4 Hz), 2.90 (1 H, dd,
J=96,6.8Hz),2.26 (1H,dd,J=9.6,54 Hz).

Example 23

Reaction Scheme 23

COZMe

Br

15¢

CONHOH

“'Ph

(1R*,2S5%*,3S*)-Methyl-2-(4-bromophenyl)-1-methyl-3-
phenylcyclopropanecarboxylate (61)

[00322] To a solution of 15¢ (331 mg, 1 mmol) in dry THF at -78 °C, was
added LDA (2 M in THF, 0.5 mL) dropwise and the reaction mixture was stirred at
-78 °C for 30 min. Methyl iodide (0.065 mL, 1 mmol) was added and the reaction
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(A (1 R 2R 3R -N hydroxy-2-phenyl -3-(4-(2, 2, 2-
trifluoroethyl)-2,3,4,5-tetrahydrobenzo[f][1 , 4] oxazepin-7-

yl ) cycl opwoparewarBoxam de Nle 101 o ONHOH * (1 R 2R, 2RrAN20mp@ezreiy- 2- (1
-nmet hyl -242,2,2- trifluoroethyl)-1 ,2,3,4- tetrahydropyrrol 0[1

, 2-a] pyrazin- 7- y1) - 3- phenyl cycl o ropanecar boxam de /-N N\- F3C
mixture was allowed to warm up to r.t. and stirred for 1 h. The reactlon mixture

was quenched with water and the compound was extracted into DCM. The
organic phase was dried (MgSQy,), filtered and concentrated. Purification by flash
silica column chromatography (gradient elution i-hex to 50% EtOAc in i-hex) gave
the title compound as a colourless oil (346 mg, 100%). LCMS (ES+) 346 (M+H)".
(1R*,2S8*,3S*)-Methyl-2-(4-(5-fluoropyrimidin-2-yl)phenyl)-1-methyl-3-
phenylcyclopropanecarboxylate (62)

[00323] Following method G from 61 (346 mg, 1.0 mmol) and 2-chloro-5-
fluoropyrimidine (170 ul, 1.1 mmol). Purification by flash silica column
chromatography (gradient elution i-hex to 10% EtOAc in i-hex) gave the fitle
compound as a colourless oil (160 mg, 44%). LCMS (ES+) 363 (M+H)".
(1R*,2S5%,3S*)-2-(4-(5-Fluoropyrimidin-2-yl)phenyl)-N-hydroxy-1-methyl-3-
phenylcyclopropanecarboxamide (63)

[00324] Following method A from 62 (350 mg, 0.97 mmol). Purification by
flash silica column chromatography (gradient elution DCM to 10% MeOH in DCM)
followed by preparative HPLC gave the title compound as a white solid (2 mg,
2%). LCMS (ES+) 364 (M+H)+, RT 10.83 min (Analytical method 3). '"H NMR &
(ppm)(DMSO-ds): 10.62 (1 H, s),8.98 (2H, d, J =0.7 Hz), 8.64 (1 H, s), 8.31 (2
H,d,J=8.1Hz),751(2H,d,J=8.1Hz),7.31-7.23 (4 H, m), 7.22-7.15 (1 H, m),
346 (1H,d,J=7.2Hz),2.78 (1 H,d,J=7.2Hz),1.12 (3 H, s).

Example 24

Reaction Scheme 24

COQMe COQMe CONHOH

(1R*,2R*,3R*)-Methyl-2-(4-(1H-pyrazol-1-yl)phenyl)-3-
phenylcyclopropanecarboxylate (64)

[00325] To a stirred solution of compound 15¢ (1.0 g, 3.02 mmol) in dioxane
(5 mL) was added bis-pinacolato diboron (844 mg, 3.32 mmol), Pd(dppf)Cl, (246
mg, 0.30 mmol) and potassium acetate (1.48 g, 15.1 mmol). The mixture was
degassed with nitrogen, heated to 100°C for 2 h, diluted with H,O (20 mL) and
extracted into DCM (2 x 20 mL). The organic layers were passed through a
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2,2,2-trifluoroethyl)-1,2,3,4-
) - N- hydr oxy- 3-
N\ - F3C WO  PCT/US2012/022216

ONHOH 0/ (1 R 2R, 3R)-2-(1 -fluoro-2-(
tetrahydropyrrolo[1 , 2-a] pyrazin-7-yl
phenyl cy(,\lvopnmpmmsar boxam de /-N
2012/ 103008PCT/ US2012/ 022216 O NHO—I (1

R 2R, 3R) - N- hydr oxy- 2- pheny1- 3- ( 2- ( - trifluoroethyl)

, 2, 3, 4- te@ﬁ%ﬁ@%ﬁ%@W@ﬁQ[@ncﬁnﬁ?Wr al%arhof?th@pt}@@dpé@p@déﬂ@m bbR8ni de

mmol) was dissolved in a mixture of MeOH (4 mL) and THF (2 mL) and to this
was added pyrazole (82 mg, 1.2 mmol) and Cu20O (8 mg, 0.056 mmol). The
mixture was stirred at 100°C for 16 h, diluted with H,O (10 mL) and extracted into
DCM (20 mL). The organic layers were passed through a phase separator and
concentrated. Purification by flash silica column chromatography (gradient
elution DCM to 5% MeOH in DCM) afforded the fitle compound as a cream solid
(161 mg, 51%). LCMS (ES+) 319 (M+H)".
(1R*,2R*,3R*)-2-(4-(1H-pyrazol-1-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide (65)

[00326] Following method A from compound 64 (121 mg, 0.38 mmol) The
carboxylic acid was obtained as the major product. The acid (43 mg, 0.14 mmol)
was subjected to method B. Purification by preparative HPLC gave the fitle
compound as a cream solid (9 mg, 21%). LCMS (ES+) 320 (M+H)+ , RT 8.49
min (Analytical method 3). '"H NMR & (ppm)(DMSO-ds) 10.56 (1 H, s), 8.69 (1 H,
s),848(1H,d,J=25Hz),780(2H,d,J=84Hz),7.73 (1 H,d,J=1.7 Hz),
740(2H,d,J=83Hz),7.35(2H,d,J=76Hz),7.27 (2H, m), 7.19 (1 H, m),
6.54 (1 H,dd,J=24,1.7 Hz), 3.19-3.13 (1 H, dd, = 6.8, 5.3 Hz), 2.89 (1 H, dd,
J=9.6,6.8Hz),2.24 (1H,dd,J=9.6,5.3Hz).

Example 25
Reaction Scheme 25
COzMe CONHOH
Xy Br N COoMe qA ,\;jAWPh
G- G >
CF3 CF; 66 CF, 68

(E)-Methyl-3-(5-(trifluoromethyl)pyridin-3-yl)acrylate (66)

[00327] A stirred solution of 5-bromo-3-(trifluoromethyl)pyridine (1.0 g, 4.42
mmol), (E)-ethyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)acrylate (1.0 g,
4.43 mmol), Pd(PPhs)s (511 mg, 0.44 mmol) and Na>COs (13.3 mL, 1 M solution,
13.3 mmol) was degassed with nitrogen for 10 min and then heated to 100°C for
17 h. The mixture was allowed to cool, diluted with water (20 mL), and extracted
into DCM (3 x 20 mL). The product was extracted from the organic layers with
sat. NaHCO3 (20 mL). The pH was adjusted to 5.5 and the resulting white
precipitate collected by vacuum filtration (431 mg, 45%). LCMS indicated that the
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/-NN\ - F3C O NHOH T (1 R 2R, 3R)- N hydroxy-2-phenyl-3-(7-(2, 2, 2-
trifluoroethyl)-5,6,7,8-tetrahydroi m dazo[1 , 2-a] pyrazin-2-
yl ) cycl opwoparewarBoxam de O [ [-N\- F3C PCT/US2012/022216

corresponding carboxylic acid had formed. In a separate flask, thionyl chloride
(0.19 mL, 1.99 mmol) was added slowly to MeOH (5 mL) at -78°C, and the acid
(431 mg, 1.99 mmol) was added. The mixture was refluxed for 1.5 h, cooled to
r.t. and concentrated. The residue was dissolved in sat. NaHCO3 (20 mL) and
extracted into DCM (3 x 20 mL), and the combined organic layers passed through
a phase separator and concentrated to give the fitle compound as a colourless oil
(403 mg, 88%). LCMS (ES+) 232 (M+H)",
(1R*,2R*,3R*)-Ethyl-2-phenyl-3-(5-(trifluoromethyl)pyridin-3-
yl)cyclopropanecarboxylate (67)

[00328] Following method F from compound 66 (403 mg, 1.74 mmol) and
6a (678 mg, 2.62 mmol). After stirring at 0°C for 2 h an additional 1.5 equivalents
of LIHMDS were added. Purification by flash silica column chromatography
(gradient elution i-hex to 10% EtOAc in i-hex) gave the title compound as a
colourless oil (250 mg, 2:1 trans : cis, 45%). LCMS (ES+) 322 (M+H)".
(1R,2R,3R)-N-Hydroxy-2-phenyl-3-(5-(trifluoromethyl)pyridin-3-
yl)cyclopropanecarboxamide (68)

[00329] Following method A from compound 67 (250 mg, 0.78 mmol).
Purification by flash silica column chromatography (gradient elution DCM to 5%
MeOH in DCM) followed by preparative HPLC gave the racemic mixture as a
white solid (83 mg, 11%). Preparative chiral HPLC gave the title compound
(Chiralpak IC 20/80 EtOH (0.1% formic acid)/heptane, 1.0 mL/min, RT 11.3 min).
LCMS (ES+) 323 (M+H)+, RT 3.30 min (Analytical method 1). '"H NMR &
(ppm)(DMSO-d:): 10.64 (1 H, s),8.96 (1 H, s),8.88 (1 H, s),8.79 (1 H, s), 8.15 (1
H,s), 741 (2H,d,J=7.6Hz),7.32(2H,t,J=7.4Hz),7.24 (1 H,t,J =7.2 Hz),
3.41 (1 H, obscured by water), 3.15 (1 H,dd, J =9.8,6.9Hz),2.44 (1 H,dd, J =
9.8, 5.4 Hz).

Example 26

Reaction Scheme 26

CO.M COMe CO.Me
CO-Me 72 G CONHOH

SO0 0 o
‘
Br | | ©
15¢ 69 71

BocN Ph_-N
70
Ph _-N
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NHOH (1 R, 2R, 3R) - N- hydr oxy- 2- pheny1- 3- ( 2-
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5,6-dihydropyridine-1(2H)-carboxylate (69)

[00330] Following method H from compound 15¢ (660 mg, 2 mmol) and (1-
(tert-butoxycarbonyl)-1,2,3,6-tetrahydropyridin-4-yl)boronic acid (750 mg, 2.4
mmol). The crude compound was used in the next step without further
purification.

(1R*,2R*,3R*)-Methyl-2-phenyl-3-(4-(1,2,3,6-tetrahydropyridin-4-
yl)phenyl)cyclopropanecarboxylate (70)

[00331] A solution of 69 (2 mmol) in a mixture of TFA (6 mL) and DCM (14
mL) was stirred at r.t. for 3 h. The reaction mixture was concentrated and the
residue dissolved in DCM-MeOH 1:1 (2 mL) and passed through a SCX cartridge
(elution 7 M NHs in MeOH). The free amine was isolated as a yellow oil (655 mg,
96%). This was dissolved in CH3CN (20 mL) and Cs,CO3(1.2 g, 3.9 mmol) and
benzyl bromide (255 pL, 2.15 mmol) were added. The reaction mixture was
stirred for 17 h and concentrated. The residue was dissolved in DCM and
washed with water and brine. The organic layer was passed through a phase
separator and concentrated. Purification by flash silica column chromatography
(gradient elution i-hex to 15% EtOAc in i-hex) gave the title compound as a yellow
oil (305 mg, 36%). LCMS (ES+) 424 (M+H)+.
(1R,2R,3R)-2-(4-(1-Benzyl-1,2,3,6-tetrahydropyridin-4-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide (71)

[00332] Following method A from compound 70 (300 mg, 0.71 mmol).
Purification by PEAX cartridge (elution DCM-MeOH 1:1) gave the racemic
mixture as a yellow solid (230 mg, 94%). Purification by chiral preparative HPLC
(Chiralpak IC 40/60 EtOH (0.1% FA) / heptane, 1.0 mL/min, RT 14.2 min) gave
the title compound as a yellow solid. LCMS (ES+) 425 (M+H)+, RT 7.59 min
(Analytical method 3). '"H NMR & (ppm)(DMSO-d¢): 10.61 (1 H, s), 8.75 (1 H, s),
7.45-7.20 (14 H, m),6.18 (1 H, s), 3.63 (2 H, s), 3.15-3.08 (3 H, m), 2.86 (1 H, dd,
J=94,6.7Hz),2.69 (2H,t,J=5.6Hz),255-2.46 (2H,m), 223 (1 H,dd,J =
9.6, 5.3 Hz).
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Reaction Scheme 27
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5-(4-Bromophenyl)-2-methyloxazole (72)

[00333] Triflic acid (37 mL, 0.22 mol) was added dropwise to a solution of
thallium acetate (28.7 g, 0.07 mol) in acetonitrile (400 mL) at r.t under nitrogen.
The solution was stirred for 15 min before a solution of 4-bromobenzaldehyde in
acetonitrile (200 mL) was added and the solution heated to 90°C for 2.5 h. The
reaction mixture was concentrated and the red residue was taken up in DCM
(600 mL), washed with saturated NaHCO3, water, dried (MgSQO,4) and
concentrated to give a brown gum (12.7 g). Purification by flash silica column
chromatography (gradient elution i-hex to 70% EtOAc in i-hex) gave the fitle
compound as an orange solid (8.68 g, 72%). LCMS (ES+) 238,240 (M+H)"
Ethyl-3-(4-(2-methyloxazol-5-yl)phenyl)acrylate (73)

[00334] Following method E from compound 72 (8.68 g, 36
mmol).mLmLmL The reaction solution was decanted from the palladium residues
and salts and then concentrated to give an orange solid. This was taken up in
DCM (150 mL), washed with water, dried (MgSO4) and concentrated to give an
orange solid. This was triturated with diethyl ether to give the title compound as a
beige solid (6.18 mg, 66%). LCMS (ES+) 258 (M+H)".
(1R*,2R*,3R*)-Ethyl-2-(4-(2-methyloxazol-5-yl)phenyl)-3-
phenylcyclopropanecarboxylate (74a)

[00335] Following method F from compound 73 (500 mg, 1.95 mmol) and
6a (756 mg, 2.92 mmol). The reaction was incomplete after 2 h. The reaction
was cooled to -20°C and an additional 1.5 equivalents of sulfonium salt, 12-
crown-4 and LIHMDS were added and the mixture stirred at r.t. overnight.
Purification by flash silica column chromatography (gradient elution i-hex to 30%
EtOAc in i-hex) gave the title compound as an orange oil (460 mg, 12:2:1
cinnammate:trans:cis). LCMS (ES+) 348 (M+H)".

111



WO 2012/ 103008PCT/ US2012/ 022216 NI C H ,N, OH 7 (1

S, 2S, 3R) - 2- (2- cycl opropyl pyri d

i n-4-yl) -Wohyriozons 3- (5(t ri fl uoromethyl)thiophen-2-yl) cyclrapse@pareaear boxarm
de Il / S/ cF3

(1S*,2R*,3R*)-Ethyl-2-(2-fluorophenyl)-3-(4-(2-methyloxazol-5-
yl)phenyl)cyclopropanecarboxylate (74b)

[00336] Following method F from compound 73 (500 mg, 1.95 mmol) and
1-(2-fluorobenzyl)tetrahydrothiophenium bromide (811 mg, 2.93 mmol).
Purification by flash silica column chromatography (gradient elution i-hex to 25%
EtOAc in i-hex) gave the title compound as an orange oil (888 mg, >100%, 3:1,
trans:cis). LCMS (ES+) 366 (M+H)".
(1R,2R,3R)-N-Hydroxy-2-(4-(2-methyloxazol-5-yl)phenyl)-3-
phenylcyclopropanecarboxamide (75a)

[00337] Following method A from compound 74a (460 mg, 13% pure).
Purification by flash silica column chromatography (gradient elution DCM to 5%
MeOH in DCM) and then preparative HPLC gave the racemic mixture as a white
solid (35 mg, 59%). Preparative chiral HPLC gave the title compound (Chiralpak
IC 40/60 EtOH (0.1% formic acid)/Heptane, 1.0 mL/min, RT 12.0 min). LCMS
(ES+) 335 (M+H)". RT 3.28 min (Analytical method 1). "H NMR & (ppm)(DMSO-
ds): 10.50 (1 H, s),863 (1 H,s),755(2H,d,J=81Hz),743 (1 H, s), 7.34-7.23
(4 H,m),7.23-7.15 (2 H, m), 7.14-7.07 (1 H, m), 3.05 (1 H, dd, J = 6.8, 5.4 Hz),
281(1H,dd,J=9.6,6.8Hz),240(3 H,s),2.16 (1 H,dd, J = 9.6, 5.4 Hz).
(1S,2R,3R)-2-(2-Fluorophenyl)-N-hydroxy-3-(4-(2-methyloxazol-5-
yl)phenyl)cyclopropanecarboxamide (75b)

[00338] Following method A from compound 74b (200 mg, 0.55 mmol).
Purification by flash silica column chromatography (gradient elution DCM to 5%
MeOH in DCM) and then preparative HPLC gave the racemic mixture as a white
solid (99 mg, 54%). Preparative chiral HPLC gave the title compound (Chiralpak
IC 20/80 IPA/MeOH (50/50/0.1% formic acid)/Heptane, 1.0 mL/min, RT 17.4 min).
LCMS (ES+) 353 (M+H)". RT 3.41 min (Analytical method 1). "H NMR &
(ppm)(DMSO-ds): 10.67 (1 H, s),8.80 (1 H,s), 768 (2H,d, J=8.1 Hz), 7.56 (1
H,s),7.45(3H,dd,J=12.1,7.7 Hz), 7.33-7.26 (1 H, m), 7.21-7.11 (2 H, m),
3.12(1H,dd,J=6.9,5.3 Hz),2.88 (1 H,dd, J =9.3,6.9 Hz), 253 (3 H, s), 2.32
(1 H,dd, J =9.3, 5.3 Hz).
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Example 28
Reaction Scheme 28
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(1R*,2R*,3R*)-Ethyl-2-(3-(5-methylpyrimidin-2-yl)phenyl)-3-
phenylcyclopropanecarboxylate (76)
[00339] Following method G from the crude boronate derived from 15b
(565 mg) and 2-chloro-5-methyl pyrimidine (194 mg, 1.51 mmol). Purification by
flash silica column chromatography (gradient elution i-hex to 25% EtOAc in i-hex)
gave the title compound as a colourless oil (260 mg, 50%). LCMS (ES+) 359
(M+H)".
(1R,2R,3R)-N-Hydroxy-2-(3-(5-methylpyrimidin-2-yl)phenyl)-3-
phenylcyclopropanecarboxamide (77)
[00340] Following method A from compound 76 (260 mg, 0.73 mmol).
Purification by flash silica column chromatography (gradient elution DCM to 5%
MeOH in DCM) gave the racemic mixture as a white solid (220 mg, 88%).
Preparative chiral HPLC gave the title compound (Chiralpak IC 40/60 EtOH (0.1%
formic acid)/Heptane, 1.0 mL/min, RT 18.0 min). LCMS (ES+) 346 (M+H)". RT
3.47 min (Analytical method 1). '"H NMR & (ppm)(DMSO-de): 10.52 (1 H, s), 8.70
(2H,s),865(1H,s),819-813(2H, m),7.40(2H,d,J=5.2Hz),7.30(2H,d, J
=76Hz),720(2H,t,J=75Hz),712(1 H,t,J=7.2 Hz),3.15 (1 H,dd, J = 6.8,
5.4 Hz), 2.78 (1 H,dd, J = 9.6, 6.8 Hz), 2.30-2.20 (4 H, m).
Example 29
Reaction Scheme 29
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(1R*,2R*,3R*)-Methyl 2-(4-(3-methyl-1H-pyrazol-1-yl)phenyl)-3-
phenylcyclopropanecarboxylate (78)
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S, 2S, 3R)- N-hydroxy-2-(1 -nethyl -1 H pyrazol -4-y1)-3-(5-

methyl th [%%g?t?]' Y8 %Csltﬁ’r‘)ercdos%?ﬂt?ocnaéfb%xca(1 89, 3.02 mmol) in dioxane (5 mL)
was added bis-pinacolato diboron (844 mg, 3.32 mmol), Pd(dppf)Cl2 (246 mg,
0.30 mmol) and potassium acetate (1.48 g, 15.1 mmol). The mixture was
degassed with nitrogen, heated to 100°C for 2 h, diluted with H,O (20 mL) and
extracted into DCM (2 x 20 mL). The organic layers were passed through a
phase separator and concentrated. Part of this crude residue (600 mg, 1.5 mmol)
was dissolved in a mixture of MeOH (6 mL) and THF (4 mL) and to this was
added 3-methylpyrazole (145 L, 1.8 mmol) and Cu20 (15 mg, 0.11 mmol). The
mixture was stirred at 100°C for 48 h, diluted with H,O (20 mL) and extracted into
DCM (50 mL). The organic layers were passed through a phase separator and
concentrated. Purification by flash silica column chromatography (gradient
elution i-hex to 60% EtOAc in i-hex) afforded the title compound as a cream solid
(150 mg, 30%). LCMS (ES+) 333 (M+H)".
(1R,2R,3R)-N-Hydroxy-2-(4-(3-methyl-1H-pyrazol-1-yl)phenyl)-3-
phenylcyclopropanecarboxamide (79)
[00342] Following method A from compound 78 (148 mg, 0.45 mmol).
Purification by preparative HPLC gave the racemic mixture as a cream solid (69.8
mg, 47%). Preparative chiral HPLC gave the title compound (Chiralpak IC 40/60
IPA/MeOH (50/50/0.1 formic acid)/heptane, 1.0 mL/min, RT 9.0 min). RT 3.56
min (Analytical method 1). LCMS (ES+) 334 (M+H)", RT 8.67 min. '"H NMR &
(ppm)(DMSO-dg) 10.62 (1 H, s), 8.75 (1 H, s),8.40 (1 H,d, J=24 Hz), 7.79 (2 H,
d,J=84Hz),747-7.37 (4H,m),7.32(2H,t,J =7.5Hz), 7.27-7.19 (1 H, m),
6.37 (1 H,d,J=24Hz),3.18 (1 H,dd, J=6.8,5.4 Hz), 2.91 (1 H, dd, J = 9.6,
6.8 Hz), 2.32 (3 H, s),2.27 (1 H,dd, J = 9.6, 5.4 Hz).
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Reaction Scheme 30
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(E)-Ethyl-3-(6-chloropyridin-3-yl)acrylate (80)
[00343] NaH (792 mg, 20.0 mmol) was added portion wise to stirred
anhydrous DMSO (18 mL). The mixture was heated to 80°C until evolution of
gas ceased and then cooled to 0°C. A solution of (carbethoxymethyl)-
triphenylphosphonium bromide (4.3 g, 10.0 mmol) in DMSO (36 mL) was then
added and the mixture stirred at r.t for 30 min. The mixture was cooled to 0°C
and a solution of 6-chloroisonicotinaldehyde (1.4 g, 10.0 mmol) in DMSO (36 mL)
was added and the mixture was stirred at r.t for 1 h. The mixture was then
poured into aqueous 1 M HCI and extracted into DCM (3 x 70 mL). The organics
were combined and washed with H,O (3 x 100 mL) and brine (3 x 100 mL),
separated, dried (MgSO,4) and concentrated. Purification by flash silica column
chromatography (gradient elution i-hex to 80% EtOAc in i-hex) gave the fitle
compound as a yellow solid (0.95 g, 45%). LCMS (ES+) 212 (M+H)".
(1S*,2R*,3R*)-Ethyl-2-(6-chloropyridin-3-yl)-3-(2-
fluorophenyl)cyclopropanecarboxylate (81)
[00344] Following method F from compound 80 (730 mg, 3.45 mmol) and
6b (1.43 g, 5.18 mmol). Purification by flash silica column chromatography
(gradient elution i-hex to 40% EtOAc in i-hex) gave the title compound (810 mg,
73%). LCMS (ES+) 320 (M+H)".
(1S*,2R*,3R*)-Ethyl-2-(2-fluorophenyl)-3-(6-(4-isopropylpiperazin-1-yl)pyridin-3-
yl)cyclopropanecarboxylate (82)
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[00345] A mixture of compound 81 (200 mg, 0.63 mmol) and
isopropylpiperazine (0.75 mL) was heated in the microwave at 180°C for 1 h. The

1 Z I

reaction mixture was dissolved in DCM (30 mL) and washed with water (2 x 20
mL). The organic layer was passed through a phase separator and concentrated
to afford a crude compound used in the next step (205 mg). LCMS (ES+) 412
(M+H)".

