WO 2011/ 019801PCT/ US2010/ 045137 Cat hepsin C Inhibitors FIELD OF THE

| NVENTI ON The present invention relates to certain

4- am no- 2wbuvamassodes t hat are cathepsin Cinhibitors, poanseceosical
conpositions containing these conpounds, and their use in 5 the treatnent
of di seases nedi ated by the cathepsin C. enzyme such as chronic obstructive
pul nonary di sease. BACKGROUND CF2 s‘l“l\ﬂ/%\wx’wscat hepsins are a family of
enzynes included in the papai pigyperagE NveNays ei ne 10pr ot eases.
Cathepsins B, C, F, H K L, S, V, and X have been described in the
scientific |it&hapusent iGenhepsilaicGoicsrtainglearkmovilibitpnanmded thaearatathepsas

Di pepti dyh .Pﬁ@ti dase | or ." I?PPI." " A.nunmber of recentl ‘ ubl i shed
studi es havBUBEGEP G gL 8 SEMPRUNPTY] @NELAR FEPHCEPIUTS 4H Uedt ¥S5ith

i nfl amrat tetrdAfiRGR S BReasSeMciald bYdkd SAReRIN @knzynldh@ic QY EMBhicbstkdvini cal

I nvestigation 109:363-371 (2002); Tran et al., XI’ChI ves of Biochem stry and
Bi ophysi cpulsgpangsce¥® (2002); Thiele et al., The Journal of |munol ogy
158: 5200- 5210 (1997); Bidere et al., The Journal of Biological Chem stry
277: 32339-32347 (2002); Mabee et al., The Journal of | mmunol ogy 160:
5880-5885; McCGuire et al. BAOKRGRQUNBIOPTHE INVENTEONChem stry, 268:
2458-2467; and Paris et al., FEBS Letters 369: 20326-330 §1995). From t hese
studies, it appatiessienae adampeptenrymes sncyled i theepanisHpe Faamily J<Cymictng

cer taj SGIOSPIOHRAAS BRRdr! HIRL .05y LB AERSR.h AR [iAhEciBlddese
proteases to active forns, [ ch are then rel eased fromthe granul es of

i nf | amrat bteyatoel |Gathrepsin(i isedbotkmosintie sheditetanfrt asngtcpody] Roptidasador vat ed,

t hese prohlsgﬁle,s have a nunber of functions including degradation of various
extracel | ‘matri x conponents, which 25 together can propagate tissue
damage and chr animied bf RFBRYY Ablished studi&EMavEbeRR B deSRRIMErHOSI R Ve

Pul nonary Di sease ("COPD') i's a chronic inflanmatory di sease where

cat hepsi nCQlappeacrtain mfpinayatary wbessshiSeaicg. Bidbinehitdls Thadowngdwfsema

usual oceur et her. i ! at.ent s. ronic.brongchitis i eneral ly
oharat] of ottt oG ot T TEbGE): T «P i BieS OE Hiteh Sty 805 b oo 21 1y
30char act Bidph@&icP¥0 P BFOTRIERD0E) Talgesmnt TR Jdubal F IhPasssgd i 5¢:32000 t he
term nal bronchi ol es and al rvva¥ wal | destruction. WO

0

2011/ 019802 FARB2 Bidro g5 3 Fhe Journal of Gaelegicel hrkstig27% 33383-gM47i cant ri sk
factor T op sy ShaREg. CHR 1o ARAS R i1 SRDE L. SIRKR) RN 0f Rerroxi ous
particl es and’gases may result i h Chron & nrt anmati on of L he Fu’ng. I n

response feursdl o Bexdp@isalr@heniistty, 268 8Q408Y246¢] 418l P et alS, FEDBH Jitceed %8,
macr ophages, _and neutrophils are recruited to the area. These recruited

i nf | affrat 87435 61903) rlpBnbes Grfustisat@speaphihehcalteps el ISPePresys iy a maj or
role in tgfaggr(ﬁ meceﬁaih%ﬁ&v%&veages% ctiBhs MREDARE #ro T RiqAeS bel i eved

to be inv ed in this process I nclude the serine proteases neutrophi
el ast ase prouiEsys toaativeefosing v@iclaad thxnotekbiaswalsfeor3 theagrhnuled efasBanfatomy cells

neutroPh | 4 AUANETES. 0,300, 0, TRLeASed QM EYLLOX &, T Cels, of natura
to be invalngsnd RchiRgtdeyatitsh G arihs &-NREE1EBAANIER components, which
25  together can propagate tissue damage and chronic inflammation.

For example, Chronic Obstructive Pulmonary Disease ("COPD") is a chronic
inflammatory disecase where cathepsin C appears to play a role. Chronic bronchitis and
emphysema usually occur together in COPD patients. Chronic bronchitis is generally
characterized by a chronic productive cough, whereas emphysema is generally

30  characterized by permanent enlargement of the airspaces distal to the terminal

bronchioles and airway wall destruction.



Rheurmatoid arthritis ("RA") is another chronic inflammtory di sease where
cathepsin C may play a role. Neutrophils are recruited to the site of joint
i nf | ammatworroamdosoel ease cat hepsin G NE, and pr ot ei nas@C3/USaioors1ar e
believed to be responsible i n part for cartilage destruction associ ated

with RA (Hu, Y..and Pham 005 thriti 5Rhe 2553- 2558) .
Ot her condi ti oﬁég%@rséno(,k&igdéﬁéig’il é l{;h[a&ﬂ?r r‘%l"éoi’lﬁ&%gifggogf‘%&?ettﬂrl tis,
asthma, apg Mk Tsfn@k@a@étﬁé%x?ous %ﬁﬁlc‘fesgmd |¥§§e§ lrﬂay Bsult 1}{%}@%@0 inNamnfah Wa.,

M ; Yoshida, N. M ; Sugit Y.; lzuhara, K dentification of
an al t er naf iheéurgollmremgn&eatmsmhewbswa,tlhﬂgmmato@ d¢lbe;pcln d%/CDﬁéﬁt jedlase |1,

Gene. 293(1-2 002 26: . t
Caughey, i B P IBls g wae e dtes Thard el ERHI TR EORY of e ns
and i ss exsélgsfgl%siserp&bﬂahsés ByhibR&fc WbV tb PldY MBor ﬁﬂ@wﬁﬂh&‘&@é@s‘eeﬁ g%@ra
Journal of Respiratory Cell & Mbl ecular Biolo 22(2):183-90, 2

One appr odemberfimpeshanipmgs. tB@S@S%&?BEqudﬁ§>G|II$VOg‘@d| 1ﬁhlmbpt00t:$$en@l@d¢ ticty of the

serine pr u " e E

et vi ty, CERTERY BRI DS LY SR P RF BREnAEREM Bloted

tr eat nent fr’bﬁf neﬁ%ﬂnls @a}neyrhesﬂalaﬁd B, piestd gomDytgsxid I ct)ls oPo&n@8Rillc2002) ;
Shapi r o, Neut rophi | El astase; Pat h d earer, Pathogen Killer, or Just

Pat hol ogi €&ls; ar}selfﬁhyyna%%we sy mags ecllsg; (thepsi: CQHW@GB beawdyed inn | i ght
of theyro in activating certain serine proteases,
espec?oal I %&lﬁ%ﬁh?a%mﬁ%sﬂz %Sé to prepare conpounds that inhibit its
activity, whi cRhtieatehlyarihmitis I()iRA'§e$ ameh3eprovi eiafiemacitdry idisgasciese there is

a need to identify conpoun hat h| bit cathepsin C, .which can be used in
the treat i ?PSH‘fééna\}’ %t §Pq%fIRI ?Bﬁ’sfeﬂ%l&? Eetg W%@P%H&aﬁn@ tionyn

2011/ 0198 PLldasSEMYRAG INRE, and proteiﬂﬁ%? vHi€h Qt@q}eflé\%ﬂakb baeds Cgéﬁ'lstl‘&l@% of
cathepsin C that nay al so be rel'ated to di sease eti ol ogy. t hepsin C has

been denpnst fatcedilags deatvectimnrasiosiaitad wighuRAEhI, IY . andPharinod. T.i(200f0 Adéviisopnent

of aoLgi cﬁgneu 255%3%/ 5% mechani sm whi ch has not been clearly el ucidated

(Paga t 8)07) PNAS 104: 2855-2860). Thus, disease processes
g p

that 5involve owtrrc@@dlnbnsrwmawﬁépsua@ B playas rddé ﬁicﬁmlexotste@aﬂﬁawr@stmh ease
can be nodul ated by cathepsin C inhibition. A so, cathepsin Cis hi ghly

expr essedanthMulile Selgrasisi SheriguMaiserke: Yuyaray: NI Afaivar M. eYoshidad. brocessi ng
of ot her ﬁ/PaZeér i h@ﬁéué’ L. AR & ?&nnﬁtﬁﬁpq?'aﬁ aftedd veaﬁp?l‘é’%lg%ﬂﬁﬂteo‘?m ted to

cl eave ka IS believe ay a role 1'n ntal enanel
mat ur at i oaat(lélbsm Cﬂlpelﬁtldﬁt-pe@hdasézoe&)e Q93(D@)tla7 2863 JuiBB6; WaBers 1 ).; Lhigral | vy,

10cat hepsin is itself released fromcells and may Iay a direct role in
t he d%(braéi\éftb?‘@ﬁ Nt Caughsyx OpHotldpariidySpmisdese WWPEWR‘IVEW@&@ 4 BT esent

I nventi Onaﬁ@&%%(§1%§sea%£hlg%§rm&v PAR iRG6 eﬂ'd'ag air%agéjrﬁlﬂi&?c RF'J%u bl &f

phar maceut 1 cal accept a salt thereo rein
i ndependeRtpragel €etled MalemldriRBolgpgp 2 (2oSH, 2600.0f hydr ogen

20( G -C8) al kyl C2-C8).al k [, Cc2- al k | kyl.,
e oval ol PahgProrusods gt (s conditiop 1 tashi b Hiaactiv ty af R f¥fite
(C3-CB) CYFJ&@Jsi‘sylh(z&Véd in@he ﬁlﬂﬁ.‘tﬂmat&@ﬁﬂgﬁ‘)ﬁ Ygh R ley hétglt‘yc@)eé‘@gyl

het er ocycl oal k C6) al kyl, aryl ;] heteroaryl, Co) al kyI and
het er ar yp@b)iyamg aNgytrophil e astase inhibitors as trqmeq:@ |f¢r @éQD( (Exp@g)mew

Limes, | niSuHbeRtey TEF OSSR oz Bk o DS PR oyl eyt
- CON(Gi - Ciihtabgahl K@er, Gﬂ)l@dtk?yihol R02,(Ahn: CRPik Y1l MOOHI T4-16k) 298k2002): 502N( C

1 -C)alkyl(C1 - C4a|k ani no, (Cl 4) al kyl am no ,
((Ci- c4) ailrklygl)t of - rd@)ca%lh@wl)l AnPIAYS INkgHYasiag| cortain serne aicapdsosepecially NE,

it is desirable to prepare compounds that inhibit its activity, which thereby inhibit serine

are each

30  protease activity. Thus, there is a need to identify compounds that inhibit cathepsin C,

which can be used in the treatment of a variety of conditions mediated by cathepsin C.



and wherein any cycl oal kyl, cycl oal kenyl, bicycl oal kyl, or

30het erocycl oal kyl group is optionally substituted one to three tines,
i ndependew©l2911/019¥012011/ 019801PCT/ US2010/ 045137 by (G - @¢raiskeo 045137
(G -A) hal oal kyl, cyano, -0Q2(Cl-C4)al kyl, -CONH(Cl-C4)alkyl, CON(C 1

-C4)al kyl (C 1 ; | ky] ....-Sp2 SO2NH( C
502¥\|?Clycgl) allk ﬁdgegr%détpq{v?ac(tlgmq% Bg%t%ps&(; él]l%wag% srpdale relatgd to lEhsease
((C1-C4) abﬂf(ylb%ﬁl(@th%@t yd ey d&ﬁlong'ﬁ(éiéd)%yﬂave Q%l‘e%}l@tlt{‘df% ’rm%fa)(lbn 119fhe

aryl (G - C4)al , Wherein the aryl noiety of said aryl or aryl (G -C4)al kyl
is opti onéweﬂomﬁmwf tartie dnaoympsnisdbyt himeehanispewhich hde petrigemtleysly blucidatedgen,

or het or ol i A GO RIS GBS 20 T psseaipReTRuy ° 2!

i ndependeffvble @Mtr@lﬂhpﬁ atlc(nchs @@]l al E Iteob(tﬁ%n%é yatgakkybe rnodulated by
10( C5- C6) cycl oal kenyl , hal oal yano, -C 02(C 1 -C4)al kyl,

CONH( Ci - Cadthgnei C mltﬂ@taem A@) aatkggsprﬁ? lsdmghllywpressegog thei lugayrithelipm
SC2NH( C1- | .kyl :
SN CL AR oy SISy s ARLIE iy S 80 yes DR e oy

(G -C4) al kyas |alsO-’oaetﬁfe}bbmed’l@tcﬂxfaﬁ)aﬂ(yllhkr@m ¥l @Hch@l}dﬂe&@fd to 04y a role in dental
het eroaryl (G -C4) al kyl ;_ 15wherein aqé -Hé or heteroaéﬁl noj ety of said
D Jrigend Vi

aryl, het é@%%‘rlﬂamraﬁ*% (T, €4k aatie}y (20 pldgsy P8 323 | KippllY.s optional Iy
subst !l(g ut EQP%ﬁ €9 1{t§% ﬁ@le%e?‘g?on&%l Wl%}y a \(}ﬁé{ct h&l Q8 d(eé%ﬁagn of

(G-A)al ydr oxy erern any cycl oal kyl
i's optlonamny<pnh$mytuted one to 20three times, independently, by
(G -A)al kyl, aryl, or heteroaryl; wherei n sai d aryl or heteroaryl is

optionally substituted one to three tines, independently, by hal ogen, -CF3,

(G -C4)al kyl, hydroxyl, or §Gvn@ARA bexpoE avVENTAOS R2 taken together with
the nitrogen to which they are attached represent 25a 5- to 7-nenbered

saturated or unsaturated ring optional Iy containing one other heteroatom

whi ch.is oxyge ni trogen ere ald naIIy fused
' o 13- oo) oy ahoRickoT BRnah s beshpd RomEn il HfortiaRdh b8 [FR

or R andpﬁgnﬁ@&gmangﬁk bleWhlt bhebdog: nitrogen to which they are attached
represent a 6- to 10-nmenbered brldged bicyclic ring systemoptionally fused

to a (C3-C8)cycl oal kyl, 30heterd% al kyl, @ryl, or heteroaryl ring;
R3 is hydrogen, (G - C8)a|k C#i?g%gg%?&l £C2- C8) al kenyl ,

(C2-C8) al kynyl, (C3-C6)cyc Iora K CyNFoaIkenyI

(C3- C6)cyc|oa|ky|(0 C4) al kyl H 2018% 019801 / US2010/ 045137

(C5-C6) cycl oal kenyl (G -C4) al kyl, or aryI(O c4)al kyD, wherein the aryl

noi ety of %he aryl (G -C4)al kyl is optionally substltuted one to three
tines, |n3%pendently by hal ogen, (G -C4)alkyl, or -CF3; R4 is hydrogen,

(C1- 04) al kyl, RECndR) aﬂel@a&y in,delﬁéﬁaeﬁ@ aldeydayfrom Ql@gr@@ G(YIISisQﬁ!g BYhydro en,
5(C3-HA)c cloalk Iﬁ ? ano G- Héglk hydro kyI
et hofd | dCCO I C-Erglhet (e kl;«ynyloqcs archaligi. (- C@ﬁ)vaxoayqenylmr in

the he.terg@réf' %ﬂ%c%ﬂkﬂfhe%&bglc%ﬁ I éﬁ?rogﬁc)yi’(tkﬁd - menber ed

aromatic al ni"’ng one “hetero I's oxy or sulfur and
optional | Wﬁ@@twlmlk@lyt(ﬂe-&)alkydmmrbcmrﬂqéﬂaF@G)alhyﬂdaryl heteroaryl,

aryl(C;-Ce)alkyl, and heteroaryl(C;-Ce)alkyl;
wherein any (C;-Cg)alkyl, (C,-Cg)alkenyl, or (C,-Cg)alkynyl is optionally
25 substituted one to three times, independently, by -CF3, cyano, -CO,(C,-Cy)alkyl,
-CONH(C;-Cy)alkyl, -CON(C;-Cy)alkyl(C,-Cy)alkyl, -SO,(C,-Cy)alkyl,
-SO,NH(C,-Cy)alkyl, -SO,N(C;-Cy)alkyl(C;-Cy)alkyl, amino, (C;-Cs)alkylamino,
((C1-Cy)alkyl)((C-Cy)alkyl)amino, hydroxyl, or (C;-Cs)alkoxy;
and wherein any cycloalkyl, cycloalkenyl, bicycloalkyl, or

30 heterocycloalkyl group is optionally substituted one to three times, independently,
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10R5 is hydrogen or nethyl; or R4 and R5 taken together with atons
t hrough which they are connected forma 4- to 6-nenbered saturated ring
opti onal Iwozobatipgout ed one or two tines, independently, Poy/usaéiogest37 - CF3,
cyano, (G -C4)alkyl, amno, (C -C4)al kyI am no,

(O Cayaky AR uwiiéryf?rioy'g@g@ﬁ%}k R i,

(C3-05) cycl oal l-‘(Yd)N(CUQ4)all<yl(C1 CT%)gqpr_g@g -CHYIRNL ng% I Eleurected to the
use of a conpound of For a (|1 arnmaceutical ly accept abl e salt

thereof in the- Sﬁﬁi}(@m@;)ﬁtﬂ(yl@#ég@lhﬂnammo, (¢ e@t)atbmlamafio,.a respiratory or

it s, 200 ntG R nalCeb B BIDRRIS. PrBbh o CofkeBe i ™ oo

phar megeut i cal hyl@GIepiRAl fhéreimnté atyl A1di &P BPEHi® ar?go@a@mp@;u)m(ycpis For mul a
(1) or a pharmaceutically acceptable salt thereof and pharmaceutical ly

accept abl e excppiwstly sgEtintedmerpYoRe Pme@un@perrmﬂlyr\mmltom Z&FTerms and
Definitions ) t "alkyl" refers to a straight- or
br anched- chai n(%]ygﬁ?)lgggﬁg#aggdl Sty 2\1/1|I<§£ ‘the specified nunber of carbon
atons. As used her eaﬂitiwhhemteenyrmylo(rﬁbte@h}ﬁlgpr 1s@pdona(ll§ilsu53i)t@tb&yhe torefer to
an al kyl group having at |east 1 and or 8 carbon at

respectively. M¥efimes 1%¥ep§%ﬁtlbrté’ﬁ@%noﬁc 5@6ﬁaék§§h((:3c(|:ré?§f?&f”‘é}11’kyl 30 groups
usefulyin the & ien t ted to, nethyl

et hyl to n- pr opy é?%rlgdgyﬁi (ebudtdyhl% Oldl L ngﬁq aééZ(%ﬁth‘:)dlﬂtll butyl, n- pe%tyl ,
isopentyl n- heﬁ@NH(ﬁr Kepthkyl,, C@M&ﬁ&)al]@d(ﬁleﬁaaikhledsmﬁl -Ogmlkyl, the latter 3

okl et e e B T S

" (G - C4) hal oal k()dl C4§’Jlky1§(((§’1| -C OGR! d@}'hydroi;lfle(dl Mlk&kye, -l )ﬁudyﬁhi%nded to

enconpass a divalent strai of 'branched- chai n hydrocarbon radi cal
wher ei n the pohmi, h@fer@ﬂry]a@ﬂyﬂ(@mtc4Daék§tlh®rdlsﬁ@ﬂ1i0arhécaﬂ4)ﬁlkyﬂm| ety. Exanpl es of

"(d - hal oal kyl " groups,usef ul r esent nt| i ncl ude, but
e R o, O QP B pERE i Db RO T ReieR SRS PR
1,1-difluoroethyl, I;yi((zmpalﬁﬁuwmrbwl(cm@an@x@,fdpmhmﬁﬁms@uawd onEXanpl es

of "aryl (G 4)al kyI groups useful in the present invention include, but
are not linited to, thienizyes, Ip’ﬁéﬁ}deﬁ’éyPW’Il)alog'r‘nrnf?chwaéhi%}kyl(@%ﬂ@ﬂwret hyl ),
1, 1- di net hyl benzyl gé @{}?‘%& sopropyl) and phenet hyl (2-phenylethyl). 10As
used herein, the te n%/ refers to straight or branched hydrocarbon
chai ns cont ai ning the spesd -ﬁvhadmrumm(ejg Micyclanlighisapdomaligrndbsituted¢asé tol and
up to_3 carbon-carbgn doubl e bonds | es_include et henyl and propenyl.
As us#d herein, thet htr%erW@%ﬂn@fﬁweﬂ%@r@11%)%19f1a@r§h9r ¢te9rthched

hydr ocar bon chal ns cont ai ni ng Iy d at

| east 1 and up to 3 carbon- 150‘% eolﬁlgst%ral &H%‘ijggﬂé\gﬁ%ﬁ IQQP@EQQ%%%%@%{%WWI
and propynyl . As usexdthhertenes, indbpentently, by yelogah, kCFs, (Celayatnio a
non-aromati c, saturated, C bon ring containing the specified
nunber of carbon at ons. lﬂ‘u i‘%lr?ﬁ(%ggF a%ﬁ’%’ycloal kyl" refers to a
non-aromatic cyeRl snmﬁfaﬁ&a @ﬂﬁelr\svﬁgtMﬁa@mfta WRidHYhER alcQti@bittreprof@t car bon
atons. Exenpl ary C8) cycloal kyl " groups useful in the present

20i nvéht i 8A- tm?:mdéoergdcslamtgcbyﬂ unsewat@bungfbptuwﬂy SpEAINyg, ormwctlmhexyl

cycl ohept the term Cé refers

C oot Hsre o SHEh AT S sy o el B Ty hesbip SR it RESRRLT e Arber

of car bon(@togey @mkﬁthé@@@tﬂ@uﬂ@&@pb@%g@@b@rﬂrldgubl e bond. The term
"(C5-C8) cycl oal kepyl refers to a non-aromatic 25 cgcl i ¢ hydrocarbon ring

having fromfi QeRt gndeR giaken fogethemwish heatiGagen tewdngd gy are attached represent

" (C5-C8) cygl 0af h I ned

cyol opont byl HberedbeRt EG rldbybiafh HIEREN kDY RRHIGREMRNIGL (o
her ei ) t hetetoeyetoilkylcyel,@alhkigtdarylefngt s to a satur ated, bri dged bi cyclic

hydr ocarbon ring.system c nta ng the spec o] t ons.
The term 30" (CB: ;gtﬁ 16’)‘15‘?%?90 ﬂba;l\lq’l ?%f%%)galP@ 5{;‘? ﬂy&ﬁ} }636}3’ Ting
syst em haydng X Eﬂg&

"(C6-C o) Elscy I%%Fakﬁl" (GS%%%I%@%]BEP (@} @%F\}édgarie nacl ﬁl\lf nti on
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WO 2011/ 019801PCT/ US2010/ 045137 i ncl ude bi cycl o[ 2. 1. 1] hexyl ,

bi cyclo[ 2. 1. 1] heptyl, bicyclo[3.2.1]octyl, bicyclo[2.2.2]octyl,

bi cycl o[ 3v0.28]{ waespl bicyclo[3.3.1]nony|, bi cycl o[ 3. 3. 2pdEas)10amti37

bi cycl o[ 4. 3. 1] decyl . "Al koxy" means an al kyl radical containing the

The 1 or m (SR RIKBRIC TeRURL. rradtort ah bk SGr tssanBasaabn. ©

hydr ocar b%l(@@ﬁaﬁl& 1*?@815tﬁﬁhaﬁ§ sﬁt%ﬁﬁfted]o&qg tMQe ’Elf?leél 1ﬁ@é’p@f?&bnﬁ5’%§5haﬁéée%c hed
t hrough an-oxygen |1 nking atom Exenplary "(C -C4)al koxy" groups useful in

t he preseﬂflCﬁﬂémtpoﬁﬂhmclude but are not linmted to, nethoxy, ethoxy,

el kvl " ah o MO (g CApcr P mbaC B e « ached
through a(@gutj)uycld)auaﬁ(@ygc;)mg} cﬁh@(@le(}@hik@phy%){a{dﬁy¢})ﬂkpl refers to a

strai ght- or branched-chain drocar bon radi cal havin |l east 1 and up to

4 carbon aetesy it Gorikyl, @Wﬂ(@mgjh)aékﬁéwrfhﬁerparﬁl(fin@zhlﬂ@mW@t@ﬁrﬁhlfaweroaryl
"(G-C4)a i i e, but are
ot Tims g@e{t%ﬁf .98,1(% H& ﬁﬁg@‘%ﬁﬁkﬂl a%ﬁﬁerﬁﬁé%éc?gﬁoﬂaﬁxmg c8£‘ta odb hio-
n-butylt hhaer,oa&nbu’mchtmb@ygen@ﬂéulfurlautiysbtldmaﬂ)ly coﬁﬁniﬂ% @tmywb@ﬂirdgeh means a
non-aromatic heterocyclic ring containing 3-8 or 5-6 ring atons, being
sat ur at ed®®Msh#d ng one or nore degrees of unsaturation and containing one
or noj§ heterongﬂ1 hiok Wk is selected fromO0, S, and/or N. Such a ring
may be optiona to on or nore ot her heterocycl oal kyl ring(s) or
cycl oal kyl ringf Rj ancmamkdarewgoﬂhef Weh etoosythtongh kalich they aticesndcted fudea but

are not |IWIQ§ F“%é@%%gﬁg ?%?é@%ﬁ/igﬁﬁ%ﬁ?ﬁfXIrag%9ﬁn%§§%b%#§éﬁﬁbyranyl

oxet anyl Sl
1, 4- di oxapy halogen3- QF%%%I (C PCPEIL Ij'aﬂlyﬂo (O]-9aAZ M ho, 2, 4- Pi per azi nedi onyl ,

pyrrolldlnyl pyrrolinyl, tTmd azo? di nyl', pyrazelidinyl, pyrazolinyl,
mor phol i n¢C;- Q4Dﬂ11@diif(bﬂﬁ61)alﬂiyl)ammt hechgirloftCh i Opalkeryy br (¢ e€nalkyldiiot;hi enyl , and

the |jke. "Aw |" .refers tional l ti ut.ed .nonocyclic or fused
bicyc $ 3’ “W%GP%S(fégnﬁgr%ﬁ 4@5%6%’5? ﬁ@ %ﬁg "R&vi ng at | east one
aromatic ring trh@pres&itphicasiomstaisotdiiceted!to sheRisk 8f a E¥RPBIRISof FHormalay(l) or@r oups
are phenyl, naphthyl, indenyl, dihydroindenyl, anthracenyl, phenanthrenyl,
and the |pk%é’mamlémlrhamcyptab |salt dreeqod in ﬁle@mwe@hgn, Wl@%@@utmtré@im@nb@fyq

"Het er oar ng or
fused S0b EPETD T Aieeafiet B ke SR by LHLAE BLRAIRLL R ERAREY Bt

Hi i ckel ' sriffuitie, has the specified nunber of ring atons, and that ring

contajins at |east one hetergatom selected fromN, O, and/ or S, Exanpl es of
5- menber ed " hefed rasp@%ﬁlﬁ%m?mmd@la%eé.t%yharmafswt@ﬁl}y acegptaplg) y| |

| m dazol y bormfhidh Qbitlprisihls b lKling SRR o] or 4 fH.PR0L @ﬂnﬁtyﬂl It
|soxazonF) oxa ?az%#np'gfhla ia%o%ﬁﬁ anddlg%tﬂk%zo wa es?

