D azonam de Anal ogs [0001] Technical Field [0002] The invention relates to
di azonam de anal ogs of fornmula (lI), and to salts, pharmaceuti cal

conposi t iwop12altssonj ugat es t hereof, which are useful ®€T/US2012/033715
anti-proliferative agents. [0003] Introduction [0004] Di azonamide Ais a
mtotic spindle-disrupting agent. first isolated fromthe marine organi sm

Di azona angul ata, having the sti#eqnpade ppalpgs [ 0005] The preparation of
di azonam de anal ogs via macrocyclic indoline internmediates bearing a

car bobenzyl oxy (Cbz) or o-nitrophenyl sul fonyl protected am no group has
been prl@00dusleghuiesdri¢lded. US 7, 022, 720 and US 7,517,895 correctly disclose

the str re.of. diazongm d and descrj be e synthesis of sonme of its
anal ogd W00 Ty esER RS R i HaledS of REmDIESR Budls descr | bes
synt hetgharm@iebachs c&ﬁgosﬁtﬁ'&lspirﬁiﬂﬁ)‘hﬁigia&@ et RERAAM lefiARAhMDBrotifdatividol i ne
internedi ates. US 7,538, 129 describes di azonam de A anal ogs. US Ser No.

12/ 432,8%%Si s a rel ated pendi ng application disclosing indoline, which |ack
the rigid nmacrocyclic structure bridging the A- and E-rings of the

di azonam de skel eton. Disclosed here are conmpounds of forrmula (1) and

addi ti qoed3|navebduditiazonam de anal ogs whi ch possess potent cytotoxic
activity and are useful for the treatnent of cell Proliferative di sorders.
[0006] [ rlyiaganapide Ay aptiiosA spindls7disrRdngresablitst salptsdtfirUn thesmagingect ed
tomardqnggﬂﬁﬁgﬁgé?ggg%gagyhgdﬂéﬂw§ﬂgdgﬂgrnaceuticalIy acceptable salts and

conj ugat er eor, arnmaceutical conpositions conprising a conpound of

formula (1) and/or a salt or conMaiEf::;hereof, nodi fied fornms of such

conpounds conjugated to stabilizing]or target ents, and net hods of
meki ng and using these congggndng i
0

WO 2012/ 145255PCT/ US2012/ 15 . éeutically acceptable salt or
conj ugat e t hereof; mherénﬂ?\ﬁaN®' ‘ uted C1-C4 alkyl; R2is
H, or optionally substit tedOCH- ; is \e\Cl2 al kyl, Cl-C12

het er oal kyl , C2-Cl12 al kenyl, "C2- C} enyl © M3- C8 cycl oal kyl, C3-C8
het er ocycl yl, C4-Cl12 cycl oal kyl al 2 e

aryl, C5-Cl2 heteroaryl, Cr7-Cl4 ary 2y
of which may be optionally substitut e, is H or optionally substituted

Cl-C4 : R5 is optionall tituted C6-Cl12 aryl or .optional
Substi HO0RT R grSpapbion s alazbnirhat pudingGn Rt oSSRt maR e L. o4
al kyl; l&ﬂﬁ%y c%%eﬁzyﬂogk@%%@ﬁ%ﬁéﬂﬁén hi9onyPprot&eled#midb  haQ'be&nl - C8

al kyl , ' al kenyl al kynyl , -C12 aryl, or C7-Cl4 arylal kyl, or
a het errgéapunlypdeseribecofUS R, 728 anth Ust 7,501,835 qranecthe displosathalstryctsigledt i t ut ed;

mis O_dlllé'lzo%z?nqme A and describe the synthesis of some of its analogs. US 7,851,620 (continued
with US Ser No. 12/896,898) describes synthetic methods for the preparation of diazonamide
analogs via indoline intermediates. US 7,538,129 describes diazonamide A analogs. US Ser
No. 12/432,615 is a related pending application disclosing indoline, which lack the rigid
macrocyclic structure bridging the A- and E-rings of the diazonamide skeleton. Disclosed
here are compounds of formula (I) and additional novel diazonamide analogs which possess

potent cytotoxic activity and are useful for the treatment of cell proliferative disorders.

[0006] Summary of the Invention

[0007] The present invention is directed towards compounds of formula (I) and
pharmaceutically acceptable salts and conjugates thereof, pharmaceutical compositions
comprising a compound of formula (I) and/or a salt or conjugate thereof, modified forms of
such compounds conjugated to stabilizing or targeting agents, and methods of making and

using these compounds and formulations, wherein formula (I) is:



m is 0-3. [0008] The invention enconpasses all conbinations of various
preferred enbodi nents/substitutions of formula (1) described herein. [0009]
In a furtweromspsrss, the invention provides a phar naceuPCraiS2aiQopiyssti on
conprising at |east one conmpound of formula (1) or a disclosed enbodi nent

t hereof, and a pharnaceutically acclgpt abl e excipient. [0010] In sone

enbodi nents, the conpound of fo'{zrml (1) or a disclosed enbodi nent thereof
is a conpound in one of the Tabl®y fded herein, or a pharmaceutically
acceptabl e salt or conjugate oﬁ4o C &%= conmpounds. [0011] In anot her
aspect, the invention prov %I‘eﬂs a¢/mePhod/ for treating or aneliorating a cell
proliferative disorder, conpig siRQg admjfnistering to a subject in need
thereof a therapeutically effecti)s at | east one conpound of
formula (1) or a disclosed enbodi ~(Y)MO

2012/ 145255PCT/ US2012/ 033715 Of)m: codnj ugate, or pharnmaceuti cal
conposition thereof. In sonme enbodi nts§6the ampunt adm nistered is
sufficient to inhibit cell proliferation. In ot héP enbodi ments, the anount
i's suffd Gi matmiRusdaPy ok bl AW RoRfuch iGEot UNDr size. I n some

enbodi ment's, the conpound of fornula (1) or a disclosed enbodi nent thereof
i s usedvheteisonbi nati on wi th anot her chenot herapeutic agent or approach.

[ 0012] BPr.ovided..al so are t for inhibiting cell proliferation in a
cel |, %PP@?%&W%@%‘?Qﬁg'(?ﬁagﬁ%lelI with a compound of one of the formula
descri pEgdg mglbeb}sﬁor@ny@l&amted@[_Cmoa[]jq;qgate t hereof, in an anount effective
to inhibjt cell proliferation. In sone enbodinents, the cells are in a cell

n

line, RidhGCE dhrleed -l hetgrpgikyly €2d°12 adkenelIC-Ch heterdalkedyk £8rehr east ,

pr ost at 182k ) i el r ; PP

enbodi m F\ltogr,wf’he cgeﬁftse}ogpgyll’ ?461@?1;@55%%?&32%11{?1?‘@30@ rrﬁZr @%%ﬁéﬁ%%lgygecﬁt S, the

ti ssue @@ANCHE [2rhedersah], €7LC14 arybillhgr oreidadi eltdrylilkel, esdhl f véfieh imay de t unor ,

and sonetines are . in a tunor in a subject. [0013] Provided al so are net hods

for treRtiPRYlcaheErtefh a subject in need of such treatnent, conprising:

adm ni st iNg, LoidAay SWkakid @1 idhenppeutical Iy effective amount of a

conpound o ’f{)rﬁr%%rg {I olr a gllscl olg:gd enbodi nent thereof or a salt or

conj ugeRSeis ppesradfy sulssitdeds €oHiMIEhrerraiptipnally smhstaned 615-€ Kabetemapff ecti ve to
liorate said.can 4] The invention further provides

treat 6 .a 100

met hod fIBITfPF%?qnﬁﬂyé?bsgﬂﬁ‘?cfgﬁﬁﬁaﬁbﬁa condition related to aberrant cell
prol i f ehay yomhd YOE iiRipERIcRily RAIBVOHEE | A La1kEBE) 1066 148 mgawr@s fkenyl, C2-
aneliorating a cell proliferative disorder i'n a subject, conprising

adni ni St&alkpeylaLCebrpoaridodf7-Cddmuylalkyl pr ohetarofiorotdiowwdf ehsodiante at whishr eof
or a sanlnt or C‘%%]Eﬁatbe .ﬁuher,eof, as described herein, to a subject in need
t her eof " AP USHEEE i ve to treat or ameliorate the condition. [ 0015]
I n the g thadsnadescri bed herein, the subject nay be a research ani mal
(e.g., rodent, dog, cat, nonkey), optionally containing a tunor such as a
xenogr dftis (e.g., human tunor), for exanple, or may be a human. [0016]
Bri ef (et . | F . ata for subject
corrpouﬁgg&{]npglr?qﬂi‘é’%&(lgﬁQﬁ%{ﬂﬁ%%egfldg[cgglgoﬁaﬁg{ﬁ%&g(\gdﬁ%ﬁ?g%%ﬁgdeI in mce. [0018]
Fi gur e entsldonantdaitatifutibnsofifjoaaiilachripauidbdd hereirma M apaca pancreati c cancer
xenograf& nodel in mce. [0019] Detailed Description of Particular .

Enbodi m30%Y [IBatbrtheriepgst dBeiiventiRpaipYides halrrpacarigel conpssting FempEsg | y by
ref er eng galQreR8pBlLiPYY e AR B Jr i deREd LRbbAMER] thbRer Rpgher r ed

enbodi nent s of thg Invention and the Exanples Included WO

2012/ 1452668€T111¢d8 0t & pidBrdEientein. It is to be understood that the

t 1 d h inis f th j. bi i fi
emboci AR dRRgmsRaPrdiee. fincomalig B B oD agi Ao ERRRIPREl (o be
under tiagdo iDToMPb@RSinTARY TP HEHIARKEAI & fphaiSe ALy REG bIUSEd

herein is to be given its traditional nmeaning as known in the relevant art.
[ 0021] sA ocusemjugpse eff one affieessicagapendsf orns "a", "an", and "the" incl ude

pl ur al rences.unl ess jndicated otherw se. [0022]. As used herein, the
Ferm » 0} G 00 SPEREro RS, S RRRNEP AR b Ging SRRk R EpPERE s L
enmbodi rpsliferativB @isdiie), &0 priSink WaRIistEARLR] a dibfect BY ived tHei@dta therapdugiebliyng” or
"treatnment” in reference to a particul ar di sease or disorder include

pr eventafigativyt ameunt gf atdgasé opg camryinderf forgnd dy of edisdptedgmbodipefithegeot
aneliorating, alleviating or renoving the synptons and/ or pathol ogy of the
di sease or disorder. [0024] The term "therapeutically effective anount" or
"effective anount” is intended to nean _that anmount of a drug or
pharmaceutical agent that will elicit & bi ol ogi cal or nedical response of a
cell, tissue, system aninmal or human that is being sought by a researcher,
veterinarian, medical doctor or other clinician. The terns al so can refer

. . o - s, = .

p
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\
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[0026] Typically, the al kyl, alkenyl and al kynyl substituents of the
i nvention contain 1-12C (al kyl) or 2-12C (al kenyl or al kynyl). Preferably
t hey contwioro/B8&256al kyl ) or 2-8C (al kenyl WD 2012/ 1452P65RGT410825712/ 033715
or alkynyl). Sometinmes they contain 1-4C (al kyl) or 2-4C (al kenyl or
alkyny sin can i.nclude nmore tha pne t ype of nult | e bond,
or rtaﬁﬁrﬂ glgﬁ{?r aéan‘E?HHCﬁ§B’61ﬁ°§jFI%B’§“£ e %?6‘?%8%‘60"\}\?1?1}‘{? rt $
defi l m tan@ihnPhdrh & dred {E‘suﬁfiéf&ﬁ% mhmlltﬂﬂ@])[fefh‘ﬁ% 2ot dRBREMORS, the
car bon- car bon doubl e bond, and they are included within the term "al kynyl"
mhen thmynmommaﬁhn@nuidawﬂmmnegwaMbmwxdawbonwtmzplbl$mn&tmﬁd@®a@psthe

"Het er oal k ete ken nd. " het e and the |ike are
dor | nedoaitinges FRoghle daficisd et FhPRiSY Btsed eI aioReig ana
al kynylaho@epttiRsnothithpdubie agdiRbehgprodddr Ns refer to groups that contain one or
nore heteroatons selected fromO0O, S and N and conbinations thereof, within
t he badR8ble Rrevided also mageth@dﬂ feniphitities ecllrpsehfestiominp call,cf@mpé@m@nm ng
al kyl , yn b ified

net or odr g e SE A el b OHR: AR O e B 3RE 61 °5r oup.
Pr ef er abhjugaakidredtetnednahdiyt effét&ive e alhkgnydll @olifehaioar oakduaymbedioepts,
cont ai ns onI 1-2 heteroatons as part_of the skel eton of backbone of the
het er odP& Al S&F%W cgll lgne, SWBtaS@ﬁéwaFﬁbh%w1wéHﬁ§ derixed Hayp eashr esent .
Hence, BELAEABhKKLS:. 10 BOR AL bR 5,4 G5 b bmbBlitiehisChBRE R,
secondary ant tert?%r@ﬁ% E ? nes, y sb|?§%§ ln ?ﬂh* S f onyl s m? and
t he I|heatﬁ@ﬁﬁ&ﬂuﬂhmmiwmheamo@nwnprékemm&dmsmzesaEmMeMeﬂmom&DrnB of al kyl,

al kenyl and. al k | groups are rally the sane as for the correspondi ng
nyor orgityigenets < GPR o LaalEnT onE Lt TaE THATRE hACKRE on 1 he

het er of[@o1 a6vilBEaSE AR AShNASLLERDG WY iRPOWFedt M nddae YT @&ARLEY
groups. Where such groups contain N, the nitrogen atom may be present as NH
or it mmpbl@mgutaétrmmﬁt@@@g fofthe ﬁé)JMtaéhQr&deFalb’reffﬂCﬁw anogrtelip compdesteli bed
as optigonall sub ere suc roups contain he sul fur atom may
opt | ondPTg LD SR o ot e S B AR Sy REMHRLE iR B, 7! easone
of cheregah, iftalbuhtythat it efféctibl 36 trodtde hfleROEd ARE canbéll €ss ot her wi se

speci fied 'such groups do not include nore than three contiguous

het er 04084 é@ler}aYétnUQﬂ further petvides apalyedsdpiairentingof ppglerabne dReNdtidup may be

pr esent 40 can be a
G2 hot ar Aarey Aoy eSSl Bl 490, fithitf b BE O R PR 1 i B 2

het er oednkdﬂomg awdett peol Feiraeipé dicesle Diner wbjdoq momblnmﬁ@ laamﬁﬁstaiﬁ% gaghpoundand S
is substituted with two =0 roups %0029 VWhjle "al kyl" as used herein

i ncl uded fespruly e Ry disrlgsed an Frtaheiget Groaler C%%g%mwéfé deearibed *  nay
be us eﬁhe?é?ﬁ,% | sﬁﬁsﬁeétqﬁ Qkdd Gdlebyinds: in ?ﬁ? ef’fec‘ifi‘f% Y& ﬂEf{%r Qﬁneﬁéfa‘éé i byndi@bir at ed,
nmonocyclic or or spiro po ycyc car bocyc is connected via a
ring cdPObr] dhaolm mathdds' dascililosl Heyeha,l thy lsﬂbm&yndydoemsbamh ahésalr(elge radent,

car bocycli c non- aronatlc rou is connected to the bas | ecul e

throug Ognca RYpkey}, pREpnal Cr?PFaéIPP%amrﬂ%rtsélF E@H‘Wgr%?‘nl?é?%%e U descri be
a non- aLRERL id ckMpleCodhAHR: § R@hagont ai ns at | east one heteroatomas a ring
menber and that is connected to the molecule via a ring atomof the WD
2012/145255PCT/U82012/033715 cyclic group, which may be C or N, and

"heter yl d 1o describe such a group that is connected
to anoﬁﬁgﬁh ]? ¥#$m?%%gﬁ§ﬁHaﬁg3Fﬁyl | i nker. The sizes and substituents

that ar[@0Bn tfaghe 1fsBowt Beta gyicduBlckadmpaiyied MadnkyCakiy humhetaeeayalona and
heterocyclylal groups are the sane as those described above for alkyl
gr oups . Xeppgl @WIC Yin ipigg) oal kyl and heterocyclyl groups are 3-8, and

cycl oal I r I ze of a

cyel oal Y18 Spu 82 G SHAEXE AR m B BUER Ao b ea BB D hber of
car bon x@hogmftatodef incaicbon at ons pl us het eroat ons t hat replace carbon atons
of an al kyl, al kenyl, al kynyl, cycloal kyl, or cycl oal kyl al kyl portion. As
used herein, these terns also include rings that contain a double bond or
two, agoh]9 HailddDEkA idPoRhiAIAMEb&tinER030] As used herein, “acyl”
enconpasses groups conprising an al kyl, alkenyl, alkynyl, aryl or arylal kyl
r adi cal[062(]acFedretenoineergiontrhay banmdastddabbre rva]ﬂer’aye‘efeme tooths follovaing

o) wihet SRR PSS TRIE el o GRY AT YO AR e O ana

heteroacyl refers to the correspondi ng groups wherein at | east one carbon
ot her than the carbonyl carbon has beeg repl aced by a heteroatom chosen
fromN, O and S. Thus heteroacyl includes, for exanple, -C(=0)OR and
-C(=0)NR2 as well as -C(=0)-heteroaryl. Also included within the definition
of het eroacyl groups are thloacyl substltuents e.g., C( S)R and |n1ne

~Nnrs A T . ] S N . o



[ 0040] "Hal 0", as used herein, includes fluoro, chloro, brono and i odo.
Fluoro, chloro, and bromp are often preferred. [0041] "Am no" as used
herei n rewensiywsiNs2, but where an am no is described agCTaisheiosiried” or
optionally substituted the termincludes NR2 wherein each Ris

i ndependently .H, or is an kyl , al ke l., .ac or aryl al kyl
group derih Rl e el oBLhraE s (7 lporiic g nint

each ofspuhfi6 emﬁaaﬁniéets%w anak hyt fn%ﬁ&d tdﬁeqqnmnghttlbeuraiépsé bd RRESoescr i bed
her ei n as suitable for the corresponding type of group. The term al so

i ncl udebatfuntays speladicelln dtﬂmdthmoelm t13¢ tsupsmobrgyoned hértinggénbeagiven {ts . ., NR2)
are llqﬁﬁq topether t % i a&%ered nonocyclic azacyclic ring or an
8- 12 nelfbEred %?%9%%?8 ?Qﬁyég %%5”?@?5 ring system each of which may be
sat ur at[gR1]unsaidl Abreh, dc AF QIMMIHEN AT, W Chhdmae GREILE Fludd EfBigh@soat ons

i ncluding the azacylic ring nitrogen atoniindependently selected fromN, O
and S aslesh pyliGataddheywise. e. | 0-2 heteroatons selected fromN, 0 and S in

dditi t
o L 3038 R B RR R ST Shid SRR b by T o
al kyl gmﬂmﬂﬁn@ﬁ&thémﬁﬁ&tmomnmmses an aromatic group, it may be optionally

substituted wi.th the substituents described as typical for aryl or

het er odPF3grdisgermspitisner rig@tisgcr SFalerer i r?ieitgge t%P%eﬂﬁrmf@Pt i ne,

pi per i dj;NederRRIR %E ﬁ@&%n@i‘oﬂ%f HERL R & MFsorlidl QT 5@?&@% ilg, 1111{%(9\95 zine, and
honopi per azi ne. Anmino groups may optionally e in‘a protected or
unpr ot ectadidrdtiogmlle@neingfor standving the tsh@peints andiolr gathploee of dtealitdast orappr opri at e
am ne py.ot cting groups may vary depending on the functionality present in
the parti®di'ar nolecule and the nature of the amino group. Suitably

pr ot ectiggeAM MRS eMRYithbApEHESy EQEcRYANMPLE" RMEMRSIVELRALEET 8dindhde@fbamat es
(e.q. tertbutoxycarbonyl (Boc), benzyl oxycarbonyl (Cbz),

f1 uor eny¢armeth4tt>ﬂlnmuyt efor gk pi(lﬁmequtlca] 4gynb&lyt‘aﬂ1b@1¢ytla l(lsdllogleel) orcmedlcal

e 1 uotuReel o SCaloES: S 0y boighERr R BRC SFraee Tt Afliues,

Schi f f ' \etddimaarn @fiddval HY&@Ss ordfligkrichBiclankBhe RlisOalsdediifed tar@uainkyr or allyl
amnes, as well as trialkylsilyl protected am nes. [0043] Were an amine is

pr esentstonpingrpecdlcreliferasiomrateye 25 slowiveg oiradtingesmos Brosvth horrredusiee thae

br ot et itheIbPHRIcHII: cah S IR 08B, HISRICEIADE o WMED! SORAEE e

opti ona I nc ep of renoving any ‘protecting groups on ar am ne or

aninoahwgbrgﬂmpnﬂﬁumhaoﬁ2&ﬁé&25§?@%/m&zo&z%QGBWiﬂwiQEW&anbaymeﬁme
aIkyIsquonyI and "aryl sulfonyl" as used herein refer to noieties of the

f or m - SEPAHKIAS. B nughorehprolifgrasing cgllyy rediged By y9%ar @ gt P ritfe-ad) %iiVe .

Opt i ong lyof Lugsinated G _Ltal kyl, and optionally substituted phenyl groups

are preferre or sulfonyl noieties. The phenyl groups of an aryl sul f onyl
nmoi et y [0025]1beA o baeid, yhestﬂtnsst i‘alkbtléd‘aihenﬂ”@nda“dkymui’f achudbstraigbectasn,sui t abl e

o o insd heliand by e iR et Gach s fnd bt Biestr et on

oxygen fEmihih QAR €@ and &wﬁu&%;ﬁ RYIns kiRl E %Ja%ﬂés%ﬁ&lﬁ@@ﬁ‘t@lt@? Swien
present on nitrogen, and sul fones when present on carbon. Representative

sul fonaﬁmomemmwl ertputyl, QRiImEYl nﬂé%eatséf)thyl 230RCR3l, Bthuitfriyhtasyl the

- 0502t qlk%l "[(ht llr?t‘lt el)et o?cr:]zgrbg hg‘toI I Iie suc roThe to%{em e%ldléO)%Cglhbop " as
used het'si n ¥ &PRrEE ] noiét 0P 1Y RS CBOR® TSP E°Re Ctt al kyl,
C2- C8 al kewlén th€ordh oaﬁybmtamrup%w@ét%@aﬂsbalat@y&is, it tnray@b kiyécsﬂbba'hs 1apctope i ke,

each of which may be optionally substituted. Wen ﬁ,esent on nitrogen such
al koxyc&Hohi? omﬁ l-l3er ﬁ%@mzcgﬁ’]ﬁ@m%gatomﬁ i(yRicake Nf Peidentargallpyed tas

nitrog 0 I e ptionally
nal ogency Bep e il BUERTR: SR IRA0 R ool TRu 18

2, 2, 2- taxambleotheatumblers cﬂe,sdrﬂﬂngrﬂieigydupZ ﬂ"R)ugh &till @hittanee% @yC)—,C(ﬁlrépfd:senuhéi onal |y
substituted benzyl, fluoren nethg or trialkylsil (%e. .

trii soptBpYfies nynberaficabry pomsyp the EPHD Blis W‘dt%tqwi( 8y Qiegeroameﬁ thst &€ent on
car bon i S ARLALLERribr Blifith R8nTsGh B/ Ak iQnah IRARRIRKE. esters,

car boal koxy groups, or the like. I'n sonme enbodi nents containing a

car boxy0e26d éEstpmallgrutﬂictalk(yhalkegymp allgnyl subptimtets abthe inve@tidn abityin IgI2AWp. I n

Some suc nbQqdi s, R is t hyl,, hyl , n-pr i sopr | ... n-butyl,
sobut kB ot Gy e Podteprabhate e il B b B 2Rt he
specified group or nDiety bears one or nore non-hydrogen substituents. The
term’ unsubstituted nmeans that the specified group bears no such sub
stituents. [0047] "Optionally substitutled” as used herein indicates that

the particular group or groups being described may have no non-hydrogen
substituents or the group or groups may have one or nore non-hydrogen

. 4 . L,



[ 0059] Preferably R5 is an optionally substituted phenyl, naphthyl,

benzi m dazol e, benzoxazol e, benzthi azole, pyridinyl, pyrimdinyl, pyrazinyl
or pyridaxonyi2/ms2sg, and nore preferably, RS is an opti eqalusgoizobssst ut ed

oxazol e, oxazoline, thiazole, thiazoline, pyrazole, pyrazoline, imdazole,

i m dazol i ne, r.rol e, rroline,. i le, | azol i ne, isothi.azol e,
 sot hi dzaiomed’ Semafimsthey Comaia-4C YD of Pasorleny wralkvayB & FhHE. T 0060]
Prefer rg%!u;ﬁ%%aﬁ&keﬂlbﬁe fhBe bﬁkd@pélaf f?lultﬁilé b&hd, 6YRBR th@K o%hﬁﬁﬁé bohd; such

fluorinated Cl-C4 al kyl, optionally fluorinated Cl-C4 al koxy, COOR8,
CONR92, gr@@s@iinghnded prith@sthEdafimébe pHeiey¢rm ‘é?élcdmybfwluﬁn théy m{yalbet bpitloonal ly

substi t ut.ed er Cl-C8 Cl2 aryl, or
& 10 PR bR pofey npesr e R Bled gnif Risat™ SRS Y0 B ey be
opt i onalohdairbathedst bw@@bomb&a@ﬁple%num ndependently H, or Cl1-Cl2 al kyl,
Cl1-C12 heteroal kyl -Cl12 al kenyl -Cl2 heteroal kenyl, C3-C8 cycl oal kyl ,
C3-C8 r{@%’/r]ocylé¢t9110alk®li’ m@er@@@rsl@m Wﬂéhwylroalk@nyléﬁzd H&W?é@f}ﬂeél kyl ,

C6- C12 :

et or od I 4T EE BRI R o Tt SRk R B GEbet 8 ¢wo Ro on
t he samietblo amme yetki @egrbapsfthitrooanir@ic dlﬁﬁd)rb)heﬁl:ﬂ)ﬁdmi sttt d¥rorh @, 8-aidmber ed
azacyclic ring, .optionally containing an_ additional heterpatom se| ected

from N,2d Coaﬁalasr%%tharepf MG this s ac %ner%ﬂ%dthélé.éhl%%gewrben APy 3 ncl ude
yrroll i , hol i ne,

pi per azclghggpongg&%ﬁkﬁgp?%él g%?ﬁ%yﬁ 0%91'1 glre cer tkbg:dr?@g)rfggyp?e EGl’(i:rrbodi ments, R5
i S an dptdremaink yo Hulbsithetarddklylohaziohkenyl, diheaaoblkymyil Ropupl Preformblys aadh

enbodi nents,. R5 is e ri substituted wt opti onal |
20191 1 Rspapiet idaibrid srq belulini dup eitEr ot P hrestBi sl oar yi
ring. e SQMR0EIDOLKPER ST ,theﬂgétér'éalﬁgﬂ Q&%Q'ee nbt ﬁhgluﬁﬁigsshbhﬂﬁ&ﬁ's Wt IlﬂaQB@ or

nore al kyl, hal o, carboxylic acid, ester or am de substituents. [0062] In
speci f ipresenbobienesnhetersil ybrinelbde QlkPX}’lREuqhsas &halﬁmt |a&yhtt1hgfrsswbgmdammh

heteroc lic eter t.he f (R14)p L(4 O N;
o065 R R g SO TR TR S e RAs RIS, 1o ol kyl + each Ria
i s 1 ndgpersientte\typiahiqnd Prdfé@ed §yator h&éroﬂﬁhﬂs @B@l y aﬁdeﬁﬁranaaﬂm Cérogﬁs al kyl,
optionally fluorinated Cl-C4 al koxy, COORS, C6-Cl2 ary Iyor Co-Cl12
het er oaam/geneéadkyﬁh@ﬁam\m%ﬁ@r wogésmmn@maﬂwa@abg@ppmaé@ thevwbﬁftéums that H  or
Cl-C8 |

het er of%lé g%err]lgg %?H thésdéfonggcr}% él%:sﬁ%n%% B%B(J)egtalg{;)%éa H% i 2{63@3 ed
and eacmoﬁa iVghdra deghedrdeit doyitalih Noﬂle(ﬁliré.‘glea aairkyﬂa,y bEpréstat daeﬂerooalrkaw he C2- C12
al kenyl , - Cl12 heteroal kenyl cl gal kyl, C3-C8 heterocyclyl,

C4- C12 se%}%tﬁﬂ kf;ﬁh%lhwﬂoaﬂﬁhom@ﬂ%gr@%%sw@ﬁ@ PptigUlysubsiityted. Whhepe 5

het er O%Xﬂ &%n‘%alﬁfsyhfé kKMlr atBfh %&%ngﬁ} B¢ %ﬁ&%@k&gb or 8% Rinflss Whi ch may
be optlona ysu stltute or two on the sane can cycllzetoforman
opt i onaitherwsehsdicdted. eEoraeasbns 8f crentiend stebidizy dtyis lalso undcrrgt;ooéﬁtalt omddsk y

cont ai ni ng an addj.t on het er oat om sel ect e om N, . as a ring
menbor O BEaPeich quah #1808y doghal TRHEHT S YL E SPPHgio vl et Sas B at od,
unsat ur;ﬁhe(ﬂ oy he’%é@é‘[ﬁ&] Gaid hRAGIh Qe o§u fgho@zragysé %)&sérﬂt BIN &S hyﬂed nitro or
pyrrolidine, piperidine, honopi peri di ne, i ne, thionorpholine,

pi per amUHenylgmilmonwprﬁé@ﬁ‘iHn@an t[@OBO@ﬁ}letlerDaB@ﬂ gmun Spb@lﬁletﬁd sitherdodiiment s of
f or mul 00 n _each 1 and R12
o' | noaieRlin ROy Pt s acPiacts ot Pbal SRR GeT eedihe oo

al kyl, &atsl@@@lisklyutédwahwakeﬂr@l 504 al koxy, COORS, CONR92 C6-C12 aryl or
C5- C12 het eroaryl, each of V\/mch may be optionally substltut ed; where R8 is
H or d902H AWVkile “alicd” egusadisrajn mC@Eiﬁmzcl%arﬂwl ang cygvalicylalkyt giogpsyhe or a

R B e R S N St S R e e

Cl- C12 satukattd, niinoCidichetfededalr kyiro pélReycliz, @ltikegyle thdf2s édhAedted eimaaldeenyl |
C3-C8 cycl oal kyl, C3-C8 heterqcy clt\)/ C4-Cl1l2 cycl oal kyl al kyl, C4- C12

het erocf?@%“?laé?rkﬁnd exclealbylalky]” meybeyss dﬁ%fd@%caa?9Farbew@iﬁloa@wrawy| or

Co- CL4 Bt Ehaek Xhldilio %csas@alomhmhmgh e DY 902 binisihst | tuted: or two
RO on the 'sane N can cyclize to forman ptlon 'y substitufed 3- to

8-ne nbéﬁletérmelw’ahay:ber nged,to dpftcnbﬂ alnby-acomdtai aychg ganp dodicontemaht leett ene at om

sel ect romN, O, and S as Suc cl.ic

et ur adEEroRbas acineahonberaig fuk SRR BE TSR gL e por Aot PHgE  net ude
pyrrolidine, piperidine, honDplperldlne nor phol i ne, thionorpholine,

pi per azi ne, and honopi perazi ne. [0067] JIn sonme such enbodi nents, each Rl11l
and R12 is independently H, halo, nltré cyano, Cl1-C4 al kyl, Cl-C4 al koxy,
COOR8, or CONR92, (6-Cl2 aryl or C5-Cl2 heteroaryl, each of which nay be
optlonally substltuted and |n partlcular enbodlnents R11 is halo nitro,

~A ~ A ~A ~ A

NNR NN S NS NA PN o o PN NA PN



, . 4. 7 NR6 (Il), wherein R6 is as defined in fornula (1); hence, Y may be
at one or nore of positions 4, 5 6 and 7 of the indole noiety, and Y nay
be at onewonomms2ssf positions 2, 3 and 5 of the tyrosi RETS2@ERP337TAHD069]
Preferably each Y and Y' is independently halo (F, d, Br, or 1), OH Cl1-C4

al koxy, ef erab al o, rtlcul pref erabl 1s.3, 2, 1 or

o1 of or aES up e b e opy N Bbsrocy Ay gy Fesedio Tebitgy ot

pr ef er regyeirkod Icaﬁwcfed\fo hfotBlr rﬁ@l%agé tHFB gh Qﬂ‘amﬁqinﬁ(wnﬁl&m@ afdrd 7 one or
nore of positions 5 and 7, one of positions 5,° 6 and 7, one of positions 5

and 7, Spb@lttlfmbmthﬁt anbyitabls fop dwi dycloalkyl, @mtlyalkyhlkpﬂ dietrocydlybmnddi nents, Y' is
at one .or osition 2

i ti 2
onty gt By B R e SpRF o BiarePSeThesbith 8 ng B PsoFiaRTHES "ar o
subst i taytRdikyl Si7HeerdbrR1y1R¥YEPs lamwmﬁmlwmﬁ ; eRaddyeRaliefl preferred
a

enbodi nents and preferred substituents as if each been | aboriously set

forth, growps ag efdrlile dhssirstaf agantoslkytalkyl oe betpriogedyhikyheesae Hesmnéfs%ﬂlﬁ ed
subst i ttHSP%%Iﬁ‘Ber%‘P%ar%n 'JR)In% OP‘%fof R%%gig]a%p% pY(& JtéF‘PEFomi‘%ﬁa‘f repl ﬁ{e afihaf n?@‘a”p' es

of such conbl hati ons | nc erV|a i'ves

W t h esifansliol,hditenyhalkyael bydloaBylesr dyoloatksidlik@mpodionRIA¢ 1&663]161@41 deky |,
particul ary isopropyl or t-butyl, R2, R4 and R6 are HL R3is a substltuted
met hyl B ngluds Pag%thmfﬂm dapde BpRd eitwos adqng pb theding is aﬂtc@rpz@a'il%

i sopro r 5 99 or
a1 TG Mo ke Pareg RERTINR i, ek 28, %

prefer aamylwrlérylalkylptadltca]mntaalealrmilone of7the pwefaemhablwva&;ncaposmms 0§ amarb’b,nyl

o L 0 i b b S o B o BRSSO B v
i sopr opyityl Qflkérrg%‘é‘ﬂ%lnyl R, &rﬁﬂﬂtyf@oﬁ%ian@:he@%odcﬂ @fe'im?ﬁthé tsr&gdonmhby! of

the formil a wherein Ra 7s and Rc is isopropyl or
t - but ylgroRs Whﬁrm@ar least one carbon other than the carbonyl carbon has been replaced by a

heteroatom chosen from N, O and S. Thus heteroacyl includes, for example, -C(=0)OR and
—C(=0O)NR; as well as -C(=0)-heteroaryl. Also included within the definition of heteroacyl
groups are thioacyl substituents, e.g., -C(=S)R, and imine groups, e.g., -C(=NH)R.