(1S, 2R, 3R)-2-(2-Fluorophenyl)-N-hydroxy-3-(6-(4-isopropylpiperazin-1-
yh)pyridin-3-yl)cyclopropanecarboxamide (83)

[00346] Following method A from compound 82 (200 mg, 0.45 mmol).
Purification by preparative HPLC gave the racemic mixture as a white solid (49.8
mg, 26%). Preparative chiral HPLC gave the title compound (Chiralpak IC 50/50
IPA/MeOH (50/50/0.1 formic acid)/heptane, 1.0 mL/min, RT 13.2 min). RT 2.18
min (Analytical method 1). LCMS (ES+) 399. '"H NMR & (ppm)(DMSO-ds) 10.63
(1H,s),877(1H,s),817 (1 H,s), 7.46-7.41 (2H, m), 7.30-7.27 (1 H, m), 7.17-
7.14(2H,m), 6.86 (1 H, d, J = 8.8 Hz), 3.55-3.42 (5 H, m), 2.99-2.95 (1 H, m),
2.78-2.74 (2 H, m), 2.67-2.57 (3H, m), 2.19 (1 H, dd, J = 9.0, 5.2 Hz), 1.06 (6 H,
d, J = 6.4 Hz).

Example 31

Reaction Scheme 31
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(E)-Ethyl-3-(2,6-dichloropyridin-4-yl)acrylate (84)

[00347] NaH (613 mg, 15.4 mmol) was added portion wise to stirred
anhydrous DMSO (10 mL). The mixture was heated to 80°C until evolution of
gas ceased and then cooled to 0°C. A solution of (carbethoxymethyl)-
triphenylphosphonium bromide (3.29 g, 7.74 mmol) in DMSO (5 mL) was then
added and the mixture stirred at r.t for 30 min. The mixture was cooled to 0°C
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and a solution of 2,6-dichloroisonicotinaldehyde (1.35 g, 7.74 mmol) in DMSO (5
mL) was added and the mixture was stirred at r.t for 1 h. The mixture was then
poured into aqueous 1 M HCI and extracted into DCM (3 x 50 mL). The organics
were combined and washed with H,O (3 x 100 mL) and brine (2 x 100 mL),
separated, dried (MgSO,4) and concentrated. Purification by flash silica column
chromatography (gradient elution i-hex to 20% EtOAc in i-hex) gave the fitle
compound as a yellow solid (1.25 g, 66%). LCMS (ES+) 247 (M+H)".
(E)-Ethyl-3-(2-chloro-6-cyclopropylpyridin-4-yl)acrylate (85)

[00348] A stirred solution of compound 84 (1.29 g, 5.24 mmol), cyclopropyl
boronic acid (496 mg, 5.77 mmol), potassium phosphate (tribasic) (3.88 g, 18.3
mmol), Pd(OAc): (117 mg, 0.52 mmol) and tricyclohexylphosphine (1.05 mL, 1 M
in toluene, 1.05 mmol) in toluene/H20 (30mL/1.5 mL) was degassed using
nitrogen for 15 min and then heated at 100°C for 17 h. The reaction mixture was
allowed to cool, diluted with H2O (50 mL) and extracted into DCM (3 x 50 mL).
The combined organics were washed with HO (2 x 50 mL) and brine (50 mL),
separated, dried (MgSO4) and concentrated. Purification by flash silica column
chromatography (gradient elution i-hex to 5% EtOAc in i-hex) gave the title
compound as a yellow solid (561 mg, 43%). LCMS (ES+) 252.5 (M+H)".
(1S*,2R*,3R*)-Ethyl-2-(2-chloro-6-cyclopropylpyridin-4-yl)-3-(2-
fluorophenyl)cyclopropanecarboxylate (86)

[00349] Following method F from compound 85 and 6b (894 mg, 3.23
mmol). Purification by flash silica column chromatography (gradient elution i-hex
to 4% EtOAc in i-hex) gave the title compound (790 mg, 99%, 5:1 frans:cis).
LCMS (ES+) 360.5 (M+H)".
(1S*,2R*,3R*)-Ethyl-2-(2,6-dicyclopropylpyridin-4-yl)-3-(2-
fluorophenyl)cyclopropanecarboxylate (87)

[00350] A stirred solution of compound 86 (162 mg, 0.45 mmol), cyclopropyl
boronic acid (62 mg, 0.72 mmol), potassium phosphate (tribasic) (0.49 g, 2.30
mmol), Pd(OAc); (14 mg, 0.065 mmol) and tricyclohexylphosphine (0.13 mL, 1 M
in toluene, 0.13 mmol) in toluene/H,O (5 mL/0.25 mL) was degassed using
nitrogen for 15 min and then heated at 100°C for 17 h. The mixture was allowed
to cool, diluted with H2O (10 mL) and extracted into DCM (3 x 10 mL). The
combined organics were washed with H,O (2 x 10 mL) and brine (10 mL),
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separated, dried (MgSO,4) and concentrated. Purification by flash silica column
chromatography (gradient elution i-hex to 5% EtOAc in i-hex) gave the fitle
compound (164 mg, 100%). LCMS (ES+) 366 (M+H)".
(1S,2R,3R)-2-(2,6-Dicyclopropylpyridin-4-yl)-3-(2-fluorophenyl)-N-
hydroxycyclopropanecarboxamide (88)

[00351] Following method A from compound 87 (164 mg, 0.45 mmol).
Purification by flash silica column chromatography (gradient elution DCM to 3%
MeOH in DCM) gave the racemic mixture as a white solid (85 mg, 53%).
Preparative chiral HPLC gave the title compound (Chiralpak IC 15/85 IPA/MeOH
(50/50)/heptane, 1.0 mL/min, RT 9.3 min). RT 2.48 min (Analytical method 7).
LCMS (ES+) 353 (M+H)". 'H NMR & (ppm)(DMSO-ds): 10.86 (1 H, s), 9.01 (1 H,
s), 7.64-7.59 (1 H, m), 7.53-7.46 (1 H, m), 7.38-7.31 (2 H, m), 7.24 (0.2 H, s),
7.20 (1.8 H, s), 3.20-3.10 (2 H, m), 2.54 (1 H, dd, J = 9.3, 5.3 Hz), 2.26-2.17 (2 H,
m), 1.12-1.07 (8 H, m).

Example 32

Reaction Scheme 32
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1-(Cyclopropylmethyl)-4-iodo-1 H—pyrazole (89a)

[00352] To a solution of 4-iodopyrazole (960 mg, 5 mmol) in DMF (6 mL) at
0 °C was added NaH (227 mg, 5.9 mmol) and the mixture was stirred for 1 h.
Then cyclopropyl bromide (755 mg, 5.9 mmol) was added and the reaction
mixture was stirred at r.t. overnight. The reaction mixture was quenched with sat
NaHCO3; and extracted with EtOAc. The organic layer was dried (MgSQOs,),
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filtered and concentrated to afford a crude used in the next step without further
purification (905 mg, 73%). LCMS (ES+) 249 (M+H)".

2-(4-lodo-1H-pyrazol-1-yl)-5-(trifluoromethyl)pyridine (89b)

[00353] To a solution of 4-iodopyrazole (960 mg, 5 mmol) in DMF (10 mL) at
0 °C was added Cs,CO3 (2.4 g, 7.4 mmol) and 5-trifluoromethyl-2-chloropyridine
(1.5 g, 8.3 mmol). The reaction mixture was stirred at 60°C overnight. The
reaction mixture was quenched with H.O and extracted with EtOAc. The organic
layer was dried (MgSOQ.), filtered and concentrated to afford a crude used in the
next step without further purification (1.29 g, 76%). LCMS (ES+) 340 (M+H)".

(E)-Ethyl-3-(1-(cyclopropylmethyl)-1H-pyrazol-4-yl)acrylate (90a)

[00354] A mixture of compound 89a (900 mg, 3.6 mmol), palladium acetate
(10 mg, 0.04 mmol), P(OEt)s (27 pL, 0.16 mmol), EtsN (1 mL, 7.2mmol) and ethyl
acrylate in DMF (10 mL) was stirred at 80°C for 17 h. The reaction mixture was
partitioned between water and EtOAc, the organic layer was washed with water
and 4% aq. LiCl, dried (MgSO,), filtered and concentrated. Purification by flash
silica column chromatography (gradient elution i-hex to 40% EtOAc in i-hex) gave
the title compound as a yellow oil (489 mg, 62%). LCMS (ES+) 221 (M+H)".

(E)-Ethyl 3-(1-(5-(trifluoromethyl)pyridin-2-yl)-1H-pyrazol-4-yl)acrylate (90b)
[00355] To a solution of compound 89b (960 mg, 5 mmol) in DMF (10 mL)
at 0°C was added Cs2COs3 (2.4 g, 7.4 mmol) and 5-trifluoromethyl-2-
chloropyridine (1.5 g, 8.3 mmol). The reaction mixture was stirred at 60°C
overnight. The reaction mixture was quenched with H,O and extracted with
EtOAc. The organic layer was dried (MgSQ.,), filtered and concentrated to afford
a crude used in the next step without further purification (1.29 g, 76%). LCMS
(ES+) 340 (M+H)",

(1R*,2R*,3R*)-Ethyl-2-(1-(cyclopropylmethyl)-1H-pyrazol-4-yl)-3-
phenylcyclopropanecarboxylate (91a)

[00356] Following method F from compound 90a (195 mg, 0.89 mmol) and
1-benzyltetrahydrothiophenium triflate (436 mg, 1.33 mmol). The reaction was
incomplete after 1 h. The reaction was cooled to -20°C and an additional 1.5
equivalents of sulfonium salt, 12-crown-4 and LIHMDS were added and the

mixture stirred at r.t. overnight. Purification by flash silica column chromatography
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(1S, 2S, 3R) - 2- (2-cycl opropyl pyridin-4-yl)-N hydroxy- 3-(5-

met hyl - 3-(trifluoromethyl)thiophen-2- yl)cycl opropanecar boxam de
(gradient elution i-hex to 25% EtOAc in i-héx) gave the title compound as a yellow

oil (250 mg, 93%, 1:1 trans:cis). LOMS (ES+) 311 (M+H)".

(1R*,2R*,3R*)-Ethyl-2-phenyl-3-(1-(5-(trifluoromethyl)pyridin-2-yl)-1H-pyrazol-4-
yl)cyclopropanecarboxylate (91b)

[00357] Following method F from compound 90b (263 mg, 0.85 mmol) and
1-benzyltetrahydrothiophenium triflate (416 mg, 1.27 mmol). The reaction was
incomplete after 1 h. The reaction was cooled to -20°C and an additional 1.5
equivalents of sulfonium salt, 12-crown-4 and LIHMDS were added and the
mixture stirred at r.t. overnight. Purification by flash silica column chromatography
(gradient elution i-hex to 10% EtOAc in i-hex) gave the title compound as a yellow
oil (207 mg, 61%, 5:4 trans:cis). LCMS (ES+) 402 (M+H)".

(1R,2R,3R)-2-(1-(Cyclopropylmethyl)-1H-pyrazol-4-yl)-N-hydroxy-3-
phenylcyclopropanecarboxamide (92a)

[00358] Following method A from compound 91a (250 mg, 0.81 mmol).
Purification by flash silica column chromatography (gradient elution DCM to 5%
MeOH in DCM) gave the racemic mixture as a white solid (65 mg, 27%).
Preparative chiral HPLC gave the title compound (Chiralpak IC 20/80 IPA/MeOH
(50/50/0.1% formic acid)/Heptane, 1.0 mL/min, RT 12.0 min). RT 3.12 min
(Analytical method 1). LCMS (ES+) 298 (M+H)". NMR & (ppm)(DMSO-de):
1042 (1 H,s),857 (1H,s), 765(0.1H,s), 763(09H,s), 7.31 (0.1 H,s),7.28
(0.9H,s),7.24-713 (4 H, m), 7.11-7.06 (1 H, m), 3.82 (2 H,d,J =7.1 Hz), 2.80
(1H,dd,J=6.8,5.3Hz),2.59 (1 H,dd, J=94,6.8 Hz), 1.91 (1 H, dd, J =94,
5.3 Hz), 1.17-1.07 (1 H, m), 0.46-0.39 (2 H, m), 0.29-0.24 (2 H, m)

(1R,2R,3R)-N-Hydroxy-2-phenyl-3-(1-(5-(trifluoromethyl)pyridin-2-yl)-1H-pyrazol-
4-yl)cyclopropanecarboxamide (92b)

[00359] Following method A from compound 91b (263 mg, 0.85 mmol).
Purification by flash silica column chromatography (gradient elution DCM to 5%
MeOH in DCM), then preparative chiral HPLC (Chiralpak IC 20/80 IPA/MeOH
(50/50/0.1% formic acid)/Heptane, 1.0 mL/min, RT 10.2 min) and preparative
achiral HPLC gave the title compound (15 mg, 20%). RT 3.12 min (Analytical
method 4). LCMS (ES+) 389 (M+H)". 'H NMR & (ppm)(DMSO-de): 10.51 (1 H,
s),884(1H,s),864(1H,s),861(1H,s),833(1H,dd,J=8.7,24Hz), 8.03
(1H,d,J=8.7Hz),789(1H,s), 727 (2H,d,J=75Hz),722 (2H,t,J=7.5
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Hz), 714 (1H,d,J=7.2Hz),2.99 (1 H,dd, J=6.9,5.3Hz),2.84 (1H,dd,J =
9.4,6.9Hz),212 (1 H,dd, J = 9.4, 5.3 Hz)

Example 33
Reaction Scheme 33

CO,H CO,Me COQMe
O© > ﬁ o - -
Py COzEt o
CO,Me
CONHOH COzMe H

FsC\, - /ji:(A -— HN o
& S

96
(E)-3-(4-(te/1-Butoxycarbonyl) 2,3,4,5-tetrahydrobenzo[f][1 ,4]oxazepin-7-yl)acrylic

acid (93)

[00360] To a stirred solution of tert-butyl-7-bromo-2,3-
dihydrobenzo[f][1,4]oxazepine-4(5H)-carboxylate (480 mg, 1.46 mmol) in dioxane
(20 mL) was added (E)-ethyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yhacrylate (360 mg, 1.61 mmol), aqueous Na>xCOs (1.44 mL, 2 M, 2.92 mmol)
and Pd(dppf)Cl; (33 mg, 0.04 mmol). The mixture was degassed with nitrogen
and then heated at 90°C for 17 h. The reaction mixture was diluted with H,O and
extracted into DCM. The organic layer was passed through a phase separator
and concentrated. Purification by flash silica column chromatography (gradient
elution i-hex to 25% EtOAc in i-hex) gave the title compound as a yellow oil (267
mg, 57%). LCMS (ES+) 320 (M+H)".

(E)-tert-Butyl-7-(3-methoxy-3-oxoprop-1-en-1-yl)-2,3-
dihydrobenzo[f][1,4]oxazepine-4(5H)-carboxylate (94)

[00361] To a stirred solution of compound 93 (267 mg, 0.84 mmol) in MeOH
(30 mL) was added H,SO4 (3 drops) and the mixture heated to 80°C for 17 h.
The reaction mixture was concentrated and purified by flash silica column
chromatography (gradient elution DCM to 25% MeOH in DCM) to give the
deprotected amine (270 mg, 1.16 mmol). This was dissolved in DCM (10 mL)
and di-tert-butyl dicarbonate (304 mg, 1.39 mmol) and DIPEA (0.4 mL, 2.32
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mmol) added. The solution was stirred at r.t for 2 h and then diluted with H,O (50
mL) and DCM (40 mL). The biphasic mixture was shaken and the organics
collected. The aqueous layer was re-extracted with DCM (50 mL) and the
combined organics passed through a phase separator and concentrated.
Purification by flash silica column chromatography (gradient elution i-hex to 25%
EtOAc in i-hex) gave the title compound as a yellow oil (230 mg, 60%). LCMS
(ES+) 333 (M+H)",

tert-Butyl-7-((1R*,2R*,3R*)-2-(methoxycarbonyl)-3-phenylcyclopropyl)-2,3-
dihydrobenzo[f][1,4]oxazepine-4(5H)-carboxylate (95)

[00362] Following method F from compound 94 (200 mg, 0.60 mmol) and
1-benzyltetrahydrothiophenium triflate (296 mg, 0.90 mmol). Purification by flash
silica column chromatography (gradient elution i-hex to 20% EtOAc in i-hex) gave
the title compound as a colourless oil (206 mg, 84%, 5:4 trans:cis). LCMS (ES+)
424 (M+H)".

(1R*,2R*,3R*)-Methyl-2-phenyl-3-(2,3,4,5-tetrahydrobenzo(f][1,4]oxazepin-7-
yl)cyclopropanecarboxylate (96)

[00363] To a stirred solution of compound 95 (206 mg, 0.50 mmol) in MeOH
(10 mL) was added H,SO4 (3 drops) and the mixture heated to 80°C for 1 h. The
reaction mixture was concentrated, dissolved in a minimum quantity of
DCM:MeOH (1:1) and loaded onto an SCX-cartridge (elution with 5% (7 M NH3in
MeOH) in DCM:MeOH (1:1)). The sample was concentrated to give a colourless
oil (137 mg, 88%).

(1R*,2R*,3R*)-Methyl-2-phenyl-3-(4-(2,2,2-trifluoroethyl)-2,3,4,5-
tetrahydrobenzolf][1,4]oxazepin-7-yl)cyclopropanecarboxylate (97)

[00364] To a stirred solution of compound 96 (137 mg, 0.45 mmol) in DMF
(5 mL) was added DIPEA (0.23 mL, 1.35 mmol) and 2,2,2-trifluoroethyl-4-
methylbenzenesulfonate (172 mg, 0.68 mmol) and the mixture heated to 80°C for
2 h. The reaction was partitioned between DCM (50 mL) and H2O (50 mL), and
the organics collected. The aqueous portion was extracted with DCM (50 mL),
and the combined organics washed with H,O (5 x 50 mL) and 4 % aqueous LiCl
(100 ml). The organics were collected, dried (MgSQO.), filtered and concentrated.
Purification by flash silica column chromatography (gradient elution i-hex to 10%
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EtOAc in i-hex) gave the title compound as a colourless oil (126 mg, 72%).
LCMS (ES+) 390 (M+H)".

(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-(4-(2,2,2-trifluoroethyl)-2,3,4,5-
tetrahydrobenzolf][1,4]oxazepin-7-yl)cyclopropanecarboxamide (98)

[00365] Following method A from compound 97 (126 mg, 0.32 mmol).
Purification by preparative HPLC gave the racemic mixture as a white solid (33
mg, 25%). Preparative chiral HPLC gave the title compound (Chiralpak 1C 10/90
EtOH (0.1% formic acid)/heptane, 1.0 mL/min, RT 12.9 min). RT 3.70 min
(Analytical method 1). LCMS (ES+) 407 (M+H)*. "H NMR & (ppm)(DMSO-ds):
10.46 (1 H,s),860(1H,s),7.24 (2H,d,J =7.6 Hz), 7.21-7.15 (2 H, m), 7.13-
7.07 (1 H,m), 7.05-7.01 (2 H, m), 6.87 (1 H, d, J =7.9 Hz), 3.92-3.88 (2 H, m),
3.84(2H,s),3.19-3.03 (4 H,m),2.97 (1 H,dd, J=6.8,5.4 Hz),2.72 (1 H,dd, J =
9.5,6.8 Hz), 2.07 (1 H,dd, J = 9.5, 5.4 Hz).

Example 34

Reaction Scheme 34

(E:OZEt CONHOH
o COEL . .
I N 2 | N vy R | N ” R
N # e N~ - Nz
26b R=Cl, 99a R =Cl, 100a
R=F, 99b R =F, 100b

(1S*,2R*,3R*)-Ethyl-2-(3-chlorophenyl)-3-(2-cyclopropylpyridin-4-
yl)cyclopropanecarboxylate (99a)

[00366] 1-(3-Chlorobenzyl)tetrahydro-1H-thiophen-1-ium bromide was
synthesized using the same preparation as compound 6b, from 1-(bromomethyl)-
3-chlorobenzene. Following method F from compound 26b (190 mg, 0.88 mmol)
and 1-(3-chlorobenzyl)tetrahydro-1H-thiophen-1-ium bromide (385 mg, 1.31
mmol). Purification by flash silica column chromatography (gradient elution i-hex
to 25% EtOAc in i-hex) gave the title compound as a colourless oil (299 mg,
>99%, 3:2 trans:cis). LCMS (ES+) 342.5 (M+H)".

(1S*,2R*,3R*)-Ethyl-2-(3-fluorophenyl)-3-(2-cyclopropylpyridin-4-
yl)cyclopropanecarboxylate (99b)
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[00368] Following method A from compound 99a (299 mg, 0.88 mmol).