6- nenberedmkhéaed@@hmhhcgﬂmnbﬁahmphhﬁ@xmmﬁmpyr|dyI pyrldlnyl pyridazi nyl,
pyrazinyl, and pyrimdinyl. Exanples of 6, 6-fused "heteroaryl" groups

i nclude quinolinyl, 5isoquinolinyl, quinoxalinyl, cinnolinyl, phthalazinyl,
qui nazol i nyl, 1,5- nap@WAILCEmﬁEschlﬁTmmmTHEQNWNTIbﬁ napht hyridinyl,

1, 8- naphthyrldlnyl and pteridinyl. Exanples of 6,5-fused "heteroaryl™
group%5|n&bﬁﬁ%ﬂﬁéﬁﬁbﬂ@mamyl benzothlenyl ben2|n1dazolyl benzt hi azol yl ,

i ndol i zi nyl, dol i.S0 n azol For the

avoi dance  of d &hﬁFPnb 8%3 ém$%’§ﬁ§§g %%'O%%aﬂﬁFg§ﬁ@8 at any

10sui t abl By(ﬁ@&drb@rﬁfadwal l@lvﬁﬁ'gi‘t‘he @péwﬁeﬁmm&edf Ekﬁ‘b@rl fomshalse@edherein, theal 0"
refers to F, onal Iy substituted" i ndi cates that a

group, s uteﬁmas((%nr%)@lkylawné n¢G1; Céﬂlkylnyfpfer oy Blayliggoup kayineod(leash pod up
bi cycl oal :

o oyl ol 1 oL IRSSTSEN bt Al P RS S B
subst 3@ uepgioupy us$ul in the present invention include, but are not limited to, methyl, ethyl,

n-propyl, isopropyl, n-butyl, isobutyl, s-butyl, #-butyl, n-pentyl, isopentyl, n-hexyl,

n-heptyl, n-octyl, and branched analogs of the latter 3 normal alkanes.



15defined. In the case where groups may be selected froma nunber of
alternative groups the selected groups may be the sanme or different.

The ter mwondapasbent | y* means that where nore than onePSUSRI00EIIB7 i S

sel ected froma nunber of possible substituents, those substituents may be
t he same or di&&ere ha]%! each supstituent is separately sel ected
fromthe entir&R5rdlipican "phy TS BHd8 SPBPRABOR HBL CikE S Styeat goups. §iup of
substi t uep! IO %@(we&era&lylt@lr cmlkwum%ﬁﬂ ”a‘PlEylh%tlﬁtreQ@erdYtb eh&ﬁﬁdsggen
-CF3, (Gi-C4)alkyl droxyl”, "and C4) al koxy)’. The alternative
def i ni ti odivaleot sttah@ltwabra@d@dgcrlmuplg'damrtmmbgdmluwheregrtbapelnbbf ﬁmhmbm (1)

provi ded throu ut .t he ficati nt e fto i.cul.arl scri be
bach compbUn et wk T aRFo EantRlss 8T TP FRRaT o BB BBl e o
one ors5 N cRBorCiATRAs Nt 5&%& Bfnited RS - @FQ@ﬁﬂ@cﬁrohféﬂ%r ), VERirRRlokdiadtHglgs any
conbi nati on of these gr oup and subst’i t uent group finitions. The conpounds

of the i nVdrdiflagrogthel, .3 triftupsecthirli end hexaflesniseprppl dxanplyef “anlkical | y
st abl e a%ﬁ%ﬂa}l " Q@%E Rl 1ﬁttl$edp gyen{ ﬁ&gﬁﬁ%{}%ﬂu 9 blupeall rﬂr%{.) rﬁﬁ[n%tﬁd to benza;l

Sui t abl y, each écte

consi st i ngphehylaiydy, Qgﬁéthylbéhzy{:&) ﬁllléﬁylle,th}(lm 1COh et slisnlzy]l ( C2- C8) al kynyl,
(C3-C8) cycl o al kyl clo al kenyl, (C6-C o)bicyclo alkyl, hetero
cycl o al k{A-p @@QSQmwb %cépk%ne hczl (2-plesgy keyther))

C5- | oal , i B
heter tar o 1 Carr Ol B E K AH l REE (90K 92K G BB fbcarBl
anr 1(_'al {1 ?n%am@on%ma% khyl spte@ﬁEd ﬁﬁhhéﬂdmylg)pnatommrd%)abﬂ(ymd un ® Joqtbonral |y
supstitute on ree I e e cyano,
S00n( G - CastarR gpTe borey el by A ey oy L O oA Al Kyl

- S02( G - C4) al kyls usecﬁ%yh'(t@%‘t&‘ﬂ]) '@ﬂl&(&r}“g" ré@@ztwﬁgalg%ét%rgﬂdh@%y&fﬁlzﬁfuﬁy |, ani no,
(G -C4)al kyl am no, -C4) al kyl) )am no, hydroxyl, or

(G- 04) al Rluys contalmng the spetaﬁdd mm@b@]qf carbpn@mmdlay lleastclymdolaj ﬂoérgalrbon-

bi | Kk | t |1 bstituted t

hr e 11 megeon RS BBEnErgmP B Sy LORORTRR Cf) Rl oal kyl «  cyano,
-0Q2( C1- CA4) al kyls used it Ghe %ﬁﬁf Yloalky @%Ke@-to%o@l-a{f&ﬂnﬁ@ 'sﬁﬁ}a@éck)é th _
-S02(C1- 4) al kyl -SOZNH(Cl C4)al kyl, SO2N(C1-C4)al kyl (G -C4) al am no,
( C1- C4) al kydragdrhen ring @nt@nyngltm/meer(f@ﬂn@zn}oaw wfyqaybom atems. h'&]]@ﬁ sxy| | _
(G-C4)alk %)Wé%aﬂiﬁr Te%rx Cho mgo?ﬂa]lf% cycl%d?écg{go qrm%r%kil ’ﬁﬁiﬁo% Yhr ?é sai d

aryl or ar op ronal Ty’ su ree times,
i ndependent diyht ring daaicﬁawms %pléﬁi(@mjckmbalkﬁy@ﬁ@mIusefohn(tﬁ‘é.pﬁée)xﬁl koxy
and wher ein any ar or heteroar t| onaII sub tituted one to
three?Qi niélé’entFW@ﬁ%‘ﬁﬁéYﬁ‘PRmp yC iﬂb&gséncyc OfBFn )Céi?R X (C(Z‘SO tﬁ é’ll al kyl ,
(C5-Co) cygg, &%le)ﬁnyl (G -C6) hal oal kyl, cyano, -C 02(C 1 -C4)alkyl,

(o7}

20- CONH( G~ kyl, -CON(Gi -C4)al kyl (G -C4)al kyl, -S02(Gi-C4)alkyl
SO2NH( C1- C¢4) al Ay|usedm@awme{@@wyklphm@ym@faﬂsma nomatammtic( Golic4) al kyl am no,

E (OCi d%;?hﬁpgﬁggon ruég nta1 1é11gé %%1f%ﬁ%m%%@f c%%o;rlll%@fﬁé grgf %’least one
het er 0ar y b{Ghn. 4bah Hyhbic %&f‘d en{e i @:rsyég)éyclm&eﬁwaféﬁé!rs mtﬁlyar%aﬁ?@ d aryl,

heteroaryl, 25aryl (G -C4)al kyl, or heteroaryl (G -C4)a is optionally
subst 2 ut eﬁlmﬁ@dmaltbhné@gthnamg [fronn Hep o ghitring, caﬂgonramrosg elﬁxemm

(S oot oniesc d LRy FrahS gt g at ARG BB sbietgil v et oal k!

(G-A4)al kydloheaeﬁglh cyRlohbplcByIoadd/dyicloddwhgr ei n sai d ar yI or het er oaryl is
optionally substituted one to three tinmes, independently, by hal ogen, -CF3,
(G - C4)al kyl , W@ﬁ@k@qremo‘[ﬁle tam @49y§[q@5§y)]/” refers to a saturated, brldged bicyclic

hydrocarbon ring system containing the specified number of carbon atoms. The term
30 “(Ce-Cio)bicycloalkyl” refers to a bicyclic hydrocarbon ring system having from six to ten

carbon atoms. Exemplary “(Cs-Cio)bicycloalkyl” groups useful in the present invention



WO 2011/ 019801PCT/ US2010/ 045137 I n anot her enbodinent, R and R2 are
each independently selected fromthe group consisting of hydrogen,

(G - Co) alwpl2p11(o@380C7) cycl oal kyl , (C7-C9) bi cycl oal kyl , hetCaruseyologaBky! ,
(C3-Cr)cycl oal kyl (G -C4)al kyl, phenyl, heteroaryl, phenyl (G - C4)a|ky| and

B R S PS8 DL i el SR By PRI,

cyano, -O0GR(Ghr 3%2}%1'05%1' b1c9¥19[303(l' nonll bfc%lo@@ &]dkepiYand blcyclo[@@dl]ﬁ‘é@[ ein any

cycl oal kyl, " bi cycloal , ~or heterocycl oal group is optional
subst i t ut ed oneAthoxy’hmealStanmélsyl rachckd gentdmmid tﬂw shreiffed; mxmbeabﬁyarbon apBs

et (' SESET b e Y o oD SR b BRE gy Bl oaiahe

phenyl{ G ofehatdedlchhm tfylatcdc@fb@hlra{d@al th%bllngg ut Edstqwﬁidtu@ th Br@fbohi B Es
i ndependently, by hal ogen, - al kyl, hydroxyl, or (G -C4)al koxy;

and wher ebttacapq thspregiyan @rygmh@lfl@&ag@m gesmpliry ° HérC@anpW gigbRt ¥sefitléd one to

“os. oy allBPressh D ERRIITAN s, oY BhOAR Ry PRk gl i, bR LT Ry
(Cl- C4) aldsptopbkyn- btpﬂe}nylhutda@t atdeytdxy. phenyl (G - C4) al kyl, or

het eroaryl (G - C4) al kyl ; wherein any phenyl  or heteroaryl nDiety of said
phenyl , het er oaf* 1th1@ W@I(S@maé@)laqtde%lcowﬁlnﬁaféﬁw M@@yaf fagbon s

CBLL g VeS0T SR THS crpJEREABRIAY: Bl oen

opti onal | ytragiiis ot bmmﬂrédmhemtlg'dtdwﬂmntradm havmgepbasidmldyl,p tby cattionC4) al kyl ,

phenyl, or heter yl; n.s hen or het IS gptionally
D ibet i ut BaTS g ot £ el R bR ey anoy Chr e o LR g

25( G - C4) gldtylin the present ﬂlv@ntﬁdﬁrlhﬂﬁﬂe %‘ﬁp%'n@?ﬂﬁmeﬂo 'n%tl?ﬁﬂhﬁﬁt &fyltHiem the
group consisting of (G -06)al kyl, (C3-C7)cycloal kyl, ('C7-C9)bicycloal kyl,

heterocychﬂ@@mﬂﬂmb(@E@@ﬁwﬁy@toéﬁkﬂﬂ%d)&bEWﬁhmywnde@hme)heteroaryl and
phenyl £ G - C2) al. rein a oal k or heterocycl oal kyl, gro is
ot ol |y supstreteuaonRel B 6 o AR c RlssdBh At ot 3 Ky iy
-CF3, 30 hixgaxkl beifg sdtldatcdddy dbkiax bne 8Rtho\@flicd oR DiYsaplteivn arﬁl’coh%hﬁﬁg)ar yl
group is optlonally substituted one to two tines, independently, g

c

hal ogen, Q@ oy Hejaroatorgsgbstigytians sclegiep from @@,@md@lr N. hyugh gxjig may

011/ 01 oabi s STy ik r B AL ey bRyl ing
subst i t ut Edaraples b “hswerotcidteskyll’ mdﬂa&tsdﬁiﬁdeybuﬂme hed lﬁgﬁdﬂi to( &iri@AyRl kyl ,

- CF3, 1- C4) al kyl, hyd
(G- o%@c a?ﬁﬁllrw?cpmm V@fld%&@% @?’/‘Ftﬁ’éi‘ly@;%%}ﬁ ﬁeﬁﬁﬁ(ﬂydm uwagylﬁ )d(%aﬁwpyrapm senyl

pyrrolyl, t §%$% t hi azol yl ,

oxazol yl, t#%%i@%@*¥+l gﬁa |a 13(&b §£%20ﬁ§ﬂ R%%ggfhlazolgl

opt i onal I 2, 4sp.1b$”m:1hedlem§llmyrhﬁlldug1d:rpyrl(omlylﬁfh)lldhi!qlidmy-l @Bazo(ldiﬂyt;@)rnayollnqdj kyl ,
henyl , hal o h.n .phen al kyl , halo ano,

D000t G - CRPaETRY el MER ol DI Sbionday sl KTkt b 06§

(C3-Co) cycl oal k)dyl"’ ?ef@r@ftd %EHnlaMy mgwtéo%@&ocwlé & fuS) Bk yatic- grwbsmbmg

further enbodi nerit, hi adi azol yl optionally substituted by hal ogen,

( r? C|2§ al kyo 14 C@b@ﬁ atpg(s@gd @g\)n@g ot lsagt k);a{: aropiréinying thatlcopmbiaywith Huckel‘
G . -C 02
PG o BT AdtotenpbRB0r afe vt ind SORRLEY ehil B RERNYY, Sbsti tuted

by (G - CAythkgbnyl) phey@ith@nyluiidiee lﬁgbpﬂiféfﬁmgl arfRrefess th b:paamaalzycswém@t@al onal l'y

substituted by halogen, (G -C4)al kyl, -CF3, (C3-C6)cycloal kyl, phenyl,

cyano, -0 ~-C4)al kyl, or (G - C4)a|koxy wherein said (C3- CB)cycIoaIkyI

'rrz . ﬁslt : 02 ?lhl/ly 11%?%{6%&2}{’ H{eﬁfﬂs MYorhathidstidited dOmS®! GEL&ILRIRRGLIRALS. R 1S
36 bicycl1ic ring system ()vherein at least one ring complies with Hiickel's Rule, has the

specified number of ring atoms, and that ring contains at least one heteroatom selected

from N, O, and/or S. Examples of 5-membered “heteroaryl” groups include furanyl,



i sopropyl, s-butyl, t-butyl, cyclopentyl, 3-hydroxycyclopentyl, cycl ohexyl,
2- met hyl cycl ohexyl, 4-hydroxycycl ohexyl, cycl oheptyl,

bi cycl o[ 2v0.20imapt1 2-yl , tetrahydro3-furanyl, tetrahydr @CZRSpywans137yl ,

t etrahydro- 2H pyran-4-yl, 1-nethyl-3-piperidinyl, 1- nethyl 4- pi peridi nyl,

phenyl, 3-trifl uor 4tr1f|uororreth
3- carboxyﬂ%@ﬁ’ﬂﬁﬁ@%ﬂgﬂnézggﬁﬁ%ﬁ a/ﬂ@hyﬁngbﬁéﬁﬁaﬁibﬂgﬁgyl
3- et hoxy%%%tyt &(aﬁﬁtz grxmaaydtyt §n@bé6ﬂh§ﬂz8b§z‘l EMhPY 820 hiehibtlod
1, 3-thiazol -2-yl, cyclohexyl methyl, benzyl,
5- (1- net hyﬂlqtgrrgatzybLgrytl_ps-lmelgdeto;gmpﬂmdgmﬂdmw|pyr1dazmyl pyrazmyl and
5-nethyl-1,3 4-t di azol - 2- vl 3. 4-thi adi azol
(propan %r@%& Q‘ X%ﬂPﬁﬁgﬁﬁﬁfBﬁgzﬁﬁﬁr 1t§FPW53¥§iefw§Kﬂmythladlazol 2-yl,
(trigl ugb@ﬁtﬁbrtwl) n&aﬁnﬂhblﬁﬂ@tﬁzwlph&aydzmﬁ cﬁmcdz@@ﬁﬁpysntpt%hﬁn&hytadl azol -
52-yl, 5-cyclohexyl-1, 3, 4-thiadi azol - 2-yl phenyl-1, 3, 4-t hi adi azol - 2-yl ,
44- f | uoa@mh@y;m@yg 147 -nghanirasil.- lgS-ytpphtﬁyrldlnyl and pterldlnyl Examples of
5-(4-bro ol | -2-yl,
S (1 et n oS 1B i s sy P RGO ey o AELARA!
phenyl et hyéﬁzﬂﬂtaﬁ}lﬂ ﬁlﬁbl&tﬁnﬁzmldo@{ Mtomdﬁ’lyl and 1ndazolyl
5- (nethylsulfanytﬁ>1 3,.4-thi adi azol - I n anot her enbodinent, R2 is
hydr ogen or ( CFoIGhy avqigpnce|of deghtedli %Y‘érﬁf&tﬁ srsigms maycborstaplacdai@hpgen or
et hylg mnmbelﬂmﬁﬁ tJp&kt gqgﬁgrnent Rl and R2 taken together with the

nrtrogen to iI'ch they are attached represent a 5- to 7-nenbered saturated
or unsaturatedAemngHmpﬁnpﬂmkkyn”MlﬂﬁﬁfkkﬁﬂgﬁﬁiEEH&USQDlO/045137 contarnrng

ther het ef.Qat om whi t i d
T’ opt tonepryEaut s (RSPER) ots bRy fuch b dl bElerdatighl aryl . or
het er oar yLydibdil, &G BRS cRAROLIRAY. hofoaatbafié: Laled: fadsh Brmadi th the

nitrogen to they afé aftachéd represent 6- member e saturated
or unsatubaumwbﬁﬂw@dopﬂhegampwuBU§embﬂﬁwadSnﬁhenynnnmeeﬂynumnwaeselected

enbodj frent en toget her, wi e nitro ch they are

ot tachba HeRds dhthesat PR RS S nglefish Hpndh hiSBE iRl ol 5.
yl, or 1 amqknygﬂ@ngﬁgh@@wﬁd@asé&ddmchﬁa@another selected embodi nrent, R and
R2 taken together with the nitrogen to which they are attached represent

2, 3- di hydr o- 1HThagem-“indgpendeptlgneessrthemdsd mer tharpnasidspentak sdledtesyet her
wththe r t t 6-

10- nmenber eg‘tnb Iragﬂbe&ir%[g cygtpr %&r%?{%‘égfgy@ gemg‘%% :ﬁ%ﬁgaﬁ%%? ?%esgﬂ}eooraﬁf?erent'

( C3- C8) cyThmas, Ieyrl:h sibstiveady sé¢pagdtdly lscleaed Fromothe betirergoarpydf redited.pobgibla f urt her
enbodji ment, R and R2 taken _tqgether with the nitrogen to which they are

at t acHed r@alﬂ%@@t%t(e g #eropp Oéswé%emé@r%rriedig@aelﬁrf%rw@rlpes #yhey hejerpa is
optronallﬁdégﬁe (@r.]h Qﬁﬁ¥ Oe%ya&$njpc g&@d enbodi nent, R and R2
t he

t aken toget |ch ey are attached represent an
11- azatrrcycloFBeZhanﬂﬁmxkﬁndmmaﬁﬁtm:6Mkmegnn@iaydmﬂmngwswgwupmoﬂau tably,

R3 is hyd , (C - kyl , i - C8).ha | k

(2" o) Kot @0 S bt Ghe SoERB SRSt et parteulatly describe
(C3-C6) CYGA&%K%Q& spfetied kﬁ@éiosecf ﬂéel%aw@d&ﬁ& kanyd( £3 grg:@sadfi&‘tle or ﬁfore
aryl (G -C4)al k wherein the ar nmoi ety of the 20aryl (G - a kyl is

opt i okal | merbstdrspmle&d Oreescopr oftt een‘tqnttels lndmepexndenbmgﬁlontgf t

(G-C)alk not h enbod )aI kyl ,
(G - Co) nar i ienious g PR Ty R TR Ly st %fa’%&"trgr(%wtlcg
phenyl (G a@%bﬁiehtp'lated/\fbﬂj’eelcﬁeﬂlﬁﬁllﬁ bebi agwileby afpredidsted B eioxt (ilcdh)thé kyI i's
optional Iy substituted one to three tines, 25independently, by hal ogen,
(Ci-CA)alR§l, or -CF3. In a further enbodrnent R3is (G -0C6)al kyl or

C3-C6 | oal I t
fsobut;fyco?asg%ﬂ%ﬁ Rk R A ode lﬁﬁ%&eﬁﬁﬁgmsga@&tﬁeé%éﬁtﬁ%y i hyl
I a S0 hetrogeh oG- Byl K6 C5)aphoany | €.0L) Y 8YIKIC CpbRicalyls (- pheny|

noi ety is _optionall
Y 1S ORVe1oalkenyl, (Co-Cio)bicycloalkyl, heterocycloalkyl, (Cs-Cy)eycloalkyl(C1-Co)alkyl,

5-
5-
2
5



substituted one to two tines, independently, by halogen, (G -C4)alkyl, or

-CF3. In a 30sel ected enbodi nent, R3 is phenethyl. Suitably, R4 is
hydr ogen,wOCotidyslikyl , ( C2- 05) al kenyl , (C2-05) al kynyl , PCTAse&poyIBoal kyl ,
(C3-C4)cycl oal kyl (G - CZaIkyI cyano(O CZ)aIkI WO

2011/ 0198 us2 7 hydr oxy net hoxy( G - C2) al kyl ,

aryl (G- C&}%&gwﬁé’g g@ﬁ%@ﬁ%tefﬂ%%a@@ vﬁgé"’r‘lg-‘f’lna m‘ %‘Fé?aé}’ aryl noiety
of said h af Y1k alga)e@grgég,l(cfcgaﬁ(yqrenbered aromatic ring containing one
het er oat om’whi ch’ I S oxygen or “sul fur and optionally containing one or two

?icgr gg)en alt orr}sk 51 nwaﬂlﬁuh@ry (Mflhé]mmcz @alk@lyfh,yﬂir(ﬁgém)aal(yﬁvl isopaonally,

- cycl oa r, het er,oar eint e noi et
of said Ketero%‘ﬁ? E‘%d tglﬂf{fﬁ yplé ngpﬁg%ﬁyetgy%ngf@p% ?’d@é ‘é‘ﬁ?‘al% i ng on)e/
het er ot om whi @ONH(QKKQ)alky(Dr—CSJN(b#C&dI‘I%IIQtCQﬂﬁW ysc%@m @ujau@g one or two

nitrogen atons. In a further enbodi nent

( C3- 05) cycl oal KPNCtGakyll (5GNQ)- §h)@i}1yl(Q11C4%?gk§éché@0eﬁﬁ%d&@ﬁbﬂﬂ@mom is