[0031] Acyl and heteroacyl groups are bonded to any group or molecule to which they are
attached through the open valence of the carbonyl carbon atom. Typically, they are C1-C8
acyl groups, which include formyl, acetyl, trifluoroacetyl, pivaloyl, and benzoyl, and C2-C8
heteroacyl groups, which include methoxyacetyl, ethoxycarbonyl, and 4-pyridinoyl. The
hydrocarbyl groups, aryl groups, and heteroforms of such groups that comprise an acyl or
heteroacyl group can be substituted with the substituents described herein as generally
suitable substituents for each of the corresponding component of the acyl or heteroacyl group.
[0032] ““Aromatic” moiety or “aryl” moiety refers to a monocyclic or fused bicyclic moiety
having the well-known characteristics of aromaticity; examples include phenyl and naphthyl.
Carbocyclic aryl rings and ring systems typically 6-12 carbon ring atoms, and may include a
saturated or partially unsaturated carbocyclic ring fused to an aromatic ring, e.g., a
tetrahydronaphthalene, indane or indene ring system. Similarly, “heteroaromatic” and
“heteroaryl” refer to such monocyclic or fused bicyclic ring systems which contain as ring
members one or more heteroatoms selected from O, S and N. The inclusion of a heteroatom
permits aromaticity in S-membered rings as well as 6-membered rings. Typical
heteroaromatic systems include monocyclic C5-C6 aromatic groups such as pyridyl,

pyrimidyl, pyrazinyl, pyridazinyl, triazinyl, thienyl, furanyl, pyrrolyl, pyrazolyl, thiazolyl,



1 N----0- IONa - IR O-- wherein Ris H Cl1-C4 alkyl, particulary nmethyl or
H and Yis F and/or O, preferably F, at postion 5 and/or 7, preferably 5,
mis 0, IwonoR/4mseferably O or 1, and mi is 0. [0074] PCT/USR@20B¥15 4
oxazoyl derviatives with alcohol or ketone in position 4: RL is Cl-C4

al kyl, particulary isopropy] . or.t-butyl, , R4 . and R6 are H, is a

Subot | (8RBT Ao et fuidep TS e, SedrO R s H, and

RC i s 118@PLRA YIS antl UYL biBR licSnoidlies formedbylfusing@ne WREI& Moffodyelidydr oxyl

or C1-C4 alcohog, or Cl-C4 ketone, particularly hydroxyl, hydroxy nethyl,

1- hydr egrgupstwish a phenyl Higgpowithiagy pf g ykteramemid mofocynlild groups to forrefadiabl y F,
rably. 0O.or 1, and

ot P00t 2,80 Ty GNP B e o O RO i
car bamafugnddinys [ubﬁzmaﬁa%, béhzPRSAdyl WenAothiddyli Se&ilso%zo@lvlkpg!razd@@ga&iidwl ary
| sopropyl or t-butyl, , R4 and R6 are H R3 is a substituted nethyl of
t he f orqwifagolinybramiRe)inwheinaelinyReandghadike. Rny moppeyghe oRgisedringbisyeisyl or
t-butyl s’ystg% \l/l%lclll\lhggbthe characteristics of aromaticity in terms of electron distribution
throughout the ring system is included in this definition. It also includes bicyclic groups
where at least one ring has the characteristics of aromaticity, even though it may be fused to a
nonaromatic ring. Typically, the ring systems contain 5-12 ring member atoms. Preferably
the monocyclic aryl and heteroaryl groups contain 5-6 ring members, and the bicyclic aryl
and heteroaryl groups contain 8-10 ring members.
[0033] Similarly, “arylalkyl” and “heteroarylalkyl” refer to aromatic and heteroaromatic
ring systems which are bonded to their attachment point through a linking group such as an
alkylene, including substituted or unsubstituted, saturated or unsaturated, cyclic or acyclic
linkers. Typically the linker is C1-C8 alkyl or a heteroform thereof, preferably a C1-C4
alkyl. These linkers may also include a carbonyl group, thus making them able to provide
substituents as an acyl or heteroacyl moieties.
[0034] “Arylalkyl” groups as used herein are hydrocarbyl groups if they are unsubstituted,
and are described by the total number of carbon atoms in the ring and alkylene or similar
linker. Thus a benzyl group is a C7-arylalkyl group, and phenylethyl is a C8-arylalkyl.
Preferably, an arylalkyl group includes one or two optionally substituted phenyl rings and a
C1-C4 alkylene that is unsubstituted or is substituted with one or two C1-C4 alkyl groups or
C1-C4 heteroalkyl groups, where the alkyl or heteroalkyl groups can optionally cyclize to
form a ring such as cyclopropane, dioxolane, or oxacyclopentane, and wherein the alkyl or
heteroalkyl groups may be optionally fluorinated. Examples of arylalkyl groups include
optionally substituted benzyl, phenylethyl, diphenylmethyl, and triphenylmethyl groups.
Optional substituents when present on the aryl ring of an arylalkyl group are the same as
those described herein for an aryl ring. Arylalkyl groups typically contain from 7-20 atoms,
preferably 7-14 atoms.
[0035] “Heteroarylalkyl” as described above refers to a moiety comprising an aryl group
that is attached through a linking group, and differs from “arylalkyl” in that at least one ring
atom of the aryl moiety or one atom in the linking group is a heteroatom selected from N, O

and S. The heteroarylalkyl groups are described herein according to the total number of



1-114 0'c wherein Ra is optionally substituted CO-C4 alkyl, Rb and Rc are
I ndependently H, Cl1-C8 al kyl, C2-C8 al kenyl, C6-Cl2 aryl, or a heteroform
of one ofwoOhere#i4s5mach of which may be optionally substi taras2oipasivisul arly
wherein Ra is CO or C aIkyI Rb is H, and Rc is H, rrethyl nmet hyl ester,
referably F, at

met hyl sul fonyl . su nd. Y is F and/o

5 and/ d¥oHS 1“&%%?88&% 5%“ Ib ni“ Y12‘C1“8Fé1fyé|g5961|1)§/516k%1rth PUedAd m is 0.

[ 0076] 1is
ST bR s g i By

subst i tantdddtenmtlydrowgfs linfred froowah sahe(teloﬂbﬂimk)er whereiampRahetsro@ryl gRipss H, and

So157 1480 ReeBRbesr Biltstel T O aFnok 3 e DB N rapylaio! esves oiseliny

C6- C12 hislin from R hebekoprefemuly 6caneatéhs.t hese, each of which may be
optlonﬁlaﬁ/msubstltut ed, particularly wherein Ris H nethyl, or NHAc, and Y

is Fa CAlkylpes eﬁsalmcthrema@fe{fd@ @ickyplent Andnosarbyl erovpfieeaseytis, mis 0,
R N
parti CLdnaleefBﬁbEIrIDileM,Qhodghbvﬁeﬁ spebified éh @lkglembcardsobe fuBstitated byltisdri t ut ed
met hyl of the forrrul a CRaRbRc) wherein Rais OH Robis H .and Rc is
i sopr ofPURS agd qj"tgtbsﬂof oflsr jepigths, and the open valences need not be at opposite ends of a
chain. Thus -CH(Me)- and —C(Me),- may also be referred to as alkylenes, as can a cyclic
group such as cyclopropan-1,1-diyl. However, for clarity, a three-atom linker that is an
alkylene group, for example, refers to a divalent group in which the available valences for
attachment to other groups are separated by three atoms such as —(CH»)s-, i.e., the specified
length represents the number of atoms linking the attachment points rather than the total
number of atoms in the hydrocarbyl group: -C(Me),- would thus be a one-atom linker, since
the available valences are separated by only one atom. Where an alkylene group is
substituted, the substituents include those typically present on alkyl groups as described
herein, thus —C(=0)- is an example of a one-carbon substituted alkylene. Where it is
described as unsaturated, the alkylene may contain one or more double or triple bonds.
[0037] “Heteroalkylene” as used herein is defined similarly to the corresponding alkylene
groups, but the ‘hetero’ terms refer to groups that contain one or more heteroatoms selected
from O, S and N and combinations thereof, within the backbone residue; thus at least one
carbon atom of a corresponding alkylene group is replaced by one of the specified
heteroatoms to form a heteroalkylene group. Thus, —C(=O)NH- is an example of a two-
carbon substituted heteroalkylene, where N replaces one carbon, and C is substituted with a
=0 group.
[0038] ““Heteroform” as used herein refers to a derivative of a group such as an alkyl, aryl,
or acyl, wherein at least one carbon atom of the designated carbocyclic group has been
replaced by a heteroatom selected from N, O and S. Thus the heteroforms of alkyl, alkenyl,
cycloalkyl, alkynyl, acyl, aryl, and arylalkyl are heteroalkyl, heteroalkenyl, heterocyclyl,
heteroalkynyl, heteroacyl, heteroaryl, and heteroarylalkyl, respectively. It will be understood
that the heteroform of an aryl or arylalkyl moiety may contain one less “C” atom than the
corresponding all carbon system, because the inclusion of a heteroatom permits aromaticity

in 5-membered rings. For example, the heteroform of C6-C12 aryl is C5-C12 heteroaryl, and



, NRj O wherein Ris a C3-C8 heterocyclyl, C4-Cl2 heterocyclylal kyl,
C5-Cl12 heteroaryl, or C6-Cl4 heteroarylal kyl, each of which may be
opti onal Iwo=oirétas2sat ed, particularly an optionally subs®critsed 20319 e,
oxazol ine, thiazole, th| azol i ne, pyrazole, pyrazoline, imdazole,

i mdazo|i 0 ole, i azalin hi azol e,

st hi Ao eToraiad kb anteky S o iP5 pafasodf b Fogotuner ei n
preferrﬁ&e&mtewe%&nem OR@h ilyRbhRRtedG¥ QB AMld ah ddoupbiat ed
Cl-c4 atl kyl, optionally fluori natyed Cltec4 %Mgigy, 00558 0%}06In

aryl oratt@ale@m Nest Satqnf@nyla nleeohmdifonmrohp rmyn the C@m cpfcmethlm;hem@m’@mtam ed
where R8 is Cl2 aryl., or C7-Cl4

aryl al K{ig® %IF 8’ ﬁé’%’é‘?o%?%e fr?)zr%i 81“‘??‘?@2e¥hlgcg%°1%fan9\/ﬂ?%lﬂ<enay be optionally
subst i t[uow @ﬂesseﬁmwﬁ% ih@ENEE RRNEANT byo Hefedy t0G(@C12 al kyl, Cl1-Cl12

het eroaII@/ C2-Cl2 al kenyl , C2- C12 heter oal kenyl, C3-C8 cycl oal kyl, C3-C8
het er 0d0840]| | 1(1:@110@]?2 ugsehasein ki s fluorgachtoro. hremerand yedoy | Fingep) chlgs. C12
aryl, Cl4 aryl al kyl, or C6-Cl4 heteroarylal kyl, each
of whi (C:éﬁd%%lgg}e %%%%fﬁrgsubstl t ut ed; opti onal Iy containing an addi tional

het er oa[OMm]se‘IAeﬁlhed af ﬁ@mhbkeuﬁrefcamb SHasbwa wheftchnaibefis dadadbed ass F and/ or
d, preferably F, at postion 5 and/or 7, preferably 5, mis 0, 1 or 2,

pr ef er ab¥Rstignted” or, OHWEP‘WP/ SP‘%“@““FG@‘PSFWF@%NR?&WCE%? B¥WR & e i ncl uded in
chem c f t r t ed, both

ster eo?lg% ?Q:E(q:ltﬂ? gf ?ryrs lsuagirﬂeﬁiﬁfllf en%@g 4 ac ld adgts?e)gakwrgﬁpb%

2012/ 1468586060 /0BRO cuzmewdzﬁp sCamIimoﬂhmdkfmfed hmem,l each(df)whackdmdy be lopsethlly

enbodi me ts ther r exal have t r re asynpetric centers
gt nonBrgped SifShe PR A5 T Bl ivor i el BF Car SRV R ef PE T or e
Al optdred. TIROBER a1s8Mek1&de8 FaalsSPBER tRf tWd 1R cFRIFPOHBAS nBR3ER ht%ﬁﬁ%'éer ein,
and m xtures thereof, are considered to be V\Athl n the scope of t

i nvent iMRy,) armhlllhﬁ?dlt@@thdnéo favenhBencrapracomonenryslie azasy¢loneng ¢ dno¥-hs, one or
nore di ast m xtures th of. .ln rticul ar

AL e g B S R S N G B i B
havi ng @AarsthAR LM Gy e¥@eiHS| -§ Het®roatddihs i@EiRAINGIthd HABYIROG LRitgb&pdtem t han
about 95% and enanti omers having an enantiomeric excess (e.e.) of greater

t han 909dapenggndyselected divnalNottand 50s rgigrmnerapary (i.apik? Betgrpakings sséstps fae
pr esent C, QL trans
i soner sN (?Egd S(r?llggn ?g[r%]ml tﬁg Pﬁ@géﬁ %%b&hgtﬁgg far%ar%larﬁ dﬁfﬁ)d% rlIglii/ldgs %el | as

m xt ur esptiohallysibetitated Wieh the bliatiaenpaldndibedas swltabez(foﬁautylaglsopm HINRN

tautomeric forns, this invention relates to the use of all such tautomers
and mi XPHPEses Htrepatic E@G}?g} meas#ﬁ@aﬂ%aﬂdfsu%%tﬁqi wifhthe shytiggeats deweiged

enbodi rﬁ%% 41 R&r £Of r%ﬂtr&ﬁ' fefted (RS aQQt,sﬁhif: B6HBY in@fude BYrr 1ﬁé‘pp| i ed
rrfrgceutl 91]? b e sa? gge Eg

as a pha y acce ta or as a'mxtu base
form aqﬂpdﬂdenecbomeplpcm@inngnstphohnemeommpbohmplp@faztdeeandimmmmazmy be

i sol at |ts where an |on| u uch as a b . a

car boxy I oot auft op Anaty Ry B0 SR dabottid T Gran bt
conpoungsar %md@peecpﬂ@fﬁaaw@p&@é Lmne%@teétﬁigl geomqaaﬁdr? aepenﬁufgrbnstﬁét s are
wel | known in the art, and include, for exanple, sal aci di ¢ groups

f or med fhyctionalityipoeseni mhhfomjemler weletylo ragémealabee eisthe aﬁdn@aﬂous Ofitdbdgi ¢
gr oups forme&la Yoe reactl an wi.th ar n| C.Or |r{gcrt9(§n| c .aci as Ilbng as the

rotecté ne n¢lud for €xa amines bamaites' (e
count el’pl ons Itntro é/ % ffhe rea |on al daccep aalr H'FOI' (plgar fraceut i cal

uses. BaR3tabonl (Bae)r gefﬂyroxﬁa@eenw(ctlz)aﬂK@bmylmeﬂ@loxfyydmﬁlydeand& g.,
sodi um hydroxi de, potassium hydroxide, etc.), alkaline earth netal

hydr oxwdleLOX(yearbonyl Mlleel%.(@mkng}?e@m’ﬁarmb)careﬁmrrhwr(egl desnydfacy] uni num
anmoni %Pnﬁﬁ&oaéﬁﬁ”@n%é 19%&?&%%& Qﬁ‘tﬁ?ﬁnﬁdéé‘tsuff&h%ﬂd e sHiFfd JAc! ude
trimethylamne, triet y)f e, I ne p|c0|ne anol am ne,

di et handeliasdives, antirth@h]&an@lsamndhmwdre:g/lkylod'teldyl aninag as Wel as trialkylsilyl

- di benzyl et hyl enedi am ne, etc. [0080] Suitable salts include those of

i norgamr%te%%!a@l%ch as hydrochl orides, hydrobromnides, sulfates,

hydr OSL[b()ﬁ]es’Wh@I@(intaHﬁné is ?eseﬁ’tr in 'f&@&b&f(ﬁﬁl' Hl@gghétin% &ﬁk&b‘fe toﬁ%ﬁgpé g of

i norgani ¢ acids that could be used i nclude’ hydrochloric acid, hydrobronic
aci d, rprouectmgagrodp ‘Tt theingetbadschf tlmmsmmbmvcnw aso qttmna]{yam:bidesa sefp adr gani ¢
aci ds include formic aci oxalic acid, acet acid, tartaric acid,

net hane§UPY'BRIAEY Beq%f“nﬁéﬁ‘%"é)ﬁSQ&PfaBH?ecOfaa&?ldoalkgll §¢ci d, net hanesul fonic

aci d, benzenesul fonic acid, p-toluenesulfonic acid, etc. Al so included are
salts with basic am no aci ds such as arginine, lysine, ornithine, etc., and
salts with acidic am no acids such as a?spartlc acid, glutamc acid, etc. WD
2012/ 145255PCT/ US2012/ 033715 [0081] In addition, corrpounds of formula (1)
and d| scl osed enbodl ment s ther eof - may be coupl ed or COI’]] ugat ed to rml et| es

oy oy o o b s R o,



Chem Lett., vol. 15, 3338-43 (2005). Antibodies or antibody fragnents that
selectively bind to Hsp90 may al so be adm nistered as drugs to cause

i nhi bi ti omoab12Hap®8, and can be used i n conbi nati on w t rCThEsS2@20pTuhds of
the invention. [0090] Where a conpound described herein is utilized in

conj unctj L.th or | onbi ngti on w th angt her .t herapeutic, .the agents
oy bo IRb# ririsiteds o TSonRaphmy ullaiiy b Stedmer SR ARG hel
adm ni shrRLEOMIkR drL8BJar§P vahlaf‘e 410Q aag%m%wad‘etﬁne@agwdvgn@pyloﬁmysequentI ally.
[0091] Accordingly, the Conpositi'ons used in the nmethods described herein

i ncl uddlwrinhied £t-1dingl, @@mnmdllmuhsheltqdmlenyh ooy psae prssnreddoi sd@inly i ncl ude

one or nore of oxi c tostatic .t her.a ti such a but not
T e edngiaies s B ool SisTttred i P oS e siaRibta e oot s o
i ncl udeyrimdrb eglsstineatsguiatie SHAINQEY rﬂigagﬂta&@dplesmbgnnm«y%@ s@bstinite@biamb, f or
cancer is treated with at | east one conpound or conposition of the

i nvent imethylanidro §1k9¥mm1%m@@dyﬂly<eo$u Ryleneieies; agn BEFSGItOR oBHEeor nor e
of the Qv l,ation
and Adnfﬁﬁﬂs]% |on P%g@fﬂ%&o grg% %ﬁ%ﬁéinggg u rllﬁreﬁ?gg?ﬁ%}re%%o@édl ncl ude

st andarsdlfbﬁrrsmdie@tpr@saﬁt @lehb@s Rdpessenatte fidfonbtes incReld a1gl, 00'SE,Plar naceut i cal
Sci ences, |atest edition, Mack Publishin EFaston, PA, incorporated

herein ( BV*Yé?ér@ﬁ@bCFﬁﬁEﬂa$br9§de36#§“V%€Pdﬂ@¢h%5§% desi gned for ora
del i Vew%ﬁl Ofel tEine 85 Rox yc AR HAY Qg@drﬂe%%?ég LQ"o aﬂﬁﬁ@cggf’ﬁélfo Mo ation,

or any other suitable route as deter m ne y an attendi ng physician or
veteri rmh[araR’ isTh LS Santhpl NCE- (I8 kemigl, KEYCh erys ys tERC L4 mnyldlbyiaﬂnall@nlﬂﬂlyhk»k che

vehicl nts jnclude,_lipos cell es, articles,

pol yrmertii st o i i beprioniny SERERRGE | Whkh G~ EF o SFHRER: MEhs. known to
pract ' ta‘lléb’k?&%boﬂﬁ%%J:ué)f%&mrﬁarﬁé’t%m}ﬁéﬂ A0 Frel G&ltﬁﬂﬁe& H%?rogé‘rﬁ &{&%Qné or

i njecti i ntramuscul ar, intravenous or subcutaneous injection) and
t hose @reywsr daséoe suohemzpdimernts, R manshaansoanlly brloganated ddnTChiallyt Gt §.on. The

aq) uvantd Slipep O 2oy SR RTINS R RSB he
adm ni dpeibrsllyadudrituied lbeRHS AMBIre S MBAS], bl B1%kyIdilyRfe. f1] GlipRAPysigns. [0095]

I nj ecti on nethods are soneti maswgproprlate routes for admi nistration of
t

the corfjelddyk trt-kysidametbylsid dateen Rregand o ewben-esh mosics By labedri zed

treat t

subout SEsa BRI SR ARTRLRY oAbk A ol IbERTH R
nucosakoamﬂndgaﬂm%obambmabsﬁmoudemgMﬁp R és prefepasy h(nmamyrgﬁhpyh1nmﬁ:the
subject's living tissues. WO 2012/145255PCT/U82012/033715 [ 0096] For

i nj ect i YR eNBeHHeats %n‘s? rpethylngh ik Bpspryd Tsoprepl R iYh Asabuby YRUTKLOTt qui d

sol uti jor suspensions or as solid forms suitable for solution or
suspension in liquid prior to injection or as enulsions. Suitable

exci pi dA040]i ridieuteia "s‘ubstltebcd}‘rpieens thait the spessﬂadrgoupd@)mO@@éqeagsl opeer olorand t he
i ke. Such co 05|%|ons K al sq, co%taln armunt@1 %»non%f auxiliary
subst arfP8YSRATN 34 %‘{GPFS”E DB LosYuirg  Girant Lat e e'éirz‘:’rrﬂ‘ép GehtS and
t he |ikgeh SH&hu@ss. for exanpl e, sodium acetate, sorbitan nonol aurate, and
SO forthgﬁ%OOQ? Various sustained rel ease systens for drugs have al so been
devi sed® ¢ &dptigpallyt subptrimtediiias hswmrm@nﬁwmghajﬁhq prati¢uivegronoer ersers, f or
exanpl Pat.ent No. 5 62 ent gsitions ca

1|2 S SRR e P P dn Siben SR DRG0y 0f Bk e S pRS BT ac e,

[ 0098] chysk afbre n@dﬁydib gérf @ﬂ)ls‘@tﬁeﬂfﬁﬁ ealtﬁ@ gilollf Inm‘y*e)ersab aftitee by umnebitivegj. ve

met hods such as the use of suppositories, transdermal patches, transrrucosal
del i verl{nefriihgrivisesnec fied. dmiotal sumaer Qfﬁuclulﬁasma}ams rﬁhaé maxthegriesest ig gl

sui t abl I rups,
capsul 3 I EysRF8PHIAGN brebitt o AL by B GBI i EHTR o BB,

Sel ect |Whe1@fana>pnamatl ischtiarent Buttectet] vadadnitdt batd, @m:hfas ra cart@ginyeskyguj-60)f, and
indication is well within the ordinary level of skill in the art. For
exanpl dhe gEp skeyap tve pyrikRslealanspn e thertgtal Rurgberof subsHrUSHIS thiténaiisr e t he
subj ect;, Q¥ef i fRkeS &%H&Fr@%]@;ﬂﬁe KObe di kil PIGRbudes effective oral
delivery. Transdermal patches are commonly capable of delivering a

cont r ol [De48]r eAl&sls elkdmﬁaigé atlyey] sevey at offaly substitutedl ta tispedértitiat Ismdus and are
t hus sui | e for subjec fre t he e ffects 0

T ans i beRH SRS g e s aER Pt i o e dRT bt USBAREH ons and
met hods of the invention. Thus the conpositions of the invention may be
adm ni stered transnucosal ly using techgglogy and fornul ati on net hods t hat
are known in the art. [00101] Regardl e of the route of adm nistration
sel ected, the conpounds described herein, which may be used in a suitable
hydrated forn1 and/or t he pharnaceutlcal conp05|t|ons of the pr esent

o R N 1 . T T N c



WO 2012/ 145255PCT/ US2012/ 033715 tri fl uoronet hanesul f oni ¢ anhydri de,

nmet hanesul fonyl chloride), mneral acid halides (e.g., thionyl chloride, or
phosphor Wwocehi2omszsé) , and the |ike. [00110] In a preferpet/tsatoasimht, the
activating agent was acetic anhydride, and the reaction was conducted in

The. d gt dBland BN Opr Bt R e Rarit SR SRS Pt he SR RN 1 acet i o
anhydr i (RCONFRACRRCOER! ﬁR@bR’J‘@@tC@@RCCONRzEO@GRj TR eanqq\%a){)%emnd-
[00111] The preparation of N-acetyl tryptophan derivatives Dy reaction of

serine Birs mrsleneedqﬂtlyiérqmemdhfoﬂmmn@wﬂ|Cdn@BIaycystﬂ)?sCB theteexhlkyhdol-€8ianylacet i ¢

o SRR Frart g3 T R G BRY CAERA R el R
Og. Cheteroa(t%igfﬂ)% -£244iy1,YC5- QD G edciAdes- &0 @Ylalkyl ek cahezy on (2002), 58:

7851; M et al., US 6,872,721. However, the preparation of other
acyl at dwtarearpabicyhand gach § it oRiwsalin wtltwfpéis\elﬂe oRRIPR e rounsshlegied fiom

dlpeptl |_9gs h es RN

descri beﬁdD t%oﬁlo(t%:?J —kNI’)lg eelﬁg@ﬁ{[g[gglgw& |%fR c§]§| an 6‘% ﬁpeﬁﬁee car%ox’yl iC
aci d, MNORICONR HNRORODR’| MR’ @@RI |(ZNICO®ROICDNR JIQRERI, (dORNued NEd] ate with
an oxi di zi ng agent, .for exanp ded an _oxazole internediate. It

wil | beVhfkeiB e eag dlswdet)ﬁ%%eeﬂvﬁl tOHFéOIéﬁjltY ﬂq%.leafa@ Eérc%ﬁtkaaﬁ%f% BefRiptsybns
coul d i1z

T L e s O 1T MRy IR Co-C20 arylallyl or C-

hy per valXntetérogiythtk yl e Adient a‘n‘ken@zhdnd: dkynyil lgeoupp 0014139 b@amsntw@tb}o@lﬁS t he

oot oC 5, L0, L EUB, L (RESSSHL o0 AL 86 PO, L Bl ED,PLAN G50
phenol iy thot@sTREhRRat RFCMIpS a@e 3R e Qfaled quﬁ(?g ofl i ne conpound. Such

conmpounds were further elucidated to compoun formula (1) through a
seri es [004Ht rRyeighed swbwtirugnishvdrenga¢sent einaf dkntatlkeny! oFelkyeX g or penoval  of

the Cb ro, dac ation b | was used owde
corrpouﬁ](‘fge tgﬂ?&?ﬂﬁ?g Fy% R F&aw é%‘ gj]g)né ;gcé;% %ﬁ@gs?t Wﬁﬂg 1S ﬁ PeXanpl e
- C( 0) Rabotneombtimks, IR lslm Fienar ﬂwﬂnbteur@tecstamw ok Bptioral fRbAREeOTIt hese
st eps coul d be reversed ependi ng on the nature,of the unctlonal gr oups

to be iGecylRagiculmly Rnsrigd éltleetqeﬁ@ vghe@tpgse%ent o1 Rz glude 61 140, GSchdne 1
d
mcr ocy T P BASRHASY RERCHENEOE SpliSinds, oofth n*l%ﬁ%s?t&@%rtteﬁt‘?rﬁ% ST

w | appkeagl at@kyriyhgrou@r drad leteroftini cﬂra)neoﬂdiete , OiedudzaNR B, R AVREDNHK,L hout
alteri gg@t he essence of the present inventjon, For exanple, coupling

react i SriQORaAr 6O NRecwheERskdatingd a5 abovesmrefespbly eachiR {sipdepeadsndydl. such as
by way c;yg)tlo ﬂ?{@lm S N W?@@Ggﬁ@' RO Ce@t}%'teroegﬂt; e anﬂwt ester,

Nhydr ox e esters, ct| vated esters generate act’i on of
t he cardm@éyCR(&hacnodryhlkyi aaciha)rf lwddich miylbe optnhaly erstinged. vat ed esters

convent ed for, a ation of an.