Purification by flash silica column chromatography (gradient elution DCM to 5%
MeOH in DCM) and preparative HPLC gave the racemic mixture as a white solid
(100 mg, 35%). Preparative chiral HPLC gave the title compound (Chiralpak IC
30/70 EtOH (0.1% formic acid) /heptane, 1.0 mL/min, RT 8.6 min). RT 2.36 min
(Analytical method 1). LCMS (ES+) 329 (M+H)*. "H NMR & (ppm)(DMSO-ds):
10.56 (1 H,s),872(1H,s),821(1H,d,J=51Hz),7.32(1 H,s), 7.27-713 (4
H, m),6.96 (1 H,dd, J =5.2,1.7 Hz), 3.03 (1 H,dd, J =6.7, 5.3 Hz), 2.92 (1 H,
dd, J =9.6,6.8 Hz), 2.23 (1 H,dd, J = 9.6, 5.4 Hz), 2.02-1.94 (1 H, m), 0.88-0.80
(4 H, m).

(1S,2R,3R)-2-(2-Cyclopropylpyridin-4-yl)-3-(3-fluorophenyl)-N-
hydroxycyclopropanecarboxamide (100b)

[00369] Following method A from compound 99b (243 mg, 0.75 mmol).
Purification by flash silica column chromatography (gradient elution DCM to 5%
MeOH in DCM) and preparative HPLC gave the racemic mixture as a white solid
(95 mg, 41%). Preparative chiral HPLC gave the title compound (Chiralpak IC
20/80 IPA/MeOH (50/50/0.1% formic acid) /heptane, 1.0 mL/min, RT 12.1 min).
RT 2.21 min (Analytical method 1). LCMS (ES+) 313 (M+H)". '"H NMR &
(ppm)(DMSO-ds): 10.55 (1 H, s),8.70 (1 H, s), 8.21 (1 H,d, J =5.1 Hz), 7.27-
7.18 (1 H, m), 7.16-7.04 (3 H, m), 6.97-6.90 (2 H, m), 3.02 (1 H, dd, J = 6.6, 5.2
Hz), 2.91 (1 H, dd, J = 9.6, 6.7 Hz), 2.24 (1 H,dd, J = 9.7, 5.4 Hz), 2.01-1.94 (1
H, m), 0.88-0.80 (4 H, m).
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Example 35
Reaction Scheme 35

M@ Y@”@*ﬁ@

(1S*2R*,3R*)-2-(2,6-Dicyclopropylpyridin-4-yl)-3-(2-fluorophenyl)-N-

hydroxycyclopropanecarboxamide (101)

[00370] A mixture of 15¢ (250 mg, 0.75 mmol), 5-methyl-2-
(tributylstannyl)thiazole (350 mg, 0.90 mmol) and Pd(PPhs)4 (43 mg, 0.037 mmol)
in dioxane (4 mL) was heated under microwave irradiation at 150 °C for 1 h. The
reaction mixture was concentrated and purified by flash silica column
chromatography (gradient elution i-hex to 20% EtOAc in i-hex) to give the title
compound (180 mg, 69%). LCMS (ES+) 350 (M+H)".
(1R,2R,3R)-N-hydroxy-2-(4-(5-methylthiazol-2-yl)phenyl)-3-
phenylcyclopropanecarboxamide (102)

[00371] Following method A from compound 101 (160 mg, 0.46 mmol).
Purification by flash silica column chromatography (gradient elution DCM to 5%
MeOH in DCM) gave the racemic mixture as a white solid (150 mg, 93%).
Preparative chiral HPLC gave the title compound (Chiralpak IC 40/60 IPA/MeOH
(50/50/0.1% formic acid)/heptane, 1.0 mL/min, RT 11.8 min). RT 3.72 min
(Analytical method 1). LCMS (ES+) 351 (M+H)*. "H NMR & (ppm)(DMSO-ds):
10.53 (1 H,s),865(1H,s),775(2H,d,J=8.1Hz),7.51 (1H,d,J=1.4 Hz),
7.34-723(4H,m),719(2H,t,J=75Hz), 711 (1 H,t,J =7.2 Hz), 3.07 (1 H,
dd, J=6.8,5.4 Hz),2.82 (1 H,dd, J = 9.6, 6.8 Hz), 2.42 (3 H, under DMSO), 2.19
(1 H,dd, J =96, 5.4 Hz).
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Example 36

Reaction Scheme 36

OYOEt OYNHOH
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103 104 106

(E)-Ethyl-3-(6-chloropyridin-3-yl)acrylate (103)

[00372] NaH (792 mg, 20.0 mmol) was added portion wise to stirred
anhydrous DMSO (18 mL). The mixture was heated to 80°C until evolution of
gas ceased and then cooled to 0°C. A solution of (carbethoxymethyl)-
triphenylphosphonium bromide (4.3 g, 10.0 mmol) in DMSO (36 mL) was then
added and the mixture stirred at r.t for 30 min. The mixture was cooled to 0°C
and a solution of 6-chloroisonicotinaldehyde (1.4 g, 10 mmol) in DMSO (36 mL)
was added and the mixture was stirred at r.t for 1 h. The mixture was then
poured into aqueous 1 M HCI and extracted into DCM (3 x 70 mL). The organics
were combined and washed with HO (3 x 100 mL) and brine (3 x 100 mL),
separated, dried (MgSO,4) and concentrated. Purification by flash silica column
chromatography (gradient elution i-hex to 80% EtOAc in i-hex) gave the fitle
compound as a yellow solid (0.95 g, 45%). LCMS (ES+) 212 (M+H)".
(1S*,2R*,3R*)-Ethyl-2-(6-chloropyridin-3-yl)-3-(2-
fluorophenyl)cyclopropanecarboxylate (104)

[00373] Following method F from compound 103 (730 mg, 3.45 mmol) and
6b (1.43 g, 5.18 mmol). Purification by flash silica column chromatography
(gradient elution i-hex to 40% EtOAc in i-hex) gave the title compound (810 mg,
73%). LCMS (ES+) 320 (M+H)".
(1S*,2R*,3R*)-Ethyl-2-(2-fluorophenyl)-3-(6-((2,2,2-trifluoroethyl)amino)pyridin-3-
yl)cyclopropanecarboxylate (105)

[00374] A mixture of compound 104 (65 mg, 0.203 mmol),
trifluoroethylamine (1.0 mL) and NMP (1.0 mL) was heated in the microwave at
225°C for 1.30 h. The reaction mixture was concentrated and the crude
compound purified by flash silica column chromatography (gradient elution DCM
to 10% MeOH in DCM) gave the title compound as a yellow solid (42 mg, 54%).
LCMS (ES+) 383 (M+H)".
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(1S, 2R, 3R)-2-(2-Fluorophenyl)-N-hydroxy-3-(6-((2,2,2-
trifluoroethyl)amino)pyridin-3-yl)cyclopropanecarboxamide (106)

[00375] Following method A from compound 105 (40 mg, 0.105 mmol).
Post work-up the racemic compound was obtained as a white solid (38 mg,
98%). Preparative chiral HPLC gave the title compound (Chiralpak IC 15/85
EtOH/heptane, 1.0 mL/min, RT 9.2 min). RT 2.60 min (Analytical method 1)
LCMS (ES+) 370. 'H NMR & (ppm)(DMSO-dg): 10.52 (1 H, s), 8.65 (1 H, s), 7.96
(1H,t,J=24Hz),7.33-7.25 (2 H, m), 7.20-7.13 (1 H, m), 7.07-6.93 (3 H, m),
6.53 (1 H,d, J =8.6 Hz), 4.14-4.01 (2H, m),2.83 (1 H,dd, J =6.9, 5.3 Hz), 2.63
(1H,dd,J=9.2,7.0Hz), 2.05 (1 H, dd, J = 9.2, 5.3 Hz).

Example 37

Reaction Scheme 37

CO,Et CONHOH
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(E)-Ethyl-3-(2-(trifluoromethyl)imidazo[1,2-a]pyridin-7-yl)acrylate (107)

[00376] A stirred mixture of 7-bromo-2-(trifluoromethyl)imidazo[1,2-
alpyridine (1.00 g, 3.77 mmol), ethyl acrylate (0.53 mL, 4.91 mmol), palladium
acetate (84.6 mg, 0.38 mmol), P(o-tol)s (33 mg, 0.76 mmol) and triethylamine
(1.05 mL, 7.55 mmol) in MeCN (10mL) was degassed under nitrogen for 15 min
and heated to 80°C for 18 h. The reaction mixture was cooled and the MeCN
was removed in vacuo. The residue was partitioned between DCM and H,O and
the organic layers were passed through a phase separator and concentrated.
Purification by flash silica column chromatography (gradient elution i-hex to 100%
EtOAc) gave the title compound as a pale yellow solid (1.09 g, 100%). LCMS
(ES+) 285 (M+H)",
(1R*,2R*,3R*)-Ethyl-2-phenyl-3-(2-(trifluoromethyl)imidazo[1,2-a]pyridin-7-
yl)cyclopropanecarboxylate (108)

[00377] Following method F from compound 107 (0.83 mg, 2.92 mmol) and
1-(2-fluorobenzyl)tetrahydro-1H-thiophenium triflate (1.44 mg, 4.38 mmol).

Purification by flash silica column chromatography (gradient elution i-hex to 30%
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EtOAc in i-hex) gave the title compound as a pale yellow oil (540mg, 49%, 2:1
trans:cis). LCMS (ES+) 375 (M+H)".

(1R,2R,3R)-N-Hydroxy-2-phenyl-3-(2-(trifluoromethyl)imidazo[1,2-a]pyridin-7-
yl)cyclopropanecarboxamide (109)

[00378] Following method A from compound 108 (540 mg, 1.44 mmol).
Purification by preparative-HPLC gave the racemic product as a pale yellow solid
(215 mg, 41 %). Preparative chiral purification afforded the title compound
(Chiralpak IC 40/60 IPA/MeOH(50/50)/Heptane 5.0 ml/min, RT 7.46 min.) LCMS
(ES+) 362 (M+H)", RT 3.35 min. (Analytical method 1); '"H NMR & (ppm)(DMSO-
ds): 10.62 (1 H, s),8.72(1H,s),864(1H,s),843(1H,s), 766 (1H,d,J=94
Hz), 7.39-7.33 (3 H, m), 7.32-7.24 (2 H, m), 7.23-7.16 (1 H, m), 3.19 (1 H, dd, J =
6.8,5.4 Hz),2.91 (1 H,dd, J =9.6,6.9 Hz), 2.26 (1 H, dd, J = 9.6, 5.4 Hz).

Example 38
Reaction Scheme 38

H
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(E)-Ethyl-3-(2-methylthiazol-5-yl)acrylate (110)

[00379] Following method C to a stirred solution of 2-methyl-1,3 thiazole-50
carboxaldehyde (1.00 g, 7.86 mmol) in anhydrous THF (10 mL) at -10°C was
added sodium hydride (0.63 g, 16.0 mmol) portionwise over 10 min. This was
stirred for a further 30 min at -10°C then triethylphoshonoacetate (3.12 mL, 16.0
mmol) in THF (10 mL) was added dropwise at -10°C. The solution was warmed to
RT and stirred for 18 h. The reaction mixture was poured into iced water and
extracted with ethyl acetate. The organic layer was washed with brine, dried
(MgSO0,), filtered and concentrated to give a dark brown gum (1.97 g).
Purification by flash silica column chromatography (gradient elution i-hex to 100%
EtOAc in i-hex) gave the title compound as a pale yellow solid (1.39 g, 89%).
LCMS (ES+) 198 (M+H)".

(1R*,2R*,3S™)-Ethyl-2-(2-methylthiazol-5-yl)-3-phenylcyclopropanecarboxy (111)

128
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0.49 1:2 30 pl N + 30 pl DMSO Concentration 16 P 0.24 1:2 30 pl 0 + 30 pl
DVBO [00391]2 pl (200x) of each diluted solution and each control (full
activity:woQothiosm®® al one or full inhibition 1 mM) is stramusdoi2ota216
V-bott omed pol ypropyl ene 384-wel | conpound pl ates using either the Bravo
(384-well_ head fromAgilent) or 12.5 pl16-channel Matrix nul ti-channel

pi pette (IPA8BPk Techelbvuge eaethoghF foge romerHndildA (PH @0dRS sampb @

| uti i i X A ; + DMVBO (10.5
5 DV, 4T 2R At Al P AR ARkl P a0 AP Bt ok 8.
and equi | Porifidationtoy frasbnsilicenpeluainuctepmaiGrapRy Ryrepaent ellDoA-eat tal 30% ¢
catal yt | U TOAGEVE b 4R CORMONIIS pHisneeiouso) (A T SR T
repl ace QU i *With 4 amno acid GSGS |inker) made from
VCIIOD 34%%7\68&8??\%33%?3%%@232/(%& ostructures at 1.2 ng/m. A \)/vor ki ng

sol ution ﬁg’?ﬂ%ﬁﬁ’%’@@@éwgr@%%{hm‘%éhgtygg%m stock aliquot of HDAC4

catal ytic oh ‘I ce .86 pg/m with assay buffer
(50 MM Trptserty(@ycloBdpannéddabdxardidé (tHRKCI, and 1 nM MyCl2 at pH 8 and

0% e o R s e a4 e R 1
L : ) . vl ) A1 M
bty ot P @pBrdiRioBiP e/l ol Bt OFaimicrbdle™a bpR AP S A8 Bma
sol uti on 84 Y90 F_Erlyepadiiivag:ﬁiral pumﬂmamot' ' I [ \?v@Save theﬁigga d@gz/ﬁcmmd((é?dn(':ma; Ipakrlﬁ é@l’6ﬂ_c|)_h;og)r(n
S .
Subotr at dPAUMARI GRS BRe Bo B BT pA B rLERIS i) St s,

adding | tRY08E iR ARIARSANCM 1. PRMR BREBRADINSO-8OM bEIRArIAISY ©)

while vortexing at slow speed to prevent precipitation.

2012/ 103088RCT/HISIOTBBA22219, T BBID2] Rédhan; 73227305 (M, DOyBLEERL0 % bh
Solution. 3% 6301”Muq, y = 9.6, 6.8 Hz), 2.60 (3 H, s), 2.16 (1 H, dd, J = 9.6, 5.3 Hz)

Example 39

Reaction Scheme 39
OYOEt OYNHOH

= = o = A = ;
\ N_CHO _. QN NOB _»QNTA — QNTA
Sy = O TR0
113 114 115
(E)-Ethyl-3-(imidazo[1,2-a]pyridin-3-yl)acrylate (113)
[00382] Following method C from imidazo[1,2-a]pyridine-3-carbaldehyde (1
g, 6.85 mmol). Purification by flash silica column chromatography (gradient

elution i-hex to 75% EtOAc in i-hex) gave the title compound (800 mg, 54%).
LCMS (ES+) 217 (M+H)".

(1R*,2R*,3R*)-Ethyl-2-(imidazo[1,2-a]pyridin-3-yl)-3-
phenylcyclopropanecarboxylate (114)

[00383] Following method F from 113 (800 mg, 3.70 mmol) and 1-(2-
fluorobenzyl)tetrahydro-1H-thiophenium triflate (1.82 mg, 5.56 mmol). Purification
by flash silica column chromatography (gradient elution i-hex to 100% EtOAc in i-
hex) gave the title compound (813 mg, 72%). LCMS (ES+) 307 (M+H)".

(1R,2R,3R)-N-hydroxy-2-(imidazo[1,2-a]pyridin-3-yl)-3-

phenylcyclopropanecarboxamide (115)
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Devel oper/ Stop Solution is prepared just prior to addition to the plate by
diluting a stock solution of 10 nMreference conpound 1:333 in 25 ng/n
trypsi n (WeAoi2zsrat ories Ltd.) equilibrated to room t erpEnsturm22216

[ 00395] Assay. 5 pl of each solution of 1:20 diluted conmpound from above is
transferred to a clear bottoned, black, 384-well assay plate using the

Bravo or E08884hnus fadwingmetiod Adwam A4S H3 Mg, - 66 Amenel). Risciritation

16-ch i ' , fant [ [ f
ronci cac IR EMigh il RlSibaRiBaS itunitdla oo, KEYAS! Plealaler 27, O

t o the asgrisal pusfieationhgavas8 a@hirslpbk ¢ 49/60 tRAIMeOId B0/ 5Q)/Hptahed.05x (50 pM
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VAt i x Pl TTRARR AR B GSTS Sy NGt L oFyTcs. DR g FaenGesathigd

m nutes_ofy ap QAR b AhosNBIFSON., ORI SBRIL 19! 87pqA R guY(4f)q. N7 L he
plate is }li])r’lcubat edS?'!c))Fr) msﬁ)ﬁétlsgspg?ég?g’ S?L‘ngel rce(act’igg’nsi sr@t o’p%’e%b)gy addi ng
25 pl of Bx), (73R PMH, deyel DPeHZ)sT 3 (01 Ht BRn71d (HHe, $)sTBB (2 I @s) 8.5y

ei ther the Bravo, Janus or 16- channel trix | ti-chapnel pipette. Assay
ol ates arzh b ). EoteEaLt Fombna 25 b1 FapOshaited. 56 Habd &om

Next, the+ags L 6\ peehatigdypty 349G fxoh Hhyhour in a tissue culture
incubator(. Fi %%”I“Fy;@t??égfkfz&’or'gsggenc’gd(?s‘] rréicaés’l?r?ed 8'Exci tation: 355 nm

Em ssi on:E)?grQ] WEOUSi ng Perki nEl mer EnVision in top read node. Exanple 43:
Anal ysi s Of | R Bl'tion of HDACS with Class Ila Histone Deacet yl ase ( HDAC)

i nhi bi t orRea¢ioR SchEmee 40t ency of Class Il a Hi stone Deacetyl ase ( HDAC)
inhibitors is quantified by neasuring the Hi s§ one, Deacet yl asg 5Nl_(oh|DACS)
enzymatic activity using the Cass |la selectiYe substrate, Y

Boc- Lys(Tfa)- AMC. The substrate i%s deacetyl ated to Boc-Lys- AMB by HDACS.
Cl eavage by PP r esu‘f'\\m%om el e&s T uor® ' romthe
deacet yl at ed trafé. Th Fl uor escence A he & i s\g#¢rect rel ated

to the histone deacetyl ase actigity in the samle. [00397] Serially dilute
HDAC i nhi bi tor conmpounds. Serial dilutions of the HDAC inhibitors and
control r@&)dttaped-(S-ehooopygidin-3c)dcBylatede1186) 3, 4- oxadi azol - 2-

| ) ph 1)-1,2,4- di | - 5- t hi -2-y1)-2,2,2-trifl th
St} ar e WRdEShy 11 Naf B78ieeeREPA TR WaRAtad DO SR BT & [ nal
concent I ahiirdihs BRISH! (10 0D *rdRtuR Rek hedledld Bd-cRlhlRbRitRh dihe 10 T
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of each cgamoeAred andthenesaaded tnd°¢.hé sadfitioreniceadeatboxymiethyl)16- poi nt seri al

di luti i di t ble 7 i Ng. 6-¢ch | Matri
mul t1 - onarReBhBRSthe B eRRE fr 08 06,2 BB Du Mg M Benhna. each
control (Adddd asd the fnturOS%dMEQ.eoP 3O riiih. ftHd mixititebivhs eBolkdrocCs st anped
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Janus, orargd asolitign emaranicotingidehyden(! tQ 9.chaAmemopiip&MeO EAoALhel | with

he 2 pl . - i o1 . h
nddi t1 on e 5880 A5 HRER SRS 2bL Bl R i el 125
NaCl, 2. 4pduvelGhto saudodsd MNHEDSAR ertradiBdntd ROM €xBDirbl Bt Fite beyahids) -

[ 00399] Prepare HDACS catal ytic donmain enzynme (0.57 pg/m ). The HDAC5
cat al yt i cVeEHeRmbEsehaRs washethwih HhaATE ééé@l"?'&) @ briae 13 xdDPEAkk Accession

No. NM 00, =Yg [ < it G ' ' d
be’ obt ai neq T 7o HHT(MRSER) Shd Refipateatelt FLAcST IIREh o8 colinBoced i n
a bacul ovechromatagnaehy i(gnadsgd edutionA-tvexs tioi 2659 Fa0Mtd inn-helk) gave tree tie pr epar ed
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addition of the’'enZyne’to the assay. Pr epare 5x
Boc- Lys( Tf1dY) AMC substrate. 5x (40 pM substrate is prepared just prior to

o Boc- LyIOB3BBS. ancro T EBa DR T TS 15845 1) AOARTHSH M Gl2w se to assay
buf fer (emusrbbénAf etraydbd DH-MidpenGitteRateY 28 gS6.a0 rireed PLATiS4t

precipitation. [00401] Prepare 3x (30 pM Devel oper/ Sto ol ution. 3x (30
pM Devel iigséy sitaogolgpinghromategrppby sgredignt slution idiex te iBtOh¢e ind-here pl ate

by diluti tack I f 10 r 1:333 in 25 ng/ m
trypsin e%q%h%r@@e@ﬁ%&%k%%@ﬁog%sgwgre%g*-g?gggfgﬁﬁs)dl ution of the
1: 20 diluted inhibitor conmpounds and controls from above is transferred to
a clear bottonmed, black, 384-well assay plate using the Bravo or Janus.