LomeU e RPN UL RS by B SRV, 1 @ sel ectea

2-t hi enyl net hyI Suaﬁcabhwr,eln%ylcsrclhyﬂi&D@?ﬂoﬂkeﬁ‘&&tﬂ’iyﬂcloaﬂkyl,aorseI ect ed
enbodi nent, R5 is hydroge I n, anat her enpbodi nent, R4 and R5 taken toget her
with atons thr B@f@wcmﬁp yltgai@;fp isroptiepiyeubetuted ops fp threertings. mdapraderily.

aturgted rin 'y, b
22 e LnOuR LSRN eLbshilhSE 5B Sl B AR IER OlTHRendRyL .
((Cl-CA)al kyl ) (CONCCAT ey | (¥ a6ty LS On 5 YTl 1 - SN (o3 al oy,

(G -c4)al kyl thig<; ein g is opti |y fused to a

( C3-05) cycl oal ZN(E/({]?“)alﬂﬂ’@ﬂf(g*)?llﬁglr a’%‘}ﬂ?ogé n@ﬁ?ﬂyé MY hd R5 taken together
with atons thrqgg ¢ he Ykl Bam RN Ed6ek1f 1Box:L QrP-drenber ed
saturated ring opt| onal 3(/ su%gt?tgﬁt ed of](g %}; ?a OX}I 1|ry(r1\;dependently 20

by hal ogen, - CES(Coyapedkylmehérgin thamiyhoroidty df mq/aryl m@mﬁﬁyc4bﬂkm hyl t hi o-;

emboalrent - raoBiRs PV ERE! anbo BRSO Pney mre

connect ed for M@,-&é;)alk9l, ﬁy@@gppbegjlsgi@g{k@i}ed r| ng optionally substituted by
F, d, -CF3, cyano, nethyl, nethoxy, or nethylthio-. In a further

embodi ment, R4 and RSl WAk atncxgﬂéylh)érhetmamlar@msmhm@w sybstiicd pBg/toar e

25connect ed fo |Substituted
by F. In a sel [hq%eaté‘%%sﬁ%oc?ﬁ Fﬁ?&}%gno?&s@%g%%ﬁk{l &E?Aealpl) esent
-CH2CH2- . I n aod-OgtydedlealytdCextlyhdloatkl,,cy kb, a@dz(RS (t@dileyd t oget her
represent -CH2CH2CH2-. | n_another sel e errbogl ment, R4 and R5 taken

toget Her repr es‘é‘ﬁNHi@:HEGjalﬂ@HzCON(E &ﬁ&ﬁlﬁégcls‘&l)@ YedPQutBobiliat, R4 and RS

t aken toget her _g 2 e ngplnent

R4 and Rg taken tog thaﬁﬂhgg$§¥§ 2?%ﬁggjaﬂ?ﬂﬁﬁtﬂ§§&a§j %ﬁéﬁ forma

?hazablcyflo[3«Cy@hhékaﬁéigC@gmsy&hamnhz?nxyl(Chqﬁemp@pm(@?Cam%?hbmdlnePtbFf
e invention is oun a or ceutica accept abl e

salt thereof wﬁ@’ ryla”«&f(gﬁwggﬁn§F§§@§¥K8 Egggg&ﬁently serectedpfrom

t he group consistin of k

(Co- 28 al kynyl . (C3908 cg%ﬁ?%ggﬁﬂll ar&gr m@dé%%lg{@rf%)@ Réttloaryl,

5(06- & 0) bi cycl oal kyllyl Chéhbﬁlb}dy@ lmsarqwl(C( )atm’)lmﬂﬁtloaﬂbyfh(o@lw@@)oalbml

(C5-C8) cycl oal kenyl ero I oal k
heteroaryl, aryl (CI térfﬂ%lm%g?fﬁg %ﬁetlo @6@&@%@“ Hydroior

wherein any (G -C8) et kgl)alkbeyd- C8) al kenyl or (CZ 08) al kynyl |s optionally
substituted one to three tines, inde endentl

- g(c))ggg gg a: ty: 10- CONPOVhegineangfCa- @iké’bét)oﬁﬁk%”@’@wm;“ﬁ}i EpT o

- - a , a am no,
(G - Ca) al Kyl an no. ﬁ‘%\ﬁ@% %@%&% béi(@i %”% el %yh& §V4 or

(C1- CA) al koxy; andwhbeiresand myyomh/azéroaiykgslo,ptlmyailycmbbtaﬁgeti one

bi cycl oal kyl , or heteroc cIoaIkyI group S tionally substituted one to
three times, independent Fthrepspies; i e@lﬂsmiay%yha o, -EYank ;- 4)351(3’

-0C2(Ci - C4) al kyl, - CONH . 1-C4) al kyl (G - C4) al kyl ,
-502E01-c4§g| k§| -S@Nl(-l%ir%&lla&k({/ll CFH]NGLCL- C4) al kyl ( ) al ky
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SO2N( C1- 4) al kyl (G -C4) al kyl, am no, (G -C4)al kyl am no,

((G-CcA)alkyl)((G -c4)al kyl)am no, hydroxyl, (G -C4)al koxy, aryl, or

aryl (G - GHpabkydi9somherei n the aryl noiety of said aryl @cTargépGis164) al kyl
is 20optionally substituted one to three tines, independently, by hal ogen,

or et (e%a?f/? akflf & qrgdroﬁ%&%owgﬁﬁbéf% Fish delepppdcngy selrded fomdbc efoup 1Y

d d mn a C
(G- 0o) cy ol b BB PRV LRl A ey LG BRI oy at ey

25- CON( G h@dipoay dyalkdi (@A(Eatjmalkyl@z@mlkmpmm|heter®®sleH(1@yl(C49Cabaﬂyyl

SO2N( C1- I am no, (G -C4)alkylam no,
Ki - C4) al kfl‘#cfe‘%éoglgl{)cgﬂﬁé Hf}ém no, hydroxyl, (C -C4)al koxy, aryl, heteroaryl,
aryl (G -C4)al kyl, Oﬁvhbﬁhﬁzir@ﬁ((){l(%ﬁlk%&l(dﬁy b&&ﬁlﬂg%hﬁs@m{d 8ky/lo tRfcchet er oar yl

noi ety of said aryI het er oaryl, 30ar

het eroaryl (G - mmpau@qpen@endmbso%r%)cmmlx e»cFYéma -£0:4threealkylhes,

i ndependent |y, (G -A)al kyl, hydroxyl, or (G -C4) al koxy;
R T o any (C3-CB) cycl oal kyl is
optional ly substi tuhﬁdwhaemtamytdybleelkpl I’ﬂj&@clohntgﬂ‘:)[@ehdefﬁcwloalbyl drGiip {s4) al kyl ,
aryl, or heteroary wherein said aryl or heteroaryl is optllsonally

substit ut ed on@ptﬂ%lallﬁ plalestifyterane tpﬁ%réﬁéﬁﬁédmi%penwﬂﬁalmo@n@ 2
G - | kyl 5% t r wth
E he ni t?oggn to Zt(ﬁeg“)ggkgl’gl?? g%kggéyc [eksoe ’tlﬁ{%gylg-gr]%%%ggrcre%g%r "

saturated or uwhatteur tht ptlemyil ngiap bl endphgnyt onplaingl(Qg-Copékyd ishaptionelfyer oat om
which is oxygen, nitr or sulfur, wh said ri optionally fused
to a(C3- 08 cymits i (8o e dadanstdondiy R herdol o ¥ RHG: Y001
and R2 taken t gablar oMict it jdiRofyi trogen to which they are attached

represent a 6- to 10-nenbered bridged bicyclic ring systemoptionally
fused to a (C3-C8)cyund whekin any}léﬁeylmﬁeﬂemgroum}bptlo@dlyrseb@ﬁmad ghe 0 ng;

R3 i d C8)a | k

(G O Lycl oal Iyt times lsstitentty e o K foh i TR o eyt
(C5- C6) cycl oal kaimyl (G@é%ﬂ):@jamyll -S05(Ch @ik 1Oy 43l (LG, amkerei,-t he aryl
noi ety of the aryl (G is optionally substituted one to three

times, i ndepen@e}ﬂthyyhlobwhﬁwlo@@ﬁma(y@ph@ayléﬁlk(}h)alk@k or tetgroaryl(Ci-Cpkyls

e, (6 e G s KSR s RSt
met hoxy( Ci - C2) al kyl phaiyy(I0( @ )al2)l pbrkickeroaryl(GpCeyatian i dpGon&lR) allbktythted\Mﬂer ein

the heteroaryl 20 npiety of sal d hetero 1 (G - al kyl is menber ed
nonoc¥¢l i c ar omati ctorﬁFF@ tHste HdppSY el&?ﬁ’e%b’glaloﬁ%eckétoéK%Hf:@ﬁ@yzeI ected

i ndependent |y from oxygeg,q ?%ﬁe&%ﬁ O(C%gd?@eﬁggfﬁﬁ’l 15‘3286@11 st‘aﬁﬁ t@kd SR B

het eroatons i s oxygen or su or R4 and R5
t aken toget her repr ésentimeCHRIChRrdeotly, t@l—ﬂmﬁﬂaﬂ pl&ﬁﬁhot lneeteropazﬂti cul ar

erbodirent of the nvent1 on |5 & SoTRAUId 90 FORTULA it Prbsied
one to three times, independently, by halogen, -CF3, or
25 (C1-Cy)alkyl.
In a further embodiment, R' is selected from the group consisting of (C;-Ce)alkyl,
(Cs-Cq)eycloalkyl, (C7-Co)bicycloalkyl, heterocycloalkyl, (Cs-C7)cycloalkyl(C;-C;)alkyl,
phenyl, heteroaryl, and phenyl(C;-C,)alkyl; wherein any cycloalkyl or heterocycloalkyl
group is optionally substituted one to two times, independently, by (C,-Cy)alkyl, -CF3,
30  hydroxyl, or (C;-Cs)alkoxy, and wherein any phenyl or heteroaryl group is optionally
substituted one to two times, independently, by halogen, (C;-Cj)alkyl, -CF3, cyano,
-COy(C;-Cy)alkyl, hydroxyl, (C;-Cs)alkoxy, or (C;-Cs)alkylthio-. In yet a further
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R and R2 are each independently selected fromthe group consisting of
hydr ogen, (G -C6)al kyl, (C3-C7)cycloal kyl, (C7-QC9)bicycl oal kyl,

het er ocycwoabkiyi1980of C3- C7) cycl oal kyl (Ci - C4) al kyl, phenyl pChatSerioman31B7
phenyl (G -C4) al kyl, and 30heteroaryl (G -C4)al kyl; WO

2011/ 019801PCT/ US2010/ 0451 n an C| C6).al ky IS
opt i onal | §™8AHEEDY: 3% é%jpltﬁli@ia‘?l&loﬁlh%%ubt“‘i"ﬁ‘&‘éi Oqeﬁéé\ﬁ HH‘éFrt“P pe%@ﬁ%ﬂ% y

( C3- CB) cy RhiBBdK Y 1-C3 &Mk, -€¥ ARYanc, AEB((E 1K¥)d 2 balk

(G-&4)al koxé‘é Y f 4>§E§e in gn%ncoycl £(I &Wllﬁfléﬁﬁjmmct@ 4ba &Ky, or

het er ocyc((blalelkyljlmou plni yst B pthico pabbginsob R iis ﬁlrwl,dh@nylopymlgb tines,

(G -G = Reso R ebgro TRkt e B REPRSRRY ohhE sHhat GO o
sai d p@enmladazﬁzomecwbdﬁaz&?b Sytionhlily @b@%téar@l ﬂa&’o%%ﬁbﬁ@ l&%lﬁ‘ﬁ cm% to three

times, independent ogen, - gﬁo
(G- chal k@x%)%@@ﬂiéﬂml halaﬁberwhexhymyl Gty AMpPhaViGu ot i onal | v

substltutg Q& z?Cl ﬁqytl EE%L;)a'l p I h i G - C6) al kyl
( C3- C6) cycloal Ky );aho lﬁ%/ )al kyl ,

hydr oxyl , (cmg)%l@dlkﬂxyoptwmhy hubsh&itarlga(rCyLC4)4ﬂla¢1nyh (€ a fuZthat dabodiment,
heteroaryl (G -C2)al k wherei.n any phenyl or heteroaryl noiety of said
phenyl, h8t @rté&dwol i%mﬁw piestityddbikaloges (het oplksh g@(]isa c2)al kyl is

t |1 tl -
of ' ( OFF oGPPI ISHEA AT hACKHGEE IR ¢ DARRE AR o B CrplaEn:
substi t ut é(éh-61)elkbmy,tolnl(@eCtu)ah@khioi-;mzllmneindeﬂdt(Cy decl@ﬁ]kymmhkyduy phenyl, or
het | ;. wh i i I t | | bst it ut d
2oone to” piiIEET B b srikeeberts GrTEEas e R BBV O Kyl - o
R and R2giakeed QoRIORh, W Ld,)4RGl, DEES (@%@Eﬁl&ﬁ]kﬁhpﬁe%y i, at tached

represent a 5- to 6-menbered Saturated or unsaturated ring optionally fused
to a pheny¢01(6né14)a,lk}d,r0rRC1-§m)¢11¢QZytwk@nlm&agfe(tﬂaé%)wctdalktyh@ Cmtlpn@igen to which

t he e attached repr t 0 d. br cl

Gyt b opRibRERRL SEEHR, TR Rufr RoPadrons! £ s Ml Ao, oay ot Kyt
wherei n tiseFﬂ)ﬁasmylbufml Butyli @ydlxqieh@mas hydrexsRstio eﬁtszld cym@hetxm bwo tines,

i ndependent hal oge (G -A)al kyl, or - s (G -C4)al kyl or

Lt eny ( Gmetth b loposyl iy e chapndgtys loBomhdtswstoL 3ar Hhanbi2ar], GrBotirormnt of

(e T e RO, 2 £ TR B 1 AR e ep o
I-methyl-4-piperidinyl, phenyl, 3-trifluoromethylphenyl, 4-trifluoromethylphenyl,

20  3-carboxymethylphenyl, 4-carboxymethylphenyl, 2-methoxyphenyl, 3-methoxyphenyl,
4-methoxyphenyl, 3-pyridinyl, 1 H-pyrazol-4-yl, 1,3-thiazol-2-yl, cyclohexylmethyl,
benzyl, 5-(1-methylcyclobutyl)-1,3,4-thiadiazol-2-yl, 5-methyl-1,3,4-thiadiazol-2-yl, 5-
ethyl-1,3,4-thiadiazol-2-yl, 5-(propan-2-yl)-1,3,4-thiadiazol-2-yl, 5-tert-butyl-1,3,4-
thiadiazol-2-yl, 5-(trifluoromethyl)-1,3,4-thiadiazol-2-yl, 5-cyclopropyl-1,3,4-thiadiazol-

25  2-yl, 5-cyclohexyl-1,3,4-thiadiazol-2-yl, 5-phenyl-1,3,4-thiadiazol-2-yl, 5-(4-
fluorophenyl)-1,3,4-thiadiazol-2-yl, 5-(4-bromophenyl)-1,3,4-thiadiazol-2-yl, 5-benzyl-
1,3,4-thiadiazol-2-yl, 5-(1-methyl-1-phenylethyl)-1,3,4-thiadiazol-2-yl, 5-(2-
phenylethyl)-1,3,4-thiadiazol-2-yl, or 5-(methylsulfanyl)-1,3,4-thiadiazol-2-yl.

In another embodiment, R* is hydrogen or (C,-Cy)alkyl. In selected embodiments,

30  R’is hydrogen or methyl.

In another embodiment, R' and R? taken together with the nitrogen to which they

are attached represent a 5- to 7-membered saturated or unsaturated ring optionally
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R is selected fromthe group consisting of (G -C6)alkyl,

(C3-C7) cycl oal kyl, (C7-C9)bi cycl oal kyl, heterocycl oal kyl

(C3- C7) cywbaal kopbgoCi - C2) al kyl , phenyl, heteroaryl, and ph&mgkq@io4dz) al kyl ;
wher ei n any cycloalkyl or heterocycl oal kyl group is optionally substituted
one to two tines, ependent )al k _hydr ox

5(Ci - C4) ap%%ymgm Ogn?éﬁaﬁﬁwam%‘v&r%ﬁé wanh@freﬁ%f)wulg%w CIEQ %&ﬂ%@ ly
substi t ut gghigfA tﬁ?sH\ﬂ& ¢ d1drPeRAERE] doal Q98 eroafl ) @& kyl,

- CF3, cyanlgtl %2 . ak {@@Cy dﬁoxy il @a%Yl Acl‘g o>e<§/ @Rﬁﬁgs hydr ogen

or (G - CAJwthey bmbmmest Bh@ntéRﬁydken 1Rt sflthéhmlyﬂtrog@t ﬂwywhlcln ﬁr@praoq)yl or

2-t hi enyl and R5 h not her particu nb d| ment of
Che | nventasies ErBtguibs R g B R or 4PN a e PRaooibn 8l FSREB et abl o
sal t ther gRdnyMiRI®).Nin a selected emboditherdNRl' 4RI R%atléﬁ‘éh foge@bneith Wetitrd i@ toi t r ogen
to which they are attached represent a 155- to 6-nenbered saturated or

unsat ur at &diohjthey ypeitethal If%pfﬁﬂﬁ?g‘emml’éﬂla-1p‘i*leh§’rln¢ﬂ$11e3[1y2 3F€Bh§f(§0(1é' indgh-& kyl ;
and R4 angl BP1 tﬁﬁﬁﬂir& %gfe}so{%rd?f 5’-51 a%the%e%‘gd erfbodittERRE

Anot her Pl cul enbod e rnvention is a corrpoun of aIlfor mula (1)

or a phar tope et waaltlhe)/nlaag@ﬂbaﬂilell thal trd hackalf repdeedne 23-diROdb- l@néhdsE 1tyaken
together with the nitrogen to which they are attached represent
2, 3-di hydr o- 1HID snpdher mbedingent.iRs apé}R @ﬁge@tggqtheé,wnh the nitrogen to which they

C3- C kvl

(& R R Ebre Ry ) o, Rbercq brid BRGIHIAS Mot GABHRR A g
ri ?ﬁ Fﬂ] i ma(Gsycgcmfmalky]ﬂ@derbyﬁcﬂ‘ﬂalml arleEBkéetﬁy)aI;ybﬁ?g?IﬂWﬁlﬁhEB{TEt hoxy, or
ne | O- arti ar, . e odl nen (0] I nven IS a
conpound Srbedieal & 6Ny RS Lol BR it Yt oo Shie s S hep iy bot
wherei n: RcdsnIef2 @%é’ﬂlb&(@% baa )d' Bicy%‘l‘i@%tn%':gglt@ﬁ ANEIR K00 by

|ndependently by hal ogen cyano, -
hydr oxyl , mogety.Cn- mﬂ@dtddﬁwbod&@theReand Baﬁa@elhwgeth@awyln thesm@%e@do e\ducfhr om t he

Uriacht S”ﬁle?fé'fe?%aasﬁgﬁ T L O et o U R
t hi adi azogygltemand | sot hi azolyl; WD 2011/ 019801PCT/ USZOlO/ 045137 R2 IS

hydr ogen or nethy is (Cl- al kyl; and R4 and R5 taken together
represent CHZS:H?abler -IW&Pmﬁéél-CS)alkyl (Ci-Colhaloatkat, (bafsladienak enbodi nent

g]::cfag'?albln Sk af)?ﬁ%?'@r Qsd’ r e| (IglF%%wt th\élog)(;i?g 5@@"&6@%&%" t ut ed
by hal oge(Cs- Cg)&ycﬂﬂa)llaéﬂyl(bﬂ-QﬁHayl or aryl(Cl-C4)alkyl wherein the aryl moiety of the

20  aryl(C;-Cy)alkyl is optionally substituted one to three times, independently, by halogen,
(C1-Cy)alkyl, or -CF;.

In another embodiment, R? is hydrogen, (C;-C)alkyl, (Ci-Cs)haloalkyl,
(Cs-Cg)cycloalkyl, (Cs-Ce)cycloalkyl(C;-Ca)alkyl, or phenyl(C;-Ca)alkyl; wherein the
phenyl moiety of the phenyl(C;-Cj)alkyl is optionally substituted one to three times,

25 independently, by halogen, (C,-C4)alkyl, or -CF5. In a further embodiment, R? is
(C1-Ce)alkyl or (C3-Cg)cycloalkyl(C1-Cy)alkyl. In selected embodiments, R* is ethyl,
isobutyl, or sec-butyl. In selected embodiments, R* is cyclopropylmethyl. In a further
embodiment, R? is phenyl(C;-Cy)alkyl; wherein the phenyl moiety is optionally
substituted one to two times, independently, by halogen, (C,-Cy)alkyl, or -CF;. Ina

30  selected embodiment, R? is phenethyl.

Suitably, R* is hydrogen, (C;-Cy)alkyl, (C,-Cs)alkenyl, (C,-Cs)alkynyl,
(Cs-Cs)cycloalkyl, (Cs-Ca)cycloalkyl(C;-Cy)alkyl, cyano(C,-C;)alkyl,
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(C3-C6) cycl oal kyl, phenyl, cyano, -0Q2(C -C4)al kyl, or (Cl-C4)al koxy;
wherein said (C3-C6)cycloalkyl is optionally substituted by (Cl-C4)al kyl;
R2 i s hyowogerv/assoret hyl ; 10R3 is (Cl-C6)al kyl or PCT/US2010/045137
(C3-C6) cycl oal kyl (G -C2)al kyl ; and R4 and R5 t aken together Wi th atons

t hrough re connected forma 4- red S i ng
opt 1 onal | P EabeEi iy ppemorel -,y C: RUBRyT TeirERgiy - CoRTiot

met hyl t hi Qz'hereme%@!efrda?ylm@m%d%%rﬂtC eéz)QH{VyFisQ AhRmbered aromatic

( 2E, 45) - 4- (L- al anyl am no) - 6- phenyl - N- ( ph eny met hyl ) - 2- hexenam de;

( 2E, 45) - 4r1(1gcg¢tamy1gaqnem@)er¢¢t¢mt\ﬁy¢h GophWr-szlfhw@mtrnoddly containing one
(2E,45)-4 # al. g no) N, N- di net hy1- 6- phenyl - 2- hexenam de;
N1-[ (1S, 2 VAR IPRBET: ?ﬂﬁhenylethyl) 4-(1-pi peridinyl)-2-buten-1-y1R-

20al ang nami de; In another ernbodlrnent R'ish drogen (C1 C4)alk 1, (Cs-Cs)cycloalkyl, or
(2E, 45)-4- (L- allaglanlno - yl oxy -'6- pheny1- 2- hexenani de;

met hyl  3- hrtpl(ozw yCAalkyly mharwr éamhﬁ@;oaezlmﬁtypf zalﬁélﬁewylﬁ%nméyl@bﬁ@ogt e;
2E, 45) - 4,
(oE a2) - oA S Fn B en R QR O R RIS rlpagham ¢

25( 2E, 45) oﬁt-lc(ﬂaﬂﬁ. lcanityinarg cne)or 6wp Inemglen Mo&ts( tIﬁ IafﬂntﬂltiHr @ﬁﬁbhmhénlﬂ, ey 1] - 2-
hexenanrde é m no) - | - N, 6-di phenyl-2-hexgnamn de;
( 2E, 45) - 4((21L @)rlkﬁ&f K‘énm@yclealbweﬁmhlwlicrﬁﬂ}arlry&ohbfr?éﬁtcm optdipants. R is
hexen de;
([ (ors) T RE R otop. sveloneat of 25hiemyimetiyly Ing selped ambodiment R' i
( 2E, 45) - 4mlethyal hmdo&r@r sal}etdd cyibddimenty RY M- Trdtitnylméthpheny 1- 2- hexenamni de;

1) - 4- oxo- 1-( 2- | at.h 2-but en-
%/ 3) (et hyl OX§/) Eﬁ]é%%{]R ds é}ﬁ%’ﬂ%@f‘l 9. m%tkélnﬁpﬂaéglected embodiment, R’ is hydrogen.