013 1 AN LB s e b Mokl BB i N e B BRI 1 & an no
groups s%ﬁuﬁaﬁyaetuaﬁtgl optiBhAhEGIRhaRY CREBARSNZYI- OB UIKeFPZ C2Ur PMRyn@ANE Of
skill in the art will recognize that other Suitable protecting groups coul d

be utilGClz€4. aCEuﬂmChlhﬂt@O@rmtS@étheﬁfg Cgﬁ@il%)eryar(éﬁ e hodstareargl C4ch) ayldlyénove
them ar %Fivﬁ)l flor F@teroa 1511%12 eaf?ﬁ Wﬁlcﬁl ca %s qﬁé Cij’urtgerzs’ugstqategx T subﬁtltuTrgbll 5]

G eene, rrotectirve gani € SI'S
The pr geess] esitirbad mlaleaettﬁﬁﬁldé ht®, @HE'fOR d1oH, t@{mtemaﬂampmmf SR,

i ndolines of fornula ( % g‘ﬁ 6)i\}eld and IEu”ty In particular, t he
conpourtf2R 0§01 & hNEs iR SO N Rar BRAKUPR aBREUR, GHELYReECONE wi t h

hi gh d f |
I GeERT EATRL GRS W SLERARb B BARSEL RORR SR haskaagTer o
are of falydC2-¢8i Hetemsatlkyalt €21an alkmtyl t(2-C heterdatienyn (2ACS alkynyl0Q217 Exanpl es

[00118] Synthesis_of ound, 57 WO 2012/ 145255PCT/ US2012/ 033715 57

[ 00119]hessiredkyinyl, [%@ié]ﬂrytoc%cd%he?w% CH1GEIawrtL e 4Rt 4 stir bar was
dded I g%q{:

et byl S e P ane e e Ry SRl £ iserbby RGN ot BOURLORENTS
mml IsuBstagenyt greauphyolroasyl mﬁeteﬁeryhgyOWMaNModrSB%mumW Isebdmydtahwnh (2.93

, nmol , 1.5 i on xtu cooled tqg O fol | oned by
i €1 e Bopieseabc iy by Sl BRSHor RYAC o Galt hafiiiniet et on
m xture was stirred at RT for 16 h. The reaction was nonitored by LCMS. The
reaction mxture was diluted with Et0Ac (300 m)/water (100 nil). The
organi ¢ phase was separated and the aqdeous phase was extracted by Et OAc
(2x50 m ). The conbined organic |ayers were washed by water (100 m), 10%
aqueous NaHSO4 (100 m ), water (100 nt) saturated NaHCIB (100 nt) and

1 NI~ A



[00122] A solution of DDQ (6.2 g, 27.3 mol, 2.4 eq.) in THF (100 m) was
added to the refluxing solution of the conpound synthesized in Step 1 above
(11. 2 mMmoWwD 201/TE35 (200 M) and the dark sol uti on was hearas2012/083MF ux in
an oil bath at 85 C for 1 h. After cooling, the soI vent was rem)ved on a

i o VS EREE AL B aaon ot 3 14 B dand Feelan i eos pbiks
vat er (IRx2¢H OR CILH(DHGCH}@Q @HZNRP@W'N}@dCNV@"()@ﬂ@WRz %EH@{OZ whereR

concentration, the mxture was purif by flash col urm chromat ography (20%
Et OAc iim d@'lﬂ@@ﬂ)abo% psogftlmusedﬂ:stlmﬂedg%&%awleir@ -012 htegal ring00123] St ep

3 [001 100 n1 f k .contain mat er i al i 2 above
(3 2 0051103 heg A et B G PG S Bt P Rof By ByoeBlig, %0 61
mol Qh@@a‘tﬂﬁtu):nt‘d rﬁd@rbem% eittiér 18lalkg00r NesroaltdEsbrasslot fiethtlaagd lor Wesrdaryged
with H2 for 4 tinmes. Then H2 ball oon was opened to the reaction system
Af t er Portian ofrthe pepual be ﬁubﬁat@mmnﬁ@alhmreﬁenmn therlliyheghetapalkybpitipdbn was
st oppe i nd t he
o1 ack. caiRaln® RS kcRRalhid Sl Ton by ity epht i Bl EBhL RS
concentpredeacorathe abi@r hesiodg poanusetheisBmaax thosé eégsctbedegtiolvy for drilattbugsur t her
purlflcatlon [00125] Step 4 COOVe NHN OH H [00126] To a dry 100-m fl ask
with né@ﬁ@?l% stir bar was added the amine synthesized in step 3 (2.06 g,
6 29 ) 0.94 g, 6.91
T d ™S e UK S Teomst o e ne (1. 51
n1 , 7 E&ﬂeredil\@rﬂﬁi%h&lﬂ%ﬁﬁﬁﬁ/thﬁ@ﬁﬂz@d B B7lcarinptie, suﬂzstﬁuﬁqR) in ﬂ'drmdae(zi):dm on

mxture was cool to O addi_tion.o DC H , 6.91
ol e C gt dPagadichyed ERbe i oL b T8t TS ity 16 h.
The reggpsnn "M@%)ré‘é%ﬁ! &Qérﬁ{ii)nq)‘fo%@éﬁlovlhﬁd&%@aﬁﬂawgs BF Frtuf (MRS hekin 448 ed with

Et OAc (300 ml)/water (100 m). The organi c phase was separated and the
aqueousispivh e thmtgeaém@mtazrtamhbl;atlan OAprofifersidverdijordaThan pariisi e daneagani ¢ | ayers

oot o adB0EAL PR lih kRS iakse il RS AR O RS el Etpodilene Sy Svar

Na2SM4. r&fgfred smﬂﬁleﬂﬁsrdagdrmedhéﬂaﬁl crude was used d| rectly in the next step.
[00127] Step 5 00128] An electrochem cal cell was assenbl ed using a

gl ass dPPIHdémrefesb inpRttaplly subptitgdie?-§Htalkdrrreterahly Cr4 kK.

(pol ypr ) t ertical graphite rods (6.15 nmm
di anet 9&%}@;”"%@1{}? )B'Ituﬁ? pr%ka%mﬁgﬁ&g&le&grb?l nged in a pattern of a ring

Wit h 6 [0086]esPrafechbBy, ®el ROSIRER® &k datepordRatl WeY & rhethlr Isleﬁ:rhlﬂyal dembhumfsntG 5

cm The phenol | c material synthesi zed in Step 4_above 8.0 mmol),

Et 4NBF@t%4nW fynctipg aj aprfecting gyowy aj gﬁ&lqdm@sczleﬁﬁbare@ laclu%amowl 1.3
eq.) a sol ution was

sti rreg11 %Og%\rf%hgfe{;(t?#%avs%?%rf{g{%% gr d?ﬁesggp&m Olémﬁ:e el ectrochem cal
react i dA0SAEs Rrefierabéd Roug a abstitupest mnthyhcbf thé gdnebal ToBnulo[-CR "RIRD eﬂwfkndﬁ?s

220 s e R SH b NGonBE ShaRis B Borgmy Hopripoiy BSeatsn” bat h
tenp. <$Brt&ividMRiofhied of émsﬂ”lﬁtecgmacm&gymrﬁgaqﬁa%@m ga@até@@nmc S

partitioned bétween Et0Ac (20 ueous The
or gani cnd gyeferalysOagiveahchiot R ged Br atle@bpanfimdmﬁ N‘all—@@@lk(y'é@l?n{lﬁ abmdylt hen

sat ur at egu racte
successfgg%%ﬂiyﬁy%t(g?% f’%g%% :E#Ceycco lﬂﬁl@blaﬁgg I’%I & ll’ g?ﬁm W 1aﬂq’(ijrl ' ed
( Na250‘b)hete£i6fb@1ﬂt(ﬁ@na Bﬂth%y@BQdTﬁdeﬁhch fa§ bmgedsnaﬂly SWBi iR, |afnt1 3elsfaﬁb1f yiFsh
col um chr omat ograﬁg}l/ with 20% Et OAc in CH2C12. This |eI ded 1.24 %(24 8%
yi el d) BClpEddrrear a anﬁﬁeﬂfffﬁebb‘rHetl@rrseer%herrtsbueyﬂlrez@cagelbfe%fs%r@@l y HPLC
|ntegr 725

3 ol BherdisdedMic W phiith o MR GORRE YR Rl SR e e R aflol
cool ed dria GhCB betebatyblyl Angobhith ony bk optlﬁﬁﬂl@&ﬁﬂstmed 2Borexample, REGnéRS) in
water (7.0 m) was added over 5 mn. The ice bath was renoved and the

m xt ur enake @ken ‘ioé%FhFrotP femn an optipnally pebiig cheyclopseryd: SYGIoRH . Cycloaemyhand

wat er ( Sc f Vi ), keeping the
reacti oﬁglogL I}tg}ﬁgt 93{1 %cg%%&ﬁﬁgt}wgﬁﬁgﬁﬁgk@géﬁ 2|ng1ned bet ween wat er
(15 m )tetaahydEtthﬁlr@rﬂ.mﬂralmbfglgot}anmfram@yubgdnmsmrlpag@dmﬁamggvamd]éd liket fn sat ur at ed

t ith EtO0A
(30 m Rroet EERGHAEH. Gl Tayore: WER LR MG (R Sos h oL ed, and.

evaporated to give the acid product as fine white crystals. [00131] Step 7
[00132] To a dry 100-m flask with nagggtic stir bar was added the
carboxylic acid synthesized in step 6 ove (2.33 nmmol), L-serine nethyl
ester hydrochloride (435 ng, 2.8 mol, 1.2 eq.), HOBt (378 ng, 2.8 nmol,
1.2 eq. ) anhydrous DVF (25 ml) and N, N-diisopropyl ethylamne (1.01 m,

NN



(30 mM). The organic phase was separated and the aqueous phase was
extracted by Et0Ac (2x20 m ). The conbi ned organic | ayers were washed by
wat er (40woi2p12/u88aqueous NaHSO4 (40 ml ), water (40 m pCcTABRUrAasEds NaHCO3
(40 m), and brine (2 x 40 nl), and then dried over Na2SO4. After

concentration,. the crude s .used direct i € next step. 0133] Step 8
001 34y S PR | BoR e Dot (e s (irae bbb ars R g SEded Ghove (o 33
Mol ) ands ARy AF evRibEATREed néd? ritb o p felarﬁier ﬁﬁ‘%&hrﬁﬁlesﬁldbihﬂé?{}l Becane cloudy as
it was cooled to -20C in a dry ice/ acetone/wat er bath. A’freshly made stock

sol ut i getrafydBingplxhylmstgwysiget hyl ) ami nosul fur trifl uori de (0.644 nl, 0.022

q n CH2C12 ad e i g reaction
m xturi()é%@ &%Oﬂ}eéafe ?rredz%“élli?df"h?r\ﬁ/aﬁﬁ 15 gﬁg&g\&@g}e\l\@t% F 6t ?ﬁufygn%% ure. The
react i QcIalkyLhle I VETEOS rag}hgﬁylbya@dﬂlvﬂilaﬂm@§ b6 Bptisrall¢duiRguaed In NaHCC3 (20
m), diluted with EtOAc (100 m ), washed with water (2 x 30 nl) as well as

brine (meferd emhpdimgnisethe alket LIAPSOMPriaig PartOb Re éntubatituisd vwitheatdeast efite was

d T, f th
crude prodibsthABied REAIBR aphRopysipg A bR ol ¥ AR SR ALRD ' (%0
m ) TFRE 1sriholépeh@erM\I§SH Q@ﬁbﬁﬁl}i@ldﬁﬁateal@ncwﬂ@l%r bﬁtl&{hﬁyfﬁu,orlﬁat’éd o4 1.5

eq.) and DBUEf(FO 523 e added respectlvely The WO
2012/ 145355 mbézBm/seé@f&fsd Wé@mtﬂqaﬁboqu%e%ée%ﬂ Bawdhe 8Arm t o r oom

t enper S d £d by LCMS.
The T eatr M O N L L ARGyt IRk lEy 1006 hariss

(30 m )embedireents, RX'30a Gil)C8, patfenabltye - é:qmou@re@mcezm miok( praéergnty C30 i )

and brine 2SM4. te cen rati on the residue was
Cnad T iSisht St brandhh S YO ERD. chii 3R b §BU e Op KA At
mat er i algj syt erd ZesbayNe I%hﬁﬂla%saﬁw& 1:(5491911@91 cﬁwé&)mﬂz,m c2ddeoH

nmet hanol " (15 m ), t- butyl am ne (0.086 , 87 mol . q.) and Pd/C

(10% (BXNhwys, pocfesdlyn@bl, 0.1 eq.) under N2 H2 bal | oon vvas added and the

I%Zitki RGO S N T e A ﬂidd
r .
of Col 1o and Lha b ek Lhke wae vaahed Wt imlﬁyét“"ﬁiﬁﬁ‘i‘dzg e The

filtratrecigedlys &ndedn orftoadllypbstitited agzelgeoxaaalings Bdazole, fusaolige.dapratpleect | y

1 ak oobl A mREb, El e RERE By R Rseapls IR D a8 B e o
added (iS)thiazglin2; bldixsle; Bridddzold, bitzaraircetaeobd r{(f§2 ng, 0.696 mMmmol, 1.2 eq.),
HOB t [0060] Preferred substituents include halo, nitro, cyano, or optionally fluorinated C1-C4
alkyl, optionally fluorinated C1-C4 alkoxy, COOR®, CONR’,, C6-C12 aryl or C5-C12
heteroaryl, each of which may be optionally substituted; where R® is H, or C1-C8 alkyl, C2-
C8 alkenyl, C6-C12 aryl, or C7-C14 arylalkyl, or a heteroform of one of these, each of which
may be optionally substituted; and each R’ is independently H, or C1-C12 alkyl, C1-C12
heteroalkyl, C2-C12 alkenyl, C2-C12 heteroalkenyl, C3-C8 cycloalkyl, C3-C8 heterocyclyl,
C4-C12 cycloalkylalkyl, C4-C12 heterocyclylalkyl, C6-C12 aryl, C5-C12 heteroaryl, C7-C14
arylalkyl, or C6-C14 heteroarylalkyl, each of which may be optionally substituted; or two R’
on the same N can cyclize to form an optionally substituted 3- to 8-membered azacyclic ring,
optionally containing an additional heteroatom selected from N, O, and S as a ring member;
preferred such azacyclic rings include pyrrolidine, piperidine, homopiperidine, morpholine,
thiomorpholine, piperazine, and homopiperazine.
[0061] In certain preferred embodiments, R’ is an optionally substituted oxazole or thiazole

ring. In some such embodiments, R’ is an oxazole ring substituted with an optionally
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WD 2012/ 145255PCT/ US2012/ 033715 (94 ng, 0.696 nml, 1.2 eq.), anhydrous DV
(8 M) and N, N-diisopropylethylamne (0.152 m, 0.87 mol, 1.5 eq.). The
reacti on woxoiwwszsas cooled to O C fol l owed by additi onpPoff/USRG2/66371% 133 ng,
0.696 mmol, 1.2 eq.). The resulting reaction m xture was stirred at room

t enper at ef r. 1 . The i on |tored The reaction
m )r(r}[) ur éu tﬂg F@f(gd’?%y b o %% gigthf )r}%at Brso?lgﬁm%‘)hme?ﬁeRoﬁsgaa]rﬁX@Z?}ﬁase was
separ at,gf seeghtﬁﬁae VARUSRU? nﬂd}@ﬁﬁ’iyl’vﬁﬁloe&(a{rﬁé‘ﬁtﬁ%(icmo/e#&&ﬁ\%n{laé(&Q)sﬁrﬂu},nts The

conbi ned “organi c | ayers were washed by wat'er , 10% aqueous NaHSO4
(30 m )[006% dn sp@fi)flmr)lbocememsa)tf EdmdHIOR (i8an ﬂpt)onaﬁﬂduhstltm@ lezerge@ic ) ,

and t hen %I ed Qver ZtS{ F ier concentration, the crude was used

di rectlo§hle rqaﬁ%m?\e%&ngs? Eﬂ (Tr%l 42] To a dry flask were added crude materi al
synt hesi zed in Step 11(0 8 mml) THF (4 m) and 2-propanol (12 m). This
sol ution wa@ cool ed t E{C oIIO\ged Nay additi \|SO|Id l'ithium

bor ohydéide 1 N'rm)l iy (R'"Yhe O1-4-iyyi xture was al | owed
to warmtogy omt@nperat e and stllQr d for 22 hQ The reacti on was

noni t or ed wlth LCMS. Al npst nho starting material remained. The reaction

m xture was aoled to 0 C. 2-Propanol (24 n1) and water (40 M) were added
foll owed b i ti NH4ACL (3. 1§ _@ . The reaction
mxture% s/\btlrre r_1( and di IFute th Et OA 50 m)/water (50 m).

The or ganig-phase wasysepar a‘E ed atRi*phe aqueou$R1|6)mase was extracted by

Et OAc (2 x 50 m). The conbi ned organic | ajers were washed by water (3x50
1GYdK HSk iR )@Q 19 or NREE{h&RBO s br C3aEARIRYIEEa NI BiniGnd oty and

br| ne (2 x 50mL), and then dried over Na2504. After concentration thé

r esi dueralmsitpucydnoedr dptionhls ﬂu@tmiammcblﬁiﬁknﬂaﬂagn@phlj/y ﬂE@I@Medt@l -(13%

EtOA/ f f - whi d 8mg, 0.108
7 SBwo O Lo bR B33 Rt e Bo e e rbbes s of
COrrpouru;maaauyvsebamealaﬁaeie@rnuaz@wsoﬁ%z1@2 Cs 1IedA41c- 81 2Ryl d:@9145] To a
dry 250-nml flask were added 5-fluoro-DL-tryptophane (5.0 g 2.5 mol ), and

anhydr dukt arslafaheir a(hflzmofﬁml of Pheolsthejsershon whaeh @@bbeeptmslabmsmbﬂlm%d by
additio ché 8 0 such a
rate torﬂge%%h hfeg re e'ﬁﬁﬂﬂ éﬁ%gia uzgaé%bl FWCI&%&E@MF@?& i néﬁe(rillgac 2|non

m xt ur @M&t&bhlkér@d @ O8@gBlob kYR €13al 8 hetefaafcl) (-C Theyd @il BEsC12
nonitored by TLC. Mst volatile substances were evapaqrated under reduced

pr essur@tequélyé%llﬁﬂeC@éélzt%é]dcﬁr‘p RHelhaterepigh CrodA agjalistledy O-(06147] To a dr y
250- h d
tep 1 sy Pyt TR on B o R PGl R S B * e
t (3. 34yglize2é @ amrD]bt;on]alli sﬂqtl)utechﬁl-fty@r-memb@bﬁ: atﬁ@clm jingrgtionally

N, N- di i sopr opyl et (11.8 ere ion

m xt uré’o\ﬂgé“ % r%ﬂ%eff‘)&?% %Ftﬂcﬂg %118&\528 d’ﬁdg‘f Ed%gl—iéimpﬁf PAS@ 24,75
mol, ik &§90ko 4T|SﬁcH %H&élic%g{_%ﬁ%‘ﬂe%@tu%té& WhGatWBRdriafdRic@prefelrdgor 16 h.
The reactl on was nonitored by Most of solvents were evaporated under
r educeduph e:slsmlet ringly empltldﬁa)yf@élldm@epmalsdldc,lhmmlwlﬁhleEmAﬂw(lS@O m )/ wat er

(200 rﬂé aql C 8 puas 1se arated and the aqueous phase was
ext r act' &¢I cpk)?%% r?P? ITJHBPS M ned organic Iayers were washed by

wat er ([@G@t]mlh,ce&&i %peaaewanmaﬁsbmﬁnma)a) water (100 nl), saturated
NaHCO3 (100 ml), brine (2 x 100 m ), and then dried over Na2SO4. After
concentratmy ,R1ihe crude wa bd directly in the next step. [00148] Step 3
[00149]§—A<’s§§1ti0n of tiee(/(JJ .8 g, 56.25 mml, 2.5 eq.) in THF (500 m) was
added to t®e Ymtl uxirng sol &tignz of the corrpound synthesi zed in Step 2 above

(22.5 n'nR in THF (250,,m ) apd the dark solution was kept in reflux in an
oi | batlA0gi] guhereinspchRpy andRy o indsprndsgtly th 82l9e NN £YARASO WHSIAY on a

rotary myaneeaicares & Lo Eﬁb&%ﬁ]ﬂ%ﬁn%é g9l Eedibly RIGOR® QEGNR? e d@g@z m), and
NaHC®3 (13 9) was added xture was stirred for
f i I t r atargrortdfr GMZJhetarohryl,tetaem of whithImayTheeopftionslhatubs titme dnabre R byH'wat er (200

T and G ST CRaTsba TR Lo Rt b S A Rk nSt 151 L3 by

flash qgégemcﬁafwmqwmpaom W@AGukel; GRC12) . Thi's yiel ded 4. 63 g
(44.2% vyiel d) of product. [00150] Step 4 [00151] To a 250-ni flask

containing material synthesized in Step 3 above (4.63 g, 9.94 mmol) was
added net hanol (50 m) and Pd/C (10% (530 ng, 0.497 mmol, 0.05 eq.) under
N2. H2 bal l oon was added and the flask was purged with H2 for 4 tines. Then
H2 bal | oon was opened to the reaction system After 1 h stirring al nost no
starting material remai ned. The reacti dit was stopped. The reaction m xture
was filtered through a pad of Celite and the WO
2012/145255PCT/U82012/033715 bl ack cake was mashed mnth nethanol (3 x 15

—— r " 1 . T 1 .



[ 00154] Step 6 [ 00155] An el ectrochem cal cell was assenbled using a
glass cylinder (6 cmdianeter x 11 cm height) and a customrack

(pol ypr opybene/as$snyl on) whi ch supported 9 vertical graphiuseoizosyigf6. 15 nm
diameter x 12 cmlength). The rods were arranged in a pattern of a ring

ith 6 3.cath . Fl ' t t 6.5
om  ThdOBftinr ERra BHPAR St hae e | AIKe: by & B kst 66 6T Yea8 ol )
Et 4NBFA-1 219 Be@roatkedyTTBLES yc@Shllyl, CYRSARILbAARE OPETH USABHZL RAIT -
K2CO3(0.44 g, 3.18 mmwl, 1.0 eq.) and ID watéer (4 m) were added in DW

(200 mQ12 Fetaosywlyelkph CheS1 Saryl, (SeCl2 hesevanilyCi-0'14 agtlalkylpbae-(lappr ox. 600

. The el hem cal . tion.. ied out at tenti f
RN S b R S e M T R L
det er migyelzdxy 6k 6n bpi @AM AkaAnAEd 220 sniemblied akREGEROENE BpEbillyr eact i on was

repeated for 4 tinmes to consune all phenolic material synthesized in step
5. The cosi#blingan pddidenadhetpiortont eadedipst fsom Mo 2t asd 1612 memberaryickvapor at or

(bath t < i ed La.C i o he. resi due was
G ut ed e Bty BB G b HhAgS f et bl ik o

f unnel .indlbée Hyridlidiiee pipasidinashivechpiyeritiiee mofphoting Afiof orphddink N pérade,rnl. The
aqueous | ayers were extracted in succession with EtOAc (2x50 m). The

conbi ndWEPRERZAS ayers were dried (Na2504) and concentrated. This nateri al
was purphead : r Y - W 9 [ Thi s
v ol ded o R g oy arhg e DRl ke s 1661
Step 7 Cl-ChialkoH QeQH aldxiDEODBI 1&ATONRE, €6+Gidumg @yif-6¢3 haterbaiyi, Gtkpf 6 (900

, 1.43 . | ) .was .di ssol ved in t hanaol (28 . and _t;he .sol uti on was
1001 e OB e RuekI A E Sl o af Ptener Saib it £ SR B Mg Bl |
wat er (éq--@4fmk)y_l,V@ﬁc@%%oggpﬁgmhm¥;ﬁﬁfcb@l2b£l§1fbr\@a§cﬁ,@H&\é&%ﬁf&cﬁ ke

m xture was stirred “for 18 h. The m xture was cooled in’an ice bath
and watvehiclf 1Ey e pptierallydubditited aod]” fsyH.1 N aqueous HCL (14.5 nl), keeping

the re iaQn erature belgw 10 C. .The m xture S partitioned between
water - AB00El SIS 1R TG Hed e o hains ey B MR B R Rea i T

sat ur atfgn@a B oV andyCrespdérdreB URAUSaEBY LR ORES ANk #HGDsitidnS MCHBGSHI ON
with EtOAc (50 m). The conbined organic |layers were dried (Na2504),

decant €8 forandia Byaporated to give the acid product as fine white crystals.
[00158] Step 8 WD-,2012/145255PCT/ US2012/ 033715 [00159] To a dry 50-ni
flask w {h éragretiestir bar was added the carboxylic acid synthesized in
step 7 & pl ), L-serine nethyl ester hydrochloride (268 ng, 1.72
mml, 1.3X (232 mg, 1.72 mmol, 1.2 eq.), anhydrous DVMF (15 m)
and N, N-8ii $ /I et Qg[gam' ne (0.624 m, 3.58 mmol, 2.5 eq.). The reaction
m xture was cooled to ‘0”C foll owed by addition of EDC HC1 (330 ny, 1.72
ol ,  Iyier€f R6 is A eefirRduh Forit@ild @RGENE) Yindy bE & oM@ $idré begostionsh, 506 16 h.
The reaction was nonitored by LCMS. Mbst of solvents were evaporated under
r educedngrieddhg @do}FH@O@@sﬁlﬁh% wax bapt ercedd mgre 19t PRORRNs(21 SANAP)If Wk er (50

m). Th rog%lg 'i&yphase was separated and the aqueous phase was extracted by
Et 0Ac (12X 2‘1{% The conbi ned organic |ayers were washed by water (60 ml),
10% aquUeoesy NatBbly &Rhri dnd Yatsenddpefdentl) hakaFUCaBrdoMNaHDARC (&0 atkdxy, and
brine (2 x 60 m ), and then dried over Na2SO4. After concentration, the
crude vpa%fe{fgévdhaé?,rpéﬁwry LPhE: R{éﬁ@fabix Bp's 3 éoll%fd}refoaé)Ev,@; and preferably m

is 2, 1 or preferably 0.

[0070] In preferred embodiments,Y is at one or more of positions 5, 6 and 7, one or more of
positions 5 and 7, one of positions 5, 6 and 7, one of positions 5 and 7, position 5 only, or
position 7 only. In preferred embodiments,Y’ is at one or more of positions 2 and 3, one of
positions 2 and 3, position 2 only, or position 3 only. In particular embodiments one or both
rings are substituted.