Using a 16-channel Matrix nulti-channel30pi pette, 35 pl of the working
solution of the HDAC5 catal ytic domain enzyne (0.57 pg/m



in assay buffer) is transferred to the assay plate. The assay is then
started by adding 10 pl of 5x (40 pM substrate to the assay pl ates using
ei t her thwoBnevio3o08anus or 16-channel Matrix multi-chanmelr/yse@ettr2ié The
assay plate is then shaken for one m nute on an orbital shaker at 900 rpm
Next, the plates are incubated for 15 m nutes at 37C. The reaction is

st opped bl FadR @Wﬁm@ppS&d'Otﬁ}MM’VB& EX¥pEr/ stop solution to the assay
pl at es us r a 16-channel Matrix multi-channel
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Sami o (oehdaisar i, & 08 (iad inr i HER ERIAERASE 2 Mo B b UF on
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conmpound O ar par.ed and tored at -20C.. From.one stqck aliquot of
cach comd0ABE o bel OIS aR e EsanaY BRI BORSRRA R0 1o MTNAYS ser | ol

di lution &ggpsRRAyeE dsepbel RBole. Table 7 using a 125 pll6-channel Matrix
mul ti-channel pipétte. [00405]2 pl (200x)_of each diluted solution and each
control (full activity: 100% DVBO al one offablg 6 inhibition 1 nmM is stanped
i nt o V- bpttom pul YPpt upyl efe—384—wetH \.,ui"l"puiji"ld pl ates—tst R1®) erther—the
Bravo, Janus, or a 12.5 plil6-channel Matrix multi-channel pipette. Each
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speed t o r“event precipitation| Igr yé) \P 8péq St op
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clear bottone c 384-wel| assa | ate using the Bravo or Janus. Using
R &2 S50mphenyUmb e g (&6t | on df

a 16-channe ri x lml ti-chanp€lS.3
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orbi tal ‘shaker—at—960—rpm—Next—the ptate+s—t+ncubated—Ffor—i5mnutes—at
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or a 16-channel Matrix nulti-channel pipette. The assay plate is then
shaken for 2 mnutes on an orbital shaker at 900 rpm Next, the assay plate
|s |ncubat ed at 37C for 1 hour |n a t| ssue culture |ncubat or foI | owed by
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Bi ochem cal
(1R*, 2R*, 3R*) - N- Hydr oxy- 2- pheny1- 3- (4-
yl ) phenylwoyeolixpsmpanecar boxam de 50i

(1R*, 2R*, 3R*) - 2- (2- Bronophenyl ) - N hydr oxy- 3- phenyl cycl opr opanecar boxam de

HDAC-4 | C50

6.53 (1R* 2R* 3R*)-N-

(PM Cellular 1C0 (PM
(pyri mdin-5-

0.10 1.25 PCT/US2012/022216

/dr oxv-2-pnhenvil-3-0-
7 P4 T P4

tol yl cyc

I oprop@%e/cﬁﬁ(rjgoxam de 1

Ba 1.72 13.16

(1R,2R,3R)-N-hydroxy-2-phenyl-3-(1-(1-(2,2,2-
trifluoroethyl)piperidin-4-yl)-1H-pyrazol-4-
yl)cyclopropanecarboxamide

N
H
OYN\OH
: (1R,2R,3R)-2-(1,3-dimethyl-1H-pyrazol-4-yl)-N-hydroxy-
NM © 3-phenylcyclopropanecarboxamide
/N
H
O Noon
A (1R,2R,3S)-N-hydroxy-2-(2-methylthiazol-5-yl)-3-
%STAQ phenylcyclopropanecarboxamide
N
O NHOH
o (1R,2R,3R)-2-(8-chloro-1,2,3,4-tetrahydroquinolin-6-yl)-
© N-hydroxy-3-phenylcyclopropanecarboxamide
N
Hod
o Oy, NHOH
’ ; (1R,2R,3R)-N-hydroxy-2-phenyl-3-(4-(2,2,2-
N trifluoroethyl)-2,3,4,5-tetrahydrobenzo[f][1,4]oxazepin-7-
& © yl)cyclopropanecarboxamide
o)
OgyNHOH
' (1R,2R,3R)-N-hydroxy-2-(1-methyl-2-(2,2,2-
J ] "" trifluoroethyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazin-7-
N N yl)-3-phenylcyclopropanecarboxamide
F.C
OgyNHOH
. ' (1R,2R,3R)-2-(1-fluoro-2-(2,2,2-trifluoroethyl)-1,2,3,4-
J ] "" tetrahydropyrrolo[1,2-a]pyrazin-7-yl)-N-hydroxy-3-
N N phenylcyclopropanecarboxamide
F.C
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(1R*, 2R*, 3R*) - N Hydr oxy- 2- pheny1- 3- (4-

(pyrimdin-2-

yl ) phenyl ) cycl opr opanecar boxam de 50h 0.06 0. 62

(1S*, 2R* ,\882p 1221068 Fl uor ophenyl ) - N- hydr oxy- 3-

PCT/US2012/022216

phenyl cycl opr opanecar boxam de 13 0.94 7.67 (1R*, 2R*, 3R*)- N Hydr oxy- 2-( 2-

I la 20. 57250

Bi ochem

VWO 2012/ 103008PCT/ US2012/ 022216 Chem cal

Nanme (‘nrrpmmrl Nunmber

cal HDAC 4 | BsgNHOH

(1R,2R,3R)-N-hydroxy-2-phenyl-3-(2-(2,2,2-
trifluoroethyl)-1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazin-7-
yl)cyclopropanecarboxamide

F.C
OYNHOH
: (1R,2R,3R)-N-hydroxy-2-phenyl-3-(7-(2,2,2-
(,N ] " trifluoroethyl)-5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-2-
N yl)cyclopropanecarboxamide
F5C
Ox,~NHOH
; (1R,2R,3R)-N-hydroxy-2-phenyl-3-(2-
N X (trifluoromethyl)imidazo[1,2-a]pyridin-7-
FiC RN © yl)cyclopropanecarboxamide
Ogy~NHOH
— ' (1R,2R,3R)-N-hydroxy-2-(imidazo[1,2-a]pyridin-3-yl)-3-
\ \NI '© phenylcyclopropanecarboxamide
N
Ox-NHOH
CN - ' (1R,2R,3R)-N-hydroxy-2-phenyl-3-(pyrrolo[1,2-
| v a]pyrimidin-4-yl)cyclopropanecarboxamide
Na

(1R,2R,3R)-N-hydroxy-2-(1,5-naphthyridin-4-yl)-3-
phenylcyclopropanecarboxamide

(1S,2S,3R)-2-(2-cyclopropylpyridin-4-yl)-N-hydroxy-3-(2-
methylthiazol-5-yl)cyclopropanecarboxamide
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(PM Cellular 1C50 (PM isopropoxyphenyl)-3- phenyl cycl opropanecar boxam de
(1R*, 2R*, 3R*) - 2- ( 2- Fl uor ophenyl ) - N- hydr oxy-3- phenyl cycl opr opanecar boxam
ide 11 b wo3B12110888( 1R*, 2R*, 3R*) - N- Hydr oxy- 2- pheny1- 3- fpyruseoie22216

i n-5-yl)cycl opropanecar boxam i de 25c 1.81 19. 68

( 1S*, 2R* ?R*) -2- (\J/r‘I opent yl - Ne ydr oXy-= 3- phpnyl ryr‘l Qpropanecar hoxam de 25
8.96 48.08 o “
X" "OH
N = (1S,2S,3R)-2-(2-cyclopropylpyridin-4-yl)-N-hydroxy-3-(5-
Nl P S_/ (trifluoromethyl)thiophen-2-yl)cyclopropanecarboxamide
CF
Os_NHOH
y (1R,2R,3R)-2-(1-((5-fluoropyridin-2-yl)methyl)-1H-
N | pyrazol-4-yl)-N-hydroxy-3-
N N phenylcyclopropanecarboxamide
/ N
H
OYN\OH
A F (1S,2R,3S)-2-(3-fluoro-5-methylthiophen-2-yl)-N-
y = hydroxy-3-(1-methyl-1H-pyrazol-4-
N™ | y yl)cyclopropanecarboxamide
N S
/
H
O Noon
A CF, (1S,2S,3R)-N-hydroxy-2-(1-methyl-1H-pyrazol-4-yl)-3-(5-
y ) methyl-3-(trifluoromethyl)thiophen-2-
N .
N | S/ yl)cyclopropanecarboxamide
/
H
OYN\OH
- ' (1S,2S,3R)-N-hydroxy-2-(1-methyl-1H-pyrazol-4-yl)-3-(5-
N ] = methylthiophen-2-yl)cyclopropanecarboxamide
\N S /
/
H
OYN\OH
' (1R,2R,3R)-N-hydroxy-2-(1-methyl-1H-pyrazol-4-yl)-3-o-
NG I "'/ tolylcyclopropanecarboxamide
N
/
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(1R*, 2R*, 3R*) - N- Hydr oxy-2- (4-(5- methylpyrimid in-2-yl)phenyl)-3-
phenyl cycl opr opanecar boxam i de 50k 0.09 0.48 (1R*, 2R*, 3R*)-2-(4-(4-

Trifl uor owet2nidpyrosm i d i n-2-yl ) phenyl) - Nhydr oxy- 3-

PCT/US2012/022216

phenyl cycl opr opanecar boxam i de 50d 0.21 0.88 (1R*, 2R*, 3R*)-2-(4-(5-

Cycl opro

nvipvrimid in-2-vl)Ynh
=7 7 J 770

nyl)-khydrnyy-?- phpnylryrlnprnpanprarhnya

i de 50c

yl ) pheny
(1R, 2R*
phenyl cy

0.22" g 8% (1R, 2R*, 3R*

-2-(4-(5-Fluoropyrimdin-2-
cycl opr opanecar boxanm de 50a 0.06 0.39
[ (1R, IRBRY-NHYREGE ) =M try A1 Xz 0l-4-y1)-3-(2-

(trifluoromethyl)phenyl)cyclopropanecarboxamide

1) - N hﬁ_ﬂ’r oyt 3- phenyl
, 3R*) - 2A( 3- ©bs Fl uor opy
cl M@@boxam de
N
N
/
H
% Mon
A Cl

(1S,2R,3R)-2-(2-chlorophenyl)-N-hydroxy-3-(1-methyl-
1H-pyrazol-4-yl)cyclopropanecarboxamide

H
OYN\ OH
' F (1R,2R,3R)-2-(3-fluorophenyl)-N-hydroxy-3-(1-methyl-
N7 /©/ 1H-pyrazol-4-yl)cyclopropanecarboxamide
N
/
H
OYN\ oH
' (1R,2R,3R)-N-hydroxy-2-(1-methyl-1H-pyrazol-4-yl)-3-m-
N /©/ tolylcyclopropanecarboxamide
N
/
H
' oF (1R,2R,3R)-N-hydroxy-2-(1-methyl-1H-pyrazol-4-yl)-3-(3-
NG I ,©/ 3 (trifluoromethyl)phenyl)cyclopropanecarboxamide
N
/
H
OYN\ OH
' cl (1R,2R,3R)-2-(3-chlorophenyl)-N-hydroxy-3-(1-methyl-
N ,©/ 1H-pyrazol-4-yl)cyclopropanecarboxamide
N
/
H
OYN ~oH
F (1S,2S,3R)-2-(2-cyclopropylpyridin-4-yl)-3-(3-fluoro-5-
S = methylthiophen-2-yl)-N-
N~ S hydroxycyclopropanecarboxamide
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50b 0.10 1.02 (1R*, 2R*, 3R*) - N- Hydr oxy- 2- pheny1- 3-
(pyridazin-4-yl)cycl opropanecar boxam de 28a 1.09 23.52

(1R 2R, 3RyoNetiywsmsy- 2- ( 4- (oxazol

-5- yl)phenyl) - 3- PCT/US2012/022216

phenyl cycl opr opanecar boxam de 41b 0.02 0.22 (1
NE H\/rlrm(\/ 2- (’2 (m(a7n -5- \/I\nhpn\/l\ 3-

R 2R 3R)-

phenyl cy
| sopr opy

cl oprqpan car boxani de
Ibenzo[ﬁ'fm@iiol 6-yl) -

Ala 0.04 0.39 (1R 2R 3R)- N hydroxy- 2- (2-

3- phenyl cycl opr opanecar boxam de 39 0.02 0. 2
CFs (1S,2S,3R)-2-(2-cyclopropylpyridin-4-yl)-N-hydroxy-3-(5-
N = methyl-3-(trifluoromethyl)thiophen-2-
Pz yl)cyclopropanecarboxamide
H
Y Non
N hy = (1S,2S,3R)-2-(2-cyclopropylpyridin-4-yl)-N-hydroxy-3-(5-
N' _ Q methylthiophen-2-yl)cyclopropanecarboxamide
Os_NHOH
'© (1R,2R,3R)-N-hydroxy-2-phenyl-3-(4-(5-(trifluoromethyl)-
Nx 1H-imidazol-2-yl)phenyl)cyclopropanecarboxamide
S\/NH
F,C
Ox,~NHOH
(1R,2R,3R)-2-(3-chloro-4-(5-methyl-1H-imidazol-2-
Ny yh)phenyl)-N-hydroxy-3-phenylcyclopropanecarboxamide
5\/NH Cl
Oxy~NHOH
(1R,2R,3R)-2-(3-fluoro-4-(5-methyl-1H-imidazol-2-
N yh)phenyl)-N-hydroxy-3-phenylcyclopropanecarboxamide
§\KNH F

Example 42: Analysis of inhibition of HDAC4 with Class lla Histone
Deacetylase (HDAC) inhibitors.

[00389]

The potency of Class lla Histone Deacetylase (HDAC) inhibitors is

quantified by measuring the Histone Deacetylase 4 (HDAC4) catalytic domain

enzymatic activity using the Class lla selective substrate, Boc-Lys(Tfa)-AMC.
The substrate is deacetylated to Boc-Lys-AMC by HDAC4. Cleavage by trypsin
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(1R 2R, 3R) - N Hydr oxy- 2- pheny1-3-(5- (trifluoronethyl)pyrid in-3-

yl ) cycl opr opanecar boxam i de 68 0.23 2.31

(1R 2R, 3RyoNetdywsm@sy- 2- phenyl- 3- (6- (trifl uoronet hyl) pyrra/usee1dA22216

yl ) cycl opr opanecar boxam i de 28f 0.34 5.67

(1R 2R, 3R) - 2- (2- Cycl opropyl pyridin-4-y1)- N hydroxy-3- 28b 0.02 0.67 WO
2012/ 1030@@P@'ﬂ!§?€ffﬁ$&§§ﬁige dreranbere Ride fiophBruderativiaiad skséiaéen cal

HDAC- 4 1 GofJe f1fiMlestBhiéibRihe sample is directly related to the histone deacetylase
activity in the sample.
[00390] Serially dilute HDAC inhibitor compounds. Serial dilutions of the
HDAC inhibitors and control reference compound (1-(5-(3-((4-(1,3,4-oxadiazol-2-
yl)phenoxy)methyl)-1,2,4-oxadiazol-5-yl)thiophen-2-yl)-2,2,2-trifluoroethanone)
are made by first resuspending the lyophilized compound to a final concentration
of 10 mM in 100% dimethyl sulfoxide (DMSO). Stocks of 60 pl aliquots of the 10
mM compound in DMSO are prepared and stored at -20°C. From one stock
aliquot of each compound to be tested and the reference compound, a 16-point
serial dilution is prepared according to Table 7 using a 125 pl 16-channel Matrix
multi-channel pipette (Matrix Technologies Ltd).

Table 7: Serial Dilution of Compounds

Diluted Concentration Dilution
Solutions Well (M) ratio Volumes
60 pl 10mM Test
Concentration 1 A 10000 - compound/
reference control
Concentration 2 B 5000 1:2 30 ul A + 30 yul DMSO
Concentration 3 C 2500 1:2 30 ul B + 30 yl DMSO
Concentration 4 D 1000 1:2.5 30 ul C + 45 ul DMSO
Concentration 5 E 500 1:2 30 ul D + 30 ul DMSO
Concentration 6 F 250 1:2 30 ul E + 30 yl DMSO
Concentration 7 G 125 1:2 30 ul F + 30 yl DMSO
Concentration 8 H 62.5 1:2 30 ul G + 30 yl DMSO
Concentration 9 I 31.25 1:2 30 ul H + 30 ul DMSO
Concentration
10 J 15.63 1:2 30 pl 1+ 30 ul DMSO
Concentration
1 K 7.81 1:2 30 pl J + 30 pl DMSO
Concentration
19 L 3.91 1:2 30 ul K+ 30 pl DMSO
Concentration M 1.95 1:2 30 ul L + 30 pl DMSO
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| C50 (PM phenyl cycl opr opanecar boxam de

(1R 2

R, 3R) - 2- (2- Cycl opropyl pyri di n-4-y1) -

3- (4-f | uowophenpsjos Nnydr oxycycl opr opanecar boxam de 25d @C@a/s0016822216

(1R, 2
pheny
(1R 2

R, 3R)-2-(2,2- Difluorobenzo[d][1, 3] di oxol-5-y1)-Nhydroxy- 3-
cycl opropanecar boxam de 28e 0.12 2.03
R 3R) - 23(4- (2-Cycl opf opyl oxazol - 5- yl|) phenyl )} N hydr oxy- 3-

pheny
(1R 2
yl)cy

JECE boxanrde 46004 06—2¢

R SRRSO - ag pheny1-3-¢3g (triflluorpet hyl) agriidishnl DMSO

cl opr opdanecar boxam i gde 28g
Concentration
15 O 0.49 1:2 30 uI' N + 30 ul DMSO
Concentration
P 0.24 1:2 30 ul O + 30 ul DMSO

16

[00391] 2 ul (200x) of each diluted solution and each control (full activity:
100% DMSO alone or full inhibition 1 mM) is stamped into V-bottomed
polypropylene 384-well compound plates using either the Bravo (384-well head
from Agilent) or 12.5 ul 16-channel Matrix multi-channel pipette (Matrix
Technologies Ltd). Each well with the 200x compound solution is diluted 1:20 by
the addition of 38 ul assay buffer + DMSO (10.5 % DMSO, 45 mM Tris-HCI, 123
mM NaCl, 2.4 mM KCI, and 0.9 mM MgCl; at pH 8.0 and equilibrated to room
temperature).

[00392] Prepare HDAC4 catalytic domain enzyme (0.86 ug/ml). The
HDAC4 catalytic domain enzyme is human catalytic domain HDAC4 protein
(amino acids 648-1057, but with a replacement of amino acids 730-744 with 4
amino acid GSGS linker) made from VCID 3428 and provided by Emerald
Biostructures at 1.2 mg/ml. A working solution of enzyme is prepared from a 1.2
mg/ml stock aliquot of HDAC4 catalytic domain (thawed on ice) diluted to 0.86
pug/ml with assay buffer (50 mM Tris-HCI, 137 mM NaCl, 2.7 mM KCI, and 1 mM
MgCl, at pH 8 and equilibrated to room temperature) just prior to the addition of
the enzyme to the assay.

[00393] Prepare 5x (50 uM) Boc-Lys(Tfa)-AMC substrate. 5x (50 uM)
substrate is prepared just prior to the addition to the assay. A 1 mM substrate
stock is made by diluting a 100 mM Boc-Lys(Tfa)-AMC in DMSO solution 1:100
by adding it drop-wise to assay buffer (equilibrated to room temperature) while
vortexing at slow speed to prevent precipitation. The 5x substrate is prepared by
diluting the 1 mM substrate solution 1:20 by adding it drop-wise to assay buffer
(equilibrated to room temperature) while vortexing at slow speed to prevent

precipitation.
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0.30 2.58 (1R 2R 3R)- N Hydroxy-2-(1-ox0-2-(2, 2, 2-
trifluoroethyl)isoindolin-5-yl)-3- phenyl cycl opropanecar boxam de 33 0. 03
0. 34 (1S,w8,28Ry120082- Cycl opr opy!l pyri di n-4-y1)- PCT/US2012/022216

3- (2-fluorophenyl) - Nhydroxycycl opropanecar boxam de 28c 0.04 0.53

1R 2R, 3R) - 2- ( 2- | | di
ST Seiog ﬁéhy%lcﬁ?ﬂp;{;fgy P50 16 B %&ﬁ&ﬂﬁ*&'f?&rﬁ@@t@sﬁ B 39 Mg

phony! ¢y CPBLY SR ek S Aol B Aa et L PHFAC0 st e piptp ydiuing 2

Tri fl uor ogtetkgoloyion mfnd mMr%fefbhpéeompbuNdeme% mg/ml trypsin (PAA
Laboratories Ltd.) equilibrated to room temperature.
[00395] Assay. 5 pl of each solution of 1:20 diluted compound from above
is transferred to a clear bottomed, black, 384-well assay plate using the Bravo or
the Janus (384-well MDT head from Perkin Elmer). Using a 16-channel Matrix
multi-channel pipette, 35 pl of the working solution of HDAC4 catalytic domain
enzyme (0.86 ug/ml in assay buffer) is transferred to the assay plate. The assay
is then started by adding 10 pl of 5x (50 uM) substrate to the assay plates using
either the Bravo, Janus or 16-channel Matrix multi-channel pipette. The assay
plate is then shaken for two minutes on an orbital shaker at 900 rpm (rotations
per minute). Next the plate is incubated for 15 minutes at 37°C. The reaction is
stopped by adding 25 pul of 3x (30 uM) developer/stop solution to the assay plates
using either the Bravo, Janus or a 16-channel Matrix multi-channel pipette.
Assay plates are then shaken for 5 minutes on an orbital shaker at 1200 rpm.
Next, the assay plates are incubated at 37°C for 1 hour in a tissue culture
incubator. Finally, the fluorescence is measured (Excitation: 355 nm, Emission:
460 nm) using PerkinElmer EnVision in top read mode.
Example 43: Analysis of inhibition of HDACS5 with Class lla Histone
Deacetylase (HDAC) inhibitors.
[00396] The potency of Class lla Histone Deacetylase (HDAC) inhibitors is
quantified by measuring the Histone Deacetylase 5 (HDACS) enzymatic activity
using the Class lla selective substrate, Boc-Lys(Tfa)-AMC. The substrate is
deacetylated to Boc-Lys-AMC by HDACS5. Cleavage by trypsin results in the
release of the fluorophore AMC from the deacetylated substrate. The
fluorescence of the sample is directly related to the histone deacetylase activity in
the sample.
[00397] Serially dilute HDAC inhibitor compounds. Serial dilutions of the
HDAC inhibitors and control reference compound (1-(5-(3-((4-(1,3,4-oxadiazol-2-
yh)phenoxy)methyl)-1,2,4-oxadiazol-5-yl)thiophen-2-yl)-2,2,2-trifluoroethanone)
are made by first resuspending the lyophilized compound to a final concentration
of 10 mM in 100% DMSO. Stocks of 60 pl aliquots of the 10 mM compound in
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phenyl cycl opr opanecar boxam i de 50e 0.18 0.69 (1R 2R, 3R)-2-(8-Chloro-2, 3-

di hydr obenzo[ b] [ 1, 4] di oxi n-6-yl) - Nhydr oxy- 3- phenyl cycl opr opanecar boxam de
25e 0. 02 WobB1BIg2R*, 3R*) - N- Hydr oxy- 2- phenyl- 3- (4- ( pyciramszeina32216

yl ) phenyl ) cycl opr opanecar boxam de 50f 0.08 0.62 (1R*, 2R*, 3R*)-N

- Hydr oxy- 2-phenyl - 3- (4- (pyridazin-4- yl)phenyl)cycl opropanecar boxam de 50g
0.11 O. 66DM%|@ apRprefRred Iﬁn%ﬁ&@r@ﬁﬁtﬂ@z&( romEing\stpeipatiaatief €agh) phenyl ) - 3-

phenyl cycl QRAORANRFBE PRtBILAR thE reference compound, a 16-point serial dilution is
prepared according to Table 7 using a 125 ul 16-channel Matrix multi-channel
pipette.
[00398] 2 ul (200x) of each diluted solution and each control (full activity:
100% DMSO alone or full inhibition 1 mM) is stamped into V-bottom
polypropylene 384-well compound plates using either Bravo, Janus, or a 12.5 pl
16-channel Matrix multi-channel pipette. Each well with the 2 pl of the 200x
stamped compound solution is diluted 1:20 by the addition of 38 ul assay buffer +
DMSO (10.5 % DMSO, 45 mM Tris-HCI, 123 mM NacCl, 2.4 mM KCI, and 0.9 mM
MgCl. at pH 8.0 and equilibrated to 37°C).
[00399] Prepare HDACYS catalytic domain enzyme (0.57 ug/ml). The
HDACS catalytic domain enzyme is human HDACS catalytic domain (GenBank
Accession No. NM_001015053), amino acids 657-1123 with a C-terminal His tag
and can be obtained from BPS BioScience. The protein is 51 kDa and is
expressed in a baculovirus expression system. A working solution of enzyme is
prepared from a 1.65 mg/ml stock aliquot of HDACS5 catalytic domain (thawed on
ice) diluted to 0.57 ug/ml with assay buffer (50 mM Tris-HCI, 137 mM NaCl, 2.7
mM KCI, and 1 mM MgCl, at pH 8 and equilibrated to 37°C) just prior to the
addition of the enzyme to the assay.
[00400] Prepare 5x (40 uM) Boc-Lys(Tfa)-AMC substrate. 5x (40 uM)
substrate is prepared just prior to the addition to the assay. The 5x substrate is
prepared by diluting the 100 mM Boc-Lys(Tfa)-AMC in DMSO solution 1:2500 by
adding it drop-wise to assay buffer (equilibrated to 37°C) while vortexing at slow
speed to prevent precipitation.
[00401] Prepare 3x (30 uM) Developer/Stop Solution. 3x (30 uM)
Developer/Stop Solution is prepared just prior to addition to the plate by diluting a
stock solution of 10 mM reference compound 1:333 in 25 mg/ml trypsin
equilibrated to 37°C.
[00402] Assay. 5 pl of each solution of the 1:20 diluted inhibitor compounds
and controls from above is transferred to a clear bottomed, black, 384-well assay
plate using the Bravo or Janus. Using a 16-channel Matrix multi-channel pipette,
35 pl of the working solution of the HDACS catalytic domain enzyme (0.57 pg/ml
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in assay buffer) is transferred to the assay plate. The assay is then started by
adding 10 ul of 5x (40 uM) substrate to the assay plates using either the Bravo,
Janus or 16-channel Matrix multi-channel pipette. The assay plate is then
shaken for one minute on an orbital shaker at 900 rom. Next, the plates are
incubated for 15 minutes at 37°C. The reaction is stopped by adding 25 pl of 3x
(30uM) developer/stop solution to the assay plates using either the Bravo, Janus
or a 16-channel Matrix multi-channel pipette. Assay plates are then shaken for 2
minutes on an orbital shaker at 900 rom. Next, the assay plates are incubated at
37°C for 1 hour in a tissue culture incubator followed by shaking for 1 minute at
the maximum rpm on an orbital shaker before reading on the EnVision. Finally,
the fluorescence is measured (Excitation: 355 nm, Emission: 460 nm) using
PerkinElmer EnVision in top read mode.