N-cycl ohexyl- 6hpﬁﬁﬂ%%egmB@%%%§¢VQQdIf@d&ﬁ%@%&h&h@ﬂﬂ%&h@Hﬂ&&yﬂwﬁﬁﬁﬁﬁﬁnlde
6- phenyl - N- 1H pyr azol - 4-y1- 2- hexenam de;  6- phenyl - N- pr opy1- 2- hexenani de;

N-(1,1-di ﬁl@td@yﬂ@tdﬂyﬂo)m@% h@ﬁyﬂe@bdn@rk@ﬁamwemg optionally substituted one or two

R?XCL@’QP R i TSRO, Sl amino. (Ci-Copalkylamino,
6- phenyl - Ng(tcel aruag.hx)@bloeglﬂkm)érﬁﬁm‘lhydkbxﬁ (C1-Cy)alkoxy, or (C;-Cy)alkylthio-;

N- (cycl ohexyl et h henyl- 2- hexenam de;

N ( 12 et hythrehysad gag Hemjioudishasehian (Ge:Co)cycloaliyl ring. Tn a further

embodiment, R* and R’ taken together with atoms through which they are connected form
a 4- to 6-membered saturated ring optionally substituted one or two times, independently,

20 by halogen, -CF3, cyano, methyl, amino, hydroxyl, methoxy, or methylthio-; wherein said
ring is optionally fused to a cyclopropyl ring. In a further embodiment, R* and R’ taken
together with atoms through which they are connected form a 4- to 6-membered saturated
ring optionally substituted by F, Cl, -CF3, cyano, methyl, methoxy, or methylthio-. In a
further embodiment, R* and R’ taken together with atoms through which they are

25  connected form a 4- to 6-membered saturated ring optionally substituted by F. In a
selected embodiment, R* and R’ taken together represent -CH,CH,—. In another selected
embodiment, R* and R’ taken together represent -CH,CH,CH,—. In another selected
embodiment, R* and R’ taken together represent -CH,CHFCH,—. In another selected
embodiment, R* and R’ taken together represent -CH,CH,CH,CH,—. In another selected

30  embodiment, R* and R’ taken together with atoms through which they are connected form

a 3-azabicyclo[3.1.0]hexane ring system.
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N-cycl ohept y1- 6- phenyl - 2- hexenam de; N-et hyl - 6- phenyl - 2- hexenam de;
N- RLR, 45) - bi cycl o[ 2. 2. 1] hept - 2-y1] - 6- pheny1l- 2-

N (1- met wOppopy 99 6- pheny1l- 2- hexenam de; PCT/US2010/045137
N (2- net hyl cycl ohexyl ) 6- phenyl 2- hexenam de;

N- (4- hydr oxyc ohe e enam de;

6- .(ohemyu r\f {tg Pﬁﬁgﬁ%& agemﬁ?ﬁﬂf}&so ﬁﬁsxsﬁ%ﬁﬂ 1§@:compound of Formula (I) or a

N 1 et H B LRI

N-[ (1S, 35) - 3- tham&chmle@plemdygqndSntph@mcledzfrom the grouNdonsfsging 8f hxdEpgen, [ ( 1R
.8 5)-11

6. 5 1. 02 G L TGP By oGy vk (oS gty CaGips oatkstitlen. | -y 1) -
L- al ang napade;, blcycloalk 1, heterocycloalkyl (Cs- Cg)cycloalkyl(C1-C6)alkyl

(25) - 2-am no- mflls 2 (1R 85)-11-azatricy L 1.02' 7] undeca- 2, 4, 6- t
ri enll-y1{CACoxslaalkeny, Daébﬂyhe)tergcmaélﬁd(ﬁlﬂq)@ Yle pryhihgteromyly -

[ (1S, 2E) - 4- d d -yl1l)-1-ethyl-4-oxo-2-buten-l-yl1]-1,
al ani nam 8%/((16 %%l% 511%-%{& g&gé %1 fk(y{R 8 5)-11 -azatricyclo
[6.2.1.02" 7] undeca- ¥hérehr iy (@108)&1}51331]({312 C{dlkenyl, or (Cz-Cg)alkynyl is optionally

5) - 1- net hyl propyl - 4- 0x0- 2- but en- 1 - - L-al ani nam de; i
(1S, 2E) - 4 (1, 35¥ gnaffdda@rtp thyge H@sa_,ﬂzdew}deil11Y{lmﬁFs,10Yﬁé?h§pg GpyPplkyl- oxo- 2-

( 2E, 4%? 4- (L- al any@?n noig - 6- rrgtorll\l(cll&)a lzymgcl ik, % %Org fL]C4)5 lWept enam de;
N1- -SO,NH(C,-Cy)alkyl, SOZN(C1-C4)alkyl(C1-C4)alkyl amino, (C;-C4)alkylamino,

S, 2E)-4-(1, 1-2- (2- et hyl 1)-4- - 2- but en-
e e L LR Rt R o e 8
(2-thienyl)-L-al Qx'iﬁ’lwher%iﬂaﬁh? agé‘lﬁ&?ﬂ‘t%ycloalkyl or(2E 45) - 4

1
y
ckfroark

(25) - 2- am nobut anoyl | am no} hyI oxy) pheny1 ]-6 phenyl- 2-
xenam de; hetm(ogEc;lqu)(yl@-rpmmy)lptlbpqﬂy@‘pyﬁumed one to three times, independently,
3

(

t

o3 e mo B G AL FR 20T gt OO MR M AR Oyt 5. 4

hi adi azol - 2:90K( G- @mwﬂ(czmﬁn@masoq?: -Cyalkyl, (S&@Nmmﬁ) 4- {
(et hyl oxy)phe am no(gg4 0x0- 1- ( 2- phenyl et hyl )
o 1yt D) RGN Sk - amino. ((oEpWy i,

120 e R SO s A grens)

25( 2E, 45) - NA4- aryiChyd gtk pleergih] th6 ayharoyety 4f {did wgl yi am(ﬂoﬁ-&ﬂhexenam de;
(25)-N-R1S, 2E)-4- (2,3 -di hydro-1Hjndol-1-y1)-1-ethyl -4-o0xo-2-buten-|-yl]
-2- " a%tidi necg_pwg}hs tltuted one to three times, indépendently, by halogen -CF;,

(25)-N-R1S, 2E) 14 DYk nd8Ardzw 1) - 1- (2- met hyl propyl) - 4- oxo- 2-
but en-1-y1] - 2- gzet 531§K gr bog%m}—t%; 9 y
and wherein any aryl or heteroaryl group is optionally substituted one to

[ (
1-

[ 3-
{[
he
{[
{I
20
[ 4-
bu
{I

three times, independently, by halogen, (C;-Cs)alkyl, (Cs-Ce)cycloalkyl,
(Cs-Cg)cycloalkenyl, -CF3, cyano, -CO,(C;-Cy)alkyl, -CONH(C;-Cy)alkyl,

25 -CON(C,-Cy)alkyl(C;-Cylalkyl, -SO,(C;-Cy)alkyl, -SO,NH(C;-Cy)alkyl,
-SO,N(C;-Cyalkyl(Ci-Cy)alkyl, amino, (C;-Cs)alkylamino,
((C1-Cy)alkyl)((C-Cy)alkyl)amino, hydroxyl, (C;-Ca)alkoxy, aryl, heteroaryl,
aryl(C;-Cy)alkyl, or heteroaryl(C;-Cs)alkyl;

wherein any aryl or heteroaryl moiety of said aryl, heteroaryl,
30 aryl(C;-Cs)alkyl, or heteroaryl(C;-Cs)alkyl is optionally substituted one to
three times, independently, by halogen, -CF3, (C;-Cy)alkyl, hydroxyl, or
(C1-Cy)alkoxy;

14



30(25) - N-R1S, 2E) - 1- (cycl opr opyl net hyl ) - 4- (2, 3-di hydr o- 1H-i ndol1- 1-y1) - 4- oxo-

2- buten-1-yl]-2-azetidi necarboxam de; (45)-N-R1S, 2E)-4-(2, 3
- di hydr o-wbk2ondadsol- y1) - 1- et hyl - 4- oxo- 2-buten-1 -yl ] - 4- PCT/US2010/045137
fluoro-L-prolinam de; (25)-N-R1S, 2E)-4- (2, 3

-dih 1H 1-1-y1 4- -2- n-l-yl] -2-
p:jlpe?/:j(rjlonec a:’ ngam dg )- an wpgrem an?rx(8 % cycloalkyli% {ﬁionally substituted one to

5(25) - N-RLS, 2E) - 4- ( gyds ﬁh@y%&péﬁebﬂyqﬂy(blsca)a1ﬂy1(2ryﬂ%£ﬁé&k&5@myl) 4- 0x0- 2-

but en- 1-y1] - 2- pi peri di necar boxam d
(25) - N-41S, 2E) - 1- ( 2- net hyl pr opvylm)relnsmﬂ@rsdorp{etsro(atylus¢>p1mmeﬂmsu’cwn)m® @1c4-

(250N (15, 28" 1+ ( 2 et ByRBFOBYD) AP PEERy f S9RERT o bActhyPy- 1, 3, 4-

10t hi agli azol - 2- yI ] am N0} hydroRN0or (LUt §4kdxyy 1) - 2- azet i di necar boxam de;

(45) - N-41S, 2E) - 1 4-0x0-4- { [5-(trifluoronethyl)-1,3 ,4-thiadiazol-2-
yl] amino 1 20b1&t R? {alkgn ipgethoiowsh Lhepn@@gqnatmwht ey arc attached represent

(25) - N-(( -1- | yor 1)-1,3, 4-

thi adi azo%% ?OE? P‘ljeﬂb%r gﬁ%[% 8P, I‘Fs tu?t B%t{c[ngﬂgtg@lg% He 091 d)tﬂ@f

15(25)- N 1?61&025)11 #hichSs ()iygmmyrbgérr phaﬂﬁulr e&ifﬂit)tbl)l-sﬂ,bdarlrfg-lts bpwaagzdhseawh] am no
} -4- oxo-1- éz phe | et hyl ) - 2-but en-] - peri di necar boxam de;

(25) - N R3EuEycwle >§ bRterpeydoa iyl war hctyrf)ityérlago 1- phenyl hex- 4- en- 3-

yl Jazegidi ne- 25cpr _lgmagfn té)gether \Xlth e(ﬁﬁ‘%%x t%clﬂ;t)(le}@a&jaﬁgched represent

- di hydr o- 2H—|50|ndol 0XO0- eny 4-en- 3-

20yl ] azet b 6 teelmeabbed dnidded blcychc nt(g?d;_-zst«éﬁl) eptionflly fused to a (Cs-Cs)cycloalkyl,
25) - 2- am no 2-cycl o acet am no -N- (4- net hoxyphenyl) - 6-

H]e ni/ | hex! e@ﬁ%_ﬂp%ﬁgyl Ery? po¥ Ihetelroa l]rlng, ( yp y1)

(25) - 2- ami no- 2reyl h)/ &) dJ)e(lﬁﬁ GELc Halkenyd; @, TRy eyd ot oy, 6- 0x0- 1

phenylhex-4-en-3-y| ] etthanam

25( 25) - zhé@a Gdc@c—l@@b&rwbéﬁr%)cadclp@msl(@qu)@lk(yl (8sdis)pydioaltkepyl( Gl nalbgl 2r y1) - 6-
- <4 t
O3S - B D Ry Bt BT RIS o8 the (G- G0y L i omsienadly sHBIH R 4- on

3-yl ] but apadiodiiee Nnfds 3independentl ]?, by halogen (C1 Cyalkyl, or -CF3;
S, 4E) - 6- (2, 3-di hydro- 1H-indol-1-y1) - 6- oxo- 1- phenyl hex-4-en- 3-y

3-
S0t opnon. - YR Ve lasaon st denlig 1Coc meny 1 (CoCapalksmyt (CrCoicyeloaiky

.“ZLFZ’SC.“E%-Q@& R o b TSR h 18383 Src- @Ry, Nex - en- Syl - b

N- [ (3S, 4Emethokg(3-Chiygs QFyB(IEh4Gz9ﬁlk5dpdﬂiéte>tda)ryﬁ€0@)aﬂ<yﬂlhelﬁwhheh@ Het@Dai3t y1] - La

I | oi sol euci nam

- di hydff o- PIqigty 8? m%&e@mm@a %kyﬂ 1§>ﬁéﬁ9¢rﬁ@@€e%n@ﬁ0@ychy g{omatic ring

net hyl - L- y&lthing H€o th teroat lected i dently fr it d
5(25) - N- R3S, 4F ?‘@ 1o fires hicpoatogys selected indppendently from oxygem MR R - en- 3-

sulfur, wherein one of sald heteroatoms is oxygen or sulfur; and

R’ is hydrogen or methyl;
or R* and R taken to gether represent —-CH,CH,— or —CH,CH,CH;—.
25 Another particular embodiment of the invention is a compound of Formula (I) or a
pharmaceutically acceptable salt thereof wherein:
R' and R? are each independently selected from the group consisting of hydrogen,
(C1-Ce)alkyl, (Cs-Cr)cycloalkyl, (C7-Co)bicycloalkyl, heterocycloalkyl,
(C;5-Cr)cycloalkyl(C,-Cy)alkyl, phenyl, heteroaryl, phenyl(C,-Cy)alkyl, and
30 heteroaryl(C;-Cy)alkyl;
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I ] pi peri di ne- 2- car boxam de;

N-[ (3S, 4E) - 6- (1, 3-di hydr o- 2Hi soi ndol- 2- y1) - 6- oxo- 1- phenyl hex-4-en-3-y1]-Lp
rol i nam oW 2011/019801 (25)-N-R3S,4E)-6-(1,3 PCT/US2010/045137

- di hydr o- 2H-i soi ndol1- 2-y1) - 6- oxo- 1- phenyl hex-4-en-3 -y1]- 10
2- (et hyl am no) but an mde S, 4E) - 6- 0x0- 1-

(§r| fl ﬁor onet %yl ) - 3““@@%@&?6% £30uRis PPUERANY S Qgsmuted one fo tLree
hex-4-en-3-yl] Btn@@rlhéljép@ﬁde%ﬂ?%)?@Sa@g)g%’loalkyl CF(_; %%LmN cbzéc%Sc46§)<y16 [(5
-nmethyl-1,3 , 4-thi ‘adi azol - 2° 6- oXo- 1- |I'’hex-4- en-3 -yl}
pi peri di ne- 2. chydroxdmé;:- (1458(112®9y1|\|- { (3S, 4F)- 6 [(5 -ethyl-1,3
, 4-t hi adi azol - 2-yl ) am

pi peri di ne- 2- car boxg ‘Hglrem any Cy{]ﬂfg Rﬁélc{ycéﬁéyh@f h%tefo\égélo?’%?{ltgrBw ¥l-1,3

, 4- t hiadi azol - gptydnaistntitficPs: tb e b ax ﬂde?ntly)’l%} (BLO, alkyl -CF3,
erl di ne- 2- carboxam de ; (25)-N R3S, 4E? 6- { - (et hyl sul 1)-1 3

, 4-t hi adi azol - 2yapp] C’:{Pn(ﬁo}:4)8ﬂ<dkdl}’ﬂfoxy (Ci-Cyjalkoxy, phenyl, or phenyl( 1-Co)alkyl;

2pnenyl hex 4 G b LB S 08 B RRERIAT By Cor7)T Al o o
en-3 -yl} pip arhsdtum@i(ﬂreaatlbee(aﬂﬂe@lendependentw@ haﬂbg%aseﬂg)((ﬁ Calk¥l,

-(4- bronophenyl)-1,3 ,4-thiadiazol-2-yl] amno 1
- 6- 0x0- 1phenyl hﬁ@@meﬂr—@lﬁ ])%k?i@’ral di ne- 2- car boxam de; 25(25)-N R3S, 4E)-6- {

[5 -(fgfluoropheny 1l)anctl'wﬁer’e1§1 4112 hA%2he ik b‘l ALY oiBt(l%@a;l@)gﬁB%ltlzt%%o

phenyl hex- 4-en-3-yl | pi peri - car boxam -6-[(5
-cycl opropyl 1tiBee Umed)imparizhtR-byl Hadogen oG 6= spatbyl 16C:pbnepcl dadxd 4-Cén-- 3 -y1}

Db eridine2-¢ arbo sam fe o (251, S AT 6 oxo- BRIV €. [ 15 - (prop

hex- 4- en-3-y! ] iRkl CACHANGMHE 1(Ct@RaidE { (3S,4E)-6-[(5 -b
enzyl-1,3 , 4- thltadlagﬁzjoﬂ]?lzlﬂ/ ?a%&g e ?tgaogfygph%gy éx-4- en-3 -y1}

pi peri di ne- 2- car boxani dewherein any phegl)orticRBSryENoigtyoX sail-nhleylyheteoagyl[ 5

2- lethyl)-1,3 ,4-
hex. aton: 3-yi ] pi per P RE S CRA e TC2udy ingrrippaly ayigigse
-cycl ohexyl -1, 3 , 4- tdyhadditadd| mdepdniandy) 0} hafpex ok, lenylarxt4-en-3 -yl}
pi peri di ne- 2-car boxam de;

5(2S) - 2- ami no- 2- cycl opr opyd Whekingmy4E)-Ge)oyoloalky] isyatienall subgiated 0ga o 6- oxo-

1- phenyl hex-4-en-3; )
(28) 2- ani no- 2- cycl o%%éotg@lpsa%%?dfg 1¥’6b-y((£1 g—“%ﬁu}(ﬂ}d?hoep pof hcteroant o y1) - 6- 0x0
1- phenyl hex- 4- en- 3-yl ] et hanamivderein said phenyl or hetefod5; 4 ptonblly Substituted

- di hydr o- 2Hi soi ndol- 1) - 6- oxo0- 1- phenyl hex-4-en-3 -yl ] -L10valinam de;
(1R, )2/2})0 5S) - N- [ ( 3S, 4E) - 6y()1)2e ty three tlmeg 1ndgpendently, by halogen ]CFg, or

-di hydro-1H i ndol-1-y1)- ?C égallkyphenyl hex-4-en-3 - yl]-3 -azabicyclo [3.1.
0] hexane- 2- car boxam de;

(1S, 2R 5R) - N- [ ()BE 4T9) R Btk G)gdllhblyxdlth)tlfbl-ﬂuimghnjte &vlyclh)th6y acotichpdenytettax - 4- en-
3 - yl]-3 xane- 2-car

Ton | (55 BB s > eEﬂdWH‘F%}e‘%WWH%‘EM?Ld {12 ORAERAY Fissr g Phis) moisivia. y 1) - -

val i nam de; orR andR taken together w1th the n1tro%en to which they are attached represent
(2E,4S)-N—rre®<$/ - phenyl - N45- (trifl uorone )-1,3,4-thiadiazol-2-yl1]-4-(L

val yl ani nayh megtbgraddutdged bicyclic ring system optlonally fused to a phenyl moiety;
R’ is phenyl(C;-Cy)alkyl; wherein the phenyl moiety is optionally substituted one

to two times, independently, by halogen, (C;-Cj)alkyl, or -CF3;
R" is (C1-Cq)alkyl or thienyl(C;-C5)alkyl; and
R’ is hydrogen.
30 Another particular embodiment of the invention is a compound of Formula (I) or a

pharmaceutically acceptable salt thereof wherein:
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(2E, 4S)-6-phenyl -N- [5 -(trifluoronethyl)-1,3 ,4-thiadiazol-2-yl] -4-(L20

val yl am no) hex- 2- enam de; (2S) - N- R3S, 4E) - 6- oxo- 1- phenyl-6- { [5
-(trifluowormetimbgoal, 3 , 4-thi adi azol -2- yl] amino 1 PCT/US2010/045137
hex- 4- en- 3-yl ] azeti di ne- 2- car boxam de; (2S) - N- R3S, 4E) - 6- {nethyl [5

“(trifluoromet E% ll%&gﬂ@ﬁ%%é%r% eagqlogngolnmstl%{g LP{Hl-g}) E§z1 ?é( J)c o(:"arlllzlI hex-4-en-3

-yl] azetidine

25(28) - N- B Hkiky &oéli%yﬁhéﬂeﬂiégiélealﬂeyf {@de% I\gcla/alﬂy@%galkypBﬁwl,h%&réaﬁﬂ- 3-
yl ] pi peri di ne-'2- Car boxani d 6-(2;3
- di hydr o- amapmmaKCi(&nmq&\@%wmhaphemybﬁbﬂxnhQWMXWC@a%yhgoupm(mﬁomﬂw

L mvar o SRl BT To sy fimes, indspshASET 0GRy L B Ry Rl arn ge.
N- R2S, BE) (d~cyeikeRe amd wherdiRasy plbinpyst tckbhry NEledp s ptibnilly Q@roRatd-ode

-en-2-yl]-1, al ani nam de;

(25) - 2- amtniooNimessigiEpentcayys bythalagen 5.Ci-CaBlei i omyapp.-§ 8 HaoGs)alkyh ) - 5-

oxopent - 3 -1y t
(25)-2-an1 o-%wFé%?%é%&ﬁg%gblohexy1-5-(2,3-dihydro-lk#indol-l-yl)-5-oxopent

3- en- 2- yl ] but aRAM Id@rogen or (C,-Cy)alkyl;
SN-[(2S, 3E)-1-¢cy cIohex¥1 5-(1, 3-di hydro-2Hi soi ndol- 2-y1) - 5- oxopent - 3- en- 2-
yl] - 3- thlopheﬁ-ﬁ- cngt @Ianlnanlde

N[(2f3B)-1 ckf gﬁgnln %g@nﬂbeQ@Qh%ﬁ@hﬂ%%&féﬁWl)'5'0X0pe”t'3'e”'2'y1]'

3- thiophen-2
(25)- N R2S, 3E) Ri shmﬁmﬁmxyl 5- (1 3-di hydr o- 2H i soi ndol- 2-y1) - 5- oxopent - 3-en

- 102-yl]azetidi ne-2-car oxa
(28 N Ree o Arb R e R et g hapsentianin a6am Aoy o FosRBB S, en- 2-

yl Jazeti dbﬂaﬁm%c&ﬁ‘ﬂ’cgl@%%'e ble salt therdof WeNiR2S, 3E) - 1- cycl ohexyl-5- {net hyl
[ 5- (trlfluoronethyl) , 4-thiadiazol-2- yl] amno 1

-5-0 xope nt - 3- eR- 21:1(ny ai;l_(em tmth@r with ahdbwseagérdte; which they are attached represent a

15(25 S ~d-cy cl oh X 1 5- 0X0- 5- u th

o thiaar a5 e e SO o R G e ot RS SR SRk ge.

(25) N-{(2S, 3ER355—(K11536§£§§1 Myl 1, 3, 4-t hi adi azol - 2-yl ) am no] - 1- cycl ohexyl -
5- oxopent - 3-en 1% azet 1 di ne- 2- car boxam de;

(29) - N- R2S, 3E) Ria BT tstsan {oecthel mpgesenthydiHoHor n§B1CHGH)~ 5- oxopent - 3- en- 2-

(25 N res, 36 ATofSE PREEMAGbodiman gfihe fmsertiqn sy sgmpoy LS. en 2
cathid ﬁ‘é???}i?ﬁ??l“’m{‘&?ﬂiﬁsﬁ? inreo§ BB S, 36)- 1 iyc' obut i 5 0xe-5-
pent - 2 en-2- y| %\ Eﬁ’kﬁ%tog_e‘glg]; B s pfrogen to Wthh they are attached represent
Zi?ﬁRgEtﬁﬁgaﬁg%ﬂgqy hﬂ%g? n?:;hfggndol 2-y1l) -6, 6-di met hyl - 1- oxohept - 2- en- 4-
N R2E, 4S) - 1- (2R3 ﬂthﬁﬁmﬂkﬂkk(@d@&widymkymCECghh@thyﬂ 1- oxohept - 2-en-4-y1] -3

- thiophen-2-yl 4 ani nam
(2E, 4S)- N-(4- A ﬁla‘%pf%ﬁm&e W ATy Hropeh vhieh ey pisiseaRecsd oy adhal any ! |
am no 1 hepd nZn@eadd @eirated rin optlonally substituted by F Cl -CF;, c?{'ano methy 1 _
(2E, 4S) - 4- (L-al anyl am no) - %4 met hoxyphenyl)™- 6, 6- di net ﬁept - enani de;
25  methoxy, or methylthio-.
Another particular embodiment of the invention is a compound of Formula (I) or a
pharmaceutically acceptable salt thereof wherein:
R' is heteroaryl optionally substituted one to two times, independently, by
halogen, (C;-Cy)alkyl, -CF3, cyano, -CO,(C,-Cy)alkyl, hydroxyl, or (C,-Cy)alkoxy;
30  wherein said heteroaryl is selected from the group consisting of furanyl, thienyl, pyrrolyl,

imidazolyl, pyrazolyl, triazolyl, tetrazolyl, thiazolyl, oxazolyl, isoxazolyl, oxadiazolyl,

thiadiazolyl, and isothiazolyl;
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N R2E, 45) - 1- (1, 3-di hydro- 2Hi soi ndol- 2-y1) -6, 6-di net hyl - 1- oxohept - 2-en-4-y1
] - L-al arwoam ida9so1 N R2E, 45)-1-(2,3 PCT/US2010/045137

-di hydro- 1Hi ndol 1-y1)-6, 6 di met hyl - 1- oxohept - 2-en-4-y1] -1, al ani nam de;
5(25)-2-amno - % 45) ]h? -di hydro- 2H i soi ndol- 2-y1)-6, 6-di net hy1-1-
oxohept - 2- en- 4Ry [ r‘ﬁere (25) - 2- ani no

-N-R2E, 45) - 1- (3\3%(@ Mﬁ%%ll&i&d ndol-1-y1) -6, 6-di met hyl - | - oxohept 2-en-4-yl ] bu
tanam de; (2E, 45) 4- [(25) 2- am nobut anoyl] am no }

-N- (4- net hoxprealydL?\ &ksn tog@ﬂlen@pmsbﬂtteﬁHzE-Pbﬁ@anH,zCHzCHz— (2E, 45)-4- {

chan de. (28, 457 OReY ROy hadi o B e Ry RRAT Xl&fﬁ@%‘%ﬂ% Rk Biarg .
al anyl § agmHl aéedm@my @cc@ Blcqglt thbadSf Rdered®) - 1- (2, 3