[0071] The invention encompasses all combinations of preferred embodiments and

preferred substituents as if each had been laboriously set forth, i.e. preferred substituents at
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[00161] To a dry flask were added the crude product from Step 8 above (1.43
nmml ) and anhydrous CH2Cl12 (25 nl). The reaction solution becane cl oudy as
it was cosbediw@s2580C in a dry icel/ acetone/water bath. ARCTrusshikp3imtle st ock
solution of Bis(2- nethoxyethyl)am nosul fur trifluoride (0.395 m, 2.15

nmol , 5 eq..) in CHC12 (4 was added dropw The r tjing reaction
et R bt P ehn pratyreed pip Mo PEGERG ot R Rojgd ¥ I et

2012/ 14525806tk MRgR13f ARB CombiRAth] ERALat ure. The reaction mxture was
guenched by addition of saturated agueous NaHCO3 (15 m ), diluted with

Et 0Ac ([00TR2]miIp., Oxvxslred owizdyl dexviativéspwith 2Qenylofhen thapahdthylsster imposit®3® 411 ), and
dried qylergglaé%%. Aft.er, concentrati i)ntihe resi due was used in next step.
[00162]™ ¢ &3 4D 8h PEAFURE SORIPYY Y & ont ai ni ng the crude product from
step 9 pbrYend °42 mnol ) were added anhydrous CH2Cl2 (25 ml). The mi xture
was cooled to OC. Then CBrC13 (0.211 mi, 2.15 mvol|, 1.5 beqH and DBU (0.321
m, 2.1 ispsnbstiuted wgthyl giethe Toramda(-CBSR &) Pheatein RO US H. aad B jét ur e was
al | one r oomtenperature and was stirred for 1 h. The reaction
was mﬂf%pg?égogbgﬁt&[\’/& The reaction mxture was diluted with Et OAc (100
m), washed by 10% NaHSO4 (30 m), water (2 x 30 nl), saturated aqueous
NaHCO3 (15 m), ter (30 M) and brine (30 m), dried over Na2504. After
concentration thejresi due was used in next step. [00164] Step 11 [ 00165]
To a 100- @Ku\qg)nt aining material synthesized in Step 10 above (1.43
mmol ) F%Eﬁglzd met hanol (20 m), t-butylamne (0.226 m, 2.15 mmol, 1.5
eq.) and /C (109 (152 ng, 0.143 nmmol, 0.1 eqg.) under N2. H2 bal |l oon was

added and t.he fl S r ' H2 for.4 tines. en H2 bal | opn was
opened MR tsdfd b P peGT- A ilusk Rttty gt dl o7 métnais ad

2012/ 14p 255 RtelbU4S2 0e2é 983 Tl at psABs b aR@os b aprbfen®ly®t eri al remai ned. The
reaction was stopped. The reaction m xture was filtered through a pad of
Cel i t e ramd0.tlher b pedwablaleoragndvashed with methanol (3 x 15 m ). The
filtratrg, Mas concentr at ed and the residue was used in next step directly
Wi t hout further purification. [00166] Step 12 [00167] To a dry 25-n
flask qoorxi MbnOxidee:, arixatys davheistgeth phosphee elidrsab@uveitiod 443 nmol ) were
added (§)-(+)-2-hydroxy-3-nethyl butanoic acid (203 ng, 1.72 mol, 1.2 eq.),
HOBt (éﬁzsg?d,—cfialwh Rivdiculaty isoprgpyl or &bHPdr ous DMF (15 nl) and

N, N-di i B e amne (0.374 m, 2.15 mmol, 1.5 eq.). The reaction

m xt ur eﬁo\’/\gsglg%gl %%mtl’o O Cfollowed by addition of EDC HC1 (330 ngy, 1.72
mrol , R*%s equbstitdfbemesylibt tha domed ¢-CRAR 1R X vheieinBSis QHLIR el Fatind BOiw
tenperature for %6 . The reaction was nonitored by LCMS. The reaction

m xt ur éSWAPYF PRI wi t h Et 0Ac (150 ni)/water (50 ni). The organic phase
was sepgriat ed and the aqueous phase was extracted by Et0Ac (2x30 m). The
conbi ned organic |ayers were washed by water (50 m), 10% aqueous NaHSO4
(50 M), water (3@ m), saturated NaHCO8 (50 ml), and brine (2 x 50 nm),
and then dyi BVI\%M Na2504. After concentration, the crude was used

di rect |n e nmext step. [00168] Step 13 [00169] To a dry flask were
added cru material synthesized in Step 12 (1.43 mol), THF (13 nl) and
2-propanol (40 m ). This solution was cooled to O C followed by addition of

solid |Wlieﬁ¢lar1ﬁBéi,zﬁnly@fliaH@L(mairu}?gyH@ﬂh.yfhsrﬁrrmd, 15 eq.). The resulting

m xt ur ¢ : r d stirred for 18 h. The
reacti %%%ﬂgﬂft’agrree%awtﬁgh{_%\slgsggjahg@%n%&s%%}f?’ng mat eri al remmi ned. The
reacti anind, Xt ark prdisrablgdl @d, tod O C. 2- Propanol (40 ml) and water (80 nml)
were added followed by addition of NHAC1 (7.6 g, 143 mmol, 100 eq.). The
reacti di W%ture was stirred for 1 h and diluted with Et0Ac (400 m )/ water
(100 mphe741her.ah8801C4 BQ&%SI 485128 6RaN R Adordr k&@n@ﬂl%@ﬂﬁ)n&has € was
extracted by EtOAc (2 x 100 ml). The conbined organic |ayers were washed by
wat er (Rxis 00 -G )kyll 0ottiNaleSOsog2ryI00 tiady], wat er (2x100 ni ), saturated NaHCO3
(100 m),, andd Bi nf%(z x 100ml), and then dried over Na2504. After

concent® af 8% Fhdtlsi due was purified by flash col unm chromat ogr aphy (Pure
Et OAc tR’ i¢ YoshiehiicEd 1 bothafdrath deRFRE) RheducR® AR Of H, whd Reisol i d
(215ng, 0.340 mmmol, 24%for seven steps). [00170] Synthesis of Conpound 85
[ 00171]isopropyl or t-butyl,

5.
R 1s
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[00172] Step 1 [00173] To a dry 250-m flask were added
5-fluoro-DL-tryptophane (6.0 g, 27.0 mmol ), and anhydrous net hanol (120

m ). The woperszss was cooled to OC foll owed by additi @oTafS2012/033715
chlorotrimethyl silane (15.4 m, 121.5 mmol, 4.5 eq.) in such arate to
keep the reacté on WD 2012/ 145255PCT/ US2012/ 033715 tenperature bel ow 6C.
The res reaction mxture was stirred at roomtenperature for 20 h.
The rea was nonitored by TLC. Mst volatil e substances were evaporat ed
under redu ed pressure. The crude was used in next step. [00174] Step 2 e

H3N CI MBRls@?aron‘@l W alcohbQOLTIICMketond] pyrti2blrlghydiloask hydroky magnet i ¢
stir bar was added the_am ne salt synthesized in step 1 above (27 mol.),
Cbz- L- a{n%thﬂuhhwéw&eﬂbﬂ pChRydioxy iep®rab 34 29. 7 mmol, 1.1 eq.), HOBt (4.01

g, 29.
N, N- di 7%(5:?;1? %%d;ﬁreéhgﬁg%ﬁaglgﬁ{%%dfﬂﬁ? %%&mr?%?bgpg’q. ). The reaction m xture
was cooheédl,tloor®, GreffahblgWwed lbyndddi ti on of EDC HCL (5.69 g, 29.7 mol, 1.1

eq.). The resulting reaction mxture was stirred at RT for 16 h. The
reacti dh W¥s nonitored by LCMS. Most of sol vents were evaporated under

r educec[oms?s ¥ BxaZdiEn &J’A%o;l‘l‘%l%h%{ﬁreg‘%h%ﬂléé %ﬁuﬁ\é ehrbEmARG ( (Hnfhidewat er

(200 m) he organi ¢ phase was separated and the aqueous phase was
ext r actpeditioy 46t 0Ac (2x50 M) . The conbi ned organi c | ayers were washed by

wat er (LQO a111<0(y g 1 (t 1 water (100 m), saturated
NaHCO3 66{7%):[} *ha }%%8/ 'toP )?WL(% kl % and then dried over Na2504. After
concentraRri* end Rﬁ he 1grude was used directly in the next step. [00176] Step 3

R’ is a substituted methyl of the formula (-CR*R°R) wherein R* is OH, R® is H, and R° is

isopropyl or t-butyl,

R’ is

] j e

wherein Ra is optionally substituted C0-C4 alkyl, Rb and Rc are independently H, C1-C8

alkyl, C2-C8 alkenyl, C6-C12 aryl, or a heteroform of one of these, each of which may be

optionally substituted, particularly wherein Ra is CO or C1 alkyl, Rb is H, and Rc is H,

methyl, methyl ester, methyl sulfonyl or phenyl sulfonyl, and

Y is F and/or Cl, preferably F, at 5 and/or 7, preferably 5,

mis 0, 1 or 2, preferably O or 1, and

m’ is 0.

[0076] IV. Oxazole, 4 oxazoyl derviatives with cyano in position 4:

R!is C1-C4 alkyl, particulary isopropyl or t-butyl,

Rz, R* and R® are H,

R’ is a substituted methyl of the formula (-CR*R°R) wherein R* is OH, R® is H, and R° is

isopropyl or t-butyl,

R’ is

=T

CN

R

17



[00177] A solution of DDQ (15.32 g, 67.5 mol, 2.5 eq.) in THF (100 m) was
added to the refluxing solution of the conpound synthesized in Step 2 above
(27 ol )WoreoiRHH5358300 m ) and the dark sol uti on was kep®Ciruse@Riossris n an
oil bath at 85 Cfor 1 h. After cooling, the WO

The r 6T AN fa Thitas 0P Pt <G CERUETHE b B b0 RPSte o4t ReRec 15 gy s
added. cfheofykicH hery RS pibhallyedibt@hted. ParfiQlih@pedeRdn & id Hr AN of NERUgh a

fritted funnel. Thé filtrate was washed by viater (200 ml), aqueous
sat ur ataed NaHCOB (2x200 ml ), water (2x200 m), brine (100 ml) and dried

over SM. After cancentratio he .m xt ur s.purified by flash colum
ohr ot b AP EhPEIGAEY n Acktany Skt & WFEFIESE. 42 o (50%yi el d) of
pr oductm i{ §0148], pRtrepvd d&A1Z4 To a 250-ni flask containing material

synthesized in Step 3 above (6.42 g, 13.4 nmol) was added nethanol (60 m)
and Pd/"C 6009 (1.43 g, 1.34 nmmol, 0.1 eq.) under N2. H2 bal | oon was added

and th S r i for i . The .bal.l oon was opened to
the re g{)ﬂl}-’jni&éys anBnH” %ﬁ g %%Mygg%rt%{lgjér%r‘f%sgﬁn%& giﬁglpg%rl% Jh’g mat eri al

remai nert.is TheC4 slagl, panicwasy sbmppgdcr tae/lr eaction mixture was filtered
through a pad of Celite and the bl ack cake was washed w th nethanol (3 x 15

m). THE R pi¢ Bt &edds concentrated and the residue was used in next step
direct lps w ; ik _pRant : ; ¢ t DVF
Cbz %%MRHI{IEH&%%&E[ ([)18%&%5% To{ gﬁdlr{ y}gg%g%@ﬁgs W t r’rggtﬁgt H?Bsti r
bar wass@ddgd ot hbutghi ne synt hesi zed in step 4 (13.4 nmmol ), Cbz-L-tyrosine
(4.65 815 14.74 mmol, 1.1 eq.), HOBt (2.0 g, 14.74 mmol, 1.1 eq.), anhydrous
DVF (40°nf). The reaction mixture was cooled to O C foll owed by addition of
EDC HC1 (2y83Ry, 14.74 mmol, 1.1 eq.). The resulting reaction mxture was
stirre for 16 h. The reaction was nonitored by LCM5. The reaction

m xt ure WO 2012/ 145255PCT/ US2012/ 033715 diluted with EtO0Ac (500
m)/water (150 m). The organi (r:ﬁfg)gase was separat ed and the aqueqQus. phase

was extVietiaR By E&-6ALcERral! L3 Rerersity e -dr yan? detesgpeylsonfeb£ Ias hed
Ndroce TS RE T sag B FASFRSS PERC b BT g5, i e
concentsubstitod okdmlg ona®linashugdd, thiazelatd, pyiarolehgyramiine, stépzole0182] Step 6

imidazoline, pyrrole, pyrroline, isoxazole, isoxazoline, isothiazole, isothiazoline, oxadiazole,

thiadiazole, triazole or tetrazole ring, wherein preferred substituents are halo, nitro, cyano, or

optionally fluorinated C1-C4 alkyl, optionally fluorinated C1-C4 alkoxy, COOR®, CONR?,,

C6-C12 aryl or C5-C12 heteroaryl, each of which may be optionally substituted; where R® is

H, or C1-C8 alkyl, C2-C8 alkenyl, C6-C12 aryl, or C7-C14 arylalkyl, or a heteroform of one

of these, each of which may be optionally substituted; and each R’ is independently H, or C1-

C12 alkyl, C1-C12 heteroalkyl, C2-C12 alkenyl, C2-C12 heteroalkenyl, C3-C8 cycloalkyl,

C3-C8 heterocyclyl, C4-C12 cycloalkylalkyl, C4-C12 heterocyclylalkyl, C6-C12 aryl, C5-

C12 heteroaryl, C7-C14 arylalkyl, or C6-C14 heteroarylalkyl, each of which may be

optionally substituted; optionally containing an additional heteroatom selected from N, O,

and S as a ring member, and

Y is F and/or Cl, preferably F, at postion 5 and/or 7, preferably 5,

mis 0, 1 or 2, preferably O or 1, and

m’ is 0.

[0078] Where chiral carbons are included in chemical structures, unless a particular

orientation is depicted, both stereoisomeric forms are intended to be encompassed.
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[00183] An electrochem cal cell was assenbled using a glass cylinder (6 cm
dianeter x 11 cm height) and a customrack (polypropyl ene and nyl on) which
support edw0 20ertssz5al graphite rods (6.15 nm di aneter x PETArsediemgi7ny. The

rods were arranged in a pattern of a ring with 6 anodes and 3 cat hodes.

El ectrodes were rsed t epth of 6.5 ¢c The nollc terial

synt he %Wﬁnﬂs§gmgﬁégﬁg d?%ﬂtﬁgﬁ amg%dlﬁlfnﬁﬁggfrj’om%tﬁ FAAmplnHaYs ™9 % ol |
3 eq.) m&%%ﬁ&eﬂﬁ%eﬁter@an%@héf@%&e elst9R dﬁ?erént%ﬂgntiogléﬂ@ta%ﬂ/oé ﬂlame}eo%'h% added
in DM (200 mM). The solution was stirred vigorously in a stir plate

(appr oxforrﬁst)@\lt mm)cal mvmelelaed Btemotsemecmf theeanpomdspdescobed hadinoand at a
potenti al t e orl i.nal , SM was
consur‘realxalges téf“@?ﬁtaﬁ %PHBVeﬁg Fﬁvtltglﬂjr%g PEWe Ot%tﬂleﬁv SN P ocheni stry
react i Qicep@sic, 0APORLREE dntidmElidRImE oM ST dalsterd@melfbﬁnmt Riittates
synthesized in step 5. The conbi ned reaction mxtures were concentrated on
a r ot artyereqiagapattisplagyagamic anptures3d sogleadiasteipoaers sueh #rehe epesaleyegthgdm

mani f ol 0
R R g Y o
200 m )abbut 95% (aaa@nmﬂt)omemlsaxa@gmouanhalyteﬁeemsﬁ(ee)otdf@eéaeﬁ thah %%@esm on

w th Et0Ac 2x50 m&é The conbi ned organic |ayers were dri ed%ééfzfa2504%) and
concentara%ted hanrghoyt i epiniarawhergdorble bopds 31F Regsertothg FAMPAY BEFiahhy
with 1 e 6.4 %
yield ﬁlrjt/%%{ﬁ%l‘eéegta %ﬁg }%56)}-%] af Bét)%%g’?gle?%%ngg ]jl e %ﬁggﬁgﬁ%&ggﬁ% es]iwz]ed in
Step 6 a5&3 avgpixQus6s ismmdry. Wasredhseohpoadds desaebdiamoy al@dé’xm 1)1 tanomeie

sol ution was .cooled in an ice bat ol ution of LiOH ( 8. 63 nmol ,
10 eq. )fnt’“PnS Wt dpvepionzreliss tgthe usg ok all Wittaswmerﬁ anghfRixygs “5 ‘was renmoved
and t hqogyggt L@&nﬁ!@t‘hd§5f for@dladt) R dfls‘é[ose@etlﬂboaihﬁnmtl’fer%feca%ﬁ s&HeaGn i N an

i ce bath and water m) was added followed by 1 N aqueous HCl1 (8.8 ml),
keepi ndracthase togmt pmanttertpeplmdtﬂse HheimoagetGcaly aTérptabilasalt er mmpam’@qu i oned

b 5 m).and Et OA hed
i th saptrss e dau st AReer PefighEquobte s afpb arhoaRun R ph° "o
successidiedvat bhlktidRee 4A@nithdle ¢ (kl? SuOR R NB&hiOLGRMBI0E alcaﬁbekﬁld/w@mdr i ed

(Na2504), decanted, and evaporated to give the acid product as fine white
cryst alBEeseppogavetiep igeludes igpspBy pf thesccaamppunds it havaphaimachutipaliiet i ¢ stir

R R R T N e
(140 nmpf a&.l.dﬁB@FOﬂﬁﬁHﬂormad By &gction whhyehaalesorDMrgfiidbmbe}, aatddalts of basic groups

N, N-di i sopropyl et hyl amine (0.346 m, 1.99 mmol, 2.3 eq.). The reactlon
m xt ur doRed RbiseePn Wit oxsapisior fpsermis acidpt [958 aétheeeentqefnwgg ¥gd by 036

mrol, - 1h3r&bkidn ard & ?a%}@ f‘gk Eﬂarfn%@&ﬁfc&’l%s@é Ot;wngthtaa 1?161' LEie Bad wWith diefii 16 .

The react!on was noni tore CVS. Most vents were evapor at ed under
r ed uc ednqzia]ds}simmdes'l(hg rse@unhde/dvmeda;i ipbasedmytitoxkteQéc. ) ( dBdineicpithvateed ( 30

e ¢ phase was separated and ueo hase was extracted b
2 bac ?%é 6 R REChE g S Ay by Gt R PR G g )

10% st ROTAs SR RARBRY o d AAYERY: ﬁniﬁé}lsiﬁ.%né ABetfylami@t er (40 m),
saturated HCO8 740 ml), and brine (2 x f:a and then dried over
Na2 S04 . pyAiiner picolinse athaaelpoine, thlq@latwladlelwmﬂw@e miing, detyclphexylathimenext st ep.

[ 00188] .T0 a dry flask were added the crude product from
Step 8%@2 e(‘ég'lﬁgjé'?enLdlﬁ?n 8tcanhydrous CH2C12 (15 ml). The reaction

sol uti qoostﬁc BEtableQUEYinakide those sf BeRlaalt defis<d&ad Wydeodilyfides. e/ acet one/ wat er
bath. A freshly nmade stock sol ution of Bis(2- nethoxyethyl)am nosul fur

trifl udpderbrmidggguiiptes. hydmpspliases. and thedike) o gzaiped additipn yaliha Sxaeated

dr opwi s t S and
v moc S incFamit P bl CRP LA B ot hoBlomiEdalt e il S

of sat wnHtuedaddugnsshoxaHcid3 etc]l Exainples @t bigheid asids hn&hd}ﬁfmrﬁﬁ(hcm ))xalwas hed
wth water (2 x 15 m) as well as brine (20 m ), and dried over Na2504.
After ASKEarticafidofiripHe aridsigthansiadonis éed. ‘PF“ﬁ%‘i@tSU]é?réf)a“[id@il%i“ tep 10

[ 00191 mdiforeshfohid b3 KochiotHodl iriOadid ﬂdéﬂ@sul%ﬁﬁ%fd CeOmISS fiR1ed v e
(0.866 nmmol ) were added anhydrous CHZCI2 . The m xture was cooled to
0C. ThenltCBrteb3si¢ @mirkBacnds, sugh 2f9argnmie lylstrﬁ elqut)nnamic DBid (alxs $9% avidic 1. 29
mmol, 1.5 e added respectiv The resulting m xture was al |l owed
o war B Rl bt asrat i SR 9 eRe 1 or 1 b The VO

2012/ 145255PCT/ US2012/ 033715 reaction was nonitored by LCVS. The reaction
m xture was diluted wwth Et0Ac (50 m), washed by 10% NaHSO4 (15 ml), water
(2 x 15 m), saturated aqueous NaHCCO3 (1?5 m), water (15 nl) and brine (15
m), dried over Na2SO4. After concentration the residue was used i n next
step. [00192] Step 11



COOve CbzHN', HN H2N', COOMe H2 Pd/C'"'"N.,,,,N OHOH [00193] To a 50-mi
flask containing nmaterial synthesized in Step 10 above (0.863 nmol) were
added netweroi2/{#izsm ), t-butylam ne (0.137 m, 1.3 mmolPCTAISB01H33718Nd Pd/ C
(10%9 (91 ng, 0.0863 mmmol, 0.1 eq.) under N2. H2 bal |l oon was added and the

fl ask wth H2 for I mes. IIoo was opened to the
reacti \éfﬁa%@ Igﬁ‘sdlﬂf){le‘ionﬂ)oﬁngst‘?f &Trﬁ@ agh ‘grfhslﬁ-% “s‘f‘ Ria thers o MY ehai ned.
The reaghpRd oW a@&p@qnmm% sﬁ@ﬁ"ﬁsté&?gé@néra Eif. %@%ﬂ‘gl JubIe tRebtinbr mge&gba@ pad
of Celite andthe | ack cake was washed wth nmethanol (3 x 10

filt rata@tlme&:@nammnoam@ﬂamdtwm@agm@tsjﬂnere@éanls@dg smgh;eohalrsarmqbow rectly

t hout, f h f ti 0019 t e 00195 25-m
B L 7 g e B R LR oy S U A LA
added (t@lofs"‘% Zfﬁrdbﬁﬂﬁl@@fd/s Breb®t AyhibsttiRae |n€01@t€dsdaI{thK@hHQ Inladaaﬁmmml 1.2

eq.), HOBt 036 mmol, 1.2 anh drous DMF (10 m) and VO
2012/ 1419253913@3/ Qﬁész@l@ﬁ o033md lecwsq@%mbogi@pwmhe@ﬁ yaarherseupled ppeonjpgated 29

The..r [ f by addition
ot Ebc PR b A DGR B RS, B TOLURYR O, 206 L
was st |ph|aﬁdaoakmeﬁmm@1raselre@drﬂbee if the Aldvahiced Thi@rg r[mmliyqtew\ass thieme igued by
The reaction mxture was _djiluted with EtQAc (100 m)/water (30 m).

LCIVE.
The or d®i 6l M@%%O@éﬁaﬁl%&deaowr Fﬁ@aaﬁﬁ@é&llfﬁ%s@%%tl%lﬁﬁp‘éct ed by
Et OAc (@lﬁ?lgn%a)for 6&%1%&% rlﬁ@lu&’ih guq ah W%fo?lem%v %afisie C?%r (30 m),

10% aqueous , saturate and
brine ((23x1130-nil8g, 2Qﬂ9dThdnmiecni¢d %E{}mlvaazrbd\dzf%@don\/&hteat rrmimukanweght caund t he

crude an%gy ‘tlflesl?r(ljea%j l)rr l?r%;[lcl:}%édl z{]ndtnqu Qe())(lgtlo%%ﬁjp co%gga:lf 9d6 t]hrou g hjhier. The average
molecular weight of PEG will preferably range from about 2 kiloDalton (kDa) to about 100
kDa, more preferably from about 5 kDa to about 40 kDa.
[0082] Compounds of formula (I) and disclosed embodiment thereofs are useful in treating
or ameliorating cell proliferative diseases. In particular, the compounds and methods
described herein are useful for the treatment or amelioration of tumors and malignancies
associated with breast, ovary, lung (SCLC and NSCLC), colon, rectum, prostate, testes, skin
(e.g., melanoma, basal cell carcinoma, and squamous cell carcinoma), pancreas, liver, kidney,
brain (e.g., glioma, meningioma, schwannomas, and medulloblastomas), and the blood and
hematopoietic system, including, e.g., leukemia, non-Hodgkins lymphoma, and multiple
myeloma.
[0083] In the methods described herein, for example, cell proliferation may be reduced,
and/or cell death, such as apoptosis or apoptotic cell death, may be induced. The cell
proliferative disorder may be a tumor or non-tumor cancer in a human or animal subject.
[0084] The compounds and methods provided herein for reducing cell proliferation and/or
inducing cell death may be used alone, or in conjunction with or in combination with
surgical, radiation, chemotherapeutic, immunotherapy, and bone marrow and/or stem cell
transplantation methods, or with other palliative agents, such as compounds that aid in
nutrition or general health, anti-emetic agents, and the like.
[0085] In some embodiments, the compounds of the present invention are administered in
combination with a chemotherapeutic agent, and used to reduce cell proliferation, induce cell

death, and/or treat or ameliorate a cell proliferative disorder.
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[00197] To a dry flask were added crude material synthesized in Step 12
(0.863 nmmol ), THF (10 m) and 2-propanol (30 m ). This solution was cool ed
to 0 C f owbaeedi4mssaddi ti on of solid Iithium borohydri dectas20mm33712. 95
mml, 15 eq.). The resulting m xture was allowed to warmto room

t d st r.22 h. .Th tj tored with LCVS.
PO 1 A A R A AT gt P PR A A
C 2- Prt@ﬁaﬁ%d(caﬁceﬂtéu ﬁﬁléi a@tﬁcu(lfr% mnlt MRESs afded (EeidhawedaAorddi tion of

NHACL (4.6 ereactlon m xture was stirred for 1 h
and di Ianﬂ@decahlkﬂtdikﬁ@nt( Qﬁ@emgeht&at er (50 m). The or ganl c phase was

t h . t ted b 0 n). Th
conb! ndB0Sga et AR FuRES SRR SR Bl S Seialialisbs (2x100
n), mﬂén@ﬁvn(t@lﬁé@c%s)tatlcsaﬂitwoﬁic&ﬁ ablakdptastid Q&ivity) Th@miaglamsri@clﬁ& Xvithe@d) ,

and then dried over Na2504. After concentration the residue was purified by
fl ash donitaiene Bnomatbelitapeye. (3w Eno Akdpagnet o flapfo? ddepegiidine.pr oduct as an

o oI e BB AR BB By bR s

To a drgysp2hly; a¥cldphasphanvads); maaedating ddentsGe. @Laﬂrﬁ@tﬁj‘z@@bﬁhﬁut{)ﬁar@m@e) 22.5
nmol ), and. anhydrous net hanol_ (120 ml). The suspension was cooled to 0C

f ol | oneRtIOBY Fatictis SiRore (f r Ietam%&lwp %’Cloélﬁélﬁ(@? PIappyciny OPYISASTase 4. 5
eq.) in %é’ﬂ'ﬂhﬁnt’bf’st Qaﬁl?ﬁﬁhécﬂp tdRRLhA Qplrfn%fge%)a{o#%ﬁofﬁ%}agg\’t)égﬂ The

resul tl?fl eaction xtu was stirred at room’t erature for 20 h. The
r eact i anhibasersfapi dtopasdlebtenipoGde Mthtaquoloats, laathmctlyslﬂrmﬂ aed pump(hyk}(vtapmb ;at ed

d d Th d d t t 2
[ 00202] TSP PSSO e 51 REeh B RoRNBETE SEpeare vk htited I N ne
sal t syptnRaiapehidd sseR VnReive ahd atnérlmﬂél) anasg:lﬂﬂﬁlg-ltdf@té D81l Bpiddol, 24.75

mol, 1.1 eq.), HOB't (3.34 g, 24. nmol g.), anhydrous DVF (80 m)
and N, Ntwwspopn@@hgdrhwsmrmom@ @l‘umﬂ thaea'ffcs:t ﬂrhprO (€. @eleiqnc)mycmend eacti on

et " el S B poR R e U R R o abbdy e £

The r eaﬁ&ﬂ s@lécﬁ\ﬁa‘iy BRAitd Plrsﬁ@i))bYRJA@Nﬁ TRAHL re@épt@pbntﬂ)@tw TRF-& @ VINIRpaditbrunder
reduced c[i)ressure Then the residue was diluted with Et0OAc (600 m )/ water
1

(200 nimpdiatipethefagsni ¢ phase was separated and the aqueous phase was

extract y . I [ | ed by
vater (009t 5 SO phett L Thiaqu R, SRR G AR0L el B RIS R £ 1HORETY
NaHCO8 TRAN. recgptoeandibbdy, NENK-2 o TNIOB My othangtefehed etibbéichenwetheNddifiodal Af t er
concentration, the ¢crude was used di rectl n the next ste [ 00203] Step 3
[ 00204]drwessiar €8 AORIGTTapRm W PP gegnPeEds s ﬁm‘vengogaﬁﬁm Hﬁm&%@@t@eﬁ m) was
added ':‘}%) gb%d)efl uxi ng solution of the conpound synthesized in Step 2 above
(22.5 in THF (250 mM) and the dark solution was kept in reflux in an
oi | bat[A08Q] Smit@bledtspP0 mhlmtdremchldoIansvg;ycirhtkrsmtlvcﬁrsmhvasgeﬂm‘zmdlrmnda

rotary e orat.or,. .The res ssol v in ethyl agcetate 00 n), and
atoch RN S e Bt TRk LRl aRo L Pl Tk e AR P (g by
H ; tratA 80) LRIRmkERo Berivaive edr- Auane) andT hﬁaﬂ}ﬁdot de%‘&r@tﬂ’@%f‘g@l%lﬁ@ﬂn%ﬂn vahes (200

, aqueous saturated NaHCO3 (2 X m), water , brine (100
m ) andl 7edimsthybareinogth glgaano- Mﬂ@netbomeﬂﬂa@mwm(lﬂ@w&x Ute was purl fied by

e O R S P SR A RSl 8 5450 9
cont ai nj 7a), 988k 68138585y PesIZR, e4th i hich i@ boep drélte@ﬁe@m 1 Rferenvel ) was

added net hanol (50 M) and Pd/C (10% (530 ng 0 497 mol, 0.05 eq.) under
N2. H2 Géer wiablgdispe) endibitnginchde radigigolgid ogsuﬁf@eadld\mheﬁ apglogsgihergot.i nes. Then

H2 bal | t t t I t
2 el LR SRRTEL | eyleSar P el RS Bt riiRplanet 1

was fi ldl.epAagew WTlomghdB 12808208 ] dne 1ﬂMbLﬂ1|i’166t d\Y\OJ Amer Chem. Soc., vol 127,

2012/ 145255PCT/ U82012/ 033715 bl ack cake was was wi th met hanol é‘i?, x 15
THEOP i 100F AW %epairing Aeiavitivat %@h&ﬁE%EU%E%% %‘é%@éaqhww flst ep

d' f ect | XwichBRUB;dI Wbih ?{5) P247V9' 5840(%063%(1 [RQR AT 1ok R IO T S&i&éﬁ&]nomq@

100-m TTask wth magnetic stir bar 'was added the am ne nt hesi zed 1 n step
4 (9. 9200202360 7Ch reldted klfrtolsncyrélc(dérwal\ga,s disolossd erﬂ?T Abplicaign)No. MOBt (1. 48 g,

coor o TS 2807 Rl bR RO st s 805 ChEREE b0 Bl eSS )

eq.). The resulting reaction m xture was stlrred at RT for 16 h. The
reaction was nonitored by LCVS. The re&ition m xture was diluted with EtOAc
(400 mM)/water (150 m). The organi c phase was separated and the agueous
phase was extracted by Et 0OAc (2x100 nil). The conbi ned organic | ayers were
washed by water (200 m ), 10% aqueous NaHS 04 (150 m ), water (150 m),




HNCOOMe CbhzHN', N, K2003, Et4N+BF4- 0ObzO 1.6V OH H [00210] An

el ectrochem cal cell was assenbled using a glass cylinder (6 cmdi aneter x
11 cm heiybt2pr2ame2sa cust om rack (pol ypropyl ene and nyl oRrCTAise@h/0337pport ed 9
vertical graphite rods (6.15 nmdianeter x 12 cmlength). The rods were

ore | bl g ﬁrég’b’gﬁ'@r ) Zﬁrﬁ@?ﬁ@?gﬁ%ﬁﬁa Ay TRt At sy Bad |
Step 5 ghRYS0 QRo%e admlSstErala) drkl40BAe ﬁrﬁnﬁgoﬂ of ﬁs@)()”’ﬁi?d candbeffied in V\O

2012/ 14525gPCT/ 82012/ 033715 K2CO3(0.44 g, 3.18 mmol .0 eq.) and ID water
(4 m) qmmaaldd@dthmemPQ@ﬂ@omhﬁ dem@osol ut| on was Stl rred vigorously in a

stir rox. 600 e ectr m cal. actl was carried out
ot 5 Dahsn{ APRER L coRBpubP P BB SAFATT SR B WRRT o ot | G ves
consunednasnAich &¥ifH HRthebYhel#plettid, Mhce@ordde MR nady b2&-aMhinikheeE be Bk dedyesd stry
reaction was repeated for 4 tines to consune aII phenol i c mat er i aI

synt hesidpueisicrpdsergatsly where somtadnubis fratau is dimodi st & agspis asorewtedbed on
a rotary %L%Hﬁgl or (bath tenp. < 35 C) and dried further on a vacuum

mani f ol e residue was diluted with EtOAc (500 nml) foll owed by
filtrat[0091]t xeoglinglyfthe tégoditininalsed ibhte fietHddatescvibed hasiddclbye sdest (2 X
200 M), brine (200.mM). The aqueous. | ayers were extracted in succession
with Et@AéO’(ﬂ?RW of the ml"ﬁ%“%ﬁ%‘il FIERStogalhy Eclude epg opapEs %ﬂdiltéwak%%sm and

concent I t @agr aphy
B s R T A R
yield imethbﬂse:ef thed mpsntlo[n(iﬁamde] mSth(eps Wherelﬂ_a smcwéﬁghdshki lalﬁ)l-ﬂ 1{6@6251[2] The
corrpound S E?em zed.in 1;3,][613 900 1.43 mmol ) was di ssol.ved.in

met handf®3{ r)caB?F&“tWéat e a%é?é‘ QTP ¢ catppPEBon gt e IVeBiPht j on of
Li OH (344 idUmulidnedublyRl codin@Atly trbfled@itBlonk dr mofd of e adAHeed dR¥HeuRc M N.
The ice bath was renbved and the m xture was stirred at RT for 18 h. The
m xt ur exgeats dessobediabayean i ce bath and water (40 nl) was added followed by 1
N aque C 4 ing.the reaction tenperature below 10 C. The
ML ] é’&?’] *’1%8%%5"@5(‘\@8%"%& er (25 m) and EtOAc (200 ni). and the
or gani qob9ajerTheesri@stie wsefuhins@t uvahesh ﬁqma@ @ﬁnd}a@formmloﬁa YEAUS thager s
were extracted | n succe55| on vvlth Et OAc (50 m ). The conbi ned organic

I aygr s - 5 daféféﬁ@éﬁ}%lt Mack Buplishing e aci d
262 2??_21%3%%&3%@] ﬂ%&%}%@ﬁ%@ Ib?/ ref[epeglgé‘ Ll}ucﬁtfgﬂmﬁatlm include those designed for

oral delivery, slow release, topical administration, parenteral administration, or any other

suitable route as determined by an attending physician or veterinarian. Thus administration
may be systemic or local. Suitable vehicles or excipients include liposomes, micelles,
nanoparticles, polymeric matrices, buffers, and the full range of formulations known to
practitioners.