Example 44: Analysis of inhibition of HDAC7 with Class lla Histone
Deacetylase (HDAC) inhibitors.

[00403] The potency of Class lla Histone Deacetylase (HDAC) inhibitors is
quantified by measuring the Histone Deacetylase 7 (HDAC7) enzymatic activity
using the Class lla selective substrate, Boc-Lys(Tfa)-AMC. The substrate is
deacetylated to Boc-Lys-AMC by HDAC7. Cleavage by trypsin results in the
release of the fluorophore AMC from the deacetylated substrate. The
fluorescence of the sample is directly related to the histone deacetylase activity in
the sample.

[00404] Serially dilute HDAC inhibitor compounds. Serial dilutions of the
HDAC inhibitors and control reference compound (1-(5-(3-((4-(1,3,4-oxadiazol-2-
yl)phenoxy)methyl)-1,2,4-oxadiazol-5-yl)thiophen-2-yl)-2,2,2-trifluoroethanone)
are made by first resuspending the lyophilized compound to a final concentration
of 10 mM in 100% DMSO. Stocks of 60 pl aliquots of the 10 mM compound in
DMSO are prepared and stored at -20°C. From one stock aliquot of each
compound to be tested and the reference compound, a 16-point serial dilution is
prepared according to Table 7 using a 125 ul 16-channel Matrix multi-channel
pipette.

[00405] 2 ul (200x) of each diluted solution and each control (full activity:
100% DMSO alone or full inhibition 1 mM) is stamped into V-bottom

polypropylene 384-well compound plates using either the Bravo, Janus, ora 12.5
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[00406] Prepare HDAC7 enzyme (71 ng/ml). The HDAC7 enzyme is
human HDAC7 (GenBank Accession No. AY302468) amino acids 518-end with a
N-terminal Glutathione S-transferase (GST) tag and can be obtained from BPS
BioScience. The protein is 78 kDa and is expressed in a baculovirus expression
system. A working solution of enzyme is prepared from a 0.5 mg/ml stock aliquot
of HDAC7 (thawed on ice) diluted to 71 ng/ml with assay buffer (50 mM Tris-HCI,
137 mM NacCl, 2.7 mM KCI, and 1 mM MgCl2 at pH 8 and equilibrated to 37°C)
just prior to the addition of enzyme to the assay.

[00407] Prepare 5x (50 uM) Boc-Lys(Tfa)-AMC substrate. 5x (50 uM)
substrate is prepared just prior to the addition to the assay. The 5x substrate is
prepared by diluting a 100 mM Boc-Lys(Tfa)-AMC in DMSO solution 1:2000 by
adding it drop-wise to assay buffer (equilibrated to 37°C) while vortexing at slow
speed to prevent precipitation.

[00408] Prepare 3x (30 uM) Developer/Stop Solution. 3x (30 uM)
Developer/Stop Solution is prepared just prior to addition to the plate by diluting a
stock solution of 10 mM reference compound 1:333 in 25 mg/ml trypsin
equilibrated to 37°C.

[00409] Assay. 5 pl of each solution of 1:20 diluted compound from above
is transferred to a clear bottomed, black, 384-well assay plate using the Bravo or
Janus. Using a 16-channel Matrix multi-channel pipette, 35 ul of the working
solution of the HDAC7 enzyme (71 ng/ml in assay buffer) is transferred to the
assay plate. The assay is then started by adding 10 pl of 5x (60 uM) substrate to
the assay plate using either the Bravo, Janus or 16-channel Matrix multi-channel
pipette. The assay plate is then shaken for one minute on an orbital shaker at
900 rpm. Next, the plate is incubated for 15 minutes at 37°C. The reaction is
then stopped by adding 25 pl of 3x (30 uM) developer/stop solution to the assay
plates using either the Bravo, Janus or a 16-channel Matrix multi-channel pipette.
The assay plate is then shaken for 2 minutes on an orbital shaker at 900 rpm.
Next, the assay plate is incubated at 37°C for 1 hour in a tissue culture incubator
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[00410] The potency of Class lla Histone Deacetylase (HDAC) inhibitors is
quantified by measuring the Histone Deacetylase 9 (HDAC9) enzymatic activity
using the Class lla selective substrate, Boc-Lys(Tfa)-AMC. The substrate is
deacetylated to Boc-Lys-AMC by HDACS9. Cleavage by trypsin results in the
release of the fluorophore AMC from the deacetylated substrate. The
fluorescence of the sample is directly related to the histone deacetylase activity in
the sample.
[00411] Serially dilute HDAC inhibitor compounds. Serial dilutions of the
HDAC inhibitors and control reference compound (1-(5-(3-((4-(1,3,4-oxadiazol-2-
yl)phenoxy)methyl)-1,2,4-oxadiazol-5-yl)thiophen-2-yl)-2,2,2-trifluoroethanone)
are made by first resuspending the lyophilized compound to a final concentration
of 10 mM in 100% DMSO. Stocks of 60 pl aliquots of the 10 mM compound in
DMSO are prepared and stored at -20°C. From one stock aliquot of each
compound to be tested and the reference compound, a 16-point serial dilution is
prepared according to Table 7 using a 125 ul 16-channel Matrix multi-channel
pipette.
[00412] 2 ul (200x) of each diluted solution and each control (full activity:
100% DMSO alone or full inhibition 1 mM) is stamped into V-bottom
polypropylene 384-well compound plates using either the Bravo, Janus, or 12.5 pl
16-channel Matrix multi-channel pipette. Each well with the stamped 200x
compound solution is diluted 1:20 by the addition of 38 ul assay buffer + DMSO
(10.5 % DMSO, 45 mM Tris-HCI, 123 mM NacCl, 2.4 mM KCI, and 0.9 mM MgCl,
at pH 8.0 and equilibrated to 37°C).
[00413] Prepare HDAC9 enzyme (0.57 ug/ml). The HDAC9 enzyme is
human HDAC9 (GenBank Accession No. NM_178423) amino acids 604-1066
with a C-terminal His tag and can be obtained from BPS BioScience. The protein
is 50.7 kDa and is expressed in a baculovirus expression system. A working
solution of enzyme is prepared from a 0.5 mg/ml stock aliquot of HDAC9 (thawed
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[00414] Prepare 5x (125 uM) Boc-Lys(Tfa)-AMC substrate. 5x (125 pM)
substrate is prepared just prior to the addition to the assay. The 5x substrate is
prepared by diluting a 100 mM Boc-Lys(Tfa)-AMC in DMSO solution 1:800 by
adding it drop-wise to assay buffer (equilibrated to 37°C) while vortexing at slow
speed to prevent precipitation.
[00415] Prepare 3x (30 uM) Developer/Stop Solution. 3x (30 uM)
Developer/Stop Solution is prepared just prior to addition to the plate by diluting a
stock solution of 10 mM reference compound 1:333 in 25 mg/ml trypsin
equilibrated to 37°C.
[00416] Assay. 5 pl of each solution of 1:20 diluted compound from above
is transferred to a clear bottomed, black, 384-well assay plate using the Bravo or
Janus. Using a 16-channel Matrix multi-channel pipette, 35 ul of the working
solution of the HDAC9 enzyme (0.57 pg/ml in assay buffer) is transferred to the
assay plate. The assay is then started by adding 10 pl of 5x (125 uM) substrate
to the assay plate using either the Bravo, Janus or 16-channel Matrix multi-
channel pipette. The assay plate is then shaken for one minute on an orbital
shaker at 900 rom. Next, the plate is incubated for 15 minutes at 37°C. The
reaction is stopped by adding 25 ul of 3x developer/stop solution to the assay
plates using either the Bravo, Janus or a 16-channel Matrix multi-channel pipette.
The assay plate is then shaken for 2 minutes on an orbital shaker at 900 rpm.
Next, the assay plate is incubated at 37°C for 1 hour in a tissue culture incubator
followed by shaking for 1 minute at maximum rpm on an orbital shaker before
reading on the enVision. Finally, the fluorescence is measured (Excitation: 355
nm, Emission: 460 nm) using PerkinElmer EnVision in top read mode.
Example 46: Analysis of inhibition of cellular HDAC activity with Class lla
Histone Deacetylase (HDAC) inhibitors.
[00417] The potency of Class lla Histone Deacetylase (HDAC) inhibitors is
quantified by measuring the cellular histone deacetylase enzymatic activity using
the Class lla selective substrate, Boc-Lys(Tfa)-AMC. After penetration in Jurkat
E6-1 cells, the substrate is deacetylated to Boc-Lys-AMC. After cell lysis and
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[00418] Jurkat E6.1 cell culture and plating. Jurkat E6.1 cells are
cultured according to standard cell culture protocols in Jurkat E6.1 Growth Media
(RPMI without phenol red, 10% FBS, 10 mM HEPES, and 1 mM Sodium
Pyruvate). Jurkat E6.1 cells are counted using a Coulter Counter and
resuspended in Jurkat E6.1 growth media at a concentration of 75,000 cells/35 pl.
35 ul or 75,000 cells is seeded into Greiner microtitre assay plates. The plates
are then incubated at 37°C and 5% CO, while other assay components are being
prepared.

[00419] Serially dilute HDAC inhibitor compounds. Serial dilutions of the
HDAC inhibitors and control reference compound (1-(5-(3-((4-(1,3,4-oxadiazol-2-
yl)phenoxy)methyl)-1,2,4-oxadiazol-5-yl)thiophen-2-yl)-2,2,2-trifluoroethanone)
are made by first resuspending the lyophilized compound to a final concentration
of 10 mM in 100% DMSO. Stocks of 70 pl aliquots of the 10 mM compound in
DMSO are prepared and stored at -20°C. From one stock aliquot of each
compound to be tested and the reference compound, a 16-point serial dilution is
prepared according to Table 7 using a 125 ul 16-channel Matrix multi-channel
pipette.

[00420] 2 ul (200x) of each diluted solution and each control (full activity:
100% DMSO alone or full inhibition 1 mM) is stamped into V-bottom
polypropylene 384-well compound plates using either the Bravo, Janus, or 12.5 pl
16-channel Matrix multi-channel pipette. Each well with the 200x compound
solution is diluted 1:20 by the addition of 38 ul Jurkat assay buffer + DMSO (9.5
% DMSO, RPMI without phenol red, 0.09% FBS, 9 mM Hepes, and 0.9 mM
Sodium Pyruvate equilibrated to room temperature)

[00421] Prepare 5x (500 uM) Boc-Lys(Tfa)-AMC substrate. 5x (500 pM)
substrate is prepared just prior to the addition to the assay. The 5x substrate is
prepared by diluting a 100 mM Boc-Lys(Tfa)-AMC in DMSO solution 1:200 by
adding it drop-wise to Jurkat assay medium (RPMI without phenol red, 0.1% FBS,
10 mM Hepes, and 1 mM Sodium Pyruvate equilibrated to 37°C) while vortexing
at slow speed to prevent precipitation.
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KCI, 1 mM MgCls, 1% Nonidet P40 Substitute equilibrated to room temperature)
and 1.2 ml of 3 mg/ml Trypsin equilibrated to room temperature.

[00423] Assay. 5 pl of each solution of 1:20 diluted compound from above
is transferred to the Greiner microtitre assay plates with 75,000 cells/well using
the Bravo. Cells are then incubated for 2 hours at 37°C and 5% CO,. The assay
is then started by adding 10 pl of 5x (600 uM) substrate to the assay plate using
either the Bravo or 16-channel Matrix multi-channel pipette. The cells are then
incubated for 3 hours at 37°C and 5% CO,. Next, 25 ul of 3x lysis buffer is added
to each well using either the 125 pl 16 channel pipette or the Bravo. The assay
plate is then incubated overnight (15-16 hours) at 37°C and 5% CO;. The
following day, the plates are shaken on an orbital shaker for 1 minute at 900 rpm.
Finally the top read fluorescence (Excitation: 355 nm, Emission: 460 nm) is
measured using PerkinElmer EnVision.

Example 47

[00424] Using the synthetic methods similar to those described above and
the assay protocols described above, the following compounds were synthesized

and tested.
Table 8

Chemical Name Compound | Biochemical | Cellular

Number | HDAC-4I1C5 | IC50

(HM) (HM)

(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-(4- 50i 0.10 1.25
(pyrimidin-5-
yl)phenyl)cyclopropanecarboxamide
(1R*,2R*,3R*)-2-(2-Bromophenyl)-N- 16a 0.62 6.53
hydroxy-3-
phenylcyclopropanecarboxamide
(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-o- 18a 1.72 13.16
tolylcyclopropanecarboxamide
(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-(4- 50h 0.06 0.62
(pyrimidin-2-
yl)phenyl)cyclopropanecarboxamide
(1S*,2R*,3R*)-2-(2-Fluorophenyl)-N- 13 0.94 7.67
hydroxy-3-
phenylcyclopropanecarboxamide
(1R*,2R*,3R*)-N-Hydroxy-2-(2- 11a 20.57 50
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isopropoxyphenyl)-3-
phenylcyclopropanecarboxamide

(1R*,2R*,3R*)-2-(2-Fluorophenyl)-N-
hydroxy-3-
phenylcyclopropanecarboxamide

11b

0.32

1.83

(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-
(pyrimidin-5-yl)cyclopropanecarboxamide

25¢

1.81

19.68

(1S*,2R*,3R*)-2-Cyclopentyl-N-hydroxy-
3-phenylcyclopropanecarboxamide

25a

8.96

48.08

(1R*,2R*,3R*)-N-Hydroxy-2-(4-(5-
methylpyrimidin-2-yl)phenyl)-3-
phenylcyclopropanecarboxamide

50k

0.09

0.48

(1R*,2R*,3R*)-2-(4-(4-
Trifluoromethylpyrimidin-2-yl)phenyl)-N-
hydroxy-3-
phenylcyclopropanecarboxamide

50d

0.21

0.88

(1R*,2R*,3R*)-2-(4-(5-
Cyclopropylpyrimidin-2-yl)phenyl)-N-
hydroxy-3-
phenylcyclopropanecarboxamide

50¢c

0.22

0.81

(1R*,2R*,3R*)-2-(4-(5-Fluoropyrimidin-2-
yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide

50a

0.06

0.39

(1R*,2R*,3R*)-2-(3-(5-Fluoropyrimidin-2-
yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide

50b

0.10

1.02

(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-
(pyridazin-4-yl)cyclopropanecarboxamide

28a

1.09

23.52

(1R,2R,3R)-N-Hydroxy-2-(4-(oxazol-5-

yl)phenyl)-3-
phenylcyclopropanecarboxamide

41b

0.02

0.22

(1R,2R,3R)-N-Hydroxy-2-(3-(oxazol-5-

yl)phenyl)-3-
phenylcyclopropanecarboxamide

41a

0.04

0.39

(1R,2R,3R)-N-hydroxy-2-(2-
isopropylbenzo[d]oxazol-6-yl)-3-
phenylcyclopropanecarboxamide

39

0.02

0.22

(1R,2R,3R)-N-Hydroxy-2-phenyl-3-(5-
(trifluoromethyl)pyridin-3-
yl)cyclopropanecarboxamide

68

0.23

2.31

(1R,2R,3R)-N-Hydroxy-2-phenyl-3-(6-
(trifluoromethyl)pyridin-3-
yl)cyclopropanecarboxamide

28f

0.34

5.67

(1R,2R,3R)-2-(2-Cyclopropylpyridin-4-yl)-

N-hydroxy-3-

28b

0.02

0.67
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(HM) (HM)

phenylcyclopropanecarboxamide
(1R,2R,3R)-2-(2-Cyclopropylpyridin-4-yl)- 25d 0.03 0.62
3-(4-fluorophenyl)-N-

hydroxycyclopropanecarboxamide

(1R,2R,3R)-2-(2,2- 28e 0.12 2.03
Difluorobenzo[d][1,3]dioxol-5-yl)-N-

hydroxy-3-

phenylcyclopropanecarboxamide

(1R,2R,3R)-2-(4-(2-Cyclopropyloxazol-5- 46 0.04 0.28

yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide
(1R,2R,3R)-N-Hydroxy-2-phenyl-3-(2- 28g 0.30 2.58
(trifluoromethyl)pyridin-4-
yl)cyclopropanecarboxamide
(1R,2R,3R)-N-Hydroxy-2-(1-ox0-2-(2,2,2- 33 0.03 0.34
trifluoroethyl)isoindolin-5-yl)-3-
phenylcyclopropanecarboxamide
(1S,2R,3R)-2-(2-Cyclopropylpyridin-4-yl )- 28c 0.04 0.53
3-(2-fluorophenyl)-N-
hydroxycyclopropanecarboxamide
(1R,2R,3R)-2-(2-Cyclopropylpyridin-4-yl)- 28d 0.12 0.79
3-(4-fluorophenyl)-N-
hydroxycyclopropanecarboxamide
(1R,2R,3R)-N-Hydroxy-2-(1-methyl-1 H- 25b 0.54 2.62
pyrazol-4-yl)-3-
phenylcyclopropanecarboxamide
(1R,2R,3R)-2-(4-(5- 50e 0.18 0.69
Trifluoromethylpyrimidin-2-yl)phenyl)-N-
hydroxy-3-
phenylcyclopropanecarboxamide
(1R,2R,3R)-2-(8-Chloro-2,3- 25e 0.02 0.13
dihydrobenzo[b][1,4]dioxin-6-yl)-N-
hydroxy-3-
phenylcyclopropanecarboxamide
(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-(4- 50f 0.08 0.62
(pyridazin-3-
yh)phenyl)cyclopropanecarboxamide
(1R*,2R*,3R*)-N -Hydroxy-2-phenyl-3-(4- 50g 0.11 0.66
(pyridazin-4-
yh)phenyl)cyclopropanecarboxamide
(1R*,2R*,3R*)-N-Hydroxy-2-(4-(4- 56i 0.14 1.31
methylpiperazin-1-yl)phenyl)-3-
phenylcyclopropanecarboxamide
(1R*2R* 3R*)-N-Hydroxy-2-(4-(oxazol-2- 58 0.05 0.35
yl)phenyl)-3-
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phenylcyclopropanecarboxamide

(1R*,2R*,3R*)-N -Hydroxy-2-(4-(1-methyl-
1H-imidazol-2-yl)phenyl)-3-
phenylcyclopropanecarboxamide

60

0.29

2.05

(1R*2R*,3R*)-2-(4-(1H-pyrazol-1-
yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide

65

0.09

0.97

(1R*,2R*,3R*)-2-(4-(3,3-Dimethylazetidin-
1-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide

56d

0.33

3.17

(1R*,2R*,3R*)-N-Hydroxy-2-(4-(4-
isopropylpiperazin-1-yl)phenyl)-3-
phenylcyclopropanecarboxamide

56a

0.09

0.76

(1R*2R*,3R*)-N-Hydroxy-2-(4-(3,3-
difluoropyrrolidin-1-yl)phenyl)-3-
phenylcyclopropanecarboxamide

56¢

0.15

1.77

(1R*2R*,3R*)-2-(4-(2-Oxa-6-
azaspiro[3.3]heptan-6-yl)phenyl)-N-
hydroxy-3-
phenylcyclopropanecarboxamide

56e

0.15

1.33

(1R,2R,3R)-2-(3'-(Benzyloxy)-[1,1'-
biphenyl]-4-yl)-N-hydroxy-3-
phenylcyclopropanecarboxamide

54a

0.99

8.85

(1R,2R,3R)-2-(4-(1-Benzyl-1,2,3,6-
tetrahydropyridin-4-yl)phenyl)-N-hydroxy-
3-phenylcyclopropanecarboxamide

71

0.35

0.75

(1R,2R,3R)-N-hydroxy-2-(4-(4-methyl-3,4-
dihydro-2H-benzo[b][1,4]oxazin-7-
yl)phenyl)-3-
phenylcyclopropanecarboxamide

54¢

0.26

1.43

(1R*,2R*,3R*)-2-(4-(2-
cyclopropylisoindolin-5-yl)phenyl)-N-
hydroxy-3-
phenylcyclopropanecarboxamide

52

0.48

1.79

(1R*,2R*,3R*)-2-(4'-(9H-carbazol-9-yl)-
[1,1'-biphenyl]-4-yl)-N-hydroxy-3-
phenylcyclopropanecarboxamide