- di hydro- g -nmet hyl -1 - oxohept - 2-en-4-y1] -1, al ani nam de;
N- R2E, 45) - 1- (2K 1&thlaﬁ5ﬁ@¢]dlmqnﬁﬂb@bﬁ:ﬂ?119 oy hedegop) (G-GelkEhtChL en-4-y1] -3 -

BT el b AR A RIS Mg

20en- 4-yl IQUC@Bdeﬁ)adEyl is optionally substituted by (C;-Cy)alkyl;

N-{(2E, 4S) - 6-net hyl - | - oxo- 1%1R 45)-1, 2, 3, 4-tetrahydr o- 1, 4- epi m nonapht hal
(egg)yl?é hept - 2- 8n154h33¢1?gen:9rnt g’ﬁaphen 2-yl - L- zl %nl E?m&dg 3 stetrahydro-1 4

am no- et r ahydr o- -
epi m nonapht ha 6%ﬁu%}qt qrg 4 )X}CIP?E{It%CIﬁar% égg an

25( 2E, 45) - N- ( 5Rf‘ end R tﬁﬂiyﬂ_to:gpﬂl,etlwlthlamﬂmsammugﬁ wyhidh teyretchyphnebted fofi8 a 4-

- (t hi ophen L-. al an am no t.— 2- enam de;
N ROE e Befmeiosreg GhEDH bod Bpiealy Sef TR 0l sxRepEt S hen- 4- y1Ral &
ni nam de; n{e%xg@rrﬁﬁ oltdof | uorophenyl) -1, 3, 4-t hi adi azol - 2-y1] - 6-nmet hy1l-4- {
[3 -(thiophen- 30y1l)-L-alanyl] am no } hept-2-enam de;
(25) - N-R2E, 45) - 1- (1, 3-di hydro- 2H i soi ndol- 2-y1) - 6- et hyl - 1- oxohept - 2- en- 4-

)(MZ]S?ZKé IRgEB%E)?C gﬁ@%-aglk%%&lgeg&efeﬁ%%f 1-y1)-6-net hyl - 1- oxohept - 2- en- 4-
yl ] azeti di ne- 2¢2a4$Hekdmabbaylamino)-6-phenyl-N-(phenylmethyl)-2-hexenamide;
ol (5 ol s S ey 7o
-(trifluoronet i )s)lad -athn§RhAH)3¢ 8L difiethyl-6-phenyl-2-hexenamide;
N'-[(1S,2E)-4-0x0-1-(2-phenylethyl)-4-(1-piperidinyl)-2-buten-1-yl]-L-
20  alaninamide;
(2E,485)-4-(L-alanylamino)-N-[4-(methyloxy)phenyl]-6-phenyl-2-hexenamide;
methyl 3-{[(2E,45)-4-(L-alanylamino)-6-phenyl-2-hexenoyl]amino } benzoate;
(2E,485)-4-(L-alanylamino)-N-[2-(methyloxy)phenyl]-6-phenyl-2-hexenamide;
(2E,48)-4-(L-alanylamino)-6-phenyl-N-1,3-thiazol-2-yl-2-hexenamide;
25 (2E,48)-4-(L-alanylamino)-6-phenyl-N-[3-(trifluoromethyl)phenyl]-2-
hexenamide;
(2E,45)-4-(L-alanylamino)-N-methyl-N,6-diphenyl-2-hexenamide;
(2E,48)-4-(L-alanylamino)-6-phenyl-N-[4-(trifluoromethyl)phenyl]-2-
hexenamide;
30 methyl 4-{[(2E,45)-4-(L-alanylamino)-6-phenyl-2-hexenoyl]amino } benzoate;
(2E,45)-4-(L-alanylamino)-N-cyclohexyl-N-methyl-6-phenyl-2-hexenamide;
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yl] amno 1 -1-oxohept-2-en-4-yl]piperidine-2-carboxam de;
(25)-N-{(2S,3E)-5-[(5-tert-butyl-1, 3,4-thiadiazol -2-yl)am no]-1-cycl opropyl
-5- oxopewD-28t1en9$1y1l} azeti di ne- 2- car boxam de; PCT/US2010/045137
(25)-N-R2S, 3E) - 1-cycl opropyl-5 -(1,3 -di hydro-2Hisoi ndol-2-y1l)-5 -oxop

ent-3 -en-102- e|d| e20ar 1- (1,3

- di hydr o- 2H- i s@é%i Y@%ﬁ%@%ﬂgﬁ W%’]yciy_o%?néﬂ 'gé%%e 21

N R2E, 45) pdseh@mutedi hydro 1H i ndol-1-y1)- 1- oxohept-2-en-4-ylR- al ani nani de;
( 2E, 45) - 4- (L- al anyl ani no) - N- (4- met hoxyphenyl ) hept - 2- enani de;

15N- R2E, 45) 1- (ZIE 85)-4 Iy inplagihd) {1 F81) @mmzzdﬂ&mewbéeh@mw -3

-t hi ophen bdf al ani nam de; N R2E, 45)-1-(2, 3

- di hydr o- E?—’ﬁ Pﬁ%‘ 1-y1)-1- oxohept-2-en-4-yl] -3

-t hi ophien- 2-yl h? IEYEE)aquIQ'zem%QEyﬂ)&)-D%-(IA(Q%\ ﬂﬁémpt)emd&n 4- zf/% L[3

- (thi ophen-2-y1)-L-al anyl ]am no hept - 2- enam de;
[ (25) - 2- arienibwidenoy| | ani no} N-(4 met hoxyphenyl ) hept - 2 enam de

(25) - 2 am no- N(ﬁgfs)d'é? zL J«Ifa{lgflaélllgd)W-%-?mgtmfo§9jpﬂg1%;f] 6 p%%ﬁyIJZ R@S{%ﬁ%ﬁfdez en-4-

yl ] but anam de;

(25|) tz) am no- SI(HZES)MS][L-Maﬁ?laﬁmch)hv-dy@oﬂdﬁyi-qu&nﬂayﬂe)xeﬁarmd@hept -2-en-4-

25 ut anam

(2% ]45) 4-(L- a(%ﬁa@a‘hﬂrrabannlﬂw@)cﬁpplaﬁﬁy -Ind-prridiay s kssnamide) but - 2- enani de:

N— R1S;RE) - 1- but - 2- |-yl
LN nam G PO Gl Byt QRO S S0 g A o ettt - 2 enl -

- d| hydr o- 1H i nA49)-4+1)-alenpbeoibn)- 62plmmy1 Nmraeylsnhémnamalm de;

(15200 1 cord ot oy L R M 0Bkt SiebitaZagn | ) L

i\l-RiszziE) - ;mCYFiEP@S)Qp{/Ll afn{ AL MY 185 AL PG R 1Rk drhhiids; OXObut - 2-en-1 -y1
N-[ (1S, 2E)-1- C {2, 6Pr b fy-alanylami®)dV-h-thethyl U pipetisting)- phenylekbinenamiden- | - y1Rv
I id

525 13- aii no- A4 Rrb AR RIS fe sy - (RSP R YA a1 hydr o- 21+

I soi ndol- Bexehimfttepxobut - 2- en- 1- yl | et hanam de;

(25)-2-am no-2-c cIo entyl -N-[ (1S, 2E) - 1- cycl opr opyl- 4- 3-di hydro-1H i ndol
) T 2 Oxob(RE S)ehl-+iny krieaiadr aelohe sEyeR R besp -2 hsyepaopiispy 1- 4. (1. 3

-di hydro- 2H-1 spj ngglr & Vi) @M 1At dny F ORI h Al Afm Az S ar boxam de;
(2E,45)-4-(L-alanylamino)-N-cycloheptyl-6-phenyl-2-hexenamide;
20 (2E,45)-4-(L-alanylamino)-N-cthyl-6-phenyl-2-hexenamide;
(2E,485)-4-(L-alanylamino)-N-[(1R,4S5)-bicyclo[2.2.1]hept-2-yl]-6-phenyl-2-
hexenamide;
(2E,485)-4-(L-alanylamino)-N-(1-methylpropyl)-6-phenyl-2-hexenamide;
(2E,45)-4-(L-alanylamino)-N-(2-methylcyclohexyl)-6-phenyl-2-hexenamide;
25 (2E,485)-4-(L-alanylamino)-N-(4-hydroxycyclohexyl)-6-phenyl-2-hexenamide;
(2E,45)-4-(L-alanylamino)-6-phenyl-N-(tetrahydro-3-furanyl)-2-hexenamide;
(2E,45)-4-(L-alanylamino)-6-phenyl-N-(tetrahydro-2 H-pyran-3-yl)-2-
hexenamide;
(2E,45)-4-(L-alanylamino)-N-(1-methyl-3-piperidinyl)-6-phenyl-2-hexenamide;
30 (2E,485)-4-(L-alanylamino)-N-[(1S,35)-3-hydroxycyclopentyl]-6-phenyl-2-

hexenamide;
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(25) - N-R1S, 2E) - 1- cycl opropyl-4- (2, 3-di hydro- 1Hi ndol- 1-y1) - 4- oxobut - 2- en- 1-
yl ] azeti di ne- 2- car boxam de; (25) - N-R1S, 2E) - 1- cycl opropyl- 4- oxo-4- {
[5 -(trifwoepomapdeyl )-1, 3 , 4-thi adi azol -2- yl] am nol buP€ZASA10AYI1B7

azeti di ne- 2- car boxam de;

3]/-;5( 421_5) OQIEJE)I(J;LSZ%E?L(I& %}4 &fé%ﬁh:lj#ézaén%w(ﬁg%w&aﬁeca-g4y| t)rlen lqo)ll] éjf CyCl oprop

2S) - 2- - dol- 2-y1) - 6- oxohex- 4- en- 3-
§/ ”Lut aﬁgllmltg pH‘eIB;iecthﬂl'i)Z‘lﬁlt&{Ll?flng Eﬁam%&é( ) Sgl ndol-2-y1)-6- oxohex- 4-en-

- di hydro- 2Hi sémdea.]mmoy\ﬂ(lsrzawﬂém A4Sk hl-gzatijeyiclo[6 2. 1t 0Fi bykeca-24,6-trien-
20yl - L-al

[ (2S)- 2- aﬁpﬁ’gg{}]{D gﬁ]pg%ﬁ)ﬁ%@%z(]ﬁm%btlW&i}ﬁﬂ%rﬁiﬂe) hex- 2- enani de;
(2S) - 25 am no- Ny'{( 1(362%)4@1 B ro62 HidohRoA-3)y1 11 2:113/1-440:t0e2-Hayudr i1 4-

epi ni nonapht hal en- 92 yl'] hex- 4- én-3 -y1} but anani de;

( 2E, 4S) - Nal@ﬂmm%xyphenyl) 4- { [3 -(thiophen-2-y1)-L-al anyl]ani no}hex-2-

25 enam de; 2,

2 tot rahydr o- 1. 0 hORRRRT BB pUS el 0% pdog-2 4 fren 1-y11-1-

"t hi ophenf@syl -nLetl@lpﬂ’d;pqum-@isﬁ), 2-buten- -yl} -L- alamnarmde

N-[ (3S, 4E) - 6- (2 3 di hydro- 1H-i ()1 oxohex- 4- en- 3- L- al anj nam de;

(25) - 2- am no- N6, oy 6L S Loy Hyeh A ol LSy Ty LR B s 3 - 30
yl ] bui@na : 1.

S, 4E)hg (ghtgﬁ |¥11§/ regafﬁnl-l-gll&ngol 1-y1) - 6- oxohex-4-en-3-yl] -3

-t hi ophen- 2- yl CRB4SHM- (I&aiadgl,ammm@mﬂﬂﬂm@[&@(&&ﬂ‘ﬁﬂw&aﬁm&qlﬁh@knamlde o

ggsgamgm“gw Tk A R A A R % Y e S KRS ke Yl dzet i dim
(2S)- N%@%ﬁ_a@nq&ngdgl hydr o- 1Hi ndol- 1-y1) - 6- oxohex- 4-en-3-yl ] azeti di ne-2
- carboxam'de; 5(25) { (3S, 4E) - 6-

[ (4- met hoxyp heﬁ%E 3V b methyloalimhedyléh-deyil}4-aBetHtiongl) A--aloayltroxant de;

(29) - RBE 4E21 oxo-6- { [5 -(trifluoronethyl)-1,3 ,4-thiadiazol-2-yl]

am no R édﬁ’ 3-yl ] pi peri di ne- 2- car boxani de;

(295)-N-R3S, 4E) I L9-1-binaiodphe. hoBN- tiglbagphendiVd-bhaino 1

- 6- oxohex- 4- 1 en- -ylﬁ(p?)berl di ne- Z%mloggm@m%d }%Z)? en%i] P&SS 4E) - 6-

{ met hy| [ 5h¢xenpmidgor omet hyl ) - 1, 3, 4- t hi adi azol - 2-yl ] ami no} -6—

ﬁff?i’é) 66?233@E@gbe@h%‘wﬁfn%oﬁﬁr?%a@ t(ﬂﬁe’nXﬁtrllflm%amm oxo g)l(angf e’n-3-y1RaI

ani nam de. 15 TRAS)AERLSODamimduiancyifuieito \-a-fseUsmebhorpeisbaryl)ihg4conpounds
of For mul gb(l) nd mxltqures t hereof "lsonmer"” refers to conpounds that have

t he s%l(?we HPGOILr B O RREHT- RSN HRIdGei ght but differ in physical and/or
e e B L I0E LRl LR TN B8 LR o

(geonetric iso Ity"to rotate the pol ari zed
i ght (st butenilsdirBragitidiidvarbosapalends according to For mula (1) contain two

Cherof or 6. ot eS8 FRUTO raiBnart b oerace P bRl DT S g

st er eoi sORBhikylf0REBnaideds M Xtures thereof Al such isomeric forns are
included withi'n the present invention, including mxtures thereof 25Chiral

cente?s may al 6459l e€anthyloxypheup6inhenyitd-Guahly hanine)-Zhrydnagidsup.  Wher e

h h I
chom cal - structar s el ideaaERe R RERSD sl Tabotrlbeure T o
i ntended hgtidiRoAPESSidRY St er eoi soner and all m xtures thereof Thus,
conpounds according to Formu &y cont ai ni n two or nore chiral centers

may be used as(3RdEfilé, 2ﬁ?'ﬁt(@r3e@ Rald{insield ¥ H(%'ﬂéﬂﬁh}il@ﬁéﬂl)ﬁ'rQ(W'es,

buten-1-yl]-2-azetidinecarboxamide;
30 (28)-N-[(18,2E)-1-(cyclopropylmethyl)-4-(2,3-dihydro- 1 H-indol-1-yl)-4-0x0-2-

buten-1-yl]-2-azetidinecarboxamide;
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300r as enantionerically pure individual stereoisoners. | ndi vi dual

stereoi soners of a conpound according to Fornmula (I) which contain two or
nore asyrwotnilwigsemt ers nay be resol ved by met hods knowrCrasthosnesiskil |l ed
in WD 2011/019801PCT/ US2010/ 045137 the art. For exanple, such resolution

may be carried t fQr ion .dj astereois ric salts, npl exes
or other deri vé&j%é&&(z%/“t@32@%‘%‘%&1%“}‘%2;3&) N yf— H?Oé‘o'z'guteniylﬁg'

st er eoi soggéfoslp_?gglfﬂaﬁm{e@agent, for exanple by enzymatic oxidation or
reduction; or (3) by gas-liquid or liquid chromatography in a chiral

envi ronnent , f GS)%HIPLRE)-4dR,3adibhdroal H-belopporn i1 sthyh4easxosd-butenr Iwili-R- a bound
chiral ligand,or in the,presence of a chiral solvent. The skilled artisan
will appr @F%@lge?%%qx%gﬁee the desired stereoisoner is converted into

anot heg chemi cals)enj(5 £pu-QnediaydroNg/sribaN 311)- 02 picanasiep g5-4dnecs- bed
above, a further step is required to |iberate the desired form

Al t er nat i betey-1-dpadiiparilinpeaibesisidaer s may be synt hesi zed by asymetric

synt hesis usin 1Gably g6t | N S, . SuUbs 1l ysg s 10 or

Solvents. or by EHdSeEE e B R P MR IR SRR

t r ansf or matiadiszol-2-yl JamindEnR2butcameyli)Qaddeydidbtaredi@dhide;ef ers to products whose

enantioneric excess i s greater than zero. For ex&g_g}l@e, enantionerically
(L

t

enriched ref er €99Vl ddet (2upgbdprEpahtd-omethy >« ghypder®r than 50%
ee, at ar. t:han~7 Al r 2F fhal 0 “Fnaptioneric excess" or
P TG B e A O R b eesed as &
per cent age. As(4&)NefuUSL L)< raticd-batdid-da(itiflooenstial gl fethediazbh2equal
amounts in_.a ra? m c mmraagth e anti.gmaric excess is zero (0% ee).
However, VHABINE) 'lélﬁ"f’l?'c])f '4'_ TOsHIIPHEH SUch that it constitutes 95% of the
product, then {i@-ﬁﬂqgggﬁﬁg&lrﬁetﬁ?lﬁ?o’iy%zl)mw«ﬂﬂ{?s-?91%6?011(&1%%)-@,’3?””t of the

(]

enriched enantioner, 9 nus the anmount of 'the other €nantioner, 5%.
20" Enant i tnashazobltyt]lapune-2betens! -ph-ddpipersdingredoxemadst i oneri ¢ excess is 99%

of ¢ nb comoun @S IHIESRRPaE ) Sl e s bl Sle SE AR Shed (o a
carbon at @m-m-ﬂh@pﬁ&ﬂﬁgeﬂmm-hﬁl}%@i@@iﬂﬁewrb@xa@ﬁd@,lﬂ eriumatom A person

of ordinary skill in the art w know how to synt hesi ze deut erat ed

forms of the cOWpdUHAS46)-0KaBmlihudrot ) -irdet-1estatere: 1 -phegelieerdaedt a- ami no
acids are IR iA kl.abl e or may be prepared by conventi onal

t echni que‘s/ﬁ%see{n%ozfé%g%%p}éﬁ%é:’ El enes, Y. and Ragnarsson, U. J. Chem Soc.,
Perkin Trans. @©S)M8H8S,46)-6533-difydroRmpisoitidot2slich-orotpthchdideadanrili ng to
Scheng 1 or 2 bhelow wll allow for the preparation of conpounds of Formula
(1) i 0 whyderelfingercasbodpidst h of the hydrogen atons at the chiral centers
are repl aced Wip,Q Aetderi ymale) @ﬁ' BEdYarRind N0 RIS Sy HanWHisc h
deut erium at o\rgvrg éﬁas\?e ggeﬁ 2| ncorpor@%%e %to ‘ty ae glag]ec ari%ns a}r,ﬂe 8%\"2merci ally
avai | abl eplenyttex-benapridgar ed by conventi onal techni ques.

WO
or 2 bel ow vi | (SHET O or R BB AR BE e Ao o RaPE (T i n

whi ch deupbgdnyiex a8 JIRUANAGRRR; | ncorporated in R3 and/or R4. Additionally,
repl acenent of the reagent |ithium alum num hydride with lithium alum num

deut e?3 de accofii)FgeminoSeewshapentybdl-Bas.4E)-b-(dBFbhy dro2 F5eundel-2-whr6-oxo-

substitution at,the |3- jtion,of the butenam de of the conpounds of
For nul a (P)p.henylhex'g"leﬂ'é"?i?s'[h?na%ﬁi%at e" refers to a conplex of variable

stoi chi ometry {xg)Teshiny- [ (SSl4E)6-@[HdidyselL MeMdol-Suafcwrbviepicayfhek-4tdie
purpose of the invention may not |nter¥ere with the biologlcar activity of
t he solutéﬁdﬁwﬁmﬁmég;of sui tabl e solvents include, but are 10not |limted
to, water, metha ot haRol: | acetciapid.  Pre Va4 .} he sal vent used
is a pharnaceu??@%*?@ﬁggggpﬂg@pg1%@@@%%%?Béggﬁppgﬁggﬁﬂéﬁﬁfggfgfg

phar n#€ euthiggichy2-delcaphahhedsol vent s include, without limtation, water,

et hanol and acetic acid. So]vates wherein ter is the solvent nolecule are
Cypical 1y ref eNrl6os 6641 SHjhiap 8550 Py 2y Db iR WHENE B EI Tr O

cont ai ni ng gt,einghiRnMetric anmounts of water, as well as conpositions
15cont ai ning vari abfe anounts of water. Solvates, particularly hydrates, of
t he conpounds of Fornmula (I) and salts thereof, are wthin the scope of the
i nventi on. 21



When a di scl osed conpound or its salt is naned or depicted by structure, it
is to be understood that the conpound or salt, including solvates

(parti culwol2g11/tiysdnat es) thereof, may exist in crystall iPO@/USQO0®45137
non-crystalline forns or a m xture thereof The 20conpound or salt, or

(o the capabtdyo b6 be LSk FaReras Bty Jean T Ronghwe-oh kL

di fferent ;gdiysit@liddnigef orms are typically known as "polynorphs.” It is to
be understood that when named or depicted by structure, the disclosed
conpound, or sOHVAL¢E)-¢bBdilguira2Hyisoindalr 2y BL-oxdhempbotylhed-4onidadi-dde al |
pol ynor phs &B’E eoflﬁ Pol ynmor phs have the sanme 25chem cal conposition but
differ i nmﬁ i ﬁ‘éa,mélélb trical arrangenment, and other descriptive
properiies of {4 AN[BSUahblNs-&aldd-FH-aotdoPolW®oRES pHehghet-ar@.3-may have
di fferent physical properties such as shape, density, hardness,

def or mabi VilpperidinedBrdarioxamided di ssol uti on properties. Pol ynorphs typically

pattorns,  whi ch iy B L RS PH R BRREL SN Dbl BRI A T

the art wpidlinapjteeci ate that different pol ynmorphs may be produced, for

exanpl e, by changing or adjusting the conditions used in

crystal lizing/ (%Sg'rj\frg@ﬁi“@‘é'r(ﬁé'@lhédreﬁ%&@mpl'zv@'6'oxo'I'Phenylhex'4'en'3'yl]'

2011/ 949861 030,04 : Because of their potential use in
R e, “tRE oo faat

medi ci ne, e conpounds of Fornmula (1) are preferably
phar maceut i cal [35)A¢H8HabenxoSuphatyl-6- {hhdrrmmommidticd)-Il 3, Athdeldzable salts can
i ncl ude ac'{d or @eas addi ﬁﬁ.on.(ﬁ%%s. As used herein, the term
" phar rraceﬁ_]?ri‘}%ilpﬁ XS EERprEMReriRe Ao Y MISund whi ch 5is suitable for
phar maceuti cal (2{§-§\7-{@%{éltﬁs)-@@g-n%ﬂlﬂalt,E?-tﬁiﬁc\}\iﬁzolﬁw%ﬁhﬁé]-@f&ohyﬁie%zﬁl%xﬁf-
ic

salts) of the conpounds of the invention are suitable for use in
nedi ci ne enr-é-ytlhopeidinelehrborimidcount eri on or associ ated solvent is

phar euti cal I r. ,sal.ts,and, sol vat es hayin

non- phar maceut k%%?fg/&%@gp{gﬁ%ﬁgéﬁgp?éd?‘@lgrﬁgggg%]?ép ) épgﬂe{}gh?’gé‘ér e

W thin th@n_SC}QHﬁp@Hdiﬁé’]g_cgmggﬁ{de! nvention, for exanple, for use as 10
internediates 1n the p;&gar ation of other conpounds of the invention and

their salts antRRdY-¥@Sed)-6-[(5-tert-byiypddrtithiasiazobe illagigelyo-peeré-rhaeylbex-nor e
ni trogen(ﬁ)enpﬁilgﬁ- gﬁg@g_@_éagbg %]g(‘iieohar maceutical |y acceptabl e acid addition
at oW Ya

salts by tre a sui € acid. Suitable acids include

phar maceut i cal [36)achepuabbe([bioetabulfand)-d3,amihdirat-datatingad-byo-1-
15accept ab] e &rgani C acfi ds.. Representative pharnaceutically acceptable acid
addi t ?on BB eXreride  RyStiding2-s¥Baratfe, benzenesul fonate, benzoate,

bi car bonate, bit@r.tatsen . ol Gl 51 o £.¢hik Ly igmicighRenat e,
chloride, cit rgtsz,]\& é@@(ﬁ)?(’: or?gee@ggﬂe(?ﬁ%g@eg’sﬁla%ﬁgaﬁo alt gT Qesyl ate,
format e, eyl gtiperidyad-2chbogmatde; gl uceptate, gl uconate, gl utanmate,

gl ycol | yl arsani] at o] hydr obr om._de, hydrochl qri de,

20hydr oxynapht %gﬁg[(3$§§?geﬁgﬁ%@f%?%ﬂ’ﬁf@%%a%#&%&gaz Y- éﬁ BAP@*OHal at e,
nal eate, PRASE|RILen-IREWIRIBincIREDYOSMMifl@t €, nucate, napsylate, nitrate,
panoat e, pantot henate,” phosphat e/ di phosphat e, pol ygal act ur onat e,

propi dhat e, sal3W-HBEALSOeddd4-dluorpbearsdi-dBel-thsadeaziohatydlamang (- @oeo-1t annat e,

tartrate, %eo Iatfé ni]gtos. | ate s Its..dq her iterations of conpounds of

the inven? %lﬁ’ﬁ}’? ve Iﬁﬁ'y f%@@iﬁ&?ﬁ%’%ﬁ&ﬂl Group, 25 one acidic enough to form

sal ts. Repr eSe(ES@IN-\(@S_,SI@)%SH(:SJ&Zbl@ﬁl@pplhﬁ[%Mﬁt@ldz@ﬁtiyl/)aﬁhﬁm%t@w-B— metal salts
|t

such as sodium potassium lithium calcium nagnesium alum num and zinc
salts; caPbowHicast-aind-yhinipgrisbirat-sarbexamidshar maceuti cal |y accept abl e net al

cation such as [ [ § thi [ ' al um num
and 21 no: phar feers AR AR ey E bl S L S TRARERLUED. o M nd
terti30y sitamas}hdacd-uoidng|mpdrpliad-R-cadokanagle, 30 aromati c am nes, aliphatic
di am nes, and hydro al kyl am nes such as. .nethyl am ne, ethylam ne,