[0094] Systemic formulations include those designed for injection (e.g., intramuscular,
intravenous or subcutaneous injection) and those prepared for transdermal, transmucosal, or
oral administration. The formulation will generally include a diluent as well as, in some
cases, adjuvants, buffers, preservatives and the like. The compounds can be administered
also in liposomal compositions or as microemulsions.

[0095] Injection methods are sometimes appropriate routes for administration of the
compounds for systemic treatments and sometimes also for localized treatments. These
include methods for intravenous, intramuscular, subcutaneous, and other methods for internal
delivery that bypass the mucosal and dermal barriers to deliver the composition directly into

the subject’s living tissues.
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[00214] To a dry 50-ml flask with magnetic stir bar was added the
carboxylic acid synthesized in step 7 above (1.43 mmol), L-serine nethyl
ester hydwochi2omszdé (268 ng, 1.72 nmmol, 1.2 eq.), HOBt @2325Sn9y2/033772 nmol ,
1.2 eq.), anhydrous DMF (15 m) and N, N-dii sopropyl ethyl am ne (0.624 nl,

3.58 2.5 eq.). The reaction m xture was cool e 0 0 Cfoll qwed by
addi (1 g0 é‘%;euﬂéfw@s HORs &3 brpparad B cogygnt ﬁlﬁ%mqﬂ% SluIRAs on
M Xt ur & Waspeftibfis §thsablidori? rsuileﬁﬂ@formﬁtus@apgdgpéhsmqn 'iﬁaﬁid%;ﬁfo@% BYecHiGHB.

Most of solvents were evaporated under reduced pressure. e residue was
di | ut ecbrwas emuBi@Ac Spit80e ekdipinets erclydsOfariexamifleewatey anlins, gérdgsev@geesdpar at ed

d th h extracted by .Et 0Ac (2x30 m ). Th i ned
o gani Rk B RSy P REH S < T Gl R et e KBRS G vt
wat er (s@6h M wettin@bk et ReyiNaHEERs (B Obwdrin gaident ahd ehe(lgkeXsief al] fbr exainghlé,hen

dried over Na2504. After concentration, the crude was used directly in the
next stsepiun] Foris sorditap npnolaufagyangpo fstha dry fl ask were added the crude

or OGSt B 8, ANRUEfch AR e 105 AL USRI 2B R0 - The

reaction's I on becane cloud Ina

i ce/ acaititined wahelie dabgounds 6ff tas iMwntimdeSeet fuekx sSaplel U PafenBNs.(32624,677.

nmet hoxyet hyl )am nosul fur trifluoride (0.395 m, 2.15 mmol, 1.5 eq.) in
CH2C12 {16 BFSenbeenpastions erropinitdized ithaichgapirelisdyreleasscdsliyarymivriets &

st rreddpag) 4@ C for 1 h, and warmed to room tenperature. The reaction

m xture S guenched by addition of saturated agqueous WO

2012/ 1480%8 PCh/s1d820 4@ D33ALion NealiGB® i(dbdate)ativelylnonedaviv¢ metiodAsuch80 ),

washed th ter (2.x 20 % S || as brin ggl?;o rﬂé . and diied over

Na2SOn. TPt FEBTRSERGS a PHC R PriSEr ulaWBLoNT SRTT Sy ABKINEREE! [ 00217] Step
10 [082di8ratiR. Ol M rhihReKHGPRLAILAIE RS BhipdEnddFUMChvELRN SuftRbl® above
(1.43 mol ) were added anhydrous CH2Cl12 (25 m). The m xture was cooled to

0C. ThéamgBmciige (Yups tapdulestabBtsapmsd the 1iks apip yndarstpodBwtheoar821 nl, 2. 15

|, : dd tively. T | ti i xt . al.| d
o var 00T SRR oEF P e WSS RE et B o e bl B ol
noni t orvedll WithinEhordThey le9alCdfl RN i thd bkt CF ¥k afhiplel teh] \Weliverich O AsudpbOidork ) |
washed by 10% NaHSO4 (30 m ), water (2 x 30 mp), sat urat ed agueous NaHCO3

(15 m )is offent eppro@otvhergile BibjaseexBoengey naysep apd pomitingba pacclydes er
t r-at j: I esj i . St.ep .11 00220
To o TSRS, T B DR B R P aph B AR R 0 ol (30

m ), aguwenoidedarrivars dosagd oildreevefAdAys diStoril specifib dodue, Sk tard@us edebiedor m Xt ur e

was stirred at roomtenpperature for 24 hrs. The reaction was nonitored by
TLC. MpSPIesl Whstnihas efifgs %3 4p8Fdt ed under reduced pressure. The residue

was extrpgfdod dri¥snficBydl deGaL-at€aréod il for soof th iti d method
2012/ 1 52@5@0# 682512%1033712 washaéﬁ’reé%%ah 2% NaHSO4 (307 ), “water (30 m),

5% NaHCEBhq BOention, Thus He doBPositipns dirtbe orvgatnorcmpi hs edmassteled ednomensfig2 SO4.
Al ter Cu%pn%%gc rn%{ol g?/r;’nd (?r%m z{t{'(l)glemet Sdstt a?cdarfi: norl)?r{( 1In tﬁft:g . [00221] Step 12
[00101] Regardless of the route of administration selected, the compounds described herein,
which may be used in a suitable hydrated form, and/or the pharmaceutical compositions of
the present invention, are formulated into pharmaceutically-acceptable dosage forms by
conventional methods known to those of skill in the art.
[00102] Actual dosage levels of the active ingredients in the pharmaceutical compositions of
the present invention may be varied so as to obtain an amount of the active ingredient which
is effective to achieve the desired therapeutic response for a particular patient, composition,
and mode of administration, without being toxic to the patient.
[00103] The selected dosage level will depend upon a variety of factors including the activity

of the particular compound of the present invention employed, or the ester, salt or amide

thereof, the route of administration, the time of administration, the rate of excretion or
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HN CbzHN', [00222] To a 100-ml flask containing nmaterial synthesized in
Step 11 above (0.735 mmol) were added nethanol (20 m ), t-butylamne (0.116
m, 1.1 rwol2012145258q.) and Pd/C (10% (78 ng, 0.052 mmolpCTAIS201H33718nder
N2. H2 bal l oon was added and the flask was purged vvlth H2 for 4 t| rres Then

H2 bal | oon was opened taq the reaction After 4 sti.r st no
starti fget gl&ﬂ@ﬂ%& ?B%Fﬁéﬁcon‘iﬂ?é‘n%slél& %@g] tbe Sppaed e’ﬁ‘ﬁ‘ét Otfé bor’il ture
was filduefifm éf@ﬁ@&'&'ﬁn@ntﬁ@tﬂelocirugﬁ biBo@Rd ah#Rr RafGH1GRKE in@mRaIadyviM t h

met hanol (3 x 1 e filtrate was concentrated and the resi due was
used |nh¢lpmlclslae¢pr@pquadtemlqmedhbatagd §ex, N@agmmqnﬂltmat geunnral heo@2sH psicep 13

00224] T Kk cont inin am n nt hesized . .in Step 12
bbove. trced nilaly BT i rnalin bR i e B P60 RAPHD b gl kR (Toa
gy, 0. §8@104)yFHor adméniQehtibn t(HﬁBEna( 3% suBieB82thamekage bf c@ﬂlpbuncﬁéﬂ'tﬁéir ous DWVF
(10 m) and N, N-diisopropyl et hyl am ne (0. 192n1 1.1 mol . The
reacti dﬁV%ﬁ}?Nﬁr‘é’Pw&EY %ﬂé@mg@eoa@nmtlra@wade@yfea@ddQﬁaémle@els ED@IBJ%Y (169 ny,
0. 882 t room
terrper fuo (fn %g %turer{)::@thé €5 1%1%1?1%\,\% %%%&%{Bf%@éﬁ%leﬁt % uh&d 8
2012/ 1452(551863’1/ biﬁ?ﬂh&'ﬂe@ﬁ&%@zinﬂ@hﬁe oTb@mfrﬁﬁfaItlensalbdtidnr(Ef asagh dfutield Wit h

Et OAc (100 m)/water (30 nl). The organi c phase was separated and the
aqueousOPPRY swégvl@%% aébélcpf@y 0@@0% artsag, Hg Ry be alf’l‘iémEB%Fir]‘i’é&taé?%% c

| ayers SC4 wat er (30
m), saa\t,%%gtv C% %ﬁa%{rﬁr §a§91§l'ﬁ&é% gee/%‘?g%g%ée % aerfg ?11%3{%)“ %ﬁl ed over
Na2SOH4.[08F05 rFrechmnem off ainhioistratidreofcthel d@mptamda 9ﬁdledn‘¥€€lﬁbh yan alsd hcereraéﬂjz st ep.

[ 00225] SteP 2} [002%\%]e To a dr fIa E wer e added crude nmater .

synt hed{e o byramp skidted i thesrtisie) welgknahischigies Fohmmale %P*’(“fﬁtm) and
pyr i di NRay(de irfihistekdd 4 10WBdshge I Sord dﬁddﬂﬁ'o‘?@oﬂ@@sﬁ&@&ﬁﬁe irﬁfentlg&tfaquxJOV‘Bd by
addition of trifluoroacetic anhydrl (1.5 m, mmol ) at - to -1

Aft er dodivenayrsuch heoncepal dasngr lnssxafieneandabe dosage end/at frequeaey @fr 1 h. Then

NHZ. t 150 f. I I db
e o o Bt hRh SRRl oA BGRTp d R TRe s atlRRi e ot ¥ or e
with L @BentMbst of sol vent was noved under reduced pressure. The residue

was extracted by et‘%clt acetate (3 x 20 m), washed with water (2 x 20 m),
5% NaH$0A10062 Sythetic Kgaessses 20 m ), sat. NaHCO3 (20 m ), water (20 ni) and

b ' t
Che e dBGTRY TG RE AR BACRR MBS Blch e i L e e b SRR o 1 0
40% MeGQN/sBESM) irt Schafrdealr, dAdieﬁ stepd:h he peatets iasolass bE fe}e‘mmlerrﬁml lodld@ﬁslésmg, 0 184

mol , 25%for eight steps). [00227] Synthesis of Conpound

2012/ 14519%@@@*?P6$2b€1@/1163@t?r:f%€dlaw [opreyisT andpgplipe f@@@?@]d Oiféogmelﬁ §J> 28 chy

fl ask n HEA®, a anhydr ous
met hano (120%n1gsém&he gges%neglé oﬁh%g({s]gycglg(cggl%? gndo%i%?&f %%?‘%ng%dl tion of
chl or otaxiidmtitvh gy clgatiameas déscdbad in 1L.31Applatibn Sdrid Naxg.1p/ 11314 o8didiled6dane to
keep t eactl w 6C. The resulting reaction m xture was
sti rreg%ggg Pgﬁgg’gi‘{ﬁ(@ ?@B? h The reaction was nonitored by TLC
Most  vqbeios) eAssma%%@@ﬁeM@nedl ﬁ@rst%} HAERELs WeeUsRFa Rl 88&Y kRinddlae crude
was used in next step. [00230] Step 2 0231] To a dry 250-m flask with
rragnet iconditions b@wm\msthaemﬂefdr @W}dmhwosalnng @yNthyémxz/@etqmmgte@ptel onbove (27
HCBt ( Lfmg%er actax@%e?%ls‘lt% h ?f:dDCF'ﬁ‘o %.?a_llldé&ll_l(%llljsgéHZG (‘Tﬁ% ﬁ;ln?fr:rro t08d %y one gf

N, N- di lsﬁnpfnqm'h@mwhm@ear(elﬁoﬂsumthble%&nmmﬁs mdy Be €@lided td h&nd @adigepfiddri xt ur e
was cooled to 0 C foll owed by addition of EDC HC1 (5.69 g, 29.7 mmol, 1.1
eq.). THatingEaierialiginebidong the PRt v kodxeod lisertupedpseribipg synshesisgofipeptides
reacti ed by LCMS. Mst of solvents were evaporated under
reduce?flrill wgé%%%hﬁ%eh the residue was diluted with Et0Ac (700 m)/water
(200 ni[po10MeTterdipepitide phasacwdsvigepasmioadpndstiedigdaoasd phasiyaias
extracted by EtOAc (2x50 ml). The caqnbined organic Iaéers wer e washed by
wat er (TSN O?tw%%l]é&l‘féﬁﬁ%en?\i’a‘ﬁgcﬁmtliegdntlo)PmWé? &t indelseropfaning dipgPifed
NaHCOB g&@@le%ﬁvatﬁ@@e ehQan(lgdeX f&rQ:an?ih?@ caﬁ’ﬂ&ix 1@%@1ddarnh?&¥éc%é\é,g&1ﬂg@2804 After

concentration, the cr%re was used di he nex
anhydndes or acyl halides (e.g., acetic anhydride, trlﬂuoroacetlc anhydride, acetyl chloride,

oxalyl chloride), sulfonic acid anhydrides or halides (e.g., methanesulfonic anhydride,
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[ 00232] Step 3 [00233] A solution of DDQ (15.32 g, 67.5 mmmol, 2.5 eq.)
in THF (100 mM) was added to the refl uxing solution of the conpound

synt hesi 2&0 2012/18625p 2 above (27 nmol) in THF (300 m ) amdTiuseoidasirisol ution
was kept in reflux in an oi | bath at 85 Cfor 1 h. After cooling, the

solvent. S re ary eva esi due v dj ssol ved in
oyl | HELSroB RS O e R et P gy bl g SO s 2 e

sti rrec{hlogm elﬂcthcfeow }%w;ﬁh&m Jhuéﬁde@tahe@hahﬁeough a fritted funnel. The
filtrate was washed wat er 0 m), aqueous saturated NaHCO3 (2x200 m),

wat er ([99DI®) Ima)prefbrrcd\emch@mem )heaawtdvdmge@emv\eas a6 @hydpafie.end the

concentra 0 the, m xt.ure was. purified flash c I chr.omat ography (5%

e o Tkt otps kel i Eoh R B ArREE sel¥er B Sty BOAETRE 080501 St o

4 [ 00238)odiferd, BEQipeptidd @ikanCepiboAtlnj ms@fateeﬁhcﬁhe SRt BRI R abetSt €p 3

above (6. 42 cg 13. 4 mml ) was added nethanol (60 m) and Pd/C (10% (1.43
le ip

g, 1.32ankydide ip ageticepcyd afrplent §@°C, tppigaidedbndesisd semperndnd t he flask was

pur ged I )

D015, 1 00 Bhel sttty T3 addt @ yiRodhh LORANRE by Wiktion of serine e Nacetyl |
stirr|ngnﬁémmﬁal@ﬂm@h@ymﬂﬂgmﬁmhﬁdwahlmeﬁaaﬂgdndiheda@ﬁ@thMmmaSastopped
The reaction m xture was filtered through a of Celite and the bl ack

cake waSCViREhREEPRIteh Vet AEMEMa¢ ot 3k Tﬁ'f”q‘ﬁeﬂm teﬁ (1OPRr d0nED3e8ncent r at ed
and t heYcFl&ghﬂHeet‘ﬁ’?sE%&s 9dOle . SCWE%E (2%)6 QM exﬁtﬁédeSFJPRé&B ét%'i”i'&?ahedmn

purificati 00236
(2002), 58: 7851; M. W. Orme, et al., US 6,872,721. However, the preparatlon of other
acylated tryptophan derivatives under these conditions, such as the dipeptide analogs of the
present invention, has not been previously described to our knowledge.
[00112] Esterification of the free carboxylic acid, followed by oxidative cyclization of the
dipeptide intermediate with an oxidizing agent, for example, DDQ, provided an oxazole
intermediate. It will be understood by those in the art that other oxidative conditions could be
utilized, such as, for example, the use of 7,7,8,8-tetracyanoquinodimethane (TCNQ), ceric
ammonium nitrate, hypervalent iodide reagents, and the like.
[00113] Deprotection of the protected amino group, if present, and amide bond formation
provided a phenolic intermediate. Electrochemical oxidative cyclization of the phenolic
intermediate provided a macrocyclic indoline compound. Such compounds were further
elucidated to compounds of formula (I) through a series of straightforward chemical
transformation. For example, removal of the Cbz group and acylation or amide bond
formation was used to provide compounds of formula (I), wherein R’ is an acyl substituent,
for example —C(O)R”. One of skill in the art will understand that the order of these steps
could be reversed, depending on the nature of the functional groups to be installed, and the
protecting groups utilized.
[00114] Scheme 1 provides a general synthetic route useful for the preparation of
macrocyclic indoline compounds of formula (I). Those skilled in the art will appreciate that
certain reaction conditions can be varied without altering the essence of the present invention.
For example, coupling reactions can be accomplished with a variety of activated esters, such
as by way of example only N-hydroxybenzotriazole ester, perfluorophenyl ester, N-
hydroxyphthalimide esters, activated esters generated by the reaction of the carboxylic acid

with a carbodiimide, and other activated esters conventionally used for acylation of an amine
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OH H [00237] To a dry 100-m flask with nagnetic stir bar was added the
am ne synthesized in step 4 (13.4 mvol ), Cbz-L-tyrosine (4.65 g, 14.74
mol , 1. weaqniz/46i8t (2.0 g, 14.74 nmol, 1.1 eq.), anhy@Coos200633749 ) .
The reaction m xture was cooled to O C foll owed by addition of EDC HCl

(2.83 q, .14. 74, I 1 eq.). The resulting reaction m xture was stirred
at RT %BIO%afﬁ%d%aﬂsr e BT RO Py VR CRRePOESERi 0N i xt ure
vas di | yirdenyidkyiCBACeoap bnllor k¥ALiS theakPRilMekoonl RO Y ARG sGitIase was
separated and 't hé aqueous phase was extracted by Et0Ac (2x100 ml). The

conbi nquoteetyrngroupsaspetdsbenetrlzedashatdblopratedtong roqe aml methiBotagitesbaed NaHSO4
(150 m water (150 sat.urated, NaHCO3.. (150 i and ike (2 x 100
My abmpHeR fEdeTeb S ket i BB bl P s b PR e as used

di r ect IBfofebtitd @rougxin OfLRic Jy98R38] 2"Step 6 [00239] An el ectrochenical cell
was assenbl ed using a glass cylinder (6 cmdianeter x 11 cm height) and a
customrack (polypropylene and nyl on) which supported 9 vertical graphite
rods (Esc%lgmg'rp dianeter x 12 cmlength). The rods were arranged in a pattern

of aring wth 6 WD 2012/145255PCT/ US2012/ 033715 anodes and 3 cat hodes.
El ectrodes were i metggsto a depih of 6.5 cm The phenolig,materi al

synt hesj zed i n_Step 5geabove .00 _gH 3 mMdiOHAcr ANBE4 (2. 06 ¢ , 2 mol ,
3 eq.),CbKZC%/B'.SHOQ g, 2.96 ﬁ%mm e Cé%'?) mé@‘w ) oot ? e
in DVF (200 m). Thensotodd on was Stirgpgd Vvig by in a st@r 8-R
(approx. 600 rpm. The el ectrochem cal reactignywas carried out a ®
potential of 1.5-1.6 vobts. After 3 days, nos % the original S S
consuned as determ ned by HPLC i ntegration at YARM The el ect r ocH{&ffi stry
reaction was repeated for 4 tines to consume all phenolic naterial

synt hesi zed in steE) 5.F The combi ned reaction nixtures re concentrated on
arotary evaporat8 N ¢ terrE. < 35 () and dried f herNon gvacuum

mani fol d. Theedesi dub was/diPut ed wi thgEhQhc (500 by
filtration through a frit yErMNeEl . et ttrate s washed pf°water (2 x
200 m) brPdE9(200 m ). The_Aqueous PRaY&eLdgr e extr '
with EtO0Ac (2x50 m). The{ceawnbi ned organic |ayers wege /drigdy( Na2504) and
concentrated. This material“wA% purified by flashy ehrorfét ogr aphy
with 15% MeCN in CH2C12. This yielded 553 ng of desired product with 6.4 %
yield in three steps. [00240k:Step 7 [00241] The conpound synthesized in
Step 6 (553 ngy, 0.863 nmmol) s \di ssol ved in methanol (1 l@md t he

sol ution M§dfé‘q0l_eag in ap ¥ 7

10 eq.) injbkh (2. 7o) ded over 5 nmin ,The R&d s renoved
and the m xture—was stirred at ar [
ice bath and water (20 ml) el | owed by 1 N aque
keepi ng the reaction tenpe elow 10 C. The m xture p itioned
bet ween water (15 nl) afO~Et 0A€ (1% nl), and the orgaii£ | ay@r Wees washed
with s agueous Nad .. agueous .l.ayers were .extracted i
succes P EHAN T TRAGR 8o 5800 ip SRS GRHR AT SRS AP oR o D' & e

( Na2504psm@lechhii Bigh yadd agy paey ale fartioulg, Viee dooatd dofith® gtesént asvehtio@arehi t e
crystals. [00242] Step 8 WD 2012/ 145255PCT/ US2012/ Q33715 00243] To a
dry 50-apilghleiwecadyicldapthwithhigh dipsterapmare Py#y eRretertbly: Hr HxgT than §efed

synt hesj. i . (I Y i ne nethyl ester
hydrochl%)sr?‘#%ée&?‘i%‘%&ﬁ%: go%?éég%&%?m%o}éﬁ% ?’?ﬁr&t (140 ny, 1.036 mmol, 1.2
eq.), d00yiaoiie BSwingzxampleanct: difekdliol i opraaplydtebhiol lanit te iG0endid6. M, 1. 99
mml, 2.3 eq.). The reaction mxture was cooled to O C foll owed by addition
of EDC HC1 (199 ng, 1.036 mmol, 1.3 eq.). The resulting reaction m xture
was st ifpped)atxaRbidor 16 h. The reaction was monitored by LCOMS. Mst of

sol vent's were evaporated under reduced pressure. The residue was dil uted
wi t h Et[08t18] 1)@ thekis/ofiéoepo(8D5T ). The organi ¢ phase was separated and the
aqueous phase was extracted by Et0Ac (2x20 m ). The conbi ned organic | ayers
were washed by water (40 m ), 10% aqueous NaHSO4 (40 m ), water (40 m),
saturated NaHCO3 (40 ml), and brine (2 x 40 m), and then dried over
Na2504. After concentration, the crude was used directly in the next step.
[00244] Step 9 [00245] To a dry flask were added the crude product from
Step 8 above (0.863 nmol) and anhydrous CH2C1l2 (15 nil). The reaction

sol ution becane cloudy as it was cooled to -20C in a dry ice/acetone/ water
bath. A freshly nmade stock solution of Bis(2- nethoxyethyl)am nosul fur
trifluoride (0.239 m, 1.29 mol, 1.5 Eg.) in CH2C12 (2 nl) was added
dropwi se. The resulting reaction m xtu was stirred at -20 C for 1 h, and
warmed to roomtenperature. The reaction m xture was quenched by addition
of saturated aqueous WD 2012/ 145255PCT/ US2012/ 033715 NaHCG3 (10 m),

N AN = B . - - e




[00247] To a dry flask containing the crude product fromstep 9 above
(0.866 nmol ) were added anhydrous CH2C12 (15 m). The m xture was cooled to
0C. Then vwBr@RA4§535128 m, 1.29 nmol, 1.5 eq.) and DBU @0TAS30121033715 29
mmol, 1.5 eq.) were added respectively. The resulting m xture was all owed
to warmto roomtenperature and was stirred for 1 h. The reaction was

noni tored by LCMVS. e reaction mxture was diluted with Et0Ac (50 m),
washed by 10% NaHSO} (15 ml), water (2 x 15 m), saturated aqueous NaHCO3
(15 m), waper (&N =tod Pp€cb M), dried over Na2504. After
concentrat Fon the iy eshdye 4s llised in next step. [00248] Step 11 [ 00249]
To a fl?ijl(mﬁr% ed the pr¥duct fromstep 10 (0.52 nml), nethanol (25
m), aqueouspa 10 mM). The resulting reaction m xture
was stirred at ) 24 hrs. The reaction was nonitored by
TLC. Most of net | dpor at ed under reduced pressure. The residue
was extracted by /
2012/ 145255PCT/ US202/033V 15 washed with 2% NaHSO4 (30 m ), water (30 ml),
5% NaHCO3 (30 mi), brine |'(30 m ). Th¥ organic phase was dried over Na2SO4.
After c[gqu:@gtsrt%ion, the crude was used in next step. [00250] Step 12

[ 00251]  To 100-m flask containing nmaterial synthesized in Step 11 above
(0.52 Mol ) were added nethanol (10 m ), t-butykapine (0.082 m, 0.78 mol,
1.5 eq.) and Pd/ C (10%,N(55 ng, 0.052 nmol, 0.1 .)nunder N2. H2 ball oon

was added he fl ask wug AL ged with H2 fGe< _ClHevle H2 bal | oon was
opened to th¥ reaction{system After 4 h stirrijg al nost no starting

mat er i aCba i The ke {on W The react NeE@xNj Xt ure was
filtered through a pad i t ePERES EHE S ack cake was waghed with

met hanol (3 x 45 m). THe trate was concentrated ano & residue was
used in next step di rec'fly w t hout further purification\ [00252] Step 13

[ 00253] H2N', 00254] To a dry 25-m flask containing the am ne
synt hedPOEW]i T seypl ambieskevittomgenatigstiy baeras adderbdbz-L-o-t-butylglycine

(S (ORI TR R Aol P14 .00, e
N, N- di irs@pt, aplydg), BOBL 176 o 03.436mol, 1.20qN8 amfivdlqus DMFE80 jnl) difde r eacti on

m xture was,_ cooled to O C followed by addition of EDC HC1 (120 ng, 0.624
mrol , BN X-dgsopropyleshylaaine? ¢ nlelet mupelnd xedr e Thaseactpgn mixture was cooled

2012/ 145%@@6\9&9}%&&%?3’[7 HPEDCHCI (2.58 g, 13.4 mmol, 1.2 eq.). The resulting reaction

mixture was stirred at RT for 16 h. The reaction was monitored by LCMS. The reaction
mixture was diluted with EtOAc (300 ml)/water (100 ml). The organic phase was separated
and the aqueous phase was extracted by EtOAc (2x50 ml). The combined organic layers
were washed by water (100 ml), 10% aqueous NaHSOy4 (100 ml), water (100 ml), saturated
NaHCO; (100 ml), and brine (2 x 100 ml), and then dried over Na,SQO,. After concentration,

the crude was used directly in the next step.

[00121] Step 2

H
Coz.. N._COOMe SOz N2 coome
H DDQ H /
o THF o
“NHreflux =
NH



stirred at roomtenperature for 16 h. The reaction was nonitored by LCMS.
The reaction m xture was diluted with EtOAc (100 m)/water (30 m). The

or gani ¢ pNazeimvas2ssepar at ed and t he aqueous phase was ePCrast@d/obsriEt 0OAc (2
x 30 m). The conbi ned organic |ayers were washed by water (50 m), 10%

(2% sdoT K sorcimart nPEl Do Nk Tt i FEBARRD At $rIed RefEr ude ves
used dit@elihy sdiBider AEXEMPEGR. syhBOARE] n%rTloTs{%em gwef(hﬁ@@ﬁ%wn fgedogr ude

material synthesized in Step 137(0.52 ), di oxane ( ) and CH2Cl2 (7
m ) andnbynd dierdark @l@ion wis heaedin nethix)in alloildagodt@di’erfondd. dadredoling, - 17C

follo by addition of trifluoroacetic . gnhydride (1.1.m.. 7.8 ) at -10
to - 17 it Sy @5lal piRori o' iy EORRRING TR VachebrFirin b BB ;3
h. Thense0 2R whidiBasSadubd 89 wak8Y000 M) agMesusddated NaPMIGL28200 BT f ol | oned
by warm ng to roomtenperature and stirred for 1 h. The reacti on was

moni t orvedeifk 0 ohsbringgd 00 g1l) ais} didask oviga Nantfde Afigherncentetionethe prisgseir e.  The

resi du =) t hyl e / shed wi r (2 x
20 B el mBS A% e fQugIRT ST e JRLE" 5

m ) and6iv yiddf @srdduct.The organi ¢ phase was dried over Na2504. After
concentration the residue was purified by flash col um chronmat ography (20%
MeCNV DCM to 30% MeCNVDCM to afford desired product as an off-white solid
(51nyg, [gof%g b, 16%for eight steps). [00257] Cell Viability Assay

Pr ot ocol 2351%) Cell viability assays were run using standard protocols

known to t of skill in art. l/l.s were plated in 96 well plates at the
density of 3J000-10, 000 cells per 1. Twenty four hours later, cells were
t r eat edClwi<t N eas/ concentyr Qf t_compounds (1 nMto 1 [tM.

H = , .
After anot her ?ﬂ)a’a%el |Hasur \fﬁval 7 (?r@@\é'%r ed using Cell-Titer-do(r)

reagent (Pronega

fol |l ow nﬂj/&ﬁe prot%c provi ded by the nmanufacture. The
| G50 val ue was dgt

erm ned as the concemati on of test conpound that kills
50% of the ce popul ation. WO 20172 »H5PCT/ US2012/ 033715 [ 00259]
Represent at i ol ogical Data [0026 | viability data generated
according to the protocol described above was generated for representative

conpourde124n 729 5E-andlalidohtdRink $natdihid s grah@oiedds Sep@bove (JT2bke7.02 wer e
pr epar ed b}g t he net hods described herein for structurally siml|ar

conpourBdoD s addsdmetharol 3oL RS (B0%Y (foRers O- i Bnoh R aHebY 2havi ng
the st : , : |y vi-abii ' 058 and
537" ooty 2o S adfege e R s sk HERr bR ko B0l a0 058
| C50 ( rdgenédtoahd teawticabiylsietry Afadyh stirrio® dAlindst nOx@artolganatdridxameikbd.afibd 0gs

with esters other th met hyl ester in position 4. 21 0 -H H
reaction was stoppecﬁ r‘The reaéqon mixture was %?tered through a pad M& gg]ite ar% the blacll\<I
cake was washed with methanol (3 x 10 ml). The filtrate was concentrated and the residue

was used in next step directly without further purification.