54b

5.66

50

(1R*,2S8*38%)-2-(4-(5-Fluoropyrimidin-2-
yl)phenyl)-N-hydroxy-1-methyl-3-
phenylcyclopropanecarboxamide

63

0.27

1.55

(1R*,2R*,3R*)-N-Hydroxy-2-(3-(4-
isopropylpiperazin-1-yl)phenyl)-3-
phenylcyclopropanecarboxamide

56b

1.43

5.08

(1R2R,3R)-2-(3-(6,7-

56h

Dihydropyrazolo[1,5-a]pyrimidin-4(5H)-

0.17

0.77
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0.09 0.65 (15, 2R 3R)-2-(2-Fluorophenyl)-N

hydr oxy-

yl) pyri diwe2e1dipsoe8! opr opanecar boxam de 83 0.12 0.75

(1R 2R 3
(trifluo

3-(6-(4-isopropyl pi perazin-1-
R) - N- Hydr oxy- 2- phenyl - 3- (1- ( 5-

ronet h\/nn\/rl din-2- \/’I\ -1H- pyr azol -

4- v )rvr‘l opropanecar

PCT/US2012/022216

oxam de 92b

0.18 1.1
phenyl cy
(1R 2R 3
in-7-y
(15, 2R 3

7Chemioa RameN- hydr oxy- 2- (i mi daz(

cl opr opanecar boxam de 115 0.55 6.[6

R) - N- Hydr oxy- 2- phenyl -3-(2- (trif
cycl opropanecar boxam i de 109 O.
R -2-(2- Cvclopraopvi n\/rl din-4- \/1\ -

$[Composngy)

I ﬁ\lolr"gr'?gtrhy

23 2.5

rBigichemigal |
WPAC-34%%

(HM)

€ellular

1, écg? Y

(HM)

3-(3-flu

oY'W@@NDT’?‘hMHEFBW cycl opr opanecc

phenylcyclopropanecarboxamide

\r boxam de

100b

(1R*2R*,3R*)-2-(3-
(Hexahydropyrrolo[1,2-a]pyrazin-2(1H)-
yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide

56f

0.63

1.85

(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-(3-
(4-(pyrrolidin-1-yl)piperidin-1-
yl)phenyl)cyclopropanecarboxamide

56g

0.39

2.18

(1R,2R,3R)-2-(4-(5-Chloropyrimidin-2-
yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide

50]

0.14

0.42

(1R*2R*,3R*)-N-Hydroxy-2-(4-(5-methyl-
1H-imidazol-2-yl)phenyl)-3-
phenylcyclopropanecarboxamide

50l

0.10

0.46

(1S,2R,3R)-2-(8-Chloro-2,3-
dihydrobenzo[b][1,4]dioxin-6-yl)-3-(2-
fluorophenyl)-N-
hydroxycyclopropanecarboxamide

25f

0.03

0.24

(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-(4-
(2-phenyloxazol-5-
yl)phenyl)cyclopropanecarboxamide

48

0.28

1.26

trans-N-Hydroxy-2,3-
diphenylcyclopropanecarboxamide

0.34

2.52

(1R*,2R*,3R*)-2-Cyclohexyl-N-hydroxy-3-
phenylcyclopropanecarboxamide

6.22

36.91

(1R*,2R* ,3R*)-2-(4-Bromophenyl)-N-
hydroxy-3-
phenylcyclopropanecarboxamide

16¢

0.37

2.87

(1R*,2R*,3R*)-2-(4-(1H-imidazol-1-
yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide

42

0.20

1.63

(1R*,2R*,3R*)-2-(4-
(cyclopropanesulfonamido)phenyl)-N-
hydroxy-3-
phenylcyclopropanecarboxamide

22

0.05

1.32

(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-p-
tolylcyclopropanecarboxamide

18¢

0.15

2.25

(1R*,2R*,3R*)-2-(3-Bromophenyl)-N-
hydroxy-3-
phenylcyclopropanecarboxamide

16b

0.07

1.41

(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-m-
tolylcyclopropanecarboxamide

18b

0.15

2.74

(1R.2R,3R)-N-Hydroxy-2-(4-(2-

75a

methyloxazol-5-yl)phenyl)-3-

0.03

0.33
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0.02 0.42 (1R 2R 3R)- N hydroxy-2-(4-(5- nethylthiazol
phenyl cycl opr opanecar boxam de 102 0.04 0.44 (15, 2R

3R) - 2- ( 2-Wwbuormpbmayl ) - N- hydr oxy-3-(6-((2, 2, 2-
trifluoroethyl)am no)pyridin-3- yl)cycl opropanecarboxam de 106 0.17 1.41

-2-yl)phenyl) - 3-

PCT/US2012/022216

[ 00425] Whil e sone _enbodinents have been shown and described, various
modi fi caf ChemiealNamest i t uti ons may be md@mAeHEdo B\iqqli'@micab gellulay
the spirit and scope of the invention. For Ie
pur poges, it is nof i ntended that the clai rr'gef@@té far ﬁphée#eeiFﬁ"a tergé)
construed in any way narrower than the literal Ianguage(m\In)ereo :
t hus not ended h o exeml 3 enmhodi e 0 i
into the M%yﬂ@/clom@@m%ﬁaﬁa@mmw@ is to be understdod that the pr esent
i nvent i on(1K2RIBFIR-REtrdropleny))-Nay of i I[l ust75hti ol and0®8t | i fi 1047 on
t he scopehyrox8-(dH@rmethyldd@zab32/ 103008PCT/ US2012/{022216 What | i s cl ai
1. A conpoyiphedlyl)EptiopopahecdtbBRamide
(1R,2R,3R)-N-Hydroxy-2-(3-(5- 77 0.16 0.78
methylpyrimidin-2-yl)phenyl)-3-
phenylcyclopropanecarboxamide
(1S,2R,3R)-2-(2,6-Dicyclopropylpyridin-4- 88 0.20 1.48
yl)-3-(2-fluorophenyl)-N-
hydroxycyclopropanecarboxamide
(1R,2R,3R)-N-Hydroxy-2-(4-(3-methyl- 79 0.09 0.65
1H-pyrazol-1-yl)phenyl)-3-
phenylcyclopropanecarboxamide
(1S, 2R, 3R)-2-(2-Fluorophenyl)-N- 83 0.12 0.75
hydroxy-3-(6-(4-isopropylpiperazin-1-
yhpyridin-3-yl)cyclopropanecarboxamide
(1R,2R,3R)-N-Hydroxy-2-phenyl-3-(1-(5- 92b 0.18 1.17
(trifluoromethyl)pyridin-2-yl)-1H-pyrazol-4-
yl)cyclopropanecarboxamide
(1R,2R,3R)-N-hydroxy-2-(imidazo[1,2- 115 0.55 6.66
a)pyridin-3-yl)-3-
phenylcyclopropanecarboxamide
(1R,2R,3R)-N-Hydroxy-2-phenyl-3-(2- 109 0.23 2.5
(trifluoromethyl)imidazo[1,2-a]pyridin-7-
yl)cyclopropanecarboxamide
(1S,2R,3R)-2-(2-Cyclopropylpyridin-4-yl)- 100b 0.02 0.42
3-(3-fluorophenyl)-N-
hydroxycyclopropanecarboxamide
(1R,2R,3R)-N-hydroxy-2-(4-(5- 102 0.04 0.44
methylthiazol-2-yl)phenyl)-3-
phenylcyclopropanecarboxamide
(1S, 2R, 3R)-2-(2-Fluorophenyl)-N- 106 0.17 1.41
hydroxy-3-(6-((2,2,2-
trifluoroethyl)amino)pyridin-3-
yl)cyclopropanecarboxamide
[00425] While some embodiments have been shown and described, various

modifications and substitutions may be made thereto without departing from the

spirit and scope of the invention. For example, for claim construction purposes, it

is not intended that the claims set forth hereinafter be construed in any way

narrower than the literal language thereof, and it is thus not intended that

exemplary embodiments from the specification be read into the claims.
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Formula | or a pharmaceutically acceptable salt thereof wherein Rl and R2
are independently chosen fromoptionally substituted al kyl, optionally
subst i t utwad 201cios@Bkyl , optional ly substituted heterocyelcoalskyz/o22pé i onal | y
substitut ed aryl, and optionally substituted heteroaryl; R3 is chosen from

c/&o NH(G-i) and - N( C(0)R4; R3a is chosen fromh dr ogen and | ower
al kyI opt %ﬂl@%dﬂ&t@p@t erxtoAd faatdhe grese invendinbd\as b%h‘% P8fen and

911 2 4 ARl A P A B b R o 10 ooen. e

pharmaceutically acceptable salt thereof, wherein the conpound of Formula I

is chosen from conpounds of Fornmula Il. R2 Formula Il 3. The conpound of
claim1l1, or a pharmaceutically acceptable salt thereof, wherein the
conmpound of Forrmula | is chosen from conpounds of Formula Ill1. Fornula I1I

4. The conpound of any one of clains 1 to 3, or a pharnmaceutically
acceptabl e salt thereof, wherein R3a is hydrogen or nmethyl. 5. The conpound
of any one of clainms 1 to 3, or a pharmaceutically acceptable salt thereof,
wherein R3a is -CF3.
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6. The conpound of claim11, or a pharmaceutically acceptable salt thereof,

wherein the conmpound of Fornmula | is chosen from conpounds of Formula IV R3
= = Fowoube/108008. The conpound of claim 1, or a phar racasteicabizye
acceptabl e salt thereof, wherein the conmpound of Formula | is chosen from

conpounds of Formula V. R11 R2 Fornula V 8. The conpound of any one of
clai ns 1 Mhatis glaimeshiar maceutical |y acceptable salt thereof, wherein R3 is
chosen from-C(O)NH(OH) and - N(OH) C(0)R4. WO 2012/ 103008PCT/ US2012/ 022216
9. The conmpound of claim8, or a pharnaceutically acceptable salt thereof,
wherei n RB i s ACofpddnaHf.Fakthuldne conpound of claim8, or a

phar maceutically acceptable salt thereof, wherein R3is -N(OH C(0)R4
wherein R4 is hydrogen. Rs  Ra

R; Ro
Formula |
or a pharmaceutically acceptable salt thereof wherein
R1 and Ry are independently chosen from optionally substituted alkyl,
optionally substituted cycloalkyl, optionally substituted
heterocycloalkyl, optionally substituted aryl, and optionally
substituted heteroaryl;
Rs is chosen from —COOH, —C(O)NH(OH) and —N(OH)C(O)Ry;
Rsa is chosen from hydrogen and lower alkyl optionally substituted with
halo; and
R4 is chosen from hydrogen and lower alkyl;
wherein if Ry and R, are both phenyl and Rs, is hydrogen, then Rj is
—N(OH)C(O)H or —C(O)NH(OH).

2. The compound of claim 1, or a pharmaceutically acceptable salt thereof,
wherein the compound of Formula | is chosen from compounds of Formula
Il.

"”Ill
R1 "Ry

Formula Il

3. The compound of claim 1, or a pharmaceutically acceptable salt thereof,
wherein the compound of Formula | is chosen from compounds of Formula
Il
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11. The conpound of claim8, or a pharmaceutically acceptable salt thereof,
wherein R3is -N(OH)C(O)R4 wherein R4 is nmethyl. 12. The conpound of any one
of cl ai mswo 20m2/1b3g0sor a pharmaceutical |y accept abl e sal Pctrhmse@ei222nhier ei n
R2 is chosen from cycl oal kyl, heterocycl oal kyl, alkyl, aryl and heteroaryl,
each of which is optionally substituted with one, two, or three groups

i ndependent|y chosen from - R213 ORQQ,, Po, and - NR23S02R21, wherein R21
is chosen fromoptionally substituted of- 06 al kyl, optionally substituted
cycl oal kyl, optionally substituted ary, optionally substituted
heterocycloalkyl, and optionally subs ted heteroaryl; R22 is chosen from
H optionally substituted 01-06 ?%ky] opt Rally substituted cycl oal kyl,
optionally substituted aryl, optidnally subst?tuted arylal kyl, optionally
substituted heterocycl oal kyl, optiopg}hyiggHbstituted heteroaryl, and
optionally substituted heteroarylalkyl; and R23 is chosen from hydrogen and
optionally substituted 01-4 aIkyI 13. The conpound of clain112, or a
pharnaceu%lcaI* acce 5 e sal t t I ﬁﬂg 52 t N from

cycl ohexy H8WP “9 OTeRY 27612 §‘§/T”S1a p%%ﬁ? Sragea G Mani ch 1 s
optional ly subéédetpwétﬂé s\édtttﬂibr‘éﬁﬁ,wﬁé/t@m R, i My8RdEsHPetHiflependent |y chosen
from-R21, -0R22, and hal o. 14.The compound of claim 13, or a
pharmaceutically acceptable salt thereof, wherein R2 is thiophen-2-y1 or

phenyl, each I t or three
ooy each ol bbbol g8 o POl sttt 41 A

trifluoromet hydcceptablahn théreof, W@remmggusdaﬁg.cl aim14, or a
pharmaceutical ly acceptabl e sal't thereof, wherein R2 is chosen from phenyl ,
2-chl orophenyl , 2-fluorophenyl, 2- nethyl phenyl, 2-trifluoronethyl phenyl,
3-fl uoropgenyl z : =i henyl ,
3 Luor oneny| T s RPRIL BB or dHPLBIEEN) 4heptole Saf et

5- met hyl - 3- (t rwhénein treetdmpdtiind opRem@awlis choskrbfrom compounds of Formula
(trifluoronethK))thiophen-Z-yl. 16. The conpound of claim 15, or a
pharmaceutically acceptable salt thereof, wherein R2 is chosen from phenyl,
2-fluorophenyl, 3-fluorophenyl, and 4- Al uorophenyl. 17. The conpound of
claim 16, or a pharmaceutically acceptable salt thereof, wherein R2 is
phenyl . 18. The conpound of any one of xlains 1 to 17, or a
pharmaceutically acceptable salt there wherein RL is chosen from al kyl,
cycl oal kyl, aryl, heterocycl oal kyl, eteroaryl, each of which is
optionally substituted with one, . or tHMﬁe groups i ndependently chosen
from-R1l1, -OR12, halo, -NRI12R13," C(O)R12 €(0)OR12, -C(0)NR12R13,

-0C(0) R12, Formula IV

7. The compound of claim 1, or a pharmaceutically acceptable salt thereof,

wherein the compound of Formula | is chosen from compounds of Formula

V.
R3
R1\\\\\\\ Ro
Formula V
8. The compound of any one of claims 1 to 7, or a pharmaceutically

acceptable salt thereof, wherein Rs is chosen from —C(O)NH(OH) and —
N(OH)C(O)Ra.
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0C(0)OR11, -0C(0)NR12R13, -NR13C(0)R12, -NR13C(0)OR11, NR13C(0)NR12R13,
-S(0)R11, -SO02R11, -SO02NR12R13, and - NR13S02R11l, wherein Rl1l is chosen from
opt i onal lwo=uotrstosdost ed Cl- C6al kyl, optionally substitut @edTagediombieys
optionally substituted cycl oal kenyl, optionally substituted aryl,

optionally substituted heterocycl oal kyl, optionally substituted

het er ocycl oal kenyl, and opti onall y substituted heteroaryl; Rl12 is chosen

fromH, ogti °”f111é Xor?l';BBﬁEBtoH”c % &#&Haoeﬁﬂ&él&@éégﬁﬁ@@%h ttti‘crjﬁr‘égf

cycl oal kyT", nal I'y “substi uté trona aryl al kyl ,
optionally subwheﬂmnE@l$6C€D¢¢HqDHﬁIkyI optionally substituted
heteroaryl, and optionally substituted heteroarylalkyl; and R13 is chosen
fron1hydrogen and optionally substituted Cl-C4al kyl. 19. The conpound of

claim 18, 4 :TWé‘éBH%SEHH'o‘F% i, @%ﬁ‘%%@é?h%c’éﬁ |éaIFyh§‘<Ec%?)fcablé"%§ft% Bt 1S

phenyl optlon ly s titute hree groups i ndepéndently
chosen from - RillereidRt 25 Néﬂ)bl)C(CO:XR);)\Rl@eln NRISZH&LB’pgand NR13S02R11. 20. The
conpound of claim 19, or a pharmaceutically acceptable salt thereof,

wherein Rl is phenyl optionally substituted with one, two or three groups

i ndependeft |y 16 86npBuRE DTclRAh®, dr%%arﬁid@ébhcé!fy%cc@lb‘tétﬂ@%bltYhé'ébﬁt' tuted

with one or two groups |nde8endentl hosen from’l ower al kyl

trifluoromet hy\Nh@ISe(tm E?allikyN( biXe 9IR4 \amrenfeRzya mejnylhet eroaryl optional Iy
substituted with one or two groups independently chosen from | ower alkyl,
trifluoronethyl, cycloal kyl, and phenyl, (cycl oal kyl)sul fonam do, and

het er ocycipal kyhe eoinpenad lof aﬁyl@ﬁbl ST@aithsvd tdn DN DphémeaLdicasy
i ndependently chosen from halo, lower alkyl, trifluoronmethyl, cycloal kyl,

het er ocycl oal k@cpcepéameﬁﬁﬁﬁmreowherﬁ@ Bmwp@mwnaformcaplﬁ»aﬁw or a

phar maceut i cal 14 r FBJ‘?' : ionally
substituted w %%e?&&%f&%&&l ea”%?‘n ngéri ﬁ%pesrol ﬁ/gee;decﬁ en r?'?/h ggﬁ%%@%& rom hal o,
| ower al kyl, osu‘tﬁututéd with ane2ab; 6F Yiree gyoups iddep@rdentlymhoisen diom SRy, ,

pyri dazi n- 3- yI dazi n- 4- pyrazol -1-yl, (cycl oal kyl ) sul fonam do,
1H i m dazol - 22r h?'é?a?B@ E@?Sélﬁ ‘gﬁgrenﬂ et rahydr opyridi n-4-yl,

ﬁéita'hﬁhi‘oéyﬂ o 8{?"3@?}?3?%%%{ rogPogyondly BESBESPER R aipe, phen!
and 6, 7-di hydr opyr azol o[ 9ytstig]teg ciyalodikyt optionally substltuted aryl, optlonally
substituted heterocycloalkyl, and optionally substituted
heteroaryl;

R22 is chosen from H, optionally substituted C1-Cs alkyl, optionally
substituted cycloalkyl, optionally substituted aryl, optionally
substituted arylalkyl, optionally substituted heterocycloalkyl,
optionally substituted heteroaryl, and optionally substituted
heteroarylalkyl; and

R23 is chosen from hydrogen and optionally substituted C¢-C4 alkyl.

13. The compound of claim 12, or a pharmaceutically acceptable salt thereof,
wherein Rz is chosen from cyclohexyl, thiophen-2-yl, thiazol-5-yl, and
phenyl, each of which is optionally substituted with one, two, or three
groups independently chosen from -Ry, -ORy,, and halo.

14.  The compound of claim 13, or a pharmaceutically acceptable salt thereof,
wherein R; is thiophen-2-yl or phenyl, each of which is optionally
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4(5H) -yl , each of which is optionally substituted with one or two groups
i ndependently chosen from hal o, |lower alkyl, trifluoronethyl, phenyl,
cycl oal kywo 2o0enmyidos benzyl oxy, and pyrrolidin-1-yl. 22. pChascanporne of
claim 21, or a pharmaceutically accept able salt thereof, wherein Rl is
chosen from phenyl, 2-met hyl phenyl, 3-nethyl phenyl, 4- rret hyl phenyl

2-f 1 uor ophenyl SU@"M"@@M%"I‘@WI’fwozloﬂm%? smtmwndetzen yhesag [from

3- bronDphenyI, (
tetrahydr opyrl Iﬁ;ﬁ?%ﬂﬁ?%\&@?’élkoﬁ& tAﬂQ@?m%hﬁ %ngp?rqhenyl 4- (pyrim din-5-
yl ) phenyl, 4- (5 met hyI pyrim din-2- yI ) pheny1l, 3- (5-fl uoropyri m di n- 2-

| ) pheny! hl i di_n-2-yl |
I eyl s | eé’pw%ﬁo‘ﬁﬁéé' 1 o sy s heaspep able salt theredt

trifluoronet hy, }
oo e e, -l 2 e

(pyri dazi n- 4mgthyipteng,, 2-aHlGpremeinyboneinyl 3 fyjc)rppleeryyl 3- methylphenyl, 3-

4-

4-(1-nethyl-1 d 1H henyl ) .
4- Ell—l—ngg/razol '*'9“?50%@ htj/lphgﬁ%pg%ﬁél{wer&&%‘s )ghci %gwé%ﬂuoroyé)p enyl)
? (3-(trifl uorm@mytmlo}hbhtpyr leﬂbthl,d }31(}rﬁml%fr‘dr|ne’ét§/1)ﬂﬂ69ﬁ&# 25y|yéad)5eny| 4-

xazol - 2- hen (oxazol - 5- nmet hyl oxazol -5-
yl ) phenyl , 4 (2@@@6ﬂ©@&@p&ﬁ@@§h©m15Wyl)phenyl 4- (2- phenyl oxazol -
yl) phenyl, 4-(cycl opropanesul f onam do) phenyl , 4-(3,3-dinethylazetidin-l-
yl) phenyl, 4-(3,3-difluoropyrrolidin-1- yI)phenyI 4- (2- oxa- 6-
azaspi r o[ #.3] Ireis @am@omhai I e, 153" or(awma@émntalgfwcbﬂ;ta%w kalt $hereof,
(hexahydropyrrol o[ 1, 2-a] pyrazin 2(1 henyl| 4- (pyrrolidin- 1-
U1 prpert df v 1000TEh Bagd EHOSCUTABIATY. AR UODRNE0Y) §HerBhenyL @rd 4-
|sopropylp|perﬁﬂ58 H? )phenyl and
3-(6, 7- dlhydropyrag 1, 5-a]pyrinidin4(5FD-yI)phenyI. 23. The conpound of
claim 22, or a pharmaceutically acceptable salt thereof, wherein Rl is

Zh?;§VHI ];nr ?mn42 » ?gﬁ%@ﬁw‘é i %y%,ﬂtéefq{,% dr?ff%r?hgl %’I% l%f{meegéllt’(@reof,
chl or opyri m dig %r’é(rt RBhsepré%yM (5-fluoropyrimdin-2-yl)phenyl, 4-(4-

(trifluoromnet hy pyrimd yl ) phenyl, 4-(5-cycl opropyl pyri m di n-2-
yl) phenyl, 4-(pyridazin-3-yl)phenyl, 4-(pyridazin-4-yl)phenyl, 4-(5-nethyl-

ST AR AT AR Y i e
3-fluoro-4-(5- mbyéuélébmtﬁaé@t %dbm?&ychos%n(fﬂdﬁnwyﬂﬂ@ktohtw )snbpnyl
3- (oxazol - 5-yl ) phenyl, (oxazol - 2-yl ) phenyl, (oxazol henyl