2- hydr oxyet hyl %ﬁgﬁ\é?é&‘@r@vﬁéﬁi@ﬁ@-ltH-éhlﬁ@}ﬁ%ﬂh%é}ar@pﬂw-@ﬁ%-dr&wﬂgl,@x-“m
2011/ 0198QLRGH HSAARA-945b3Lamide:
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et hanol am ne, di et hanol am ne, cycl ohexyl am ne, triethanol am ne, choline,
argi nine, lysine, and histidine. QO her non-pharmaceutically

accept ablwo=aite9soe. g. trifluoroacetate, may be used, f@cTasanplogs1BNh t he

i sol ation of conpounds of the invention, and are included within the 5scope
of this inventig

possi bl e stoi c@‘ﬁ%{@ﬁé%gg"hgﬁg ?ﬁygg ﬁﬂéipﬁ ﬂ?%ﬂg g‘fA %h?tfef Ir[)?salo:‘ t he

conpoundsyQhm 8k RK-feh Byl pi er1d1ﬁé—2‘6’hllbloxzpfﬁ1d@f)pr eciated by those skilled in
the art that certal n prot ec*? derivatives of conpounds of Formula (1),

whi ch may be nﬁlﬁi‘bl{ﬁﬁﬂﬂ)tﬁ Hﬂwdahe?@éﬂﬁo‘t duadigol-Stydperineletronotl- 10possess
phar nmacol og g} qf g tl ucg, \?’Ut mag, in certain instances, be

adni ni st eP&dYGFATT " 37 %%Peé §artyOaHY “ther eaf t er metabolized in the body
to form conpoumhy-20iminBe-EyR¥sREpyRIN- Eebsqh)@r(e piaydRCH-agocalyiycagbilve. Such
derivatives may therefore be described as "prodrugs". Further, certain
corrpoundspbﬁfn}’ih%‘iﬁvéml]eﬁwn@mgﬂeact as prodrugs of other conpounds of the

i nvention. t r Qar f 1° e

15i nvent i on ar ﬁf)%caﬁ&hg%%? ‘tP\f%g}tl\r?\gf@gg%%B (?% ﬁg%lirﬁvzeﬁn? :ggl(r%lld[l > a)r'r%loge(gsl' of

sui t abl e prphedylbigs4icar3 ylnahmﬁﬁdmnds of the pr esent |nvent| on are descri bed

in Drugs of Today, Vol une - 538 and in _Topics in
Cheni stry, Cha{Yt[Q 4H)- 6161;)33’@1@/@0@@618%60#%1)&%09%1paﬁnﬁ%ﬁ‘ﬁgé“yHu
Bundga@r dy . fl.58Yd: 1985, Chapter 1 (the disclosures in which docurrents

are incorporate here| n by reference). It will further be appreciated by
t hose 20s k| | | edlR, hSﬁtﬁ)eN{i(iS 4B)a(2, 3-diydion ] HFonddlilegl)-6koxowhphanyleaskersRi | | ed

in the art as or exanpl e as described by H Bundgaard in
" Desi gn o?’l]%r?ﬁfi‘g %lnﬁ(teh eH?‘?Ci‘B?B?’é‘?‘ e’\NhI ch docunent is incorporated
herein by ref e(m%RW(#4®L@@23S’-d%d?&@HQHMIaF ?l)f@&@l%ﬁé’dylﬁéx%-eme” such

functl onalities are present within conpounds of the invention. Preferred
" pr o- noi eylilesdzabwyclobnbhBlegancel-cathexdanmdent i on i ncl ude: ester, carbonate

ester,. hem - es hat e, e r,, njt ester, sylfate ester,

sul f ol de, éﬁb %*Eﬁgﬁ%? eﬁyatif%%le ]f)lﬁ%lélo'ﬁ!irﬁ - ?mg?ﬁé',engfﬂi'ﬁf acet al ,
and ket al Vﬁﬁfam{@él ves of the corrpounds of Forrmula (1). The corrpounds
of the invention inhibit the cathepsin C enzyne and can be useful in the

treat nent of coHatOrmectinerhianyt- e[5c(ﬁd@t0|f9mh@3’bdt3161ﬂ@j§‘§dam:l 2di-4@ast in
part) a_tt(,%g Eﬁﬁ’@ﬁ#-?-eﬁ%ﬂ{%ps' n C involvenent or in conditions wherein

cat hepsin I Oon offers sonme clinical benefit even though the
under | yi ng pat mﬂagw pBenyOIV-[Seftgfudrompet)} 1, aﬂtthﬂabutatﬁ-el]tﬂleat hepsin C

i nvol venent . ng es of such conditions include COPD,

2011/%)(19865‘11@@1?)'“[155} DC610ABISY 1 heumat oid arthritis, ost eoart hritis, asthmm,
and mul Liple SeienRRhs4ppeaRidl-hll-ol (s AehBRImARARS S fHfudidiepnl l on s
directed to m?h%ﬁ@? ﬁegg{ongﬁs%h It onsn[1 A ﬂ‘ea rlret ods of

tr eat nent yk}amhlbehdm&enﬁ'ryﬂuzctiﬁipe-Qsaarlmdamrdester| ng an effective anount of a

Ureatment* i nUEHaNEE eol Tl el FRbsomag: -0 s e e Bt o or

prevent i oax(gfl &Eﬁylﬁ&{lﬂhehlﬁﬂt]a%tldi'ﬁelzt@a%&qnﬁ)d[e one or more of the biol og| cal
mani festations of” the condition being treated, (2) the interference with

(a) od® or nor EPoV-HBS4ENOHAS-GhpdrogiltaidobdstattexoHaphenplidsdtan-br i s
responsi bI for .th qbdltl n being treated or (b) one or nore of the

bi ol ogi cal B’Bﬁﬁl?l&%?a“taf Oﬁ(gmb(f >the condition being treated, 10 or (3) the
al I evi ation of (zm)w-mssaﬁpe (Qf3-diApdrBYIFPAIEE-1G11)- efo&eqt@eamemadneﬁ?wzth the
condition being treated As indicated above, "treatnent

condi t i onflpgrer &llnﬁmédﬁentl on of the condition. The skilled artisan will
appreC| ate tha 1 : ] [

A eventi on 1 A B EEE sk Bhely? Ry AR A LA S8 RSO of a
drug A6t oLsdlhstanideal |y di m ni sh the | i kel i hood or severity of a condition
or bi ol ogi cal ifestation thereof, or to d e_onset of suc
condi ti og or bf\’o[l?%%f’@ai Cﬁ‘&ﬂhﬁfxé(g‘é6(?130‘HhY4¥8T1e%fend0Y1' FB %HXO@Pf'éI?PTQ/’éHéﬁDunt "
means t hat,aiome: of a drug or pharnaceutical agent that will elicit the
bi ol ogi cal or ofl cal response of a tissue, system animal or human that is
20bei ng sought, for instance, by a researcher or clinician. Furthernore,
the term"therapeutically effective appunt” nmeans any anount which, as
conpared to a correspondi ng subj ect who has not received such anount,
results in inproved treatnent, healing, prevention, or anelioration of a
di sease, disorder, or side effect, or a decrease in the rate of advancenent
of a disease or disorder. The termalso includes within its scope



25anmounts effective to enhance normal physiol ogical function. As used
herein, "patient" refers to a human or ani nal. The conpounds of the

i nvent i orwoaylinasdm ni st ered by any suitable route of a&dmiuseeiNaI1BDN,

i ncluding both system c adm nistration and topical adm nistration. System c

adm ni stration jncludes I i ni stration, renteral .admnistration,

30t r ansder nal stﬁiaﬁ‘fr%@fb?a{?’i@ﬁﬁ%g'g]é‘iyﬁrothﬁ%%%%'Bg‘[yﬁ%?béfﬂin‘gog]r%'ﬂ;éf rati on by

i nhal at i Oaxoﬂ%ﬁ{_gféhq_?lhb]ﬁg{maét ration refers to routes of administration

ot her than enteral, transdermal, or by inhalation, and is typically by

i nj ection or i AN<oninoPat@3B3én-dHcychdinkyli B¢ adihydrd-hdtindds! -y raropanus,

i ntranmuscyl ar nq subcut aneous injection or infusion. Inhalation refers to
adni ni st r 3t b%iyﬁw g4 e’pati ent's |lungs whether inhaled through the nouth
or through thepnoRsabEPaSSATRSyI-FAPI3CEhy@IMMisSindal-DM-5-bLbpedes-applicat i on
to the skin as well as intraocular, otic, intravaginal, and intranasal

S5admi ni st pdkiophen-2-yl-L-alqeangidgppounds of the invention may be adnmini stered
once or accordi ' [ rei r ) e
i ni st or od at WAvor AT AP L P h - TRPER o BlenE3 N 0 o
exanpl e, ddsgrnitayl-balaathanidst ered one, two, three, or four tinmes per day.
Doses nmay be admi nistered until the desired therapeutic effect

is
10achi eved or [(4odY-[E L& -wslohartal I -y dwedirwindohdrd hawpecifr @kt .
Suitabe gﬁ/?’]'[a%licﬁﬁegi-%%ﬁxirﬂ{d a conmpound of the invention depend on the
phar macokireti c properties of that conmpound, such as absorption,
di stribution, &N-NERS3E)eyclvhech-Se@mB-bdydet Bimdodd -Jy-Stdxepskti3-¢red-
artisan. 1 addition, suitable dosing reginens, including the anmount
admi ni st eV 8F°H Wetzﬁ%arwgflﬁl%n such reginmens are adnministered, for a
conpound of theda. _SBIEB-@Qy@%ﬂ@ﬂq-ﬁﬂn@tﬁ?l[§-@ﬂi‘@!u5fc9ﬁbtl%ﬂh'i‘9ﬁ—fh@ﬁﬁ%l-21 he
severity of the condition béing treated, the age and physical condition of
t he pat i eptlamiohd-oxopantedten-Lhd [aretilival-caiboxemidepf t he patient to be

treated, the n r current therapy he parti.c route o

adni nfgs]I trati on@sllic;\gé(%& 3 f%ﬁ'g'cg 8@5?’8’d§; %Or'gﬁé%ttf@ugrro%%]}yﬂ' Ehé‘ '@falgéaZP ;‘%t ors
wi t hin thgggrﬁﬁmﬁ}@éjgg_@pgyggmatﬂegpcgﬁogmd@,ki I led arti san. It w I | be
further understood bZ/ such 20 skilled artisans that suitable dosing

regi mens may r EQUIN-éadiflSt tenert-grtyeh. Sahthisfdizel-duAlanpea]r enyclehoxgkponse to
t he dosing, r %g{_g_%ﬂ_ZQ{A gyen. Lij argi 55‘89“' dual patient needs change. Typi cal
& r}om f mg to 1]

dai | y dosages range ng. The invention includes the use of
conpounds of t (ESHMUESBEPN -dyolobltys-SpL SpdihgdrboH-afdok 1 60 P-0K0Hdn®B-dnal-
treating or aneliogratjng di seases nedi ated by the cathepsin C 25 enzyne in
a subf®ct YilireHewa- 2 fEPEBMIdGiher ei n t he conposition conprises a mxture of
one or nore of bRV i I

phar maceut i cal Fiysbzvci(gg{ggﬁpﬁéﬁfg}l i gn(ta’r3 £H§dﬁqﬁﬁoﬁ€ﬁ§ 8% l?rt"gheélrzi ncl udes
t he use ofl]pipepdine@scadfoxbiméde; nventi on as an active therapeutic substance,

in particular in.t r ment . of di se iated by 1 athepsin 30 C
enzyme. Speci f(@]l\?' &,2&13%2}1|'°t§(\9@Hﬁy&g'qxﬁggﬁé@%&w@%@yéf1’ggﬁ%@aﬁa‘g' 5f t he

i nventi onyg&n;nla?pglﬁ_@agnn@_@[]pff)ferig;%@carrm%ﬁa@| d arthritis, osteoarthritis,
asthma, and nultiple sclérosis. WO 2011/ 019801PCT/ US2010/ 045137 I'n
anot haY aspect N-l(Ba45ni-€hBidoy drorgfideindelylided-dimgbyipboxehspo?-cnHeyl]-

i nventi on3j Fit e_ér_aﬂﬂégct.ur e of a nedicanent for use in the treatnent of
the above dlSBpdery! ?ﬁ%aé]iufiF’ons 5The conpounds of the invention will
normal ly, but nof2meses$asidivudrde Hauor] shesledihah- PbrsHEpeewhicsl]-3-
conposition prior to admnistration to a patient. Accordingly, in another
aspect t h&iomgaryloralagingmidst ed t o phar maceuti cal compositions conpri sing
a conpound of Hnvent | I i Ged b ept. abl e exci pi ent.
The phar naceut Fj(:hg?b% E%@%x@ﬁge@}ﬁé"ﬁg@%@gfn{l i(igintt}r%gﬁ%ef rtejjlroar ed and
packa®@d a@nylfanbiub khcpolronutaétcei N an ef f ecti ve amount of a conpound of the
i nvention can be extracted and then given to the tient such as with
powders, syr upE%E"ét%“'%@@PY]&H%HQBIN'?‘?'H}eél&XD’Bli*Enyﬁr@gﬁﬁa?t VIBERE;2-gignide;
pharmaceutical conpositions of the invention may be prepared and packaged
in unit dosage form wherein each physically discrete unit contains an

ef fective anount of a conpound of the invention. Wen prepared in unit
dosage form 24



15 the pharmaceutical conpositions of the invention typically contain from
1 ng to 1000 ng. The pharmaceutical conpositions of the invention typically
cont ai n owe 2uavmesend of the invention. However, in cert&Ch/isabionismnts, the
pharmaceutical conpositions of the invention contain nore than one conpound

Composi {1 one. of-H6AFh{Rh 1GR DAL ANPHG2 DpBARRDY - PHUP PG O In

addi tion, [ th&ipheigeaceutical conpositions of the invention may optionally
further conprise one or nore additional pharmaceutically active conpounds.
Conversely, th&-[thadHat€udidigidredpiodol 1-whe,odimdtbyl horottcpbR-enydpylddl-1 y
contain mf €. tha#éone phar maceutical |y acceptabl e exci pient. However, in
25cert ai n*8iB8% Hent s, the pharmaceutical conpositions of the invention
contaifn one phargyBCaHinb o qz)E,L%‘}-qe(Q'gﬁ@i'h?dr%xﬂil-@éoﬂfﬁol-2-yl)-6,6&ﬁm@ﬁ1‘9ﬂlhEF ein,
"pharmaceutically acceptabl e excipient” means a material, conposition or
vehi cl e | avdloped-cpri-ylilRutagotide:m or consi stency to the conposition and which
i s saf e when agdjg ni r iR ach . o] tible
w th the 30 of HaY raniRar LB S kb R P PR Sl P <SR
commi ngl ed-caukhil]biadaniidé;er acti ons whi ch woul d substantially reduce the
efficacy of the conpound of the_ invention when admnistered to a patient

and i nt er act i obE-dRrthl(Gdod-aminedytanoyliangipy bt medguimbetyi6£010/ 045137

phar eutyi QPR .ti:@ns that are not pharmaceutically acceptable are
avoi EIE(?:I. P{r?(f%%)dlfitl oniéﬂa}eﬂé@ﬂ exci pi ent nust of course be of sufficiently high
purity to rend&E.4%)-phARse-eninobatanyyldancien}-ab{demethheydenpérdsthpltheptinz

i nvention and the pharnmaceutically acceptabl e excipient or 5excipients wll
typi cal | y*B¥fGr mul ated into a dosage form adapted for administration to
the patient by it e L 6-afpynigs i gxanpl e, dosage
forms include ﬁég?ggdzg.ggpt eddxggé&(y?f g%g}}mgd{n[‘?ﬁfﬁé(?}g??gﬂ) guch as tablets,
capsul es, aleayllamioo } igipl-Pspamrdsches, powders, syrups, elixirs, suspensions,

sol utjpons, enulsi ets,,.and. cachets;, (2 renter adm,.ni stration
such !is steril é]s 'l%ﬁﬂgﬁégdi%’sdﬁ%ﬁg’.%‘ﬁ%l F‘Xﬁé'{%?}ﬁ@'ﬁ?"fb ?pt%?l}égg’hé itution;
(3) transdghimamiddm ni stration such as transdermal patches; (4) rectal

adm ni stration such as suppositories; (5) inhalation such as aerosols and

sol utions; andMIE3E bl €2B-daleedrerl Stindel b)Suewthat 1cxehend-2-gi-htvheht s,

| oti ons, t.ons, .. sprays, foams, and gels. Suitable

phar naceu?n:%cé:aheky c%%%?g%ﬁédezxci pients will vary dependi ng upon the

15parti cul ar d@E@@earhidbdIV-ERRESES)- 1 -(218-ditldlilror IR-indeiH] tyapbenqhdr Ivacshigpi-2al | y
accept abl e excjpients may be chosen for a particular function that they may
serve?l n ¢eé-% mideon. For exanpl e, certain pharmaceutically acceptable
exci pi ents may \be>ehesennfaf1 -Be-[Bht bty BA-kaGh}drb alee il RhAdHALLON of
uni f or m dosage fgrni;@Certg):;n pﬁar r‘ggce’u‘%v)i c’a’?lyeacc}lept abl @ excl pi ents may be
chosen f oP-yiheptr2-abidhyl}B-thwphacliyildatleninteider oducti on of stabl e 20dosage

forns. Certain r raceut i cC bl e Lpi.ents may be chosen for
their ability gzgsg FEMPpP t{@%%@é‘?ﬁ&i@x{?rlﬁiéﬁ‘%é&ﬁﬁé‘%’f ?édrebln%ound or
conpounds gt diRphi¥RAIIL AP &nadyh phahfhiRe, to the patient fromone organ,
or portion of the body, to another” organ, or portion of the body. Certain
phar ndteut i cal [3F,4De¥hd-abt-butykti3pi-thiadsazaby-yibed-vrednd - f[Sr(thiowicn-2apiHli-t y to
enhance paltiﬁit .comjl é nce. . 25Sui t abl e pharmaceutically acceptabl e

exci pi ent &N UG8 tRE-TBHY ng types of excipients: diluents, fillers,

bi nders, disi nhNe@zaRESS)-1 YDBLGRAIS-1 FAINdERNY ). 5-Fieail] axongptagant syl]-coat i ng
agents, wetting agents, solvents, co-solvents, suspending agents,

enul si fi eplgningédet eners, flavori ng agents, flavor nmasking agents, coloring

agents, anti-cakd e N q@g; xR hng Al 1 Rhasticizers,

Vi scosity incr @ig%? gﬁgggﬁnﬁgoggn I éﬁ?’gg‘ntthg%a%g%o?gge(?\%geﬁﬁ)é‘sﬁggﬁgwelﬁ?er S,
sur f agd anyh-L-aladylushihefliepg2agemide; The skilled artisan will appreciate that
certain phar Mgyl o8l o 350 SRR P BT S B o g 4 520. °n

yl]azetidine-2-carboxamide;

25



WO 2011/ 019801PCT/ US2010/ 045137 function and may serve alternative

functi ons dependi ng on how nmuch of the excipient is present in the

f ormul at iwo 2and19eat ot her i ngredients are present in tReTfUseomloai1zBoN.
Skilled arti sans possess the know edge and skill in the art to enable them

to select suit r eyti cal ceptabl e excipients in_ appropriate
amount's for us&%&ﬁ@g%ﬁﬁéﬁt&g}ﬁé%rﬁ?%ii %?'W%ﬁé'%@e@'%'ﬁﬁﬁér of
resour cesyfihatidRke-a¥eblagRli€ to the skilled artisan which describe
pharnaceu?ically accept abl e ‘exci pi ents and may be useful in selecting

sui t abl e phar mEEBUN-i{ Gl 49)- 1alf ¢-emtdxyphewdiapiimrt s methyhipixeberit Re¢nidte

Rem ngt on'ﬁ P]faaar n%ce#ti cald Sci ences (Mack Publishing Conpany), The
Handbook &F “BHSFFecSUPPERNAddi ti ves (Gower Publishing Linited), and The
Handbook of Phargyae E!4$‘§*J6-Iﬁé‘tﬁ§rlpi-?ﬂﬂéﬂlyl[$Qtr(ﬂlﬂﬁorﬁé‘fﬁﬁi)qg3]4-|ﬁh§diﬁﬁﬁﬁuti cal
Associ ation and the Pharnmaceutical Press). ~ The pharmaceuti cal
conposi t i BHamep} tlhexahaptehendryl lrperisingpdreadoxanidg: t echni ques and net hods

known to those i ' f 1 din the
art are descri Bzg’)ﬁZ\Ibé&&éﬁf‘}nSé[?%ﬁ@ré%%ﬁ?%%ﬁgﬁ%@%ﬂ%ﬁ%@gp%@{&ﬂﬁl shi ng
Conpany) . oddlcht-3re-2agpetidinctecirbyaniidan is directed to a solid oral dosage
formsuch as a tablet or capsule conprising an effective amount of a

I
conpound of t hENHRSBEN 1 yalorrapyl-ae hd-ghydrpiaFstsoindgl-2-yhr xo¥enciEAted- and
fillefg i leﬁg&iﬁ&qﬁ_ggr%oxm%ose, dextrose, mannitol, sorbitol, starch
(e.g. corn”’starch, potato starch, and pre-gel atinized starch), cellul ose
and its derivabhes48el¢l,3dilgrdoe2ysisaintolrizyDel-bxdhope)-endayl¢ium sul fate, and
di basi c call cium 20 phosphate. The oral solid dosage formmay further
conpri se A%BI"AGYC: Suitabl e binders include starch (e.g. corn starch,
potato starch, raise BERT GLE afikhyHrd.8 A-RHAL CH)). 1 -8RI HRpi-Men ACAT BalafiREH AN
al ginate, alginic acid, tragdcanth, guar gum povidone,” and cellul ose and
its derivativeRH&)et-(relenplomyat)dy-(4-mettosly phdnybbynt-2Férenvdell sol i d dosage

formpay furth ri a.di si rant. itable disint s, inglude
crospby) done, | SaTaT sl SFamTe L ERh a2 Ty s Bt bt AP g a.  and
sodi um cappp&ymdﬂylhe;cel | ul ose. The oral solid dosage formmay further
conprise a lubricant. Suitable lubricants include stearic acid, nagnesium
stearate, cal cMNUfRBHSR}4E.8-dikydso1l&iedol kyBrloeraheradsadtyl]-BHbiopheedtion i s
directed {0,8:49539e formadapted for admnistration to a patient by

i nhal ati on. For exanple, the conpound of the invention 30may be inhal ed
into the | ungs(HE548)-M(¥-npovadgphergi)-4¢[3oabbpha-3yHpeatkinghaman } leepsal ut i on.
Dry powder conpositions for delivery to the lung by inhalation typically
corrpr?%e ﬁnaé%‘%ound of the invention as a finely divided powder together

Wi th one or no Qn%ﬁﬂﬁo i s
accept abl e ech%’ﬁ?&%g%yf?ne y gﬁégﬁq %gf/\dggé?% ztgﬁgﬂnﬂggg il lct:gféln%/%lde’
accept abl e exc(3H)enasinpay-{ RSy, Fsdihy dd-Fidisoustel-2ryl B i yxploaptran-&r € known
to those sﬁ{)l | ed i,n the art and include |actose, starch, mannitol, and
mono-, di YIOUARMESy sacchari des. The dry powder may be administered to the
patient via a (mété/rﬁﬂnb-lﬂ[(ﬁE%?\qe(Q,ﬁdih?Jﬁ%LH?—ir(d%ﬂi’@l)-ﬁ'%%bﬁ@t@-éxﬁ@-erV0| r
suitable for storing multiple (un-nmetered doses) of nedicanent in dry
powde?5 f oylbutRBmide;t ypi cal |y i ncl ude a neans for netering each nmedi canent

d f th ' del.i i ti on. ., the neteri
reans may compei st el g SalorBRig R sl SRR RS L on
where the cup NtB{%IQEE)’-lJc&ﬁﬁpr‘&b&lM-(‘E,BUdﬂﬁ}iMQHfiE&ﬁdéltmyl)ﬂlSﬁdb@i-Q-ehq-5111]5ECOHd

position where the 10 netered nedi canent dose is nade available to the
patient f braldmipnides on. Alternatively, the dry powder may be

presented in c (L ak i o TR _Capty 5o _Qr _bhirster
packs for use ﬁiﬂ%g&%@ g?Y%S}%Igs@rék%%\%%ﬁk??lﬁaﬁé?l %%FA}I %’%ﬁ?ﬁ)&leg lagng nhal ers
wher e t blenimeshidzament is conprised within a nulti-dose pack containing (or
otherwi se carry) N9d oI L Rlosraps -4 TEmedogsphoay iAo f4 ke biia-4n-Jy1 -L-

valinamide;