[00125] Step 4

N N
HNT N Me EDC HNT N
2 p COOMe HOBt H p COOMe
O _— /N/,‘ O
DIPEA CPZ ©
A DMF I
NH N
OH H

[00126] To a dry 100-ml flask with magnetic stir bar was added the amine synthesized in
step 3 (2.06 g, 6.29 mmol), Cbz-L-tyrosine (1.98 g, 6.91 mmol, 1.1 eq.), HOBt (0.94 g, 6.91
mmol, 1.1 eq.), anhydrous DMF (30 ml) and N,N-diisopropylethylamine (1.31 ml, 7.54
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mmol, 1.2 eq.). The reaction mixture was cooled to 0 °C followed by addition of EDC'HCI
(1.33 g, 6.91 mmol, 1.1 eq.). The resulting reaction mixture was stirred at RT for 16 h. The
reaction was monitored by LCMS. The reaction mixture was diluted with EtOAc (300
ml)/water (100 ml). The organic phase was separated and the aqueous phase was extracted
by EtOAc (2x50 ml). The combined organic layers were washed by water (100 ml), 10%
aqueous NaHSQy (100 ml), water (100 ml), saturated NaHCO; (100 ml), and brine (2 x 100
ml), and then dried over Na,SQ,4. After concentration, the crude was used directly in the next

step.
[00127] Step 5

O ‘s

/ 1.6V

o N

[00128] An electrochemical cell was assembled using a glass cylinder (6 cm diameter x 11
cm height) and a custom rack (polypropylene and nylon) which supported 9 vertical graphite
rods (6.15 mm diameter x 12 cm length). The rods were arranged in a pattern of a ring with 6
anodes and 3 cathodes. Electrodes were immersed to a depth of 6.5 cm. The phenolic
material synthesized in Step 4 above (5.00 g, 8.0 mmol), Et;,NBF, (4.00 g, 18.4 mmol, 2.9
eq.) and (NH4),CO5(1.0 g, 10.4 mmol, 1.3 eq.) and ID water (4 ml) were added in DMF (200
ml). The solution was stirred vigorously in a stir plate (approx. 600 rpm). The
electrochemical reaction was carried out at a potential of 1.5-1.6 volts. After 3 days, most of
the original SM was consumed as determined by HPLC integration at 220 nM. The reaction
mixture was concentrated on a rotary evaporator (bath temp. < 35 °C) and dried further on a
vacuum manifold. The residue was partitioned between EtOAc (200 ml) and 0.5 N aqueous
HCI (60 ml). The organic layer was washed with saturated aqueous NaHCO3 (50 ml) and
then saturated aqueous NaCl (50 ml). The aqueous layers were extracted in succession with
EtOAc (2x50 ml). The combined organic layers were dried (Na,SQ,), decanted and
evaporated. This material was purified by flash column chromatography with 20% EtOAc in
CH,Cl,. This yielded 1.24 g (24.8% yield) of product as a mixture of stereoisomers (71:29 as
measured by HPLC integration at 254 nM).
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[00129] Step 6

.,,IIN
H

[00130] The compound synthesized in Step 6 (725 mg, 2.33 mmol) was dissolved in
methanol (22 ml) and the solution was cooled in an ice bath. A solution of LiOH (558 mg,
23.3 mmol, 10 eq.) in water (7.0 ml) was added over 5 min. The ice bath was removed and
the mixture was stirred for 18 h. The mixture was cooled in an ice bath and water (30 ml)
was added followed by 1 N aqueous HCl (24 ml), keeping the reaction temperature below 10
°C. The mixture was partitioned between water (15 ml) and EtOAc (100 ml), and the organic
layer was washed with saturated aqueous NaCl. The aqueous layers were extracted in
succession with EtOAc (30 ml). The combined organic layers were dried (Nax;SOy),

decanted, and evaporated to give the acid product as fine white crystals.

[00131] Step 7

COOMe
N N HN
HNT N\= =
)—COOH HN - OH
GbzHN,, CbzHN.,, 0
EDC, HOB
DIPEA, DMF
iy iy,
o N o N

[00132] To adry 100-ml flask with magnetic stir bar was added the carboxylic acid
synthesized in step 6 above (2.33 mmol), L-serine methyl ester hydrochloride (435 mg, 2.8
mmol, 1.2 eq.), HOBt (378 mg, 2.8 mmol, 1.2 eq.), anhydrous DMF (25 ml) and
N,N-diisopropylethylamine (1.01 ml, 5.83 mmol, 2.5 eq.). The reaction mixture was cooled
to 0 °C followed by addition of EDC'HCI (537 mg, 2.8 mmol, 1.2 eq.). The resulting reaction
mixture was stirred at RT for 16 h. The reaction was monitored by LCMS. Most of solvents

were evaporated under reduced pressure. The residue was diluted with EtOAc (100 ml)/water
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(30 ml). The organic phase was separated and the aqueous phase was extracted by EtOAc
(2x20 ml). The combined organic layers were washed by water (40 ml), 10% aqueous
NaHSO, (40 ml), water (40 ml), saturated NaHCO; (40 ml), and brine (2 x 40 ml), and then

dried over Na,SQ,. After concentration, the crude was used directly in the next step.

[00133] Step 8

0 CbzHN,,,

Deoxo-Fluor

—_—
.,,”N

o H

[00134] To adry flask were added the crude product from Step 8 above (2.33 mmol) and
anhydrous CH,Cl, (40 ml). The reaction solution became cloudy as it was cooled to -20°C in
a dry ice/acetone/water bath. A freshly made stock solution of Bis(2-
methoxyethyl)aminosulfur trifluoride (0.644 ml, 0.022 mmol, 2.8 eq.) in CH,Cl; (4 ml) was
added dropwise. The resulting reaction mixture was stirred at -20 °C for 1 h, and warmed to
room temperature. The reaction mixture was quenched by addition of saturated aqueous
NaHCO; (20 ml), diluted with EtOAc (100 ml), washed with water (2 x 30 ml) as well as

brine (30 ml), and dried over Na,SQO,. After concentration the residue was used in next step.

[00135] Step 9

CBrCls, DBU

[00136] To adry flask containing the crude product from step 8 above (2.33 mmol) were
added anhydrous CH>Cl; (40 ml). The mixture was cooled to 0°C. Then CBrCls (0.345 ml,
3.5 mmol, 1.5 eq.) and DBU (0.523 ml, 3.5 mmol, 1.5 eq.) were added respectively. The

31



Me ..Me OHHHNN-""OH I O 00" O * 143 112 . WO
2012/ 145255PCT/ US2012/ 033715 29 OHHHN .rN," 0 OH N---)---- /1 NH 119 59
WO 2012/145255 PCT/US2012/033715

resulting mixture was allowed to warm to room temperature and was stirred for 1 h. The
reaction was monitored by LCMS. The reaction mixture was diluted with EtOAc (100 ml),
washed by 10% NaHSO, (30 ml), water (2x30 ml), saturated aqueous NaHCO; (30 ml),
water (30 ml) and brine (30 ml), dried over Na,SOy4. After concentration the residue was

used in next step.

[00137] Step 10

M M
N N 'ercoo e N N ‘erCOO e
CbzHN,,, 0 HoN.,, 0
Ha
PA/C
.,”, ey
o N o N

[00138] To a 50-ml flask containing material synthesized in Step 9 above (400 mg, 0.58
mmol) were added methanol (15 ml), t-butylamine (0.086 ml, 0.87 mmol, 1.5 eq.) and Pd/C
(10%) (62 mg, 0.058 mmol, 0.1 eq.) under N,. H; balloon was added and the flask was
purged with H; for 4 times. Then H, balloon was opened to the reaction system. After 4 h
stirring almost no starting material remained. The reaction was stopped. The reaction
mixture was filtered through a pad of Celite and the black cake was washed with methanol (3
x 10 ml). The filtrate was concentrated and the residue was used in next step directly without

further purification.

[00139] Step 11

N.,,
EDC, HOBY \\r/\ﬂ/
- O

DIPEA, DMF

[00140] To a dry 25-ml flask containing the amine synthesized in Step 10 above (0.58 mmol)
were added (S)-(+)-2-Hydroxy-3-methylbutanoic acid (82 mg, 0.696 mmol, 1.2 eq.), HOBt

32



30 OHHN fIiN," O o 411 60 13 31 *NH cmHHAN O O * OH/ 01 602 259

WO 2012/145255 PCT/US2012/033715

(94 mg, 0.696 mmol, 1.2 eq.), anhydrous DMF (8 ml) and N,N-diisopropylethylamine (0.152
ml, 0.87 mmol, 1.5 eq.). The reaction mixture was cooled to 0 °C followed by addition of
EDCHCI (133 mg, 0.696 mmol, 1.2 eq.). The resulting reaction mixture was stirred at room
temperature for 16 h. The reaction was monitored by LCMS. The reaction mixture was
diluted with EtOAc (80 ml)/water (30 ml). The organic phase was separated and the aqueous
phase was extracted by EtOAc (2x20 ml). The combined organic layers were washed by
water (30 mL), 10% aqueous NaHSO4 (30 ml), water (30 ml), saturated NaHCO3 (30 ml),
and brine (2 x 30 ml), and then dried over Na,SO,. After concentration, the crude was used

directly in the next step.

[00141] Step 12

LiBH,
THF/i-PrOH

[00142] To adry flask were added crude material synthesized in Step 11 (0.58 mmol), THF
(4 ml) and 2-propanol (12 ml). This solution was cooled to 0 °C followed by addition of
solid lithium borohydride (152 mg, 6.96 mmol, 12 eq.). The resulting mixture was allowed to
warm to room temperature and stirred for 22 h. The reaction was monitored with LCMS.
Almost no starting material remained. The reaction mixture was cooled to 0 °C. 2-Propanol
(24 ml) and water (40 ml) were added followed by addition of NH4Cl (3.1 g, 58 mmol, 100
eq.). The reaction mixture was stirred for 1 h and diluted with EtOAc (250 ml)/water (50 ml).
The organic phase was separated and the aqueous phase was extracted by EtOAc (2 x 50 ml).
The combined organic layers were washed by water (3x50 ml), 10% NaHSO4 (2x50 ml),
water (2x50 ml), saturated NaHCO; (50 ml), and brine (2 x 50ml), and then dried over
Na,SO4. After concentration the residue was purified by flash column chromatography
(EtOAc to 10% EtOAc/MeOHR) to afford desired product as an oft-white solid (188mg, 0.108
mmol, 52% for three steps). MS: m/z = 627.9 (M+1).

[00143] Synthesis of Compound §1
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[00144] Step 1

H3N 3

H
COOH COOMe
TMSCI
MeOH

[00145] To a dry 250-ml flask were added 5-fluoro-DL-tryptophane (5.0 g, 22.5 mmol), and
anhydrous methanol (120 ml). The suspension was cooled to 0°C followed by addition of
chlorotrimethyl silane (12.8 ml, 101.3 mmol, 4.5 eq.) in such a rate to keep the reaction
temperature below 6°C. The resulting reaction mixture was stirred at room temperature for 20
h. The reaction was monitored by TLC. Most volatile substances were evaporated under

reduced pressure. The crude was used in next step.

@0 H
HsN Cl Coz, N._COOMe
COOMe H O
~ H , ,
CbZH OH 4 ) F  peptide coupling ~ NH

)

[00146] Step 2

Iz

F

[00147] To a dry 250-ml flask with magnetic stir bar was added the amine salt synthesized in
step 1 above (22.5 mmol.), Cbz-L-valine (6.22 g, 24.75 mmol, 1.1 eq.), HOBt (3.34 g, 24.75
mmol, 1.1 eq.), anhydrous DMF (80 ml) and N,N-diisopropylethylamine (11.8 ml, 67.5
mmol, 3.0 eq.). The reaction mixture was cooled to 0 °C followed by addition of EDC'HCI
(4.74 g, 24.75 mmol, 1.1 eq.). The resulting reaction mixture was stirred at RT for 16 h. The
reaction was monitored by LCMS. Most of solvents were evaporated under reduced

pressure. Then the residue was diluted with EtOAc (600 ml)/water (200 ml). The organic
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phase was separated and the aqueous phase was extracted by EtOAc (2x50 ml). The
combined organic layers were washed by water (100 ml), 10% aqueous NaHSO, (100 ml),
water (100 ml), saturated NaHCO;3 (100 ml), and brine (2 x 100 ml), and then dried over

Na,SO,. After concentration, the crude was used directly in the next step.

[00148] Step 3

H Cbz I(N
Cbz. N._-COOMe N =
Nj:rf DDA N p COOMe

H 0 THF O
— —_—
NH reflux ~
. NH
F

[00149] A solution of DDQ (12.8 g, 56.25 mmol, 2.5 eq.) in THF (500 ml) was added to the
refluxing solution of the compound synthesized in Step 2 above (22.5 mmol) in THF (250
ml) and the dark solution was kept in reflux in an oil bath at 85 °C for 1 h. After cooling, the
solvent was removed on a rotary evaporator. The residue was dissolved in ethyl acetate (600
ml), and NaHCOs (13 g) was added. The mixture was stirred for 1 h followed by filtration
through a fritted funnel. The filtrate was washed by water (200 ml), aqueous saturated
NaHCOs (2 x 200 ml), water (2 x 200 ml), brine (100 ml) and dried over Na,SO,. After
concentration, the mixture was purified by flash column chromatography (5% EtOAc in

CH>Cl,). This yielded 4.63 g (44.2% yield) of product.

[00150] Step 4

n
e
T

n
e
T

[00151] To a 250-ml flask containing material synthesized in Step 3 above (4.63 g, 9.94
mmol) was added methanol (50 ml) and Pd/C (10%) (530 mg, 0.497 mmol, 0.05 eq.) under
N,. H, balloon was added and the flask was purged with H, for 4 times. Then H; balloon
was opened to the reaction system. After 1 h stirring almost no starting material remained.

The reaction was stopped. The reaction mixture was filtered through a pad of Celite and the
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black cake was washed with methanol (3 x 15 ml). The filtrate was concentrated and the

residue was used in next step directly without further purification.

[00152] Step 5

n

OH

[00153] To a dry 100-ml flask with magnetic stir bar was added the amine synthesized in
step 4 (9.94 mmol), Cbz-L-tyrosine (3.45 g, 10.93 mmol, 1.1 eq.), HOBt (1.48 g, 10.93
mmol, 1.1 eq.), anhydrous DMF (30 ml). The reaction mixture was cooled to 0 °C followed
by addition of EDCHCI (2.10 g, 10.93 mmol, 1.1 eq.). The resulting reaction mixture was
stirred at RT for 16 h. The reaction was monitored by LCMS. The reaction mixture was
diluted with EtOAc (400 ml)/water (150 ml). The organic phase was separated and the
aqueous phase was extracted by EtOAc (2x100 ml). The combined organic layers were
washed by water (200 ml), 10% aqueous NaHSO4 (150 ml), water (150 ml), saturated
NaHCO; (150 ml), and brine (2 x 100 ml), and then dried over Na,SQO,. After concentration,
the crude (6.58 g) was used directly in the next step.

[00154] Step 6

N
{ HN\/':(// COOMe CozHN,,,

CbZ/N//, O O F KZCO3, Et4N+BF4_
/ 16V

[00155] An electrochemical cell was assembled using a glass cylinder (6 cm diameter x 11
cm height) and a custom rack (polypropylene and nylon) which supported 9 vertical graphite
rods (6.15 mm diameter x 12 cm length). The rods were arranged in a pattern of a ring with 6
anodes and 3 cathodes. Electrodes were immersed to a depth of 6.5 cm. The phenolic

material synthesized in Step 5 above (2.00 g, 3.18 mmol), Et;NBF, (2.00 g, 9.2 mmol, 3 eq.),
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K,CO5(0.44 g, 3.18 mmol, 1.0 eq.) and ID water (4 ml) were added in DMF (200 ml). The
solution was stirred vigorously in a stir plate (approx. 600 rpm). The electrochemical
reaction was carried out at a potential of 1.5-1.6 volts. After 3 days, most of the original SM
was consumed as determined by HPLC integration at 220 nM. The electrochemistry reaction
was repeated for 4 times to consume all phenolic material synthesized in step 5. The
combined reaction mixtures were concentrated on a rotary evaporator (bath temp. < 35 °C)
and dried further on a vacuum manifold. The residue was diluted with EtOAc (500 ml)
followed by filtration through a fritted funnel. The filtrate was washed by water (2 x 200 ml),
brine (200 ml). The aqueous layers were extracted in succession with EtOAc (2x50 ml). The
combined organic layers were dried (Na,SOy) and concentrated. This material was purified
by flash column chromatography with 15% MeCN in CH,Cl,. This yielded 900 mg of desired
product with 14 % yield in three steps.

[00156] Step 7

T fteyy
o N o N

[00157] The compound synthesized in Step 6 (900 mg, 1.43 mmol) was dissolved in
methanol (28 ml) and the solution was cooled in an ice bath. A solution of LiOH (344 mg,
14.3 mmol, 10 eq.) in water (4.5 ml) was added over 5 min. The ice bath was removed and
the mixture was stirred at RT for 18 h. The mixture was cooled in an ice bath and water (40
ml) was added followed by 1 N aqueous HCI (14.5 ml), keeping the reaction temperature
below 10 °C. The mixture was partitioned between water (25 ml) and EtOAc (200 ml), and
the organic layer was washed with saturated aqueous NaCl. The aqueous layers were
extracted in succession with EtOAc (50 ml). The combined organic layers were dried

(Na»S0y4), decanted, and evaporated to give the acid product as fine white crystals.

[00158] Step 8
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“—OH
CbzHN,,, 9]
EDC, HOBt F
DIPEA, DMF

o N

[00159] To adry 50-ml flask with magnetic stir bar was added the carboxylic acid
synthesized in step 7 above (1.43 mmol), L-serine methyl ester hydrochloride (268 mg, 1.72
mmol, 1.2 eq.), HOBt (232 mg, 1.72 mmol, 1.2 eq.), anhydrous DMF (15 ml) and
N,N-diisopropylethylamine (0.624 ml, 3.58 mmol, 2.5 eq.). The reaction mixture was cooled
to 0 °C followed by addition of EDC'HCI (330 mg, 1.72 mmol, 1.2 eq.). The resulting
reaction mixture was stirred at RT for 16 h. The reaction was monitored by LCMS. Most of
solvents were evaporated under reduced pressure. The residue was diluted with EtOAc (150
ml)/water (50 ml). The organic phase was separated and the aqueous phase was extracted by
EtOAc (2x30 ml). The combined organic layers were washed by water (60 ml), 10%
aqueous NaHSQy (60 ml), water (60 ml), saturated NaHCO; (60 ml), and brine (2 x 60 ml),
and then dried over Na,SOy4. After concentration, the crude was used directly in the next

step.
[00160] Step 9

COOMe
HI\LN HN— HI\LN N COOMe
“—OH 4 j/

) CbzHN,,,
F Deoxo-Fluor
—_—

Tty triy
o N o N

[00161] To adry flask were added the crude product from Step 8 above (1.43 mmol) and
anhydrous CH,Cl, (25 ml). The reaction solution became cloudy as it was cooled to -20°C in
a dry ice/acetone/water bath. A freshly made stock solution of Bis(2-
methoxyethyl)aminosulfur trifluoride (0.395 ml, 2.15 mmol, 1.5 eq.) in CH»Cl, (4 ml) was

added dropwise. The resulting reaction mixture was stirred at -20 °C for 1 h, and warmed to
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room temperature. The reaction mixture was quenched by addition of saturated aqueous
NaHCO; (15 ml), diluted with EtOAc (100 ml), washed with water (2 x 20 ml) as well as

brine (30 ml), and dried over Na,SQO,. After concentration the residue was used in next step.

[00162] Step 10

CBICls, DBU

[00163] To adry flask containing the crude product from step 9 above (1.43 mmol) were
added anhydrous CH,Cl; (25 ml). The mixture was cooled to 0°C. Then CBrCl; (0.211 ml,
2.15 mmol, 1.5 eq.) and DBU (0.321 ml, 2.15 mmol, 1.5 eq.) were added respectively. The
resulting mixture was allowed to warm to room temperature and was stirred for 1 h. The
reaction was monitored by LCMS. The reaction mixture was diluted with EtOAc (100 ml),
washed by 10% NaHSOQO, (30 ml), water (2 x 30 ml), saturated aqueous NaHCOj; (15 ml),
water (30 ml) and brine (30 ml), dried over Na,SO,. After concentration the residue was

used in next step.

[00164] Step 11

CbzHN., 0
F Hy
Pd/C

o R

[00165] To a 100-ml flask containing material synthesized in Step 10 above (1.43 mmol)
were added methanol (20 ml), t-butylamine (0.226 ml, 2.15 mmol, 1.5 eq.) and Pd/C (10%)
(152 mg, 0.143 mmol, 0.1 eq.) under N,. H; balloon was added and the flask was purged

with H, for 4 times. Then H; balloon was opened to the reaction system. After 4 h stirring
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almost no starting material remained. The reaction was stopped. The reaction mixture was
filtered through a pad of Celite and the black cake was washed with methanol (3 x 15 ml).
The filtrate was concentrated and the residue was used in next step directly without further

purification.

[00166] Step 12

= N,
EDC, HOB W
O

DIPEA, DMF

[00167] To adry 25-ml flask containing the amine synthesized in Step 11 above (1.43 mmol)
were added (S)-(+)-2-hydroxy-3-methylbutanoic acid (203 mg, 1.72 mmol, 1.2 eq.), HOBt
(232 mg, 1.72 mmol, 1.2 eq.), anhydrous DMF (15 ml) and N,N-diisopropylethylamine
(0.374 ml, 2.15 mmol, 1.5 eq.). The reaction mixture was cooled to 0 °C followed by
addition of EDC'HCI (330 mg, 1.72 mmol, 1.2 eq.). The resulting reaction mixture was
stirred at room temperature for 16 h. The reaction was monitored by LCMS. The reaction
mixture was diluted with EtOAc (150 ml)/water (50 ml). The organic phase was separated
and the aqueous phase was extracted by EtOAc (2x30 ml). The combined organic layers
were washed by water (50 ml), 10% aqueous NaHSQOy (50 ml), water (30 ml), saturated
NaHCO; (50 ml), and brine (2 x 50 ml), and then dried over Na,SO,. After concentration,

the crude was used directly in the next step.

[00168] Step 13

LiBH,
THF/i-PrOH
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[00169] To adry flask were added crude material synthesized in Step 12 (1.43 mmol), THF
(13 ml) and 2-propanol (40 ml). This solution was cooled to 0 °C followed by addition of
solid lithium borohydride (467 mg, 21.45 mmol, 15 eq.). The resulting mixture was allowed
to warm to room temperature and stirred for 18 h. The reaction was monitored with LCMS.
Almost no starting material remained. The reaction mixture was cooled to 0 °C. 2-Propanol
(40 ml) and water (80 ml) were added followed by addition of NH4Cl (7.6 g, 143 mmol, 100
eq.). The reaction mixture was stirred for 1 h and diluted with EtOAc (400 ml)/water (100
ml). The organic phase was separated and the aqueous phase was extracted by EtOAc (2 x
100 ml). The combined organic layers were washed by water (3x100 ml), 10% NaHSO,
(2x100 ml), water (2x100 ml), saturated NaHCO5 (100 ml), and brine (2 x 100ml), and then
dried over Na,SQ,. After concentration the residue was purified by flash column
chromatography (Pure EtOAc to 7% MeCN/EtOAc) to afford desired product as an off-white
solid (215mg, 0.340 mmol, 24% for seven steps).

[00170] Synthesis of Compound 85

[00171]

® O
H,oN HsN Cl
COOH COOMe
. TMSCI .
4 MeOH /
N N
H H

[00173] To a dry 250-ml flask were added 5-fluoro-DL-tryptophane (6.0 g, 27.0 mmol), and
anhydrous methanol (120 ml). The suspension was cooled to 0°C followed by addition of

chlorotrimethyl silane (15.4 ml, 121.5 mmol, 4.5 eq.) in such a rate to keep the reaction
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temperature below 6°C. The resulting reaction mixture was stirred at room temperature for 20
h. The reaction was monitored by TLC. Most volatile substances were evaporated under

reduced pressure. The crude was used in next step.

[00174] Step 2

@9 Y
N Cl Cbz. N._-COOMe

COOMe

O
Cbz. OH F  peptide coupling ~ NH

Ha

Irz

="

=
[00175] To adry 250-ml flask with magnetic stir bar was added the amine salt synthesized in
step 1 above (27 mmol.), Cbz-L-a-t-butylglycine DCHA salt (13.26 g, 29.7 mmol, 1.1 eq.),
HOBt (4.01 g, 29.7 mmol, 1.1 eq.), anhydrous DMF (100 ml) and N,N-diisopropylethylamine
(14.1 ml, 81 mmol, 3.0 eq.). The reaction mixture was cooled to 0 °C followed by addition
of EDC'HCI (5.69 g, 29.7 mmol, 1.1 eq.). The resulting reaction mixture was stirred at RT
for 16 h. The reaction was monitored by LCMS. Most of solvents were evaporated under
reduced pressure. Then the residue was diluted with EtOAc (700 ml)/water (200 ml). The
organic phase was separated and the aqueous phase was extracted by EtOAc (2x50 ml). The
combined organic layers were washed by water (100 ml), 10% aqueous NaHSO, (100 ml),
water (100 ml), saturated NaHCO;3 (100 ml), and brine (2 x 100 ml), and then dried over

Na,SO,. After concentration, the crude was used directly in the next step.

[00176] Step 3

H
Cbz.. N_ _COOMe CZ NN coome
H DDQ H /
o THF o
" NH reflux ~
- NH
F

[00177] A solution of DDQ (15.32 g, 67.5 mmol, 2.5 eq.) in THF (100 ml) was added to the
refluxing solution of the compound synthesized in Step 2 above (27 mmol) in THF (300 ml)
and the dark solution was kept in reflux in an oil bath at 85 °C for 1 h. After cooling, the

42



VI. Oxazole, 4 oxazoyl analogs with substituents replacing isopropyl group
49 | HCOOMe OHHN O O . * NH >1000 223 50 OHHN y.r N 0 . COOVe . NH 53 12
51 4 QMBI 20146256/ PCT/US2012/033715

solvent was removed on a rotary evaporator. The residue was dissolved in ethyl acetate (700
ml), and NaHCOs (15 g) was added. The mixture was stirred for 1 h followed by filtration
through a fritted funnel. The filtrate was washed by water (200 ml), aqueous saturated
NaHCO; (2x200 ml), water (2x200 ml), brine (100 ml) and dried over Na,SO,. After
concentration, the mixture was purified by flash column chromatography (5% EtOAc in

CH,Cl,). This yielded 6.42 g (50% yield) of product.

[00178] Step 4

N N COOMe H H,oN N COOMe
H 57 2 O
Pd/C
T =T
E NH F NH

[00179] To a 250-ml flask containing material synthesized in Step 3 above (6.42 g, 13.4
mmol) was added methanol (60 ml) and Pd/C (10%) (1.43 g, 1.34 mmol, 0.1 eq.) under N>.
H; balloon was added and the flask was purged with H; for 4 times. Then H, balloon was
opened to the reaction system. After 1 h stirring almost no starting material remained. The
reaction was stopped. The reaction mixture was filtered through a pad of Celite and the black
cake was washed with methanol (3 x 15 ml). The filtrate was concentrated and the residue

was used in next step directly without further purification.

[00180] Step 5

[00181] To a dry 100-ml flask with magnetic stir bar was added the amine synthesized in
step 4 (13.4 mmol), Cbz-L-tyrosine (4.65 g, 14.74 mmol, 1.1 eq.), HOBt (2.0 g, 14.74 mmol,
1.1 eq.), anhydrous DMF (40 ml). The reaction mixture was cooled to 0 °C followed by
addition of EDC'HCI (2.83 g, 14.74 mmol, 1.1 eq.). The resulting reaction mixture was

stirred at RT for 16 h. The reaction was monitored by LCMS. The reaction mixture was
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diluted with EtOAc (500 ml)/water (150 ml). The organic phase was separated and the
aqueous phase was extracted by EtOAc (2x100 ml). The combined organic layers were
washed by water (200 ml), 10% aqueous NaHSO4 (150 ml), water (150 ml), saturated
NaHCO; (150 ml), and brine (2 x 100 ml), and then dried over Na,SO,. After concentration,

the crude was used directly in the next step.

[00182] Step 6

1,

/ 16V

o R

[00183] An electrochemical cell was assembled using a glass cylinder (6 cm diameter x 11
cm height) and a custom rack (polypropylene and nylon) which supported 9 vertical graphite
rods (6.15 mm diameter x 12 cm length). The rods were arranged in a pattern of a ring with 6
anodes and 3 cathodes. Electrodes were immersed to a depth of 6.5 cm. The phenolic
material synthesized in Step 5 above (2.00 g, 3.11 mmol), Et;NBF, (2.00 g, 9.2 mmol, 3 eq.),
K>CO53(0.409 g, 2.96 mmol, 0.95 eq.) and ID water (4 ml) were added in DMF (200 ml). The
solution was stirred vigorously in a stir plate (approx. 600 rpm). The electrochemical
reaction was carried out at a potential of 1.5-1.6 volts. After 3 days, most of the original SM
was consumed as determined by HPLC integration at 220 nM. The electrochemistry reaction
was repeated for 4 times to consume all phenolic material synthesized in step 5. The
combined reaction mixtures were concentrated on a rotary evaporator (bath temp. < 35 °C)
and dried further on a vacuum manifold. The residue was diluted with EtOAc (500 ml)
followed by filtration through a fritted funnel. The filtrate was washed by water (2 x 200 ml)
brine (200 ml). The aqueous layers were extracted in succession with EtOAc (2x50 ml). The
combined organic layers were dried (Na,SO4) and concentrated. This material was purified
by flash column chromatography with 15% MeCN in CH,Cl,. This yielded 553 mg of desired
product with 6.4 % yield in three steps.

[00184] Step 7
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[00185] The compound synthesized in Step 6 (553 mg, 0.863 mmol) was dissolved in
methanol (17 ml) and the solution was cooled in an ice bath. A solution of LiOH (207 mg,
8.63 mmol, 10 eq.) in water (2.7 ml) was added over S min. The ice bath was removed and
the mixture was stirred at RT for 18 h. The mixture was cooled in an ice bath and water (20
ml) was added followed by 1 N aqueous HCI (8.8 ml), keeping the reaction temperature
below 10 °C. The mixture was partitioned between water (15 ml) and EtOAc (100 ml), and
the organic layer was washed with saturated aqueous NaCl. The aqueous layers were
extracted in succession with EtOAc (30 ml). The combined organic layers were dried

(Na,S0,), decanted, and evaporated to give the acid product as fine white crystals.