4-(2-cycl opr odwt@mcloaﬁcyl yNdoriagaaryl4 epah péw@wqtplﬁlqﬂtlpea&\zsubstmytle}ipheny|

d 3-(6,7- d 5- Th
compound of ol MHPRE, BE & ke BLBY i dBebedip bhoder BORER i Kl ot -
wherein RL is WOSQ“RERQW G;((Z)F31,2,4 GSG)MXMWNFQ&RB DE(O)Rye 3, 4, 5-
tetrahydr obenzcg H 4] oxaze In-7-y tetrah dro rrol of 1 2-
a] pyrazi n- 7-yl+ "H@TZRGH nNR1§}T'(,O)ﬁﬂ dBFope(Q)QRpyri di n- 3-yI,

pyrrol o[ 1, 2-a]

di hydr obenzol b] Hﬁ %%?Nﬁfzﬁq% beh§?$4[11%(?%l\h§§f3’éﬁ NR ﬁgozR”’

1- oxoi soi ndol iwhérgith, each of V\:hl ch is opt| onal ly substituted with one or
two groups independ ntIy chosen from h r al kyl optionally
substituted with on'g11 I8 ROSeR ?rpm gRtl ?] %égtb‘ S'C?Fﬂli%\/l %‘ﬁ%@ﬂ)ﬂ of claim
18, or a pharmaceuti cal | 4, R%6RB4 2PLBaRG], opkiBRERPEubMRAEEIGcBhIKkehyhet er oaryl
optionally substituted V\né(ut Ione ?wo?mgr’ tpttreeﬁgr%ups mgggendeny 'y chosen
from-R11, -OR12, hal o, @wtd)naNIRSBS@tﬁRﬂeﬂa@Bopreald;oaqttmIMedf claim?25, or a
pharmaceutical |y accept bl.e sal her eqf erei.n R chosen, from
pyridin-3-yl, pyridin-4- y?ter%ich?il%@&p%&)h?“mSﬂ?ﬁtlt%eé t}e%%ro)cycloalkenyl

pyri dazi n-4-yl, benzo[ d] aisPypaei all§-stbstitesd pedrexgeol - 6-yl, and

t hi azol - 5-yl, each of which Is optionally substituted with one, two,

three groups i ndepeRadftchpsendosht; pplienatysubstiried Q’lé@&ﬁ'ksdn@thQ(RﬂSSOZRll

27. The conpound of cl ai b

t hereof, wherein RlL is c osf?tm%J Cgtdggrl di ﬁ?éhélﬁ%%r ?lglgﬁ%iiﬂy{)&'&%”&

1H pyrazol -4-yl, pyrim déubshituted apylaikdiaoptiodally substinred tetsrosypeiodkd; vl |
benzo[ d] oxazol - 6-y| , and thiazol-5-yl, each of which is optionally
substituted with one or two groups independently chosen from hal o, | ower

al kyl, 2,2,2- trifluoroethylamnno, trifluoronethyl, 2,2, 2-trifluoroethyl,
cycl oal kyl, cyclopropyl nethyl, 1H pyra®8l-1-y1 optionally substituted with
| ower al kyl, pyrimdin-2-yloptionally substituted with | ower al kyl or hal o,
oxazol -5-yl1 optionally substituted with | ower al kyl,

p| pera2| n- 1 yI opt| onal I y substl tut ed WI t h | ower al kyI

1 . " 4 NN N " T T 1 N 1



(1 S, 2R*, 3R*)-2-(2-Fl uorophenyl) - N- hydr oxy- 3-

phenyl cycl opr opanecar boxam de; (1

R*, 2R*, 3Rvp-281(@3@Bonophenyl) - N- hydr oxy- 3- phenyl cycl oproparsecankziam i de;
(1 rR*, 2R*, 3R*) - 2- ( 3- Bronophenyl) - N- hydr oxy- 3- phenyl cycl opr opanecar boxam

| de; (1 R* 2R*, 3R*) - 2- (4- Bronpopheny1) - N- hydr oxy- 3-

phenyl cycl opr opanecar box@RHANGEY spl_:pstltuted héteroaryl, and optionally substituted

R*, 2R*, 3R*) - N- Hydr oxy- 2- o %} a}y%“&l a(?w:dyl cycl opropanecar boxam de; (1

R*, 2R*, 3R*) - N- Hydr oxy- 2- phen -m’tol'yl cycl opr opanecar boxam de; (1

R*, 2R*, 3R*) - N- Hydr oRys-ig-chbeery fror hydrolygh @yl atioopiy ealbstitoteant ¢€;, alkil.

R*, 2R*, 3R*) - 2- (4- (cycl opr opanesul f onam i do) phenyl) - N- hydr oxy- 3-

phenyl cycl opr opanecar boxam i de; (1 S*, 2R*, 3R*)-2-Cycl opentyl - N- hydr oxy- 3-

phenyl cyci{gpr Eéﬁhﬁe cyc%‘?rg @o‘?a%%ﬁl)ac%f‘h’éﬂyoé%eﬁta(b]re sHRHBrEo

H pyrazol - 4-y1) - r opanecar oxam d
R*, 2R*, 3R*) - l\l—\h*lyelrreme-Iis phemyl bp&o(pyr substituted vith grhe dyol opttupageasydhoxam

i de; (1 R 2R 3‘BQﬁ8%'§$¢d§k¥?%®é Poerrrleg”,)]([)km,ﬂa? °é‘(8)l§12, ]I‘&R Iﬂ%’,darn&(y 3-

phenyl cycl opr o
-NR13S0O2R11.

20. The compound of claim 19, or a pharmaceutically acceptable salt thereof,
wherein R4 is phenyl optionally substituted with one, two or three groups
independently selected from

halo,

lower alkyl,

aryl optionally substituted with one or two groups independently
chosen from lower alkyl, trifluoromethyl,cycloalkyl, phenyl,
and benzyloxy,

heteroaryl optionally substituted with one or two groups
independently chosen from lower alkyl, trifluoromethyl,
cycloalkyl, and phenyl,

(cycloalkyl)sulfonamido, and

heterocycloalkyl optionally substituted with one or two groups
independently chosen from halo, lower alkyl, trifluoromethyl,
cycloalkyl, heterocycloalkyl, and phenyl.

21.  The compound of claim 20, or a pharmaceutically acceptable salt thereof,
wherein R4 is phenyl optionally substituted with one, two or three groups
independently selected from halo, lower alkyl, oxazol-2-yl, oxazol-5-yl,
pyrimidin-2-yl, pyrimidin-5-yl, pyridazin-3-yl, pyridazin-4-yl, 1 H-pyrazol-1-yl,
(cycloalkyl)sulfonamido, 1H-imidazol-1-yl, imidazol-2-yl, 1,2,3,6-
tetrahydropyridin-4-yl, azetidin-1-yl, pyrrolidin-1-yl, 2-oxa-6-
azaspiro[3.3]heptan-6-yl, phenyl, hexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl,
piperidin-1-yl, piperazin-1-yl, and 6,7-dihydropyrazolo[1,5-a]pyrimidin-
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(1 R 2R 3R)-2-(8-Chloro-2, 3-di hydrobenzo[b][1 , 4] di oxi n-6-y1)-N hydroxy- 3-
phenyl cycl opr opanecar boxam de; (1

S, 2R, 3R) -Weo(2812dnBmso- 2, 3- di hydr obenzo[ b] [1 , 4] di oxi n- 6- PEXAB2¢12/022216

fl uorophenyl) - N- hydr oxycycl opr opanecar boxam de; (1

R*, 2R*, 3R*) - N- Hydr oxy- 2- pheny1- 3- (pyri dazi n-4- yl)cycl opropanecar boxam i de;
(1'R 2R 3R) - 2-4BHOYIGSHOpyMgR siopanelly SLDRLNRE B o5e or tWo groups

phenyl cycl opr o ide; -

5oR R <2 - B EPEH R s o] holg, layeralkyt, sflucrometny ghenyl

hydr oxycycl opr ook berxam behzyloxy, and pyrrolidin-1-yl.

(1R, 2R, 3R) - 2- ( 2- Cycl opropyl pyridi n-4-y1)-3-(4-fl uorophenyl)-N
hydr oxycycl opr opanecar boxam de; (1 R 2R, 3R)-2-(2,2-Difluorobenzo[d][1

, 3] di 0x01y®-y 1} _a. | uor «
L ST OB o Y o KGR ORBREAN SRR obk rerco,

yl ) cycl opr opanebardimRarns deosgnifrom phenyl, 2-methylphenyl, 3-methylphenyl, 4-

R 2R, 3R) - N Hydr gﬁ{%@%%ﬁdﬁ@%éw B O R YA A RO ALY 45

yl ) cycl opr opan@
R 2R, 3R) - N- Hy dsiemiophrent, 3<9rodidphetiyR 4L biomdpHed§t, vl - bewzynd op Bre-5- y1) - 3-

phenyl cycl opr opanecar boxam de;
tetrahydropyridin-4-yl)phenyl, 4-(pyrimidin-2-yl)phenyl, 4-(pyrimidin-5-
yhphenyl, 4-(5-methylpyrimidin-2-yl)phenyl,3-(5-fluoropyrimidin-2-
yl)phenyl, 4-(5-chloropyrimidin-2-yl)phenyl, 4-(5-fluoropyrimidin-2-
yh)phenyl, 4-(4-(trifluoromethyl)pyrimidin-2-yl)phenyl, 4-(5-
trifluoromethylpyrimidin-2-yl)phenyl, 4-(5-cyclopropylpyrimidin-2-yl)phenyl,
4-(pyridazin-3-yl)phenyl, 4-(pyridazin-4-yl)phenyl, 4-(1H-imidazol-1-
yl)phenyl, 4-(1-methyl-1H-imidazol-2-yl)phenyl, 4-(5-methyl-1H-imidazol-2-
yh)phenyl), 4-(1H-pyrazol-1-yl)phenyl, 4-(3-methyl-1H-pyrazol-1-yl)phenyl,
4-(3-(trifluoromethyl)-1H-pyrazol-1-yl)phenyl, 3-(oxazol-5-yl)phenyl, 4-
(oxazol-2-yl)phenyl, 4-(oxazol-5-yl)phenyl, 4-(2-methyloxazol-5-
yl)phenyl,4-(2-cyclopropyloxazol-5-yl)phenyl, 4-(2-phenyloxazol-5-
yl)phenyl, 4-(cyclopropanesulfonamido)phenyl, 4-(3,3-dimethylazetidin-1-
yhphenyl, 4-(3,3-difluoropyrrolidin-1-yl)phenyl, 4-(2-oxa-6-
azaspiro[3.3]heptan-6-yl)phenyl, 3'-(benzyloxy)biphenyl-4-yl, 3-
(hexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl)phenyl, 3-(4-(pyrrolidin-1-
yhpiperidin-1-yl)phenyl, 4-(4-methylpiperazin-1-yl)phenyl, 4-(4-
isopropylpiperazin-1-yl)phenyl, and 3-(6,7-dihydropyrazolo[1,5-a]pyrimidin-
4(5H)-yl)phenyl.

23. The compound of claim 22, or a pharmaceutically acceptable salt thereof,
wherein R4 is chosen from 4-(1-benzyl-1,2,3,6-tetrahydropyridin-4-
yh)phenyl, 4-(pyrimidin-2-yl)phenyl, 4-(5-methylpyrimidin-2-yl)phenyl, 4-(5-
chloropyrimidin-2-yl)phenyl, 4-(5-fluoropyrimidin-2-yl)phenyl, 4-(4-
(trifluoromethyl)pyrimidin-2-yl)phenyl, 4-(5-cyclopropylpyrimidin-2-
yh)phenyl, 4-(pyridazin-3-yl)phenyl, 4-(pyridazin-4-yl)phenyl, 4-(5-methyl-
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(1 R 2R, 3R) - N-hydr oxy-2-(2-isopropyl benzo[ d] oxazol - 6-y1) - 3-

phenyl cycl opr opanecar boxam de;

(1R 2R, 3RyoNetlywsmsy- 2- ( 3- (oxazol - 5-yl ) phenyl) - 3- PCT/US2012/022216
phenyl cycl opr opanecar boxam de; (1

R, 2R, 3R) - N Hydr oxy- 2- (4- (oxazol -5-yl ) phenyl) - 3- o

phenyl cycl opr opari@idazebRamrienyl).14+o-(vifwommgthyl)(14l-midazol-2-yl)phenyl, 3-

H i m dazol - 1- e - r - | I n yde; (1
R 2R 38 2. (4 OGRS HiaRcato 2URNEYE SRR RE SRR e: {
phenyl cycl opr dp&gaﬂ@ﬂﬁﬂ?@t;4-(1JH-pyrazoI-r1]-yI)phenyI, 3|-(oxazo|-5-y|)pheny|, 4-
R*, 2R*, 3R*) - N -2- -3-(4-(2- - 5-
%% ) Bgf”é'Rl 3Cyg | ﬁ%ﬁ{é@f?ﬂ%ﬁé%ﬁ(%fm{é-yl*ph(aerr]mw, %?(?%gyc;propyloxzzol-&

: : -2- vFlauQir 2 ~ ver-nxy- 3-
phenyl cycl opro)gg)necgr’go@ar%eg@;%qé%é A PBRENYI) aht BY@!7
R*, 2R*, 3R*) - 2-diBydropktarotalpyb-alpydimidia-4(biHpyBplyenyl N- hydr oxy- 3-
phenyl cycl opr opanecar boxanmi de; (1
R*, 2R*, 3R*) - 2- (4- (5- Cycl opropyl pyri m di n- 2-yl ) phenyl ) - N- hydr oxy- 3-

phenyl cych)popr opgaes ?@%é'@f@%ﬁm(%, or a pharmaceutically acceptable salt thereof,
R, 2R*, 3R*)-2-(4-(4-Trifluoromethyl pyrimdin-2-yl Jphenyl)-N- hgdroxy-3-
phenyl cycl opr ophereda R dkahesen from 1,2,3,4-tetrahydroquinolin-6-yl, 2,3,4,5-

o AT, DO BUBb )02 1 R 2>
a]pyrazin-7-yl, imidazo[1,2-a]pyridin-7-yl, imidazo[1,2-a]pyridin-3-yl,
pyrrolo[1,2-a]pyrimidin-4-yl, 1,5-naphthyridin-4-yl, 2,3-
dihydrobenzo[b][1,4]dioxin-6-yl, benzo[d][1,3]dioxol-5-yl, and 1-0x0-
isoindolin-5-yl, each of which is optionally substituted with one or two
groups independently chosen from halo and lower alkyl optionally

substituted with one, two, or three halo groups.

25. The compound of claim 18, or a pharmaceutically acceptable salt thereof,
wherein R is heteroaryl optionally substituted with one, two, or three
groups independently chosen from -R11, -OR12, halo, and -NR13SO2R11.

26. The compound of claim 25, or a pharmaceutically acceptable salt thereof,
wherein R4 is chosen from pyridin-3-yl, pyridin-4-yl, 1H-pyrazol-4-yl,
pyrimidin-5-yl, pyridazin-4-yl, benzo[d]isoxazol-3-yl, benzo[d]oxazol-6-yl,
and thiazol-5-yl, each of which is optionally substituted with one, two, or
three groups independently chosen from -R, -OR4,, halo, and
-NR13SO2R 1.

27. The compound of claim 26, or a pharmaceutically acceptable salt thereof,
wherein R4 is chosen from pyridin-3-yl, pyridin-4-yl, 1H-pyrazol-4-yl,
pyrimidin-5-yl, pyridazin-4-yl, benzo[d]isoxazol-3-yl, benzo[d]oxazol-6-yl,
and thiazol-5-yl, each of which is optionally substituted with one or two
groups independently chosen from halo, lower alkyl, 2,2,2-
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(1 R*, 2R*, 3R*) - N- Hydr oxy- 2- pheny1- 3- (4- (pyri dazi n- 3-

yl ) phenyl ) cycl opr opanecar boxam de; (1 R*, 2R*, 3R*)-N

- Hydr oxy-weophenypioo8- (4- (pyri dazi n-4- yl)phenyl)cycl opr opamasarboxzns de;
R*, 2R*, 3R*) - N- Hydr oxy- 2- pheny1-3- (4-(pyrimid in-2-

yl )phenyl ) cycl opr opanecar boxam i ,

R, 2R*, 3R*) - N-tFjle &@}hﬂa@?mmﬂ@r@m}wﬂ t-Hiflugragthyl, cycloalkyl,

1 Jereny ey TR S s enterpanpaygy i over it

phenyl cycl opr opaimeidar-Rox aptioteally(substituted with lower alkyl or halo, oxazol 5-yl

phenyl eyl Lpr““ el R s Tk B iy S msqtsstw[eﬁyl )

H-i mi dazol - J(anﬁ)nﬁwrlamp?@ RANLEYELORS gréﬁpemﬁwmtﬂ@

R*, 2R*, 3R*) - 2 4- (2-cyc | SOI nd phenyl) ydroxy 3-
phenyl cycl opr oqnlﬂuemrb,cbx@mﬂ p;er,ldl(ﬂZ R, d{:m,oaﬁ)ly Subﬁ'itu(eﬁemﬂylowqr)aﬂm or

, 11- bi pheny1] E dr oxy- 3- phenyl cycl opr opanecar boxam de; (1

R*, 2R*, 3R*) - 2- Yﬂzﬂl oghet élrbazoI-Q-y1)41 . 11- bi pheny1] - 4- y1) - N- hydr oxy- 3-
phenyl cycl opr opanecar boxam de;

28. The compound of claim 27, or a pharmaceutically acceptable salt thereof,
wherein R4 is chosen from 2-cyclopropylpyridin-4-yl, 6-
(trifluoromethyl)pyridin-3-yl, 2-(trifluoromethyl)pyridin-4-yl, 5-
(trifluoromethyl)pyridin-3-yl, 2-(2,2,2-trifluoroethylamino)pyridin-4-yl, 6-
(2,2,2-trifluoroethylamino)pyridin-3-yl, 6-(3-methyl-1H-pyrazol-1-yl)pyridin-
3-yl, 6-(5-methylpyrimidin-2-yl)pyridin-3-yl, 6-(2-methyloxazol-5-yl)pyridin-
3-yl, 6-(5-chloropyrimidin-2-yl)pyridin-3-yl, 6-(4-isopropylpiperazin-1-
yhpyridin-3-yl, 2,6-dicyclopropylpyridin-4-yl, 6-(5-fluoropyrimidin-2-
yhpyridin-3-yl, 2-(5-chloropyrimidin-2-yl)-6-cyclopropylpyridin-4-yl, 1-
methyl-1H-pyrazol-4-yl, 1-(2,2,2-trifluoroethyl)-1H-pyrazol-4-yl, 1-
(cyclopropylmethyl)-1H-pyrazol-4-yl, 1-cyclopropyl-1H-pyrazol-4-yl, 1,3-
dimethyl-1H-pyrazol-4-yl, 1-(1-(2,2,2-trifluoroethyl)piperidin-4-yl)-1H-
pyrazol-4-yl, 1-(5-(trifluoromethyl)pyridin-2-yl)-1H-pyrazol-4-yl, 1-(5-
(trifluoromethyl)pyridin-2-yl)-1H-pyrazol-4-yl, pyrimidin-5-yl, 2-
cyclopropylpyrimid-5-yl, 3-cyclopropylpyrimid-5-yl, pyridazin-4-yl, 6-
cyclopropylpyridazin-4-yl, benzo[d]isoxazol-3-yl, 2-
isopropylbenzo[d]oxazol-6-yl, and 2-methylthiazol-5-yl.