26



15 nedi canent. Wen the dry powder is presented as a blister pack, it
conprises multiple blisters for containnment of the nedicanent in dry powder
form Thewbl2ositaps91are typically arranged in regul ar fa®hirars2dion48ase of
rel ease of the nedi cament therefrom For exanple, the blisters may be

arranged in a ly circular f i..on o disc-formblister pack, or
the blisters ngfg[?ﬁégé'%‘ﬁéj‘&?%mpgl'z’r'&ﬁSﬁrgmfygifo'ggglﬁ?ipéolé%ﬁé'r“i'%’ior]?&t' 'eé‘tlr'}"g' or a
20t ape. Eachjinangil e, cartridge, or blister may, for exanple, contain

bet ween 20i,tg-10ng of the conpound of the invention. Aerosols may be
fornmed by suspé&rdlhgEpt-cuilepobyl-h,d-ddonipolHeandsl- t-5ib-4-oncbut-2 on-li-plld.-
l'iquified propellant. Suitable propellants include hal ocarbons,

hydr ocar bgﬂén,a %%I other liquified gases. Representative propellants

i nclude: trichlxyotidiasomeidarayZatR1ORE)-I agtlopi) 1-411(9,91091!2%&12@[-0”& hane
(propel I ant 1221, di chl orot etrafl uoroet hane (pr ope?ll ant 114),

t et r af | uorseBdREAT D HPROBA9n-1-y]]ethdngmider oet hane ( HFA- 152a),

g L1 oromeChane (HE el cRRCRLL OO bt A I2A . eph o gppopane

i sobut aneyl)ainekdpantanel-yAahamalige;conpri sing a conpound of the invention
will typically be adm nistere a patient via a netered dose inhaler

d 30 to t
(MD1) . Such de(3Rd&[@pEkdsnploperyhddd.dskhydradH-oindal-awd-4-oyghut-2-en-1-
2011/ p(;%%g’zgﬁill&g,zzqga%&%gﬁgg The aerosol may contain additional
pharmaceutical ['y acceptabl e’excipients typically used with nultiple dose
i nhal ers such &5)sGf(flagEaitcycloprdpyi-édA3sdihpdredlAremibk 1 ahad-okdlarn-2excipi ent s
to improve,.the 1physi C@Ig stability of the formulation, to inprove valve
per f or man¥Hezfigineroscas0xat¥fini 1 ity, or to inprove taste. 5Suspensions and
sol utions corrpzzﬁlz\ng1g,zﬁywlagr@fyl.hr&omY[%t(&ﬁ@ﬁbr&%_h%sm,bﬁhia&imdl_tz&t ered
to a patient via'a nebulizer. The sol vent or suspensi on agent utilized for
nebul i zat ydemmaybie’-amy-yhlaa¢tidaneicibakinyidaccept abl e i quid such as water,

aqueo sal i ne I of gl | s . O.... £t hanol, i.sapropyl al cqhol ,

gl yce %I . pr op%‘ﬁ'ﬁ\g’?ggﬁaﬁf[(gﬁ%ggﬁ%f f gnégthéefﬂg%,z(???'y&a@.mogfpl'%%‘?Rﬁ?@g'{gher eof .
Sal i ne sobmﬂu@zsenuj[_g,l}iaz&i@@_g_saﬂm&ﬁﬂidej splay 10 little or no

pharmacol ogi cal activity after adm nistration. Both organic salts, such as
al kali metal of2rneninaY-HaSdged-Q ai-difyde-H-isosusigi-dril Lhiosphated-cpdt assi um
chl ori de gf]bl%&%id& salts, such as potassium sodi um and anmoni um salts or
organi c acrds, e.g.,, ascorbic acid, citric acid, acetic acid, tartaric
acid, etc. mayMN€3SI$EH6H bB-dillyidsoRErReiBeol-TX ar-oxuhakaeaed yl catHiyphaaept abl e
exci piLents na¥ be added to the suspension or 15sol ution. The compound of
the i ffen¥-bril3RBAHES st abi | i zed by the addition of an inorganic acid, e.g.,
hydr ochl ori c agj N _tih 6 _AGH jCiAC I, 40 r4_ d: an
organi c acid, giﬁg4s)mag[rc(%‘?)b?ghlgéolbg&h{):ﬂ]dr@gagé\fj g%g{(lzlgﬁlﬂgﬁggl , %%n tg?’t aric
acid, etc., a GMPRtewinngV-4GSHME)suato-a4(1ERIY-162,3dittralydaeild-and sal ts
thereof; or. an ané'@lo h&aqb@suﬁgh s, nt i oxi.(ﬁiant such as vitamn E or

ascor bi ¢ SEMYONPRESRA HyyY EXusEY 2t o3 ¢9get her to 20 stabilize the
conpound of t he i nyenl s abthdyBRAL YA - (3L hiBBNcnRE: yRddefn$YSHind$hdxenzal koni um
chloride or benzoic acid and’sal fs thereof Surfactant may be added

part il aetamitde; i nprove the physical stability of suspensions. These

i ncl ude | ecithin,,dsodi um_.di |,.sul. phosucci nat e l.ei ¢ aci.d and sorbitan
ceters. ot hout 1675 BT o SR S b SRl S5 DRy Bty 8o

obt ai ned by-uidphesenfilietliagingmadeedures illustrated in the Schenes bel ow or
by drawi ng on the know edge of a skilled organic chem st. The synthesis

provi ded in t h&sé3Sthkemes Ighilydsorm F-gdelr EyDdrombsadcsmérvtlohpboresids: t he

i nvention havi & varie i f Her | + W QURS € Vi ng -appropri ate
precursors, whic %@%?@%“ﬁ&@%@?%ﬁ %’y\ﬁlne(g%qbg%?)%méééﬁggg

conpas® bi kijbytaidnidet h t he reactions outlined herein. Subsequent
deprotection, where needs _be, and then affords conpounds of .the nature
general |y di scho[é%%‘.‘%ﬁ%é'dtl%@mséﬁ’e%%l'%rb’ GRS vi-¢h3- YA -thiophen-2-y1-

2011/ 01989 LRGHAAJG2010/ 045137 conpounds only of Fornmula (1), they are
illustrative of processes that may be used to nake the conpounds of the

i nvention.
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Conmpounds nanes were generated using the software nam ng program ACD/ Nane
Pro V6.02 avail able from Advanced Chem stry Devel opnent, Inc., 110 5Yonge
Street, IWORoH/wmeso1 Toronto, Ontario, Canada, MbC 1T4 PCT/US2010/045137

(http://ww. acdl abs. com’). As shown in Schene 1, the conpounds of Formula

(I') can be pre i | ti-. Step, Ssequen tartin ro Boc-.prot ect ed

a-am no acid, E?aséﬁ\ggégﬁ%@gu&%PX‘%YST%lesgwgiof'gﬁ’l?kgoxomg"['en' 'yehaze“dl -

(25) - 24{[ 6 kadsodimrichy!l et hyl ) oxy] car bonyl } am no) - 4- phenyl but anoi ¢ aci d

(al so known as Boc-L-honophenyl al ani ne), (25)-24{[(1, 1-

10di et hyl et hy[29x¥] (@& b0y} -dihy dro) lriradobil yDaGiodphan-4-£-34yl Jaketidine-2-

dinethylet%él oxg%carbonyl} - L-i sol euci ne,

N4t ert - buf 9%%?’ nyl)-L-1eucine, 3-

cycl ops opy! - NAYES) Iv-hGlsope A BaRstHo xybh & yBia ity |- 630 £otek AU ¥ 1yt N dtldido-2-

d|nethylethgl)oxy]carbonyl} -L-al anine N, N-dii sopropylam ne (1:1),

3- cycl ohegdrboNmide;] (1, 1- di met hyl et hyl ) oxy] carbonyl } -L-alanine, N {[(1,1
{

- di et hyl et hyl - hyl I [ - - 1
AT Y ot LRGPk s TR 45 2 PR
{[(1, 1- di seBhy]pepdaidineodydrbatdmidy] } - L-norvaline. Fornmation of an
appropriate am de derivative as a Weinreb am de usiqg an appropriate

such b , ]
am ne or ani ne(ZAY[(3SdEI6a8S1@-dlarapbemy)-hy dr- Ssadiazml-Aa RpinG corrsehded wi t h
an apps opLi at.gr.¢ L 1.n . such as the BOP reagent, and an
approggia%%gﬁggggyg%%ﬂﬂg%%%lPE&? in an appropriate 20sol vent, such as
CH2C12, f ol | owExb)V (BEdET-6 omethnglf 1(tefluappretp i- B8 d-thexdiseo R yHagento} -Guch as
Li AlH4, inﬁﬁ% %ggr prjate solvent, sugh aa THF, provides the requisite
al dehyde. “EHEAT € 0P HW&WQ%%T@??Wﬁﬂg?éﬁ’iate ol efinating reagent, such as
et hyl (tr'pheﬂNK@bP@EﬂQMﬂﬂth@ﬁﬂ@hmaP?BﬁﬁE14ﬁﬂu&64ﬁ&ﬂﬂ@9ﬂwé$§yﬂQLvent,
such as Et20, is followed by Boc deprotection with an appropri ate reagent,
such as THapingmiden appropri ate sol vent, 25such as CH2C12. Coupling of the
| i berated am ne with an appropriate Boc-protected a-am no acid, such as
N4t er t- but oxycar bonyl)-L-alanine, N- {[(1 ,1- dinethylethyl)oxy] carbonyl}
- 342-t hi eny1) - frha@lmBhtieh alé2ttudds Yarldud isbmed shbydapdundy oRydeaDanyhd
am no) - butanoic acid, (25)-1- {[(1,1- -
di met hy| efmythes shareafr bivainey ” iy to Goamnosady thasdave sheasgime, composition and

L N L AL
- 3- et hyl diffevalct nexy B¥-in £ofstitutibn (deorrdtiy isehiayd) b kythe abilipptoyotate the iptadkeuci ne,

N- 1, 1-di net hyl et hyl ( b [} -L-. WO 2011/ 019801PCT/ US2010/ 045137
al | f).[ éQn efl ﬁqqgr}zeéééﬁz )%’%%Ar%%?i (Tff{g{@%r@aﬁl%ﬁvﬁ&gﬁg? |F)>le]aé§rTceeﬁw fwo

am no)eth L i E - g ] r - pLgli.ne,
(45)-1- { 'i’&f%?g&negﬂmﬁétr%ail %org{/e ggar/ %Sgén@ﬁ)é} Zé_?fﬁé_%,laugr 0- Lwﬁi%? L|l°h£e)}{1§)‘(a§s) 3 -
{ [(1,1- didmetdin}lcadtipiieosd]jaserdoomeyd or 8thar sthicoisomeofi8 fdrnB] dreasamistui@escar boxyl i ¢
acid, or (.25)-.i-.,5 1, 1-di et hyl et hyl ) oxy] car bony1} -.2- pi.per.i di necar boxylic
210w ¢ HE AU FaTnE SIS G e R G p SSE v e BE N BBa and
HOBt , and afuRRRKQRyA ate base, such as NMM in an appropriate solvent, such

as DMF, is followed by ester hydrolysis with an appropriate reagent, such
as Li®H, in anChpplraopicramey slod bentcseue h salstifudpt susd/as pn akky bgroupy Woret y  of

acyclic or, cycli am nes. are coupled tqQ.the resultant engi c .aci ith an 10
ooy oot ol endhe AR EE s ShtaCRHRE Bsttat PR b @Rl R ity
and an appneRite@herchasenot Spuchficusth &M diire D MEAded B @RoMPINSQRAY isRE@iwaleyent ,

such as DMF, Boc deprotection with an appropriate reazﬁnt, such as HCl or
TFA, resubrdall mixtpess therepdt iThns, spmppendgaseerdagde FpouHash sentrginaiveg qu ) |

whi ch may i t i ] | . t he
L s L L DR EB1 AT kBRI 50 FOPEE b
30  or as enantiomerically pure individual stereoisomers.
Individual stereoisomers of a compound according to Formula (I) which contain

two or more asymmetric centers may be resolved by methods known to those skilled in
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15 be prepared by any suitable nmethod known to the art, including treatnent
of the salt with an inorganic or organic base, suitably an inorganic or

or gani c baeeotizapseg a hi gher pKa than the free base formcofustére/ogsiapound.
Schene 1 O N\c) ORR3 0 aR3 O0ORMO0O>0RL _I 51 2 ROR3 0 HZNO -3 20

Reagents gnd canditions: a) HCL14N(OCH3) CH3, DI PEA, BOP reagent, CH2Cl12; b)
Li AlH4, T ;%?Pn%ﬁﬁmz\w%w lfég“ad)bﬁeiﬂﬂ}ed(ﬂl}é@y fgsmfé 5 CHRA CCR2H,
EDOl,  HOBlystc NN RNE ) ol s Ubth bk i, (PPORERR(ivERGhiorHOBh o NV
DVF or H2NRLIR2, HATU, DI PEA, DMF; h) HC1 or TFA ternatively, conpounds
of For mul stefebisopansipeifpr repgans dfobgxaaipleby arpyntatic oxdetionér Btlneiont eps) bpove as
depicted in @chgne.zﬂ TBPS tes%ﬁﬁ"héq%0| si s of Hh interpndiate noat e
with an approphf 8t LA SaeRialotiphy g chitgienvitRnmEn aﬁ’ﬁ%?f?? S5t $EA nt
system sughpoasudiis ansh Wwak 8 bourdcHifl ligWRIbry tRPre@n&osrh dRfMBian W th an
appropriate aQYC|IQ or cyclic am ne and an appropriate coupling reagent or
reagent s, Theskilledamtsaruyilbanmprepinte fiot wpeicdhedisase stexgisames isploprated; itoan

byt | a&&‘otﬁé%' c}’lgﬂ}gfl SHEP Pgﬁp%’? the §§§ara?t%%ep%é)etdﬁfets id%&rf‘giecri Dhdt2, 2RRIHPT ! ate
gent, such as , |I'S owed by coupl'i ng of the
step is required to liberate the desired form. Alternatively, specific stereoisomers may be
synthesized by asymmetric synthesis using optically active reagents, substrates, catalysts
10 or solvents, or by converting one enantiomer to the other by asymmetric transformation.
“Enantiomerically enriched” refers to products whose enantiomeric excess is
greater than zero. For example, enantiomerically enriched refers to products whose
enantiomeric excess is greater than 50% ee, greater than 75% ee, and greater than 90% ee.
"Enantiomeric excess” or "ee" is the excess of one enantiomer over the other
15  expressed as a percentage. As a result, since both enantiomers are present in equal
amounts in a racemic mixture, the enantiomeric excess is zero (0% e¢). However, if one
enantiomer was enriched such that it constitutes 95% of the product, then the
enantiomeric excess would be 90% ee (the amount of the enriched enantiomer, 95%,
minus the amount of the other enantiomer, 5%).
20 “Enantiomerically pure” means products whose enantiomeric excess is 99% ce or
greater.
The invention also includes various deuterated forms of the compounds of
Formula (I). Each available hydrogen atom attached to a carbon atom may be
independently replaced with a deuterium atom. A person of ordinary skill in the art will
25  know how to synthesize deuterated forms of the compounds of Formula (I). For example,
a-deuterated a-amino acids are commercially available or may be prepared by
conventional techniques (see for example: Elemes, Y. and Ragnarsson, U. J. Chem. Soc.,
Perkin Trans. 1, 1996, 6, 537-40). Employing such compounds according to Scheme 1
or 2 below will allow for the preparation of compounds of Formula (I) in which either or
30  both of the hydrogen atoms at the chiral centers are replaced with a deuterium atom.
Similarly, a-amino acids in which deuterium atoms have been incorporated into the

sidechains are commercially available or may be prepared by conventional techniques.
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| i berated ami ne with an appropriate Boc-protected a-am no acid, such as N
{[(1 ,1- dinethylethyl)oxy] carbonyl} -3-(2-thienyl)-L-alanine, (2S)-2-( {
[ (1, 1- diwetzhylbdeyl ) oxy] car bonyl } am no) - but anoi ¢ aci dpCoruse@®d)43u37 {[ (1, 1-
di et hyl et hypoxy] car bony1}- 2- pi peri di necarboxylic acid, with an appropriate

coupling 15 reagent or reagents, such_as HATU the BOP re nt, and an
appr opr i a#glpﬁfayé@g, SUSh CAMRS VRIS BERTding 6 S350t bpF 7 belavouadian o e as DVF.
Boc dePr%%?EﬂaHBnM&cﬁnﬁdﬁnaQQf PR ﬁ% HERARIEA HeutSHEN afind Kabe bEGSUl ts in the
formati on of the desired conmpounds of Fornula (1), which may be isolated as

the cor r egororaied mak tandamrR oA ddgionely.adplacendné of the ecdpasidithgimguminum
conventiopal .t echnj.ques.. 20 Schene .2 0 H >C e OR-3 a - O.Hb 'CH oR3
Reagent s BRtrdecrelr BPUAS sy R oRer e Reciiad 10 Yoy SRRy kY pen DV,
c) HCls 1dé4rtekig aimsstitiionBeady RiCtthe bitdhdmiBk BEAe cOMpouds dfi®brmula

1, 4-di oxane. WD 2011/019801PCT/ US2010/ 045137 Alternatively, conpounds of

Formul a ({5 can be prepared as depicted in Scheme 3. Thus, treatnment of an

[t er medi at e Nygt gl cLed, @~ 3LAG BLISRISS Y biARoRRRLARY Blfe Y fe

stabilized Wttig reagen

1-[ (tri phesiyile-auB-apbbhephaiyh iscleae) daehy hlrpdscdof thid iy eiittonlthy Netahtesfeten an
appropriate solvent, such_ as THF, 2-nethyltetrahydrofuran, 5and/or Et20,
provi des PHE thebiglogiqebadivifiriodghe sehe.dExorlexel wifable splvars Hshrispbutare

reagepq , ﬁb’tclﬂn@%i Hd?%vateh%nétf?%io VR BY arfi QAR Md.ﬁf)rggé}%ﬂz,i RESAVEH R g Wi th

an appropri ate Boc-protected a-amno acld, suc
{[(1, 1- di peirmpbettioylly axyprblcotvyds -Bampldsiofyitible phaamactutieslly acceptable

25)-24 , 1-di t.hyl et hyl. A b i - but i id, o 25)-1-
CEOL 2ol v ot el Wb g Kk o A A B A e O § o
appr opr i algickd HEUALIENSIBABER® 1Ricd|BABRRCA to B dRScd Tl dRlied HELEOP

reagent, and an appropriate base, such as EA, “in an appropriate sol vent,
such as DMp@Bitondepnioineeg stoichinntetricamampy olpratat, s wel genompesifadinsas HCI,

25113 b R i 5 RSB B PR o™
usi ng conyERsmAMAT) LTtk eitesof, b wHhie® sdope of the invention.

When a disclosed compound or its salt is named or depicted by structure, it is to
be understood that the compound or salt, including solvates (particularly, hydrates)
thereof, may exist in crystalline forms, non-crystalline forms or a mixture therecof. The

20  compound or salt, or solvates (particularly, hydrates) thereof, may also exhibit
polymorphism (i.e. the capacity to occur in different crystalline forms). These different
crystalline forms are typically known as “polymorphs.” It is to be understood that when
named or depicted by structure, the disclosed compound, or solvates (particularly,
hydrates) thereof, also include all polymorphs thereof. Polymorphs have the same

25  chemical composition but differ in packing, geometrical arrangement, and other
descriptive properties of the crystalline solid state. Polymorphs, therefore, may have
different physical properties such as shape, density, hardness, deformability, stability, and
dissolution properties. Polymorphs typically exhibit different melting points, IR spectra,
and X-ray powder diffraction patterns, which may be used for identification. One of

30  ordinary skill in the art will appreciate that different polymorphs may be produced, for
example, by changing or adjusting the conditions used in crystallizing/recrystallizing the

compound.
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O Ho >0 NH -3l OR3 0 H2NR1 12 RBRC-3. O HL NNNIR1 2 -3 RR 0 H R5NL
dNw | R Reagents and conditions: a) Ph3PCHC(0) NR1R2,
2- met hyl| twonratwadesefiur an, Et 20; b) HCLl, 1, 4-di oxane; c) BOTNR3GHIIBR4TIERH,
HATU, DI PEA, DVF; d) HC1, 1, 4-dioxane. WD 2011/019801PCT/US2010/045137
SYNTHETI € EXANEIECI::_a%se of their potential use in medicine, the salts of the compounds of Formula
(1) are preferably pharmaceutically acceptable. Suitable pharmaceutically acceptable salts
can include acid or base addition salts.
As used herein, the term “pharmaceutically acceptable” means a compound which
5  1is suitable for pharmaceutical use. Salts and solvates (e.g. hydrates and hydrates of salts)
of the compounds of the invention which are suitable for use in medicine are those
wherein the counterion or associated solvent is pharmaceutically acceptable. However,
salts and solvates having non-pharmaceutically acceptable counterions or associated
solvents are within the scope of the present invention, for example, for use as

10 intermediates in the preparation of other compounds of the invention and their salts and
solvates.

Compounds of Formula (I) have one or more nitrogen(s) basic enough to form
pharmaceutically acceptable acid addition salts by treatment with a suitable acid.
Suitable acids include pharmaceutically acceptable inorganic acids and pharmaceutically

15  acceptable organic acids. Representative pharmaceutically acceptable acid addition salts
include acetate, aspartate, benzenesulfonate, benzoate, bicarbonate, bitartrate, bromide,
calcium edetate, camsylate, carbonate, chloride, citrate, dihydrochloride, edetate,
edisylate, estolate, esylate, formate, fumarate, galacturonate, gluceptate, gluconate,
glutamate, glycollylarsanilate, hexanoate, hydrobromide, hydrochloride,

20  hydroxynaphthoate, iodide, iscthionate, lactate, lactobionate, malate, maleate, mandelate,
mesylate, methylsulfate, mucate, napsylate, nitrate, pamoate, pantothenate,
phosphate/diphosphate, polygalacturonate, propionate, salicylate, stearate, subacetate,
succinate, sulfate, tannate, tartrate, teoclate, and tosylate salts.