[00186] Step 8

COOMe

)—COOH
£ EDC, HOBt

@ DIPEA, DMF
ot
‘g "'I/N

O H O H

[00187] To a dry 50-ml flask with magnetic stir bar was added the carboxylic acid
synthesized in step 7 above (0.863 mmol), L-serine methyl ester hydrochloride (161 mg,
1.036 mmol, 1.2 eq.), HOBt (140 mg, 1.036 mmol, 1.2 eq.), anhydrous DMF (15 ml) and
N,N-diisopropylethylamine (0.346 ml, 1.99 mmol, 2.3 eq.). The reaction mixture was cooled
to 0 °C followed by addition of EDC'HCI (199 mg, 1.036 mmol, 1.3 eq.). The resulting
reaction mixture was stirred at RT for 16 h. The reaction was monitored by LCMS. Most of
solvents were evaporated under reduced pressure. The residue was diluted with EtOAc (100
ml)/water (30 ml). The organic phase was separated and the aqueous phase was extracted by

EtOAc (2x20 ml). The combined organic layers were washed by water (40 ml), 10%
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aqueous NaHSQy (40 ml), water (40 ml), saturated NaHCO; (40 ml), and brine (2 x 40 ml),
and then dried over Na,SO,. After concentration, the crude was used directly in the next

step.

[00188] Step 9

COOMe

CbzHN,,,
Deoxo-Fluor

—_——

[00189] To a dry flask were added the crude product from Step 8 above (0.863 mmol) and
anhydrous CH>Cl; (15 ml). The reaction solution became cloudy as it was cooled to -20°C in
a dry ice/acetone/water bath. A freshly made stock solution of Bis(2-
methoxyethyl)aminosulfur trifluoride (0.239 ml, 1.29 mmol, 1.5 eq.) in CH,Cl, (2 ml) was
added dropwise. The resulting reaction mixture was stirred at -20 °C for 1 h, and warmed to
room temperature. The reaction mixture was quenched by addition of saturated aqueous
NaHCO; (10 ml), diluted with EtOAc (50 ml), washed with water (2 x 15 ml) as well as brine

(20 ml), and dried over Na,SO,. After concentration the residue was used in next step.

[00190] Step 10

CBrCls, DBU

[00191] To adry flask containing the crude product from step 9 above (0.866 mmol) were
added anhydrous CH,Cl; (15 ml). The mixture was cooled to 0°C. Then CBrCl; (0.128 ml,
1.29 mmol, 1.5 eq.) and DBU (0.193 ml, 1.29 mmol, 1.5 eq.) were added respectively. The

resulting mixture was allowed to warm to room temperature and was stirred for 1 h. The
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reaction was monitored by LCMS. The reaction mixture was diluted with EtOAc (50 ml),
washed by 10% NaHSOQO, (15 ml), water (2 x 15 ml), saturated aqueous NaHCOj; (15 ml),
water (15 ml) and brine (15 ml), dried over Na,SOy4. After concentration the residue was

used in next step.

[00192] Step 11

N N /N]/COOMe N N /N]/COOMe
CbzHN,,, 0 HzN.,, O
F Ho F
Pd/C
"ty "ty
o N o N

[00193] To a 50-ml flask containing material synthesized in Step 10 above (0.863 mmol)
were added methanol (12 ml), t-butylamine (0.137 ml, 1.3 mmol, 1.5 eq.) and Pd/C (10%)
(91 mg, 0.0863 mmol, 0.1 eq.) under N». H; balloon was added and the flask was purged
with H; for 4 times. Then H; balloon was opened to the reaction system. After 4 h stirring
almost no starting material remained. The reaction was stopped. The reaction mixture was
filtered through a pad of Celite and the black cake was washed with methanol (3 x 10 ml).
The filtrate was concentrated and the residue was used in next step directly without further

purification.

[00194] Step 12

N.,
EDC, HOBt W
0

DIPEA, DMF

[00195] To adry 25-ml flask containing the amine synthesized in Step 11 above (0.863
mmol) were added (S)-(+)-2-hydroxy-3-methylbutanoic acid (122 mg, 1.036 mmol, 1.2 eq.),
HOBt (140 mg, 1.036 mmol, 1.2 eq.), anhydrous DMF (10 ml) and
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N,N-diisopropylethylamine (0.225 ml, 1.29 mmol, 1.5 eq.). The reaction mixture was cooled
to 0 °C followed by addition of EDC'HCI (199 mg, 1.036 mmol, 1.2 eq.). The resulting
reaction mixture was stirred at room temperature for 16 h. The reaction was monitored by
LCMS. The reaction mixture was diluted with EtOAc (100 ml)/water (30 ml). The organic
phase was separated and the aqueous phase was extracted by EtOAc (2x20 ml). The
combined organic layers were washed by water (30 ml), 10% aqueous NaHSO, (30 ml),
water (30 ml), saturated NaHCOs5 (30 ml), and brine (2 x 30 ml), and then dried over Na;SOj.

After concentration, the crude was used directly in the next step.

[00196] Step 13

LiBH,
THF/i-PrOH

[00197] To adry flask were added crude material synthesized in Step 12 (0.863 mmol), THF
(10 ml) and 2-propanol (30 ml). This solution was cooled to 0 °C followed by addition of
solid lithium borohydride (282 mg, 12.95 mmol, 15 eq.). The resulting mixture was allowed
to warm to room temperature and stirred for 22 h. The reaction was monitored with LCMS.
Almost no starting material remained. The reaction mixture was cooled to 0 °C. 2-Propanol
(24 ml) and water (40 ml) were added followed by addition of NH4CI (4.6 g, 86.3 mmol, 100
eq.). The reaction mixture was stirred for 1 h and diluted with EtOAc (250 ml)/water (50 ml).
The organic phase was separated and the aqueous phase was extracted by EtOAc (2 x 50 ml).
The combined organic layers were washed by water (3x100 ml), 10% NaHSO, (2x100 ml),
water (2x100 ml), saturated NaHCO3 (100 ml), and brine (2 x 100ml), and then dried over
Na,SO4. After concentration the residue was purified by flash column chromatography (70%
EtOAc/DCM) to afford desired product as an off-white solid (124mg, 0.192 mmol, 22% for

seven steps).

[00198] Synthesis of Compound 86
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[00199] Step 1

® O
H,N HsN Cl
COOH COOMe
. TMSCI .
/ MeOH /
N N
H H

[00200] To a dry 250-ml flask were added 5-fluoro-DL-tryptophane (5.0 g, 22.5 mmol), and
anhydrous methanol (120 ml). The suspension was cooled to 0°C followed by addition of
chlorotrimethyl silane (12.8 ml, 101.3 mmol, 4.5 eq.) in such a rate to keep the reaction
temperature below 6°C. The resulting reaction mixture was stirred at room temperature for 20
h. The reaction was monitored by TLC. Most volatile substances were evaporated under

reduced pressure. The crude was used in next step.

® 9 H
HsN ClI Gz N._COOMe
COOMe H O
CbZ\H OH ) F  peptide coupling " NH

o)

[00201] Step 2

Irz

F

[00202] To adry 250-ml flask with magnetic stir bar was added the amine salt synthesized in
step 1 above (22.5 mmol.), Cbz-L-valine (6.22 g, 24.75 mmol, 1.1 eq.), HOBt (3.34 g, 24.75
mmol, 1.1 eq.), anhydrous DMF (80 ml) and N,N-diisopropylethylamine (11.8 ml, 67.5
mmol, 3.0 eq.). The reaction mixture was cooled to 0 °C followed by addition of EDC'HCI
(4.74 g, 24.75 mmol, 1.1 eq.). The resulting reaction mixture was stirred at RT for 16 h. The
reaction was monitored by LCMS. Most of solvents were evaporated under reduced

pressure. Then the residue was diluted with EtOAc (600 ml)/water (200 ml). The organic
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phase was separated and the aqueous phase was extracted by EtOAc (2x50 ml). The
combined organic layers were washed by water (100 ml), 10% aqueous NaHSO, (100 ml),
water (100 ml), saturated NaHCO;3 (100 ml), and brine (2 x 100 ml), and then dried over

Na,SO,. After concentration, the crude was used directly in the next step.

[00203] Step 3

H Cbz I(N
Cbz. N.__-COOMe N =
[\xr DDA N p COOMe

H 0 THF O
— —_—
NH reflux ~
. NH
F

[00204] A solution of DDQ (12.8 g, 56.25 mmol, 2.5 eq.) in THF (500 ml) was added to the
refluxing solution of the compound synthesized in Step 2 above (22.5 mmol) in THF (250
ml) and the dark solution was kept in reflux in an oil bath at 85 °C for 1 h. After cooling, the
solvent was removed on a rotary evaporator. The residue was dissolved in ethyl acetate (600
ml), and NaHCOs (13 g) was added. The mixture was stirred for 1 h followed by filtration
through a fritted funnel. The filtrate was washed by water (200 ml), aqueous saturated
NaHCOs (2 x 200 ml), water (2 x 200 ml), brine (100 ml) and dried over Na,SO,. After
concentration, the mixture was purified by flash column chromatography (5% EtOAc in

CH>Cl,). This yielded 4.63 g (44.2% yield) of product.

[00205] Step 4

Cbz. I(N I(N
N = COOMe HoN = COOMe
H Sy He °° /

‘I'I
Z
T

n
Z
T

[00206] To a 250-ml flask containing material synthesized in Step 3 above (4.63 g, 9.94
mmol) was added methanol (50 ml) and Pd/C (10%) (530 mg, 0.497 mmol, 0.05 eq.) under
N,. H, balloon was added and the flask was purged with H, for 4 times. Then H; balloon
was opened to the reaction system. After 1 h stirring almost no starting material remained.

The reaction was stopped. The reaction mixture was filtered through a pad of Celite and the
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black cake was washed with methanol (3 x 15 ml). The filtrate was concentrated and the

residue was used in next step directly without further purification.

[00207] Step 5

OH N
H H Nji(/ EDC HNI(/
N, =L COOMe P ogt H

O /N//,
* pmF  Cbz

~

NH

Cbz

n

OH

[00208] To a dry 100-ml flask with magnetic stir bar was added the amine synthesized in
step 4 (9.94 mmol), Cbz-L-tyrosine (3.45 g, 10.93 mmol, 1.1 eq.), HOBt (1.48 g, 10.93
mmol, 1.1 eq.), anhydrous DMF (30 ml). The reaction mixture was cooled to 0 °C followed
by addition of EDCHCI (2.10 g, 10.93 mmol, 1.1 eq.). The resulting reaction mixture was
stirred at RT for 16 h. The reaction was monitored by LCMS. The reaction mixture was
diluted with EtOAc (400 ml)/water (150 ml). The organic phase was separated and the
aqueous phase was extracted by EtOAc (2x100 ml). The combined organic layers were
washed by water (200 ml), 10% aqueous NaHSO4 (150 ml), water (150 ml), saturated
NaHCO; (150 ml), and brine (2 x 100 ml), and then dried over Na,SQO,. After concentration,
the crude (6.58 g) was used directly in the next step.

[00209] Step 6

N
r HN\/':( ) CO0Me CozHN.,,

CbZ/N//, O O F KZCO3, Et4N+BF4_
/ 1.6V

[00210] An electrochemical cell was assembled using a glass cylinder (6 cm diameter x 11
cm height) and a custom rack (polypropylene and nylon) which supported 9 vertical graphite
rods (6.15 mm diameter x 12 cm length). The rods were arranged in a pattern of a ring with 6
anodes and 3 cathodes. Electrodes were immersed to a depth of 6.5 cm. The phenolic

material synthesized in Step 5 above (2.00 g, 3.18 mmol), Et;NBF, (2.00 g, 9.2 mmol, 3 eq.),
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K,CO5(0.44 g, 3.18 mmol, 1.0 eq.) and ID water (4 ml) were added in DMF (200 ml). The
solution was stirred vigorously in a stir plate (approx. 600 rpm). The electrochemical
reaction was carried out at a potential of 1.5-1.6 volts. After 3 days, most of the original SM
was consumed as determined by HPLC integration at 220 nM. The electrochemistry reaction
was repeated for 4 times to consume all phenolic material synthesized in step 5. The
combined reaction mixtures were concentrated on a rotary evaporator (bath temp. < 35 °C)
and dried further on a vacuum manifold. The residue was diluted with EtOAc (500 ml)
followed by filtration through a fritted funnel. The filtrate was washed by water (2 x 200 ml),
brine (200 ml). The aqueous layers were extracted in succession with EtOAc (2x50 ml). The
combined organic layers were dried (Na,SOy) and concentrated. This material was purified
by flash column chromatography with 15% MeCN in CH,Cl,. This yielded 900 mg of desired
product with 14 % yield in three steps.

[00211] Step 7

T fteyy
o N o N

[00212] The compound synthesized in Step 6 (900 mg, 1.43 mmol) was dissolved in
methanol (28 ml) and the solution was cooled in an ice bath. A solution of LiOH (344 mg,
14.3 mmol, 10 eq.) in water (4.5 ml) was added over 5 min. The ice bath was removed and
the mixture was stirred at RT for 18 h. The mixture was cooled in an ice bath and water (40
ml) was added followed by 1 N aqueous HCI (14.5 ml), keeping the reaction temperature
below 10 °C. The mixture was partitioned between water (25 ml) and EtOAc (200 ml), and
the organic layer was washed with saturated aqueous NaCl. The aqueous layers were
extracted in succession with EtOAc (50 ml). The combined organic layers were dried

(Na»S0y4), decanted, and evaporated to give the acid product as fine white crystals.

[00213] Step 8
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[00214] To a dry 50-ml flask with magnetic stir bar was added the carboxylic acid
synthesized in step 7 above (1.43 mmol), L-serine methyl ester hydrochloride (268 mg, 1.72
mmol, 1.2 eq.), HOBt (232 mg, 1.72 mmol, 1.2 eq.), anhydrous DMF (15 ml) and
N,N-diisopropylethylamine (0.624 ml, 3.58 mmol, 2.5 eq.). The reaction mixture was cooled
to 0 °C followed by addition of EDC'HCI (330 mg, 1.72 mmol, 1.2 eq.). The resulting
reaction mixture was stirred at RT for 16 h. The reaction was monitored by LCMS. Most of
solvents were evaporated under reduced pressure. The residue was diluted with EtOAc (150
ml)/water (50 ml). The organic phase was separated and the aqueous phase was extracted by
EtOAc (2x30 ml). The combined organic layers were washed by water (60 ml), 10%
aqueous NaHSQy (60 ml), water (60 ml), saturated NaHCO; (60 ml), and brine (2 x 60 ml),
and then dried over Na,SOy4. After concentration, the crude was used directly in the next

step.

[00215] Step 9

COOMe
H;i[;ﬁN HN—/ H;i[;ﬁN N-_-COOMe
“—OH /:]/

) CbzHN,,,

F Deoxo-Fluor
—_—

“teyy Y]
o N o N

[00216] To adry flask were added the crude product from Step 8 above (1.43 mmol) and
anhydrous CH>Cl; (25 ml). The reaction solution became cloudy as it was cooled to -20°C in
a dry ice/acetone/water bath. A freshly made stock solution of Bis(2-
methoxyethyl)aminosulfur trifluoride (0.395 ml, 2.15 mmol, 1.5 eq.) in CH,Cl, (4 ml) was
added dropwise. The resulting reaction mixture was stirred at -20 °C for 1 h, and warmed to

room temperature. The reaction mixture was quenched by addition of saturated aqueous
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NaHCO; (15 ml), diluted with EtOAc (100 ml), washed with water (2 x 20 ml) as well as

brine (30 ml), and dried over Na,SQ,. After concentration the residue was used in next step.

[00217] Step 10

CBICls, DBU

[00218] To adry flask containing the crude product from step 9 above (1.43 mmol) were
added anhydrous CH»Cl; (25 ml). The mixture was cooled to 0°C. Then CBrCls (0.211 ml,
2.15 mmol, 1.5 eq.) and DBU (0.321 ml, 2.15 mmol, 1.5 eq.) were added respectively. The
resulting mixture was allowed to warm to room temperature and was stirred for 1 h. The
reaction was monitored by LCMS. The reaction mixture was diluted with EtOAc (100 ml),
washed by 10% NaHSOQO, (30 ml), water (2 x 30 ml), saturated aqueous NaHCOs3 (15 ml),
water (30 ml) and brine (30 ml), dried over Na,SO,. After concentration the residue was

used in next step.

[00219] Step 11

[00220] To a flask were added the product from step 10 (0.735 mmol), methanol (30 ml),
aqueous ammonia solution (28%, 15 ml). The resulting reaction mixture was stirred at room
temperature for 24 hrs. The reaction was monitored by TLC. Most of methanol was

evaporated under reduced pressure. The residue was extracted by ethyl acetate (3 x 30 ml),
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washed with 2% NaHSO, (30 ml), water (30 ml), 5% NaHCOQO; (30 ml), brine (30 ml). The

organic phase was dried over Na,SO,. After concentration, the crude was used in next step.

[00221] Step 12

CbzHN,,, 0 H.N, 0
F Ho F
Pa/C
iy ftigy
N N

[00222] To a 100-ml flask containing material synthesized in Step 11 above (0.735 mmol)
were added methanol (20 ml), t-butylamine (0.116 ml, 1.1 mmol, 1.5 eq.) and Pd/C (10%)
(78 mg, 0.052 mmol, 0.1 eq.) under N,. H, balloon was added and the flask was purged with
H, for 4 times. Then H, balloon was opened to the reaction system. After 4 h stirring almost
no starting material remained. The reaction was stopped. The reaction mixture was filtered
through a pad of Celite and the black cake was washed with methanol (3 x 15 ml). The
filtrate was concentrated and the residue was used in next step directly without further

purification.

[00223] Step 13

EDC, HOBt
DIPEA, DMF

[00224] To a dry 25-ml flask containing the amine synthesized in Step 12 above (0.735
mmol) were added (S)-(+)-2-hydroxy-3-methylbutanoic acid (104 mg, 0.882 mmol, 1.2 eq.),
HOBt (119 mg, 0.882 mmol, 1.2 eq.), anhydrous DMF (10 ml) and
N,N-diisopropylethylamine (0.192 ml, 1.1 mmol, 1.5 eq.). The reaction mixture was cooled
to 0 °C followed by addition of EDC'HCI (169 mg, 0.882 mmol, 1.2 eq.). The resulting

reaction mixture was stirred at room temperature for 16 h. The reaction was monitored by
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LCMS. The reaction mixture was diluted with EtOAc (100 ml)/water (30 ml). The organic
phase was separated and the aqueous phase was extracted by EtOAc (2 x 30 ml). The
combined organic layers were washed by water (50 ml), 10% aqueous NaHSOj4 (50 ml),
water (30 ml), saturated NaHCOs5 (50 ml), and brine (2 x 50 ml), and then dried over Na;SOy.

After concentration, the crude was used directly in the next step.

[00225] Step 14

1) (CF5C0),0
Dioxane/DCM
2) NH4/H,O

[00226] To a dry flask were added crude material synthesized in Step 13 (0.735 mmol),
dioxane (10 ml) and CH,Cl, (10 ml) and pyridine (1.2 ml, 14.7 mmol). This solution was
cooled to -17°C followed by addition of trifluoroacetic anhydride (1.5 ml, 11 mmol) at -10 to
-17 °C. After addition, the resulting mixture was stirred at -15°C for 1 h. Then aqueous NH;
solution (28% 10 ml) was added dropwise at -15°C followed by warming to room
temperature and stirred for 1 h. The reaction was monitored with LCMS. Most of solvent
was moved under reduced pressure. The residue was extracted by ethyl acetate (3 x 20 ml),
washed with water (2 x 20 ml), 5% NaHSOy4 (20 ml), water (20 ml), sat. NaHCO3 (20 ml),
water (20 ml) and brine (20ml). The organic phase was dried over Na2SO4. After
concentration the residue was purified by flash column chromatography (30% MeCN/DCM
to 40% MeCN/DCM) to afford desired product as an off-white solid (115mg, 0.184 mmol,
25% for eight steps).

[00227] Synthesis of Compound 87
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[00228] Step 1

® ©
H,N HsN Cl
COOH COOMe
. TMSCI .
/ MeOH /
N N
H H

[00229] To a dry 250-ml flask were added 5-fluoro-DL-tryptophane (6.0 g, 27.0 mmol), and
anhydrous methanol (120 ml). The suspension was cooled to 0°C followed by addition of
chlorotrimethyl silane (15.4 ml, 121.5 mmol, 4.5 eq.) in such a rate to keep the reaction
temperature below 6°C. The resulting reaction mixture was stirred at room temperature for 20
h. The reaction was monitored by TLC. Most volatile substances were evaporated under

reduced pressure. The crude was used in next step.

[00230] Step 2

® 0 H
HyN Cl Cbz. N._ _COOMe

COOMe

O
Coz. OH F  peptide coupling ~NH

Iz

TZ7 N

=
[00231] To a dry 250-ml flask with magnetic stir bar was added the amine salt synthesized in
step 1 above (27 mmol.), Cbz-L-a-t-butylglycine DCHA salt (13.26 g, 29.7 mmol, 1.1 eq.),
HOBt (4.01 g, 29.7 mmol, 1.1 eq.), anhydrous DMF (100 ml) and N,N-diisopropylethylamine
(14.1 ml, 81 mmol, 3.0 eq.). The reaction mixture was cooled to 0 °C followed by addition
of EDC'HCI (5.69 g, 29.7 mmol, 1.1 eq.). The resulting reaction mixture was stirred at RT

for 16 h. The reaction was monitored by LCMS. Most of solvents were evaporated under
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reduced pressure. Then the residue was diluted with EtOAc (700 ml)/water (200 ml). The
organic phase was separated and the aqueous phase was extracted by EtOAc (2x50 ml). The
combined organic layers were washed by water (100 ml), 10% aqueous NaHSO, (100 ml),
water (100 ml), saturated NaHCO;5 (100 ml), and brine (2 x 100 ml), and then dried over

Na,SO,. After concentration, the crude was used directly in the next step.

[00232] Step 3

H
Cbz- N _COOMe Oz~ NN coome
H DDQ H /
o THF o
/ R
NH reflux S
- NH
F

[00233] A solution of DDQ (15.32 g, 67.5 mmol, 2.5 eq.) in THF (100 ml) was added to the
refluxing solution of the compound synthesized in Step 2 above (27 mmol) in THF (300 ml)
and the dark solution was kept in reflux in an oil bath at 85 °C for 1 h. After cooling, the
solvent was removed on a rotary evaporator. The residue was dissolved in ethyl acetate (700
ml), and NaHCOs (15 g) was added. The mixture was stirred for 1 h followed by filtration
through a fritted funnel. The filtrate was washed by water (200 ml), aqueous saturated
NaHCO; (2x200 ml), water (2x200 ml), brine (100 ml) and dried over Na,SO,. After
concentration, the mixture was purified by flash column chromatography (5% EtOAc in

CH>Cl,). This yielded 6.42 g (50% yield) of product.

[00234] Step 4

Cbz.
N N COOMe H HoN N COOMe
H 37 2 O
Pd/C
= x
E NH F NH

[00235] To a 250-ml flask containing material synthesized in Step 3 above (6.42 g, 13.4
mmol) was added methanol (60 ml) and Pd/C (10%) (1.43 g, 1.34 mmol, 0.1 eq.) under N>.
H; balloon was added and the flask was purged with H; for 4 times. Then H, balloon was
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opened to the reaction system. After 1 h stirring almost no starting material remained. The
reaction was stopped. The reaction mixture was filtered through a pad of Celite and the black
cake was washed with methanol (3 x 15 ml). The filtrate was concentrated and the residue

was used in next step directly without further purification.

[00236] Step 5

N
HoN™ Y\ —~COOMe EDC
=V ® HOBt d
pmp  Cbz” "
=~
- NH

[00237] To a dry 100-ml flask with magnetic stir bar was added the amine synthesized in
step 4 (13.4 mmol), Cbz-L-tyrosine (4.65 g, 14.74 mmol, 1.1 eq.), HOBt (2.0 g, 14.74 mmol,
1.1 eq.), anhydrous DMF (40 ml). The reaction mixture was cooled to 0 °C followed by
addition of EDC'HCI (2.83 g, 14.74 mmol, 1.1 eq.). The resulting reaction mixture was
stirred at RT for 16 h. The reaction was monitored by LCMS. The reaction mixture was
diluted with EtOAc (500 ml)/water (150 ml). The organic phase was separated and the
aqueous phase was extracted by EtOAc (2x100 ml). The combined organic layers were
washed by water (200 ml), 10% aqueous NaHSO, (150 ml), water (150 ml), saturated
NaHCO; (150 ml), and brine (2 x 100 ml), and then dried over Na,SQO,. After concentration,

the crude was used directly in the next step.

[00238] Step 6

E CbzHN,,,
o KoCOs, EtyN*BF,

/ 1.6V

[00239] An electrochemical cell was assembled using a glass cylinder (6 cm diameter x 11
cm height) and a custom rack (polypropylene and nylon) which supported 9 vertical graphite

rods (6.15 mm diameter x 12 cm length). The rods were arranged in a pattern of a ring with 6
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anodes and 3 cathodes. Electrodes were immersed to a depth of 6.5 cm. The phenolic
material synthesized in Step 5 above (2.00 g, 3.11 mmol), Et;NBF, (2.00 g, 9.2 mmol, 3 eq.),
K>CO53(0.409 g, 2.96 mmol, 0.95 eq.) and ID water (4 ml) were added in DMF (200 ml). The
solution was stirred vigorously in a stir plate (approx. 600 rpm). The electrochemical
reaction was carried out at a potential of 1.5-1.6 volts. After 3 days, most of the original SM
was consumed as determined by HPLC integration at 220 nM. The electrochemistry reaction
was repeated for 4 times to consume all phenolic material synthesized in step 5. The
combined reaction mixtures were concentrated on a rotary evaporator (bath temp. < 35 °C)
and dried further on a vacuum manifold. The residue was diluted with EtOAc (500 ml)
followed by filtration through a fritted funnel. The filtrate was washed by water (2 x 200 ml)
brine (200 ml). The aqueous layers were extracted in succession with EtOAc (2x50 ml). The
combined organic layers were dried (Na,SO,) and concentrated. This material was purified
by flash column chromatography with 15% MeCN in CH,Cl,. This yielded 553 mg of desired
product with 6.4 % yield in three steps.

[00240] Step 7

.,,”N
H

[00241] The compound synthesized in Step 6 (553 mg, 0.863 mmol) was dissolved in
methanol (17 ml) and the solution was cooled in an ice bath. A solution of LiOH (207 mg,
8.63 mmol, 10 eq.) in water (2.7 ml) was added over S min. The ice bath was removed and
the mixture was stirred at RT for 18 h. The mixture was cooled in an ice bath and water (20
ml) was added followed by 1 N aqueous HCI (8.8 ml), keeping the reaction temperature
below 10 °C. The mixture was partitioned between water (15 ml) and EtOAc (100 ml), and
the organic layer was washed with saturated aqueous NaCl. The aqueous layers were
extracted in succession with EtOAc (30 ml). The combined organic layers were dried

(Na,S0y4), decanted, and evaporated to give the acid product as fine white crystals.

[00242] Step 8
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£ EDC, HOBt

@ DIPEA, DMF
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‘g "'I/N

O H O H

[00243] To a dry 50-ml flask with magnetic stir bar was added the carboxylic acid
synthesized in step 7 above (0.863 mmol), L-serine methyl ester hydrochloride (161 mg,
1.036 mmol, 1.2 eq.), HOBt (140 mg, 1.036 mmol, 1.2 eq.), anhydrous DMF (15 ml) and
N,N-diisopropylethylamine (0.346 ml, 1.99 mmol, 2.3 eq.). The reaction mixture was cooled
to 0 °C followed by addition of EDC'HCI (199 mg, 1.036 mmol, 1.3 eq.). The resulting
reaction mixture was stirred at RT for 16 h. The reaction was monitored by LCMS. Most of
solvents were evaporated under reduced pressure. The residue was diluted with EtOAc (100
ml)/water (30 ml). The organic phase was separated and the aqueous phase was extracted by
EtOAc (2x20 ml). The combined organic layers were washed by water (40 ml), 10%
aqueous NaHSQy (40 ml), water (40 ml), saturated NaHCO3 (40 ml), and brine (2 x 40 ml),
and then dried over Na,SO,. After concentration, the crude was used directly in the next

step.

[00244] Step 9

COOMe
N HN N N-_-COOMe
HN HN
“—OH { j/
CbzHN,,, O CbzHN,,, O
Deoxo-Fluor F
—_—
“tryy Y]
S S

[00245] To adry flask were added the crude product from Step 8 above (0.863 mmol) and
anhydrous CH,Cl, (15 ml). The reaction solution became cloudy as it was cooled to -20°C in
a dry ice/acetone/water bath. A freshly made stock solution of Bis(2-
methoxyethyl)aminosulfur trifluoride (0.239 ml, 1.29 mmol, 1.5 eq.) in CH»Cl, (2 ml) was
added dropwise. The resulting reaction mixture was stirred at -20 °C for 1 h, and warmed to

room temperature. The reaction mixture was quenched by addition of saturated aqueous
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NaHCO; (10 ml), diluted with EtOAc (50 ml), washed with water (2 x 15 ml) as well as brine

(20 ml), and dried over Na,SO,. After concentration the residue was used in next step.

[00246] Step 10

CBrCls, DBU

[00247] To adry flask containing the crude product from step 9 above (0.866 mmol) were
added anhydrous CH,Cl, (15 ml). The mixture was cooled to 0°C. Then CBrCl; (0.128 ml,
1.29 mmol, 1.5 eq.) and DBU (0.193 ml, 1.29 mmol, 1.5 eq.) were added respectively. The
resulting mixture was allowed to warm to room temperature and was stirred for 1 h. The
reaction was monitored by LCMS. The reaction mixture was diluted with EtOAc (50 ml),
washed by 10% NaHSO, (15 ml), water (2 x 15 ml), saturated aqueous NaHCOs3 (15 ml),
water (15 ml) and brine (15 ml), dried over Na,SO4. After concentration the residue was

used in next step.

[00248] Step 11

[00249] To a flask were added the product from step 10 (0.52 mmol), methanol (25 ml),
aqueous ammonia solution (28%, 10 ml). The resulting reaction mixture was stirred at room
temperature for 24 hrs. The reaction was monitored by TLC. Most of methanol was

evaporated under reduced pressure. The residue was extracted by ethyl acetate (3 x 30 ml),
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washed with 2% NaHSO, (30 ml), water (30 ml), 5% NaHCOQO; (30 ml), brine (30 ml). The

organic phase was dried over Na,SO,. After concentration, the crude was used in next step.

[00250] Step 12

CbzHN,,, 0 HaN., 0
F Ho F
Pd/C
“teyy ftrgy
o N o N

[00251] To a 100-ml flask containing material synthesized in Step 11 above (0.52 mmol)
were added methanol (10 ml), t-butylamine (0.082 ml, 0.78 mmol, 1.5 eq.) and Pd/C (10%)
(55 mg, 0.052 mmol, 0.1 eq.) under N,. H; balloon was added and the flask was purged with
H, for 4 times. Then H, balloon was opened to the reaction system. After 4 h stirring almost
no starting material remained. The reaction was stopped. The reaction mixture was filtered
through a pad of Celite and the black cake was washed with methanol (3 x 15 ml). The
filtrate was concentrated and the residue was used in next step directly without further

purification.