29. A compound chosen from
trans-N-Hydroxy-2,3-diphenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-2-Cyclohexyl-N-hydroxy-3-

phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-N-Hydroxy-2-(2-isopropoxyphenyl)-3-

phenylcyclopropanecarboxamide;
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(1 R 2R, 3R) - N- hydr oxy-2-(4-(4-nethyl -3, 4-d i hydro-2H benzo[b][1 , 4] oxazi n-
7-yl ) phenyl) - 3- phenyl cycl opr opanecar boxam de; (1

R*, 2R*, 3RVD-2bk2dHps00exy- 2- (4- (4-i sopropyl pi perazi n-1 -yl ) poengk)12822216

phenyl cycl opr opanecar boxam de; (1

R*, 2R, 3R*) - N- Hydr oxy- 2- ( 3- (4-i sopropy|l pi perazin-1 -yl )phenyl) - 3-

phenyl cycl opr of&h %’8x)a2“n( &lu C{@D'F@”&QRR/ PR OxYBHy dr oxy- 2- (4- (3, 3-d

i fluoropyrrol id i cycl opr opanecar boxam de; (1
R, 2R*, 3R*) - 2-(4-(2"%3%){%%%52% GG -yle) pheny1) - N- hydr oxy- 3-
phenyl cycl opr w&%m&mmﬂudﬂphenyl) -N-hydroxy-3-

R*, 2R*, 3R*) - 2- (4- (2- Oxa- 6- azaspi r o] 3. 3] hept an- 6-yl ) phenyl ) - N- hydr oxy-
3- phenyl cycl opropan@?%ﬂyﬂﬁ}’)? fg%“ c[a(rtio>]p@m%@ 3R*) - 2- ( 3- (Hexahydropyrrol o[ 1

, 2-a] pyrazin- @Rygkgt%gﬂorg{g%qé%yAggiﬂ}g?ygcycI opr opanecar boxam de; (1

R* 2R*, 3R*) - N- dr oxy-2 n-1 -yl)piperidin-1 -
yl )phenyl ) cycl opr opamrydeyctopopaisecartoRide3R) - 2- (3- (6, 7- Di hydr opyr azol o 1

(1 R IRe 3R CRE AR SR P TR ot BT L Y1) phenyd) -0 O
N e
(1R7, 2R’y3R*) 2-( Bromophene/ll)- -hydr>c/ny 3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-o-tolylcyclopropanecarboxamide;
(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-m-tolylcyclopropanecarboxamide;
(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-p-tolylcyclopropanecarboxamide;
(1R*,2R*,3R*)-2-(4-(cyclopropanesulfonamido)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1S8*,2R*,3R*)-2-Cyclopentyl-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R,2R,3R)-N-Hydroxy-2-(1-methyl-1H-pyrazol-4-yl)-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-(pyrimidin-5-
yl)cyclopropanecarboxamide;
(1R,2R,3R)-2-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R,2R,3R)-2-(8-Chloro-2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(18,2R,3R)-2-(8-Chloro-2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-3-(2-
fluorophenyl)-N-hydroxycyclopropanecarboxamide;
(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-(pyridazin-4-
yl)cyclopropanecarboxamide;
(1R,2R,3R)-2-(2-Cyclopropylpyridin-4-yl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1S,2R,3R)-2-(2-Cyclopropylpyridin-4-yl)-3-(2-fluorophenyl)-N-
hydroxycyclopropanecarboxamide;
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phenyl cycl opr opanecar boxamide; (1 R*, 2R*, 3R*)-N -Hydroxy-2-(4-(1 -nethyl -
H i m dazol - 2-yl ) phenyl) - 3- phenyl cycl opr opanecar boxam de; (1

R*, 2S*, 3Svp-2812(3d08- Fl uor opyri m di n- 2-yl ) pheny1l) - N- hydr @exyAB2012@212yd - 3-
phenyl cycl opr opanecar boxam de; (1 R*, 2R*,3R*)-2-(4-(1 H pyrazol -

-yl) ph 1) - N-hyd -3- ph I I b
R 2R SR N Hy ol @é"%@h@q«% slopsopy 8§’r$q‘78§?§§r%¥m§ﬁﬁ‘c{5“9ph@mﬁhws-

yl') cycl opropanecar pgf &% 4-(1 -Benzyl -
.2, 3, 6-tetrahydropyridi ny-%’.%yq %%é;f‘ny T@@arﬁldé,

hydr oxy- 3- phenMIIQ;QRlafp)FMQaDﬂUmeiZdEI][1(3]d|oxol 5-yl)-N-hydroxy-3-
S, 2R, 3R) - 2- (2-fl uor ophen - N- hydr oxy- r§14 (2 nmet hyl oxazol - 5-
yl ) phenyl ) cycl oprop%l'?%’ty YSEPARP Qﬁcar%qxa

S, 2R, 3S) - 2- ( 2-f4l . e
yl)phen§/|)c§/c| 51%'3?@ Whharbxy 236@%«6%%@%{@1)@9”% tyy! oxazo

S, 2R, 3R) - 2-(2-fl uoryi}dyelopl()p%doﬁdemﬁem (3-nmethyl-1 H pyrazol -1-

LR oS A R R AR S 3-etoremetyigy Bty 1) - 1

razol - 1-yl ) phenyl ORRITSP de; (1
gyZR 3R) - 2y()2pfl ugr%%r@ﬁ? N-h d?%)%?ﬁa@é (isop ro@g S - .
nor phol | noet hyﬂ1ﬁ2ﬂRr&B)pNé'ﬂMdr%y8I-(dm>@p&ﬁ Pad bifupneetay!)iseindolin-5-yl)-3-

R FARCAER o AN RIS SRS
(1R,2R,3R)-N-hydroxy-2-(2-isopropylbenzo[d]oxazol-6-yl)-3-
phenylcyclopropanecarboxamide;
(1R,2R,3R)-N-Hydroxy-2-(3-(oxazol-5-yl)phenyl)-3-
phenylcyclopropanecarboxamide;
(1R,2R,3R)-N-Hydroxy-2-(4-(oxazol-5-yl)phenyl)-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-2-(4-(1H-imidazol-1-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R,2R,3R)-2-(4-(2-Cyclopropyloxazol-5-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-N-Hydroxy-2-phenyl-3-(4-(2-phenyloxazol-5-
yh)phenyl)cyclopropanecarboxamide;
(1R*,2R*,3R*)-2-(4-(5-Fluoropyrimidin-2-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-2-(3-(5-Fluoropyrimidin-2-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-2-(4-(5-Cyclopropylpyrimidin-2-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-2-(4-(4-Trifluoromethylpyrimidin-2-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R,2R,3R)-2-(4-(5-Trifluoromethylpyrimidin-2-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
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(1 R 2R 3R)-2-(benzo[d]isoxazol - 3-y1)- N hydroxy- 3-

phenyl cycl opr opanecar boxam de; (1

R 2R, 3R) -Wo(2612xsdoepr opyl pyri dazi n-4-yl1)-N hydr oXy-3-  PCT/US2012/022216

phenyl cycl opr opanecar boxam i de (1 S, 2R, 3R) - 2- (2-f 1 uor ophenyl) - N- hyd
roxy-3-(6-(3-nethyl-1 H pyraz

yI )pyr| di n- 3- y{TfEydR opR0 ﬂ%@bﬁ%aﬁh%' 3t(4-(ByDHRZMB- 2- (6- (5- chl oropyrimi d

2-yl)pyrid in-3- %1&; lygrg%_é@?@%@@&%&am'd&ydrOXyCyCl opr opanecar boxam

|de (1 R 2R 3R)-2- -1 sopropyl piperazin-1 -yl)pyridin-3-yl)-N
hydr oxy- 3- phen{lR*yZRHPROpid nEHgardxg>G&pheieyl-3-@-(pyridazin-4-

S,2R,3R)-2-(2-f|uor heny1) - 3- (6-(5-f1 ydr|m|d|n2yl)pyr|d
i n-3-y1)-N- hydr oxy! %%ﬁbﬁﬁiﬂ&@&%ﬂ%ﬁ%{ ?‘ﬁ’g'
S, 2R, 3R) - 2- ( 2- {IRqu@p@@ ni&’rBW’Q%ﬁén@Téﬁﬂ(ﬁyﬁﬁ‘id’fﬂ@yH mid in-2- yl)pyrid

I n-3-yl)cycl opropanecar oxa
R, 2R, 3R) - N- hydr oxy- ﬂ)mﬁ-nweymommbenazaﬂbommhc)qur| d in-3-yl)-3-

R 53R 0 P B i, BRI s 2o 35(A BYETIING: 3.y 1) - N hydr oxy- 3-

phenyl cycl opr opanec ro énecarboxamlde
S, 2R 3R) - 2(2f|uor%{)hen ?béi@p b -3-(2- 2,2- trifluoroethylam

i no) pyrid in-4MR.2 )&Rb@){%}ﬁ%@ﬂ@pﬁwwﬂln@ew)phenyl) N-hydroxy-3-

phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-N-Hydroxy-2-(4-(5-methylpyrimidin-2-yl)phenyl)-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-N-Hydroxy-2-(4-(5-methyl-1H-imidazol-2-yl)phenyl)-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-2-(4-(2-cyclopropylisoindolin-5-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R,2R,3R)-2-(3'-(Benzyloxy)-[1,1'-biphenyl]-4-yl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-2-(4'-(9H-carbazol-9-yl)-[1,1'-biphenyl]-4-yl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R,2R,3R)-N-hydroxy-2-(4-(4-methyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-
7-yl)phenyl)-3-phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-N-Hydroxy-2-(4-(4-isopropylpiperazin-1-yl)phenyl)-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-N-Hydroxy-2-(3-(4-isopropylpiperazin-1-yl)phenyl)-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-N-Hydroxy-2-(4-(3,3-difluoropyrrolidin-1-yl)phenyl)-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-2-(4-(3,3-Dimethylazetidin-1-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R")-2-(4-(2-Oxa-6-azaspiro[3.3]heptan-6-yl)phenyl)-N-hydroxy-

3-phenylcyclopropanecarboxamide;

165



(1 R 2R 3R) - N- hydr oxy-2-phenyl -3-(1 -(2,2,2-trifluoroethyl)-1 H pyrazol -4-
yI )cycl opropanecarboxamide; (1 R 2R 3R)-2-(1 -cycl opropyl -
H pyr azolwa-29iyrobéoBydr oxy- 3- phenyl cycl opr opanecar boxanipd®[usedi2/022216
R 2R, 3R) - N—hydroxy 2-phenyl -3-(1 -(1 -(2,2,2-trifl uoroethyl)pi per| d

4-y1 1 H -4-yl pro anecarbo am de; R 2R, 3R) - 2-
& vl hy 1. 1 AR e S Aoy ol el g0 AphunRRBoR bk ani de:

1 R 2R 3S)-N-h d
|(ohenyl cycl g)pr opgnrec x%% @@Yéyﬁf% W %cg%aé#'dﬁl oro-1
R

ro ,2-t 0 -

t et r ahydr obenzo%/f] [ﬁyph@{&[sa r,Qp%l éﬁ@%?@ﬂfi@)panecar boiam de;
R 2R, 3R)-N-h
tetrahyélropy)r/r ?R%fg)lz gﬁz)z{q)?ﬁ‘? yT) Z?O-I(B[;;)hée WE@@ @%JF )S’EQ%% llﬁ?(am de; (1
R,22R, 3R) - 2- ]( 1 -f I ydngimxy 3h?]®glaycfdpmmdayboxalrmdé 3, 4- E;:F r aQé/‘(rjnr ggyr rol o[ 1
, 2- a -75%1) - ro e cl opr ppan
R 2R 3R) - N hyd @ﬁ%%ﬁ#ﬁ@w B R ROPpReRb S

t et rahydropyrrol o[ 1y W@épéhgcaybd%id@?r opanecar boxam de; (1
R 2R, 3R) - N-hydroxy2 2,2,2-trifluoroethyl)-5,6,7, 8-

h
t et r ahydr oi m ddZ8[2R% 3R e%ﬁyﬂzmqy- -(GH(Pegeolcbydpemtadboxani de; (1
R 2R 3R) - N-hydr Oxy_ﬁ%ﬁ%ﬁod)ioégnééarbéxé‘fﬂﬁ%mt hyl )i midazo[1 ,2-a]pyrid in-

7-yl)cycl opropanecd
(1R*,2R*,3R*)-N -Hydroxy-2-(4-(1-methyl-1H-imidazol-2-yl)phenyl)-3-

phenylcyclopropanecarboxamide;
(1R*,2S5%,3S*)-2-(4-(5-Fluoropyrimidin-2-yl)phenyl)-N-hydroxy-1-methyl-3-
phenylcyclopropanecarboxamide;
(1R*,2R*,3R*)-2-(4-(1H-pyrazol-1-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R,2R,3R)-N-Hydroxy-2-phenyl-3-(5-(trifluoromethyl)pyridin-3-
yl)cyclopropanecarboxamide;
(1R,2R,3R)-2-(4-(1-Benzyl-1,2,3,6-tetrahydropyridin-4-yl)phenyl)-N-
hydroxy-3-phenylcyclopropanecarboxamide;
(1S,2R,3R)-2-(2-fluorophenyl)-N-hydroxy-3-(4-(2-methyloxazol-5-
yl)phenyl)cyclopropanecarboxamide;
(1S,2R,3S)-2-(2-fluorophenyl)-N-hydroxy-1-methyl-3-(4-(2-methyloxazol-5-
yl)phenyl)cyclopropanecarboxamide;
(1S,2R,3R)-2-(2-fluorophenyl)-N-hydroxy-3-(4-(3-methyl-1H-pyrazol-1-
yl)phenyl)cyclopropanecarboxamide;
(1S,2R,3R)-2-(2-fluorophenyl)-N-hydroxy-3-(4-(3-(trifluoromethyl)-1H-
pyrazol-1-yl)phenyl)cyclopropanecarboxamide;
(1S,2R,3R)-2-(2-fluorophenyl)-N-hydroxy-3-(4-(isopropyl(2-
morpholinoethyl)amino)phenyl)cyclopropanecarboxamide;
(1R,2R,3R)-2-(2-cyclopropylpyrimidin-5-yl)-N-hydroxy-3-

phenylcyclopropanecarboxamide;
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(1 R 2R, 3R)- N-hydroxy-2-(imidazo[1l ,2-a]pyridin-3-y1l)-3-
phenyl cycl opr opanecar boxam de; (1 R 2R 3R)-N hydroxy-2-phenyl-3-(pyrrolo[1l
, 2- a] pyriwoanre/#3008| ) cycl opr opanecar boxam de; (1 R, 2R, 3RcTNshyidneeye 2- (1
, 5-napht hyri di n-4-y1)-3- phenyl cycl opr opanecar boxam de; (1
S 2S, 3R) - 2- (2-cycl opropyl pyrid in-4-y % droxy 3-(2-methylth iazol -5-
yl ) cycl opr opané 2'8&1%)#1(%12%@30%20" -yl)-N- ydroxy- -

S, 2S,3R) - 2-(2- I d 3-(5-
(trifl uz)r om(at hy(;lyg:t ﬁ&ﬁé}ﬁlﬂrﬁ@d ﬁé 4?%%% o%gﬁécgfﬁgxarrf de; (1
R 2R, 3R)-2-(1- ((1(/552Rl3E)F2>1()6Hcydoch2}yj¢yymeizlmy4 YHANHypdyoxgzdH - 4- y1) - N- hydr oxy-

2 DR 8l Y Pt Do T GBI R ARREROATINE: N hydr oxy- 3. (1 - et hyl - 1
Hpyr azol - 4- y')@wﬁg@e@gﬂ@gm@mw h{droRy2S(ER- rd%twohr%yra%o% - et hyl -

H pyr azol -
(trifluoronethyl)t hylmymdm-a-yy)lc)/clpptaﬂanepamarrbMam de;

S, 2S, 3R) - N- hyd H- | -2-
yl ) cycl g)pr opgn@gzﬁéésg &Lg?é Eﬁl‘o,g\p@ﬁlrglér aé&Wéﬁ% XD g(fﬁé‘?rﬁ@b %RF“
H- | -4-y1) - 3- ORTREH6
1EyrzgzgR) l\l}/h)dro%@rﬁk%ﬂ 1H pyrazol -4-y1)-3-(2-
rifl uoromet iR, %Ré’rﬁ'}é'&@'@h@m@@p%nléeawr@ém 1-yl)pyridin-3-yl)-N-

S, 2R, 3R) - 2- ( 2- Chlfgxgiﬁgggyaﬁen'y'@y%%rp?égar?’ec(a}b%wﬁ% 1H pyrazol - 4-

) cycl opr opanecar b

t
1
1
1R 2R, 3R) - 2- ((aSmcyﬂb)pzl@ﬂalbrd}éhbmr)mwéﬁﬂdorﬁpymmmya)ﬁwzjm 344)-N-
1) cycl opr opanecar boxam de;
1R 2R, 3R) - N hydr oxQydoxycyslangranasanyexarsides- y1) - 3- m
(1S,2R,3R)-2-(2-fluorophenyl)-N-hydroxy-3-(6-(5-methylpyrimidin-2-
yh)pyridin-3-yl)cyclopropanecarboxamide;
(1R,2R,3R)-N-hydroxy-2-(6-(2-methyloxazol-5-yl)pyridin-3-yl)-3-
phenylcyclopropanecarboxamide;
(1R,2R,3R)-2-(5-chloro-6-(2-methyloxazol-5-yl)pyridin-3-yl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1S,2R,3R)-2-(2-fluorophenyl)-N-hydroxy-3-(2-(2,2,2-
trifluoroethylamino)pyridin-4-yl)cyclopropanecarboxamide;
(1R,2R,3R)-N-hydroxy-2-phenyl-3-(1-(2,2,2-trifluoroethyl)-1H-pyrazol-4-
yl)cyclopropanecarboxamide;
(1R,2R,3R)-2-(1-cyclopropyl-1H-pyrazol-4-yl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R,2R,3R)-N-hydroxy-2-phenyl-3-(1-(1-(2,2,2-trifluoroethyl)piperidin-4-yl)-
1H-pyrazol-4-yl)cyclopropanecarboxamide;
(1R,2R,3R)-2-(1,3-dimethyl-1H-pyrazol-4-yl)-N-hydroxy-3-
phenylcyclopropanecarboxamide;
(1R,2R,3S)-N-hydroxy-2-(2-methylthiazol-5-yl)-3-
phenylcyclopropanecarboxamide;
(1R,2R,3R)-2-(8-chloro-1,2,3,4-tetrahydroquinolin-6-yl)-N-hydroxy-3-

phenylcyclopropanecarboxamide;
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t ol yl cycl opr opanecar boxam de;

(1R 2R, 3R) - N- hydr oxy- 2- (1- net hyl- 1H pyr azol - 4-y1) - 3-( 3-

(trifl uorwoebteyioy@ienyl ) cycl opr opanecar boxam de; PCT/U82012/022216
(1R 2R, 3R)-2-(3-chl or ophenyl) N- hydr oxy- 3- (1- met hy1- 1H- pyrazol -

y1l) cycl opr opanecar boxam d

(1S, 2S, 3R) - 2- (BRe9R l?o%)rNﬂWWM a1ﬂﬁleﬂl¥&7§7(4é2(232-tﬂlflk@met9¥|ﬁé’t%Hft hi ophen- 2-y1)

(15,25, 3R oo o Lo RUARLARRRALBIPO AR IB0Y Ty eycioprgpanecarbpxamige:
(g-rsl lesugrRomst h6271|F§ 2R;3R)hrdmy21rq>ty}25(¢4m¢1h9paméea%lbrdkmno3ete;5/l) 1,2, ﬁ Ai- o ] ,
S erat on o e oY Cshahvarberolat Balpyidzin 7357y 37 ¢ et hyl thi ophen- 2
(1R, 2R, 3R) - N- hydr 0Xdh ;}Mﬁ%‘nﬁ(f‘&é@o{érﬁb@ uor onet hyl ) - 1H i m dazol - 2-
| h | |
{1)sz§en§R§ C?(é%%ﬁ%ﬂ%ﬂ(ﬁum a;(z 21 Mtiifricdeetblyh 2-,2,8) btesraypropymaioldyd/- 3-
h | | b
R de OB OB by e T e RN Braxy BraneRy Y CIoPNaRSRIAT AT G s oxy- 3-

phenyl cycl opr opgngRaERONHYIEEKy-2phenphsl(PRE 2t trfRldryetAgyLR? 8-e sal t
t hereof . 30. A pharnaceut i cal corrp05|t|on conprising a corrpound of any one

of clainms 1 to 29, tetrahygieyrredl-alaytaziméobisyelbpeopsaiecatioxagude; and at

condi 1 on br - chESf Rer O VSPE BT B e S s IES Y Tase 8
subj ect in need of wuahy @rdimmtzUFIHB a\]\diyréhlnf@yb@;ibl@@ﬁpéhésﬁbéﬂémnmeﬁerl ng to
the subject a therapeutlcal |y effective anou npound._ of any one of

claims 1 to 291Fe2Ra3MPnNryeERM2Phenyl- %d%ékstﬂa@r%n@tavt)m'ﬁei%[aﬂ apyrid 'f’he
met hod of claim 31 wséﬁqp@ﬂgng&#%%hd@e hi stone deacetyl ase i s HDAC- 4
cl al

33. The nethod of sard condition or disorder involves a
neur odegener at (V&2 RBR)EN dgyroxy-2-(imidazo[1,2-a]pyridin-3-yl)-3-
phenylcyclopropanecarboxamide;
(1R,2R,3R)-N-hydroxy-2-phenyl-3-(pyrrolo[1,2-a]pyrimidin-4-
yl)cyclopropanecarboxamide;
(1R,2R,3R)-N-hydroxy-2-(1,5-naphthyridin-4-yl)-3-
phenylcyclopropanecarboxamide;
(1S,2S,3R)-2-(2-cyclopropylpyridin-4-yl)-N-hydroxy-3-(2-methylthiazol-5-
yl)cyclopropanecarboxamide;
(1S,2S,3R)-2-(2-cyclopropylpyridin-4-yl)-N-hydroxy-3-(5-
(trifluoromethyl)thiophen-2-yl)cyclopropanecarboxamide;
(1R,2R,3R)-2-(1-((5-fluoropyridin-2-yl)methyl)-1H;pyrazol-4-yl)-N-hydroxy-
3-phenylcyclopropanecarboxamide
(1S,2R,3S)-2-(3-fluoro-5-methylthiophen-2-yl)-N-hydroxy-3-(1-methyl-1H-
pyrazol-4-yl)cyclopropanecarboxamide;
(1S,2S,3R)-N-hydroxy-2-(1-methyl-1H-pyrazol-4-yl)-3-(5-methyl-3-
(trifluoromethyl)thiophen-2-yl)cyclopropanecarboxamide;
(1S,2S,3R)-N-hydroxy-2-(1-methyl-1H-pyrazol-4-yl)-3-(5-methylthiophen-2-
yl)cyclopropanecarboxamide;
(1R,2R,3R)-N-hydroxy-2-(1-methyl-1H-pyrazol-4-yl)-3-o-

tolylcyclopropanecarboxamide;
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34. The nmethod of claim 33 wherein the condition or disorder is
Huntington' s di sease.
WO 2012/103008 PCT/US2012/022216

30.

31.

(1R,2R,3R)-N-hydroxy-2-(1-methyl-1H-pyrazol-4-yl)-3-(2-
(trifluoromethyl)phenyl)cyclopropanecarboxamide;
(1S,2R,3R)-2-(2-chlorophenyl)-N-hydroxy-3-(1-methyl-1H-pyrazol-4-
yl)cyclopropanecarboxamide;
(1R,2R,3R)-2-(3-fluorophenyl)-N-hydroxy-3-(1-methyl-1H-pyrazol-4-
yl)cyclopropanecarboxamide;
(1R,2R,3R)-N-hydroxy-2-(1-methyl-1H-pyrazol-4-yl)-3-m-
tolylcyclopropanecarboxamide;
(1R,2R,3R)-N-hydroxy-2-(1-methyl-1H-pyrazol-4-yl)-3-(3-
(trifluoromethyl)phenyl)cyclopropanecarboxamide;
(1R,2R,3R)-2-(3-chlorophenyl)-N-hydroxy-3-(1-methyl-1H-pyrazol-4-
yl)cyclopropanecarboxamide;
(1S,2S,3R)-2-(2-cyclopropylpyridin-4-yl)-3-(3-fluoro-5-methylthiophen-2-yl)-
N-hydroxycyclopropanecarboxamide;
(1S,2S,3R)-2-(2-cyclopropylpyridin-4-yl)-N-hydroxy-3-(5-methyl-3-
(trifluoromethyl)thiophen-2-yl)cyclopropanecarboxamide;
(1S,2S,3R)-2-(2-cyclopropylpyridin-4-yl)-N-hydroxy-3-(5-methylthiophen-2-
yl)cyclopropanecarboxamide;
(1R,2R,3R)-N-hydroxy-2-phenyl-3-(4-(5-(trifluoromethyl)-1H-imidazol-2-
yh)phenyl)cyclopropanecarboxamide;
(1R,2R,3R)-2-(3-chloro-4-(5-methyl-1H-imidazol-2-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide; and
(1R,2R,3R)-2-(3-fluoro-4-(5-methyl-1H-imidazol-2-yl)phenyl)-N-hydroxy-3-
phenylcyclopropanecarboxamide,
or a pharmaceutically acceptable salt thereof.

A pharmaceutical composition comprising a compound of any one of
claims 1 to 29, or a pharmaceutically acceptable salt thereof, and at least
one pharmaceutically acceptable excipient.

A method of treating a condition or disorder mediated by at least one

histone deacetylase in a subject in need of such a treatment which method
comprises administering to the subject a therapeutically effective amount
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of a compound of any one of claims 1 to 29, or a pharmaceutically
acceptable salt thereof.

32. The method of claim 31 wherein the at least one histone deacetylase is
HDAC-4.

33. The method of claim 31 wherein said condition or disorder involves a
neurodegenerative pathology.

34. The method of claim 33 wherein the condition or disorder is Huntington’s
disease.
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