[00252] Step 13

EDC, HOBt
DIPEA, DMF

[00253]

[00254] To a dry 25-ml flask containing the amine synthesized in Step 12 above (0.52 mmol)
were added (S)-(+)-2-hydroxy-3-methylbutanoic acid (74 mg, 0.624 mmol, 1.2 eq.), HOBt
(85 mg, 0.624 mmol, 1.2 eq.), anhydrous DMF (10 ml) and N,N-diisopropylethylamine
(0.136 ml, 0.78 mmol, 1.5 eq.). The reaction mixture was cooled to 0 °C followed by
addition of EDC'HCI (120 mg, 0.624 mmol, 1.2 eq.). The resulting reaction mixture was
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stirred at room temperature for 16 h. The reaction was monitored by LCMS. The reaction
mixture was diluted with EtOAc (100 ml)/water (30 ml). The organic phase was separated
and the aqueous phase was extracted by EtOAc (2 x 30 ml). The combined organic layers
were washed by water (50 ml), 10% aqueous NaHSQO, (50 ml), water (30 ml), saturated
NaHCO; (50 ml), and brine (2 x 50 ml), and then dried over Na,SO,4. After concentration,

the crude was used directly in the next step.

[00255] Step 14

1) (CF3CO),0
Dioxane/DCM
2) NHz/H,O

[00256] To a dry flask were added crude material synthesized in Step 13 (0.52 mmol),
dioxane (7 ml) and CHxCl, (7 ml) and pyridine (0.841 ml, 14.7 mmol). This solution was
cooled to -17°C followed by addition of trifluoroacetic anhydride (1.1 ml, 7.8 mmol) at -10 to
-17 °C. After addition, the resulting mixture was stirred at -15°C for 1 h. Then aqueous NHj
solution (28% 7 ml) was added dropwise at -15°C followed by warming to room temperature
and stirred for 1 h. The reaction was monitored with LCMS. Most of solvent was moved
under reduced pressure. The residue was extracted by ethyl acetate (3 x 20 ml), washed with
water (2 x 20 ml), 5% NaHSO,4 (20 ml), water (20 ml), sat. NaHCO5 (20 ml), water (20 ml)
and brine (20ml). The organic phase was dried over Na,SQO4. After concentration the residue
was purified by flash column chromatography (20% MeCN/DCM to 30% MeCN/DCM) to
afford desired product as an off-white solid (51mg, 0.080 mmol, 16% for eight steps).

[00257] Cell Viability Assay Protocol

[00258] Cell viability assays were run using standard protocols known to those of skill in
art. Cells were plated in 96 well plates at the density of 3,000-10,000 cells per well. Twenty
four hours later, cells were treated with increasing concentration of test compounds (1 nM to
1 uM). After another 48 hour, cell survival was measured using Cell-Titer-Glo® reagent
(Promega) following the protocol provided by the manufacture. The ICsy value was

determined as the concentration of test compound that kills 50% of the cell population.
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[00259] Representative Biological Data

[00260] Cell viability data generated according to the protocol described above was
generated for representative compounds in A2058 and U937 cells. The compounds shown in
Table 1 were prepared by the methods described herein for structurally similar compounds.

The reference compound was a synthetic diazonamide analog having the structure:

[00261] Table 1. Cell viability data in A2058 and U937 cells

Compound # Structure IC50 (nM) in | IC50 (nM)
cell viability | in cell
assay in viability
A2058 assay in

U937

I. Oxazole, 4 oxazoyl analogs with esters other than methyl ester in position 4.

21 40 20

22 52 19
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V. Oxazole, 4 oxazoyl analogs with heterocycles in position 4
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VI. Oxazole, 4 oxazoyl analogs with substituents replacing isopropyl group
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7. Oxazole, 4 oxazoyl analogs with variations in tyrosine moiety
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[ 00262] Xenograft Tunor
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Clains 1. A conpound of formula (1): RR R2 .NR4 R3IN,, I. O (Yym / N OR6
or a pharnmaceutically acceptable salt or conjugate thereof; wherein: RL is
opt i onal Iwo=otxstssrsat ed C1-C4 al kyl; R2 is H  or optionalPCy/tsadgosi7as ed
Cl-C4 alkyl; R3 is Cl1-Cl12 al kyl, Ci1-Cl12 heteroal kyl, C2-Cl12 al kenyl, C2-Cl12

het er gakeny—GE-—C8—~eyetoatkyl G- C8heteroeyetyl—LA-CL2
cycloaﬁﬁylalkyl, C4-C12 heterocycM§1aIkyI, C6- C12 arVﬁ?WCS-Clz W%?eroary ,
C7-C14 arylal kyl, or C6-Cl4 het gy vl al ~oeach of which may| be

optionally substituted; R4: s HH, L o156 onal Iy substituted C1-C4 alkyl; RS
is optlionally subs{itute C or optionally| substituted C5-Cl12
heterqaryl; R6 is H or opti%na\l (tpted C1-C4 al kyl; each Y and Y
i s independently halo, OH Cil- Qinor Cl-C8 al kyl, C2-C8| al kenyl, 2-
C8 al Kynyl, C6-Cl2|aryl, or Cr7- : M'alkyl, or a |heteroform pf one of
t hese,| each of whi¢h nmay be optionmdlly substituted;| mis 0-4;, and m is
0-3. Z.g4The conpoufpd of claim1l eiln: RL 1s 1soprppyl or t-pubys;
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t he general

met hyl ;

R3 is a substituted nethyl
formula (-CRaRbRc) wherein Ra is OH OR CH2OR, SR, and NR2,

wher e eacWoORois14528dependent |y H, optional | y hal ogenat ed PCTAS4012l0B3715 or

optionally fluorinated Cl1-C4 acyl;

of

and each of Rb and Rc is independently

Cl- C6 pHkH—2—Cs—altkenyH—C2 C6_al kyryH-—CG3—C8—~eyetealkyt S8
cycl oal IaI kyl, C6-Cl2 aryl, C7-¥l4 arylal kyl, or a3het er of orm of one of
t hese,| each of whi ¢h may bg,opti bstot ut ed;| or Rb WO
2012/ 145255PCT/ US2(012/ 0337 5 Mnd { ¢ taken together with| the carbon
to whijch they are attache florm a CS 8 cycl oal klyl or a C3-(8
het ergcycl yl ring, |which ma)P be\ opt i o. y substituted; R5 is an optionally
substiftut ed oxazol ¢ or thiazole ) s at one or nore of ppsitions 4
5, 6 gnd 7, and Y' |is at one or ¢ positions 2, 3 and 6, Wherein the
positijons are as indicated in fornal anll: 5 76 NR6I|| wherein R6 is as
defingdhyg n Tormula|(T), and Y and_Y_ T1s each i ndepengeptlTy hal p;7. &1 CI-C4
al koxy|, or Cl-C8 alkyl, C2-C8 al ke yI C2-C8 al kynyl, C6-Cl12 aryl, or
C7-C14 arylalkyl, or a hetergf or ' C¢%ese, leach of which may be
optionally substituted, ; m sNS ,o ; and m{is 2, 1 or| O 3. The
conpoynd of claim1l wherel I S ispropyl or t-butyl; R2, R4 and R6 are
H R3|is a substituted rrethyl ©of ey al formulfa (- CRaRbRc) wherein Ra
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oxazolle or thiazolé ri n@l‘/Nr- P70"-- R 29rS----R12, wherein R1L
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COOR8,| or CONR92, (6-Cl2 aryl eteroaryl,| each of whjch may be
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Y is|at one or nofe of positionsy2, B and 6, wherein the posifions are @s
i ndi cgtggd—Tnm formota 1 Wherelkpr R6 TS5 as define mAs rnuiaﬁ?'gg and
each Y and Y' is independently C o F. M icote 2, |1 or 0; and s 2, 1
or O. QH |, MeN A |
: o
93 35.75 18.57
94 >300 >300

X. Oxazole, 4-ary

1 (non-oxazole) analogs
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4. The conpound of claim1 wherein:
R6 are H, R3 is a substituted nethyl

Rl is isopropyl
of the general

wher ei n Ral0i28120H5258nd Rb and Rc are H and i sopropyl
respectively R5 is an optionally substituted oxazole or thiazole ring:

or t-butyl;

formula (-

CRaRbRc)

or PCSg12/033715

R2, R4 and

NRLIN. ————R—3 0O0R—206rs—R—2-wherein—Rt1+shal tH-e—eyphro—C1-—C4
al kyl , B1-c4 al koxy, COORS, 2, C6-Cl12 aryl GVQCS Cl2 e@%roaryl,
each df which may be optiogﬁlly it vand RI2 is H Y is at positjon
5o0or 7, Y is at position ON 3l iz positfions are as|indicated|in
formulla I'l: . T NR6 R6 is as defijned in formila (r), and
each Y and Y' is independ nt@y C or| F; is 2, 1ogr O and m|is 1 or O
5. Thg conpound of |claim 1l wher Qﬁm i sopropyl| or t-butyl; R2, R4 and
R6 arg H R3 is a substituted nmB [~ the general| fornul a (- CRaRbRc)
whereiln Ra is OH and Rb and Rc ar@ Hiand i sopropyl| or t-butyl
respedtggvel y R5 1s|an optionall pbstituted oxazolle@pot hi azof ¢1ggong: N
...... R1IN.....R11|CY--- R1 20r§]i;$12, wherein R11 is halo, njtro, cyano,
Cl-C4 |al kyl, Cl1-C4 alkoxycntoo“:, Agrv aryl or C5;Cl2
het erqgaryl, each of whi uted, and RL2 is H Y|is
at pogition 5 or 7| whe dicated in fornula |
rrrr5

97 224.96 59.51

98 284.3 231.3

11. Oxazole, 4 ox

99 >1000 >1000

100 465 220

78



7 NR6 (11), wherein R6 is as defined in formula (1), and Yis O or
mis 1; and m is 0. 6. The conpound of claim1 wherein RL is isopropyl
t-butyl, WO20RM455d R6 are H, R3 is a substituted nethylPCafuseére/oBimsrul a
(- CRaRbRc) wherein Ra is OH Rbis H and Rc is isopropyl or t-butyl,
V\Iher el R—R :S H1 Cl1-c4 ::l |/y| or—Cl1-C4 ::l |/y| nvy1 part e ar y et Vi | H1 oF
methoxyl;OlYisFor a, at positi 7, mis 0o , and m 0. 7.
conpoynd of claim 1 whergin Rl ) r t-butyl, R2, R4 and R6 ar
H R3|is a substituted rr:etthI of th |l a (-CRaRbRc) whereip Ra is OH
Ro is|H and Rc is|isopfo OR5 is whefein Ris H met hyl ,
rrethoxy;YisForCI,atopo , mis O or 1, and m|is 0. 8.
conmpoynd of claim 1l wherein

102 492 225
]/\OH
Tentative
103 221 69
j/COOMe
104 ° >300 >300
]/LOMe
105 >300 >300
(0]
N
OH OMe
YYHI Ojl)k
(0]

[00262] Xenograft Tumor Models

[00263] The compounds were tested in HCC461 human lung carcinoma xenograft and

Miapaca pancreatic cancer xenograft tumor models in 5- to 6-week-old Harlan Athymic

Nude-Foxnlnu mice.
Protocol:

[00264] Preparation of tumor cells

[00265] Tumor cells were cultured in complete RPMI medium and excluded any

contamination. When cells are 70-80% confluent, medium was removed and cells were

79

R5 is

11%




Rl is isopropyl or t-butyl, R2, R4 and R6 are H R3 is a substituted nethyl
of the formula (-CRaRbRc) wherein Rais OH Rb is H and Rc is isopropyl or
t-butyl, WO20/Q5B5N --../0- 1 0 Na O-- wherein Ris H, PCTAS4o1aloB3m5 Y is F
or d, at postlon 5 or , mis O or 1, and M is 0. 9. The corrpound of

claim1l e e| 4 al kyl , rticular or .t-but R2, R4
S R B it rn Sre€ Gisci Db Uiz P IeSap B o P cr AR (e i
Ra is Ghlee Ei%s%yldemﬁwgemfﬂeﬁﬁhaws éce@lrs wWerdtuhked dRa hike® with matfee1@c N a 0’
wherein Ris H or hyl , S at postion 5 or 7,m|300r1 and

m i s 01 1ﬂ.®10nT1h€0]©m¢p691ﬂﬂiW@ife su$mnd¢d11nvarml@nﬂthaR200 8l ¢aitgpmsogyiirask numbpnt yl |
q. 1R6 ar.e t R3 is a substituted nethyl of the formul a (-CRaRbRc)
vvherel PR SI]%eréﬂeC?%l is H and Rc is isopropyl or t-butyl,

[00266] Preparation of the injection
[00267] Clean and sterilize the inoculation area of the mice with iodine solutions and
ethanol. Take cells with1-cc syringe. Inject tumor cells (1 x 10”) subcutaneously (s.c.) into
the lower flank of the mice. When tumors reached 200-300 mm? in size, mice were
randomized into treatment groups of five mice per group. Mice were weighed and tumors
measured using vernier calipers two times per week. Tumor volume in mm? is calculated by
the formula: Volume (mm?) = (length x width?)/2.
[00268] Treatment
[00269] The compounds were dissolved in cremophor/ethanol (1:1) at 20 mg/mL as the stock
solution and then diluted in saline to 2.5 mg/mL. The compounds and the vehicle (6.25%
cremophor/6.25% ethanol in saline) were administered intravenously in a total volume of 0.2
mL three times a week for total six treatments.
[00270] In the HCC461 lung cancer xenograft model, animals were injected on days 7, 11,
14 and 18 post tumor-cell injection.
[00271] In the Miapaca pancreatic cancer xenograft model, animals were injected on days 6,
13, and 20 post tumor-cell injection.
[00272] Results
[00273] The activities of exemplary compounds and dosages are shown in Figures 1 and 2.

% % %
[00274] The entirety of each patent, patent application, publication and document referenced
herein hereby is incorporated by reference. Citation of the above patents, patent applications,
publications and documents is not an admission that any of the foregoing is pertinent prior
art, nor does it constitute any admission as to the contents or date of these publications or
documents.
[00275] Modifications may be made to the foregoing without departing from the basic
aspects of the invention. Although the invention has been described in substantial detail with
reference to one or more specific embodiments, those of ordinary skill in the art will
recognize that changes may be made to the embodiments specifically disclosed in this
application, and yet these modifications and improvements are within the scope and spirit of

the invention.
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RS is RN,,..- 1- I 0 wherein Ris hydroxyl or Cl-C4 al cohol, or Cl-

ket one,

Yis For C at postion 5 or 7, mis Oor 1, and m is 0. 11.

conmpound wb 2012zi4m5% wherein: RL is Cl-C4 al kyl, parti culParyuSe&ios3ypy |

t - butyl
NR 1-

A4
The
or

, R2, R4 and R6 are HH R3 is a substituted nethyl of the formula
(-CRaRb(Jﬁg%m\/\herein Rais OH Rbis H and Rc is isopropyl or t-butyl,

Swherein R is hydroxyl, hydroxy methyl, 1-hydroxy ethyl or

1- hydroxy isopropyl, and Yis For C at postion 5 or 7, mis 0 or 1,

m is 0. 12. The conpound of claim1l wherein Rl is isopropyl

R2, R4

wherein Ra is O—h1 Ro is H and Rc is isopropyl or t-butyl, R5 is N--

NRb |1

R5 is

and

or t-butyl,

lantl cR@pawrsl ¢ foRBulp§ha substituted nmethyl of the fornula (-CRaRbRe)

~
Rz N)\FN
R4

6 @

or a pharmaceutically acceptable salt or conjugate thereof; wherein:

R is optionally substituted C1-C4 alkyl;

R? is H, or optionally substituted C1-C4 alkyl;

R’ is C1-C12 alkyl, C1-C12 heteroalkyl, C2-C12 alkenyl, C2-C12 heteroalkenyl, C3-C8
cycloalkyl, C3-C8 heterocyclyl, C4-C12 cycloalkylalkyl, C4-C12 heterocyclylalkyl, C6-C12
aryl, C5-C12 heteroaryl, C7-C14 arylalkyl, or C6-C14 heteroarylalkyl, each of which may be
optionally substituted;

R* is H, or optionally substituted C1-C4 alkyl;

R’ is optionally substituted C6-C12 aryl or optionally substituted C5-C12 heteroaryl;

R®is H, or optionally substituted C1-C4 alkyl;

each Y and Y’ is independently halo, OH, C1-C4 alkoxy, or C1-C8 alkyl, C2-C8 alkenyl, C2-
C8 alkynyl, C6-C12 aryl, or C7-C14 arylalkyl, or a heteroform of one of these, each of which
may be optionally substituted;

m is 0-4; and

m’ is 0-3.

2. The compound of claim 1 wherein:

R is isopropyl or t-butyl;

R? R and R® are independently H or methyl;

R’ is a substituted methyl of the general formula (-CR*R°R) wherein R* is OH, OR, CH,OR,
SR, and NR,, where each R is independently H, optionally halogenated C1-C4 alkyl, or
optionally fluorinated C1-C4 acyl; and each of R’ and R¢ is independently C1-C6 alkyl, C2-
C6 alkenyl, C2-C6 alkynyl, C3-C8 cycloalkyl, C3-C8 cycloalkylalkyl, C6-C12 aryl, C7-C14

arylalkyl, or a heteroform of one of these, each of which may be optionally substituted; or R®
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wherein Ra is optionally substituted COC4 alkyl, Ro and Rc are

I ndependently H, Cl1-C8 al kyl, C2-C8 al kenyl, C6-Cl2 aryl, or a heteroform
of one ofwoOhere#i4s5mach of which may be optionally substi raras201yo831F or C
at postion 5 or 7, mis O or 1, and m is 0. 13. The conpound of claim1l

wh I t-bytyl, R2, R4 and R6 H, '
SUbst 1 TG TRty KO OB BB £ o R il FETRA 9 T CRES s 1 and
Rc is 'c%@]%ﬁfk@ﬂ)r QC?)ICM&l) cﬁﬁ rin% Mhica mag/ be%i)tﬂanaﬂy Qibstiatepherein Ra is CO

or G alkyl, Rb is H, and c S met hyl”, met hyl ester met hyl sul fonyl or
phenyl &ulsfamnyﬂlonaﬂmdubrstlraseCFomzotf:Ioralmapd@tmg,n 5or 7, mis Oor 1, and m is

0. 14. Jhe .co claim,1 IS isopro r t-bu
ond Re LR R BEMRE & el BITHE, Aol oty nBOBERRIA of s h%é% {ieron
S?N:?S GhherdR theSpdditiob dreRs ihdicats @y PMthlagr: t-butyl, RS is N..... _..ONH

1),

wherein R® is as defined in formula (D, and Y and Y” is each independently halo, OH, C1-C4
alkoxy, or C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, C6-C12 aryl, or C7-C14 arylalkyl, or
a heteroform of one of these, each of which may be optionally substituted, ;

mis 3,2, 1 or0;and

m’is 2,1 or0.

3. The compound of claim 1 wherein:

R is isopropyl or t-butyl;

Rz, R* and R® are H;

R’ is a substituted methyl of the general formula (-CR*R"R®) wherein R* is OH; and each of
R® and R¢ is independently C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C8 cycloalkyl,
C3-C8 cycloalkylalkyl, C6-C12 aryl, C7-C14 arylalkyl, or a heteroform of one of these, each
of which may be optionally substituted; or R® and R¢ may be taken together with the carbon
to which they are attached to form a C3-C8 cycloalkyl or a C3-C8 heterocyclyl ring, which
may be optionally substituted;

R’ is an optionally substituted oxazole or thiazole ring:

' IR” T

R 2 or R12

2

R11

wherein R!! and R™ are indepently halo, nitro, cyano, C1-C4 alkyl, C1-C4 alkoxy, COORS,
or CONR’,, C6-C12 aryl or C5-C12 heteroaryl, each of which may be optionally substituted;
Y is at one or more of positions 4, 5, 6 and 7, and Y’ is at one or more of positions 2, 3 and 6,

wherein the positions are as indicated in formula II:
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WO 2012/ 145255PCT/ US2012/ 033715 wherein Ris H, Cl1-C8 al kyl, C2-C8 al kenyl,
C6-Cl1l2 aryl, or a heteroformof one of these, each of which may be

opti onal Iwo=otzstaszsated, Y is F or C at postion 5 or 7, POWiUs2@2083715 and m
is 0. 15. The conmpound of claim1 wherein Rl is isopropyl or t-butyl, R2,
R4 and are H, Is a substituted nmethyl of the formula (-CRaRbRc)

wher ei n ' gs H and Rc is isopropyl or t-butyl, RS is N,..,CN

H 0" s H nethyl, or NHAc, Yis For O at postion 5 or 7, m
is O or 70. 16. The conmpound of claim1l wherein Rl is isopropyl
or t-butygl, b and R6 are H R3 is a substituted nethyl of the fornula

(- CRaRbRc) \9ne,rein Ra& OH Rbis H and Rc is | sopropyl or t-butyl, R5 is

NR | O'\herein R6 is as defined in formula (I), and each Y and Y’ is independently Cl or F;

mis 3,2, 1 or0; and

m’is 2,1 or0.

4. The compound of claim 1 wherein:

R is isopropyl or t-butyl;

Rz, R* and R® are H;

R’ is a substituted methyl of the general formula (-CR*R°R®) wherein R* is OH; and R” and
R® are H and isopropyl or t-butyl, respectively

R’ is an optionally substituted oxazole or thiazole ring:

T T

R12 or

R11

R12

wherein R" is halo, nitro, cyano, C1-C4 alkyl, C1-C4 alkoxy, COOR®, or CONR’,, C6-C12
aryl or C5-C12 heteroaryl, each of which may be optionally substituted, and RZis H;

Y is at position 5 or 7, Y’ is at position 2 or 3, wherein the positions are as indicated in

formula II:

1),
wherein R6 is as defined in formula (I), and each Y and Y’ is independently Cl or F;
mis 2, 1 or 0; and

m’is 1 or 0.

5. The compound of claim 1 wherein:

R is isopropyl or t-butyl;

Rz, R* and R® are H;

R’ is a substituted methyl of the general formula (-CR*R°R®) wherein R* is OH; and R” and
R® are H and isopropyl or t-butyl, respectively

R’ is an optionally substituted oxazole or thiazole ring:
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wherein Ris a C3-C8 heterocyclyl, C4-Cl2 heterocyclylal kyl, C5-Cl12
heteroaryl, or C6-Cl4 heteroarylal kyl, each of which nmay be optionally
substi t utwo,20¥/i4525F or C at postion 5 or 7, mis O or PCTASd01210337350. 17.
The conpound of claim1 wherein R1 is isopropyl or t-butyl, R2, R4 and R6
are H R3 is a substituted methyl of the formula (-CRaRbRc) wherein Ra is
OH Rb js M d Rcisgs or t-butyl, R5is NR Il wherein Ris an
opti onaé‘l‘§f dlbsti t ut ed §ox {zd e, oxazoline, thiazole, thiazoline, pyrazole,
pyrazol i neQ” i w'dazote, imidazal'tne, pyrrole, pyrroline, isoxazole,

i soxazol i ne, isothiazole, isothiazoline, oxadiazole, thiadiazple, triazole

or tet ruaestia R i Hdaloynjteo, pyaso. -Gt alkys Cil et gkewpy. LOQR], ot 6%\11%92,?6&%2 M is
0. 18. I : i c bl.epsal t or
e L Ll

conjugate there e group consisting of:
86; OH is @ pbsiNbn SkN70wherein the positions are as indicated in formula II:

(D),
wherein R6 is as defined in formula (I), and Y is Cl or F;
mis 1; and

m’ is 0.

6. The compound of claim 1 wherein
R is isopropyl or t-butyl,
Rz, R* and R® are H,
R’ is a substituted methyl of the formula (-CR*R°R) wherein R* is OH, R® is H, and R° is
isopropyl or t-butyl,
R’ is
0

PR

: _</Z]AO R

wherein R is H, C1-C4 alkyl or C1-C4 alkyloxy, particulary methyl, H, or methoxy;

2

Y is F or Cl, at position 5 or 7,
mis Oor1, and

m’ is 0.

7. The compound of claim 1 wherein

R is isopropyl or t-butyl,

Rz, R* and R® are H,

R’ is a substituted methyl of the formula (-CR*R°R) wherein R* is OH, R® is H, and R° is
isopropyl or t-butyl,

R’ is
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0

PR

: _</Z]AO R

wherein R is H, methyl, or methoxy;

2

Y is F or Cl, at position 5 or 7,
mis Oor1, and

m’ is 0.

8. The compound of claim 1 wherein
R is isopropyl or t-butyl,
Rz, R* and R® are H,
R’ is a substituted methyl of the formula (-CR*R°R) wherein R* is OH, R® is H, and R° is
isopropyl or t-butyl,
R’ is
O

P
; _{fo F|{\0Na

wherein R is H, C1-C4 alkyl,
Y is F or Cl, at postion 5 or 7,
mis Oor1, and

m’ is 0.

9. The compound of claim 1 wherein
R!is C1-C4 alkyl, particulary isopropyl or t-butyl,
Rz, R* and R® are H,
R’ is a substituted methyl of the formula (-CR*R°R) wherein R* is OH, R® is H, and R° is
isopropyl or t-butyl,
R’ is
I

P
; _{fo F|{\0Na

2

wherein R is H or methyl,
Y is F or Cl at postion 5 or 7,

mis Oor1, and
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m’ is 0.

10. The compound of claim 1 wherein:

R is isopropyl or t-butyl,

Rz, R* and R® are H,

R’ is a substituted methyl of the formula (-CR*R°R) wherein R* is OH, R® is H, and R° is
isopropyl or t-butyl,

R’ is

=T

wherein R is hydroxyl or C1-C4 alcohol, or C1-C4 ketone,

R

Y is F or Cl at postion 5 or 7,
mis Oor1, and

m’ is 0.

11. The compound of claim 1 wherein:

R!is C1-C4 alkyl, particulary isopropyl or t-butyl,

Rz, R* and R® are H,

R’ is a substituted methyl of the formula (-CR*R°R) wherein R* is OH, R® is H, and R° is
isopropyl or t-butyl,

R’ is

=T

wherein R is hydroxyl, hydroxy methyl, 1-hydroxy ethyl or 1-hydroxy isopropyl, and

R

Y is F or Cl at postion 5 or 7,
mis Oor1, and

m’ is 0.

12. The compound of claim 1 wherein

R is isopropyl or t-butyl,

Rz, R* and R® are H,

R’ is a substituted methyl of the formula (-CR*R°R) wherein R* is OH, R® is H, and R° is
isopropyl or t-butyl,

86



WD 2012/ 145255PCT/ US2012/ 033715 62;, OHO HHNO * * HCN OHH yrNio, 0 50;

WO 2012/145255 PCT/US2012/033715

R’ is
N Ra.,-
T
0 Ro

wherein Ra is optionally substituted C0-C4 alkyl, Rb and Rc are independently H, C1-C8

Ry

2

alkyl, C2-C8 alkenyl, C6-C12 aryl, or a heteroform of one of these, each of which may be
optionally substituted,

Y is F or Cl at postion 5 or 7,

mis Oor1, and

m’ is 0.

13. The compound of claim 1 wherein
R is isopropyl or t-butyl,
Rz, R* and R® are H,
R’ is a substituted methyl of the formula (-CR*R°R) wherein R* is OH, R® is H, and R° is
isopropyl or t-butyl,
R’ is
R

=Ty

wherein Ra is CO or CI alkyl, Rb is H, and Rc is H, methyl, methyl ester, methyl sulfonyl or

Rp

2

phenyl sulfonyl, and
Y is F or Cl at postion 5 or 7,
mis Oor1, and

m’ is 0.

14. The compound of claim 1 wherein

R is isopropyl or t-butyl,

Rz, R* and R® are H,

R’ is a substituted methyl of the formula (-CR*R°R) wherein R* is OH, R® is H, and R° is
isopropyl or t-butyl,

R’ is

=T

CN

R
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wherein R is H, C1-C8 alkyl, C2-C8 alkenyl, C6-C12 aryl, or a heteroform of one of these,
each of which may be optionally substituted,

Y is F or Cl at postion 5 or 7,

mis Oor1, and

m’ is 0.

15. The compound of claim 1 wherein

R is isopropyl or t-butyl,

Rz, R* and R® are H,

R’ is a substituted methyl of the formula (-CR*R°R) wherein R* is OH, R® is H, and R° is
isopropyl or t-butyl,

R’ is

=T

wherein R is H, methyl, or NHAc,

CN

Y is F or Cl at postion 5 or 7,
mis Oor1, and

m’ is 0.

16. The compound of claim 1 wherein

R is isopropyl or t-butyl,

Rz, R* and R® are H,

R’ is a substituted methyl of the formula (-CR*R°R) wherein R* is OH, R® is H, and R° is
isopropyl or t-butyl,

R’ is

=T

wherein R is a C3-C8 heterocyclyl, C4-C12 heterocyclylalkyl, C5-C12 heteroaryl, or C6-C14

R

heteroarylalkyl, each of which may be optionally substituted,
Y is F or Cl at postion 5 or 7,
mis Oor1, and

m’ is 0.
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OH-HO57; HNN . , I O-- OH 0 or a pharmaceutically
acceptabl e salt or conjugate thereof. 20. A pharmaceutical conposition
conpri si yorzhe/msmspound of claim 1l in unit dosage form wCrhiSae12loazss one
pharmaceutical ly acceptable excipient. 21. A nethod of using a compound of
claiml_c risin ompr.i sing adm nistering to a subject in need thereof a
t her apéﬂt i ICP?PQ%T“@%{TQW@ Lﬁ%ﬁ’ﬁfn of the conpound.

R is isopropyl or t-butyl,

Rz, R* and R® are H,

R’ is a substituted methyl of the formula (-CR*R°R) wherein R* is OH, R® is H, and R° is
isopropyl or t-butyl,

R’ is

=T

wherein R is an optionally substituted oxazole, oxazoline, thiazole, thiazoline, pyrazole,

R

pyrazoline, imidazole, imidazoline, pyrrole, pyrroline, isoxazole, isoxazoline, isothiazole,
isothiazoline, oxadiazole, thiadiazole, triazole or tetrazole ring,

Y is F or Cl at postion 5 or 7,

mis Oor1, and

m’ is 0.

18. A compound of Table 1, or a pharmaceutically acceptable salt or conjugate thereof.

19. A compound selected from the group consisting of:

86;

87;
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o 50; 0] NH
7 O
Toas o
63; g N 5 g

or a pharmaceutically acceptable salt or conjugate thereof.

20. A pharmaceutical composition comprising the compound of claim 1 in unit dosage form

with at least one pharmaceutically acceptable excipient.

21. A method of using a compound of claim 1 comprising comprising administering to a

subject in need thereof a therapeutically effective amount of the compound.
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