Other iterations of compounds of the invention have an acidic functional group,

25  one acidic enough to form salts. Representative salts include pharmaceutically acceptable
metal salts such as sodium, potassium, lithium, calcium, magnesium, aluminum, and zinc
salts; carbonates and bicarbonates of a pharmaceutically acceptable metal cation such as
sodium, potassium, lithium, calcium, magnesium, aluminum, and zinc; pharmaceutically
acceptable organic primary, secondary, and tertiary amines including aliphatic amines,

30  aromatic amines, aliphatic diamines, and hydroxy alkylamines such as methylamine,

ethylamine, 2-hydroxyethylamine, diethylamine, triethylamine, ethylenediamine,
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The invention will now be described by reference to the foll ow ng exanpl es
which are nerely illustrative and are not to be construed as a |limtation
of the scwpeoafoipsee present invention. Al tenperaturesParASINARSIBN
degrees Celsius, all solvents are highest 5available purity and all

reactions run under anhydrous con tlons in Ar or nitrogen (N2)
at nospher shem?@mﬁe@e@éé&ﬁmme Syelobgxylepings trﬁaﬁqn@k%éaf l%ar@mwer ck
Silica Gelysfd ddngidild n Iayer plates were used for thin |ayer

chr omat ogr aphy Both flash and gravity chromatography were carried out on
E. Merck Ki eseDgsir n60-ph2@@:cagialipstiepsibld salts.ged. trlfhm;omtﬁm maarshw(usyd system
used 10f ot purifj ion.int ase rom , Inc.
Conbi H asTrrmblelf Meroraforelp PRl Myl HhE R g TG

col ums, gopebetiomviidn. UV wavel ength at 254 nmand a variety of solvents
or solvent conbinations. Preparative HPLC was Berfor med using a G lson
Preparative Syshemvantion nahdebivéhindberentgpasvbietaichipoatrisrandmongi | ent Mass
Directed R M%P) ﬁﬁ'ﬂ vari abl e wavel ength W
det ectlon%k vé]?e?rel§ 0 Orfgl%/éesﬁaggb ggoe %dg%i;%o ) azﬁLuna 5u C18(2) 100A,

SunFire C18, XBrwﬂ:l@e appr8ciured by tlme@lsmlrlbdtlh ehautt tht aeﬁam@rotméduemem&b ofce of
col umm support dependent upon the conditions used in the purification. The

conpounds c¥PRouBAs EPrYlady). w @h@%ﬁymm%ﬁe popBiont fkd depaptestionNgage iy not

condi {4 on I ifier,

aci di %:0 co éﬁ% Ir}%ﬂhs gg?rilladg{g}n | er, %F‘E)n usu'ah P&axgc‘ég%% 1[}l‘?d(la %d to both
t he CHSCNomﬂgzl ompa:relmratiyldndoiasneaﬂ@mmmhuonlmdgnmlsﬁd)dg tdnﬁmnmonmdurﬂdsexf theusual |y

0. 1% NH4COH add to th . Anal. HPLC was r Sin | ent
oyt em wi THCH B LT RHaP OBl Bt oSl At s ey tatSsig gErbél

chr omat ogp hh Fﬁﬂh&"&%ﬁ%ﬁpﬁ@ﬁcﬁ%f Qfquife%ﬂBn Waly Iacta&s QrfrRuddlof BindPo TFA

nodi fier (a ded o each solvent). LC-M5 was determ ned using either a PE
Sci ex Si ngd)rep@ﬁd@u%im upenten, AlMBokpied Usdetivey andaratregsadcompoundseftls.  The
conmpound i s nal a freverse hase col . .. Ther no

Aqunel T/ AfSERT FE R B0 dSVEPETROTRENRE: tiFpueEs Pr it AT aRGes B ng an
CH3CN andtmt)ﬁlﬁ)omm@fﬁﬁtprasbﬁthnaenh@mm@em@é@gﬂ)ﬁgs Tl dvemshefiber such as
0.02% TFA or 0.1% form c acid. Nucl ear netic resonance spectra wer e

recor ded AUmbo0d.NAE3.wpi4Ag a53§ran<ﬂ<é¥TC8?@CSAW sy OC kAPt A L ae0oDR}AGDd in

spect r onet »» r

hexadeut erlls%égnmet h ?Iju%ﬁ %S' gidnﬂg 8!&2{?%&?]19%@& trhle(()hr%%o uéﬁso .Wh&'nem' cal
shifts ar 600’Lﬁmfsta@dmbdﬁpplafeﬁﬂletm{ bymelfdrénes). (Iﬁwlldﬂmhéﬂwappfemmdtﬂyehaset er nal

st andard 2011/ 019801PCT/ US2010/ 045137 tetraneth I silape (TNB) or

cal i br@t eék\{\ﬁ)%ﬁ ke 316 dhag cetfaipmgeedes, KnQyKalo th?ﬁetShlél”& §61It\‘;‘%rﬁr07(“é)lﬁles d9Ic13 i n
CDC13) . Ap}g; I "

I e e e e T R e T
dt dou bti@tunmht isnmqotmiraated Bqrpin :byaq:fp@nea) tmaylbre ptacbal o apprdpnatcfuoetiomslitidse NVR

coupl 19 Constant e b e i A g HRr PHOCT o
Heat i ng ohloﬁe%@sztfopsbr@]dahw SShWMnkBntFnGRAWRY Estér! &bl QRP NRS-caar, I i ed out on

a Smith Creator (purchased from Personal Chem stry, Foxboro, MA, now owned
by Bi 31 agehosphaic Exeryritrosstcnbuléate ¢spursoHaxidel atm@amﬂém@tnaazoapbmpb@mgdp or an

Pl o gD AR Sl S e ot Pre R DR SEE R ) pase metar:

chel ators, et cyheasmpsunds 6dthasn@atibn afhilsipiheuthepid Cl@#]@ymaraﬁd canbd@efigol ums
or cartrldges are used to neutralize or basify acidic reaction m xtures or

product s. inThe &eatneat eldeongitpnamibaisy deyndgbiogpathppe it leat éspabai | abl e

f | f

O APe) Lk SAMRLAL RS R SN TR R RALk AR R e T rom
bel ow30 Al bffatshenheabblrcel\foeaéﬁmsn diomgh shodagierliyinggatholdgyds AEScGinyihafBui de

(Arerican Chem cal Society V\a hi ngt an, 986). Tabl e of br evi ati ons
attributable to cathepsin C 1nV0 ernent Examples o such conditions include COPD,
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BOP reagent: benzotriazol e-1-yl -oxy-tris(di nmethyl am no)-phosphoni um

hexaf | uor ophosphat e MDAP: nass directed auto preparation (an automated HPLC
syst em whwohotalibseet s sanpl es based on real tinme nass spettusadiotaiia) HBTU:
0- benzotriazol -1-yl-N, 1V, N N '- tetranet hyl ur oni um hexaf | uor ophosphat e
HATU: O-(7-azabenzotriazol - N, 1V, N, ' -t et.ranet hyl uroni um

hexaf | uor B HBEHH ‘éi“éhlﬁtﬁcPSteﬁaﬁ(hﬁma’l%%P%WHM%W%?S@ AgtHUIERr Bbdi i ni de

hydr ochl Oﬁﬁdiﬁer%g&l%e 1%&GBQE§&T%CMQ§ n@ﬂ%as o‘fitr@ﬁiﬂﬁestubﬂ LaMitéhspyr i di ne DVBO,
di mret hyl sul foxide DI PEA: N, N-dii sopropyl ethylam ne THF: tetrahydrofuran

HOBt : 1- hydoxy Ebﬁmhomzﬁtratmynﬂrdtthe DivFItign\comsutiseredilistentngeem eféectivio
2011/ 019801PC‘I;/ 82010/ 04%9/%5 TFA; / | fl uglr oacet | aci d NvM
N-met hy| nd"BRGIT AEOHER™ 88}%68‘?% O R HAE® @F’Fﬁ? acetate H2SO4:

sul fursc acid ﬁ@ 20¢d Khir&ih MttcahdieT inNBIdELRBe 16 @ Bbddiidt ©84RONI IR fkslioRaionol eum
et her NaOH sodi um hydrOX| de MeOH. net hanol Na2SO4: sodi um sul fate CH3CN:

acet oni t r PT erexgpsion of gipeaditigmbsingfteceted g one gymesudf thiHaiciogiettmoni um chl ori de

manifestations of the condition being treated, (2) the interference with (a) one or more
points in the biological cascade that leads to or is responsible for the condition being
treated or (b) one or more of the biological manifestations of the condition being treated,

10 or (3) the alleviation of one or more of the symptoms or effects associated with the
condition being treated.

As indicated above, “treatment” of a condition includes prevention of the
condition. The skilled artisan will appreciate that "prevention"” is not an absolute term. In
medicine, "prevention” is understood to refer to the prophylactic administration of a drug

15  to substantially diminish the likelihood or severity of a condition or biological
manifestation thereof, or to delay the onset of such condition or biological manifestation
thereof.

An "effective amount" means that amount of a drug or pharmaceutical agent that
will elicit the biological or medical response of a tissue, system, animal or human that is

20  being sought, for instance, by a researcher or clinician. Furthermore, the term
“therapeutically effective amount” means any amount which, as compared to a
corresponding subject who has not received such amount, results in improved treatment,
healing, prevention, or amelioration of a disease, disorder, or side effect, or a decrease in
the rate of advancement of a disease or disorder. The term also includes within its scope

25  amounts effective to enhance normal physiological function.

As used herein, "patient” refers to a human or animal.

The compounds of the invention may be administered by any suitable route of
administration, including both systemic administration and topical administration.
Systemic administration includes oral administration, parenteral administration,

30  transdermal administration, rectal administration, and administration by inhalation.
Parenteral administration refers to routes of administration other than enteral,

transdermal, or by inhalation, and is typically by injection or infusion. Parenteral
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M nolar Li ALH4: lithiumalum num hydride nol: nole(s) L: liter(s) mol:
mllinmole(s) mb: mlliliter(s) g: gram(s) mn: mnute(s) ng: mlligran(s)
h: hour ( sWORM1/0egem t enper at ure | NTERVEDI ATE COMPOUNDSPCRiUS2om@iaABT 1

1, 1-di met hyl et hyl 01S)-1- {[nethyhnethyloxy)anino]carbonyl}-3-

h | hama f 5)-24, . .
'F[) [ ?Eylpéf%%t{?f@ FI)CEWT %@BW}IHEW Wiagi%ﬁgﬁyé%ﬂ{eﬁﬂ%ﬁnﬂ:ecge? ar(86.0 g,
0.307 mol }nr, EX 1mERAEHN rkdSD Qhrﬁ’mlsgaé&?m'@{hk p@ﬂ&t@hﬁ%@‘vﬂf&ﬁte@ itfhalcd- 369 nol )

in CH2C12 (1.05 L) at 0O C was added dropw se a sol ution of
0- di et hythnwgink hawiner thyedeb did owsildes(eges. 0T apicad a@edisintipn awhldas PEA (47.6

g, 0.369 C 350,,mL T 10..reaction x ure was stirred at RT
over ni ght DrHsali e oin ¥ BRI RS sl Oflas Rt TF v ehe R WeBet® 5% 506 i
sat ur a eda@finifNabicsB8 (2 x 300 nlL), and brine. The organic |ayer was WO
2011/ 019801PCT/ US2010/ 045137 dried over Na2SO4, filtered, and concentrated
in vacuo . Purilh¢ @@np@mdepﬁthfelua\sfmtletbn@mbe@ﬁmnﬁmgroapmr foPErdmOAC=10: 1)

af f orded 6.

(M Boc ory MO kegleor OB B By fose? B tin 0n Bl yo iy e
[(1S)-1-f ftfrrm/glvé?frpl’lﬂ@dﬂfpmpflo} emﬁ;ﬂa&ioees may be adminis@erad 610d, liﬂ‘vd') Qfreef or

1, 1-di nethyl ethyl ((1S)-1- nethg nmet hyl ox Lan1no]carbon¥ - 3-

pheny| pr off{r YiEiss pahedive REB6S tay be @t @%Stﬁﬁ?fi)‘mil% Fepsieddberaroutigeffoctds was added

Li AL, ( 1gé1jrgveg’or %d%ﬁﬁltg[? kd maitfifin E&%ir@@tb@%@&ﬁ@e%? ﬁlfa%[ee&sﬁfg 0 Cfor 1

h, quench
regimens for a compound of the invention depend on the pharmacokinetic properties of

that compound, such as absorption, distribution, and half-life, which can be determined
by the skilled artisan. In addition, suitable dosing regimens, including the amount
administered and the duration such regimens are administered, for a compound of the

15 invention depend on the condition being treated, the severity of the condition being
treated, the age and physical condition of the patient being treated, the medical history of
the patient to be treated, the nature of concurrent therapy, the particular route of
administration chosen, the desired therapeutic effect, and like factors within the
knowledge and expertise of the skilled artisan. It will be further understood by such

20  skilled artisans that suitable dosing regimens may require adjustment given an individual
patient's response to the dosing regimen or over time as individual patient needs change.
Typical daily dosages range from 1 mg to 1000 mg.

The invention includes the use of compounds of the invention for the preparation

of a composition for treating or ameliorating diseases mediated by the cathepsin C

25  enzyme in a subject in need thereof, wherein the composition comprises a mixture of one
or more of the compounds of the invention and an optional pharmaceutically acceptable
excipient.

The invention further includes the use of compounds of the invention as an active

therapeutic substance, in particular in the treatment of diseases mediated by the cathepsin

30 Cenzyme. Specifically, the invention includes the use of compounds of the invention in
the treatment of COPD, rheumatoid arthritis, osteoarthritis, asthma, and multiple

sclerosis.
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10 Na2504.10 H20 (40.0 g in 600 nL of water), and stirred for an additional
2 h. The reaction mxture was diluted with Et20 (200 nmL.) and the | ayers
were sepavetetl/o1¥8ve aqueous |ayer was extracted w th Et POT(B20a02@3ML). The
conbi ned organic |ayers were vvashed with 1 Mag. HCL (2 x 100 nli)

saturated ag.

dried ov 504, flltered
and concentr at I}%%e\yéﬁﬁfﬁtlt igy§ }OH“Pﬁ'é 'tgq‘ése@éﬁﬁﬁﬁﬂﬂl‘{s@gﬂ& BEYH hi ch

was 15 capelgthrRulRer Q%i&hc%hf%ﬁt Mrhkt%ltthé Héétﬂl%ﬁt cﬁ“{ﬁé ﬁﬁ&@Hhs%merslH NVR (400
VHz, DMSO-d6) 6 ppm 9.55 (s, 1H), 8 (d, 2H), 4.25
(m 1H, 2.71 (m 1H), 2.24 (m lH) 184(m lH) 146(5, 9H) .
Internediate 3 rpet hyl (2E, 4S)-4-({ [(1, 1-di net hyl et hyl ) oxy] carbonyl}

ani no) - 6- 19N8 o xencate 0 H O E To a stirred solution of nethyl

(tri phenyl phosphotaydinds BEIhcasRindbe “ﬁﬁlﬁo&ﬁal& b&- nbzné&lsaanwl bEfSO (209 n)
at RT was added 1, 1-dinethylethyl [(1S)-1-fornyl-3- phenyl propyl]carbamate

(26.0 g, Owae ph@macemtml posRpasition Dok tugdmipgsyaden torapptignt. Rycopetingly, I8, The

Puri 11 oat gasgreR ey LB (e A o R AR O R FBAR IR Bt o1 o

the titl ecenpmadnd tixsSinagntiinland a\@@aﬁﬁbk&ﬁtﬁbhﬂ&@&mdbu%&i;ﬁérﬁ45137 (12.0 g,
38% al ong wth an additional |ess pure batch (11.0 g, 49%. LCMS mz 220
(M Boc+H) ', 1. 8bc pdmes@ttic gpmypositiopephiBaiinication may hy preparcd and packaged

ﬁrétE’hsﬁ) (2 é%ﬂ,s&%‘?ollrﬁu(ﬂ]%bﬁ' anﬁ:ff%@ﬁﬁé‘@ﬁ&@t%? a Q%{gé cﬁ{t fivention can b SOl ution of

am no) - 6- pitm;ddknh&kmmad:mto(th@pﬂmgt SURH. a@wmhnqjo)wdamdsﬂfﬁﬁs @d@ s@Btigns 876 nmol )
in CH2Cl12. 8200 over ni Fol |l owi ng concentration in

vacuo, th8IFEeNg teWé‘%lV |’>’1 tﬁ??@ a%afﬁut’é‘f‘b%m% “1%? G NPHPRIWYOF 2 h. The

resul tant pgglid aﬂ@ﬁaéﬁaké@lﬁ%ltad%g n%y foftfl WHardh ¥&htgh§sikally @sckOecamRen@ths(10. 2
g, 69% asavx/mte sol1d z 220 (MtH)', 092 mn (ret tine).
| nt er rTEdI an eff@:twetahy)pnt of a cornpound of the invention. When prepared in unit dosage form,

! hexbhoatls P RL A WY iR con B S AR S ad Erc o

trifl uorog%etate (10.2 g, 32.2 mol), N-(tert-butoxycarbonyl)-L-al ani ne
(6.41 g, 9mm|2§a, EDCl (12.31 g, 64.4 nmol), HOBt (8.70 g, 64.4 nmol),
and NWM (9. 77 dhep r@aﬁ@mlcyl qompoptopsof the mlmenmtmqaﬂyg@lntamqw over ni ght .

The react} gp, gl sty oS RAUTRSL A OL &, WLl cARShiEXhAaGL Bl ML DuGHRCL2, The

organlclaye was was Wth water a I'ne, r|e filtered,
compositions of the invention contain more than one compound of the invention. For

20  example, in certain embodiments the pharmaceutical compositions of the invention
contain two compounds of the invention. In addition, the pharmaceutical compositions of
the invention may optionally further comprise one or more additional pharmaceutically
active compounds. Conversely, the pharmaceutical compositions of the invention
typically contain more than one pharmaceutically acceptable excipient. However, in

25  certain embodiments, the pharmaceutical compositions of the invention contain one
pharmaceutically acceptable excipient.

As used herein, "pharmaceutically acceptable excipient” means a material,
composition or vehicle involved in giving form or consistency to the composition and
which is safe when administered to a patient. Each excipient must be compatible with the

30  other ingredients of the pharmaceutical composition when commingled such that
interactions which would substantially reduce the efficacy of the compound of the

invention when administered to a patient and interactions which would result in
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20 and concentrated in vacuo . Purification via flash colum chromatography
(PE: Et 0Ac=2:1) afforded the title conmpound (11.0 g, 88% as an oil. LC M5
mz 391 (WBHpi10198047 mn (ret tinme). WO 2011/ 019801PCTPUSAB2Q0048337
Internediate 6

(2E, 4S) - 4- di met hyl et hyl ) oxy] car bonyl am n phenyl-2
- hexenoi cP %%mé%%alacoamoaﬁlpﬁﬁﬁﬂaﬂr P@laﬂe@@u&gﬁl YAAEINE abqe IOl B

{[(1, 1-di Q@(ﬁﬁ'&ﬂ %ﬁm&cﬁﬁé’ﬂt%spgmfdu}se Be oL ARk %%ﬂlurﬁy RIRAYS-£- hexenoat e
(11.0 g, 28 and wat er m.) "~ was added LiOH (5.9
g, 140 rmph?)rrnaxécftttl@allss-taci:qepiah@ over n| ght at RT, the reaction mxture was
acidified with Ma. Cl.10.pH -. 2-3 ndthen extracted Et.OAc (3 x
200 1) - he. caRBrBR SRS Fipiied syl TR IR S i e

dri ed DvepxdidmOwill ftyﬂléamgﬂfé foﬁﬂa@dd G20 6 1L AR8EN hdhpyRCP adRinadtfaBbsl td he
title conpound (8.9 g, ellow solid. LG M nliz 321 (M55+H)"

1.34 nin (heetatlﬁmtrbéf)the dmr@d ﬁ@di: af yinistration. r@rwﬁ@p}wdosage forms include

1S)-1-
[ phenyl oty 19 Qidti8: 6 SR ol SR Fr Oy i BTt pits. wochgs.
of (2E, 45pewddr, Nyn{p[s,(elh,xlmohu@pdnlgmhetsbyitlbﬁsgwhﬁﬁsimtlydchets Lanaloamdts)am noj - 6-

pheny1l- 2- hexenoi ¢ acid (2.00 g, 5.31 nmml), (phenyl nethyl)am ne (0 625 g,
5. 84 ol pareﬁadl adminggragon wheaz SR yolutiqost Suene%@n@ and ogsleriBl ) | and NWM

(1.61;¢ f t&ng\éﬁnﬁlﬁ htiMPSich b rh@hcAthal B RUE (AN

Sat ur at ed %1 Obc} was %dlc gjﬂ c?ue%c I?Sglﬁe T 8act %{%r@% Solid that
pr eci pi taa@dwnmnbn mmhtdseulspdsm)mﬁm(il)ashatﬁidnsutleds dpyosoid andablutions; wadk@d wi t h
wat er (20, qua,é and dried |n vacuo to afford the title conmpound (2.00 g,
819%) . LC ng dralélestr@md_ﬁuc ap CEAMS; (])]mtrpeg)tts ?(?tH)éI)S solu‘mns pastes, sprays, toams,

2011/ 0198QJP6Hi US2010/ 045137 Internedi ate 8 1, 1-di net hyl et hyl

01S5) - 1-net hyT - 2-{[ (1S, 2E) - 4- (net hyl am no) - 4- oxo-‘l- (2-phenyl et hyl) -
2-buten-1-yl] &mitaidd pizrorewtingily) wmbiabﬂate@mplen&,&miﬁWt}ud@emﬂlng 2pon - 4- [ (N-

1, hyl b - 6- .. ph 1-2-h i
et d {30 oDy s N B SRR W aharign fy B RSP ol B8 55 ol .
EDCl (2. 08x@pici9 b tulds didthei ; Gh WYN¥ofnbo bl
15. 93( ol )cgllmﬁ Dwnﬁ%(%@(?hoaeﬁtf)b%i&s?ll rﬁgdtl at hﬁhma%smﬁte Sat u?%to ed0ﬂNH401

(20.0 m) F%@aawém&elﬂ@nqb@’ﬁ@ﬁeutmlly aeaepiable. cxpipsaits may hachqseréqrpheiat ed out

Ly ang S0 BOPLREL R PhdBhpcbla B, MANG ML LAREAY | g

rﬂ Z 390 ( Middbfableilexaipldﬂitd‘méy B cltdsé!fefor their ability to facilitate the production of stable

20  dosage forms. Certain pharmaceutically acceptable excipients may be chosen for their
ability to facilitate the carrying or transporting the compound or compounds of the
invention once administered to the patient from one organ, or portion of the body, to
another organ, or portion of the body. Certain pharmaceutically acceptable excipients
may be chosen for their ability to enhance patient compliance.

25 Suitable pharmaceutically acceptable excipients include the following types of
excipients: diluents, fillers, binders, disintegrants, lubricants, glidants, granulating agents,
coating agents, wetting agents, solvents, co-solvents, suspending agents, emulsifiers,
sweeteners, flavoring agents, flavor masking agents, coloring agents, anti-caking agents,
humectants, chelating agents, plasticizers, viscosity increasing agents, antioxidants,

30  preservatives, stabilizers, surfactants, and buffering agents. The skilled artisan will

appreciate that certain pharmaceutically acceptable excipients may serve more than one
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Internediate 9 1, 1-di net hyl et hyl

01S)-2-{[ (1S, 2E) - 4- (di net hyl am no) - 4- oxo- 1- ( 2- phenyl et hyl ) - 2- but enl -yl ]

am no} - 1-wetzhylo1280oxoet hyl ) car bamat e A m xt ur @CofUSe@B/ 04837 4- [ ( N-
{[(1, 1-di met hyl et hyl ) oxy] car bonyl } -L-al anyl )arri no] 6- phenyl-2-hexenoic

acid (2.0 J[i05. 3 rrrml altl rretvréy# gm ?ledg daoc ri dr%u 0. 4 3 " 15e 81451 mol ),
EDCl (2.0 1 g § aliqrpgiyve fyngiiong depgydipg ¢1RICEY 1S g
15. 93 mmi)])esétﬂ an: f€)§1@u19tldﬂ-a)ndv\@l§at Sftef ﬁfgge(ﬁéntﬁgte%}‘é%ﬁ'ﬂ il I?ﬁe forahldfiad.ed NH401

(20.0 nL) was 20 added to quench the reaction solid that precipitated
out from t he s8killedl eriiswaspasedsk detlawwhydgkiahd slatliiothe amatstwelblwhdmtm@te&tct(zo 0

and dr. i.n vacu aff the title co nd LC- M5
oy aos. (MR PrrRHRe R, B Rt Al SEa RS et s S MoHs 1 a7
| nter n?dl aventléh. Iin hdditiaB! tAYle@kdY humber of resources that are available to the skilled

01S) - 1- et hyl - 2- oxo- 2- [ (1S, 2E) - 4- ox0- 1- ( 2 - phenyl et hyl ) - 4- (1-
pi per i d| nyttisapwhighelgs |p}1aratmﬁ0ﬁui}ca€t/ﬁweptaét%%ﬁﬁtl@tssmdﬁl&x be wsel in

(26 49) - 20 1L GEEENEEA DL LML ESERRA ol S0 AL ARL

rrrml) ED@harfridc83ical, SCI&CGQ(MET&H DubliskiBg Conphdy )y Thd Bla6@bduiadf)PhagnateNidul (1. 61
g, 15.93 mml) in nm) was stirred at RT overm ght.. Saturated

NH4CL (2oéd_m§_’f; (/%&Wﬁ‘dé’d@&slt%g &H@%ﬂ andglheddandbeok of PhagmaceutigalExginients)i t at ed
out from h 10 vvlth wat er

( 20. o6t Ftngﬁﬁ#?%gﬂ?rﬁﬁg%@%ﬂ tggstoa% %ﬁd ‘Ihg P?‘? ee%%%%gﬁegc? (1.00 g, 43% as
a white soI i d Thephﬁnmt@ttﬂ:élélco@ﬂyibwlons af th6 invienti¢n &t prépaed. usiny techmeglicat e 11
1,1-dimeth

01S) - 1- mef tne%logt fcgyoie thoseskifled dp thiArt SPmshie Msthods ommagly.used in

(2- phenyl gich are aeQHB@dlmlR¥htln@6ﬂMar%a@é&g@ﬁl@@tdn‘é@é' t@iblishifly M Xt ure of
(2E,45)-4-T (N {][ - di net hyl'et hyl' ) oxy] carbonyl } - al anyl’) an no] - 6-
phenyl- 2- b?em@amy)c aC| d (2.00 g, 5.31 mmol), 4-(nmethyloxy)aniline (0.72 g,

5.84 1), 2.03 0. 10, 62 I NWM
(16175, 15. o3 hHS 0 BRATLIRDN AT AL Lpd o Speskrtobg Rl gt B
Sat ur at edoN#HpGlc CSRpHsifk hn WESctA@datbuhPo2DspHiuRd bh telifddtivAAnd Adfeddtd t hat
precipitated out fromthe solution was collected by filtration, washed with

vvat er (2000fihery Suialble dilherds and Filerninclusie daatesedsuckrsci doxfreses sWpBIHd (1. 20 g,

20111 01080 RN tRH (e cort Y5 bostB il g prctectlnBhdd w8, Bl and®

its derivatives (e.g. microcrystalline cellulose), calcium sulfate, and dibasic calcium

20  phosphate. The oral solid dosage form may further comprise a binder. Suitable binders
include starch (e.g. corn starch, potato starch, and pre-gelatinized starch), gelatin, acacia,
sodium alginate, alginic acid, tragacanth, guar gum, povidone, and cellulose and its
derivatives (e.g. microcrystalline cellulose). The oral solid dosage form may further
comprise a disintegrant. Suitable disintegrants include crospovidone, sodium starch

25  glycolate, croscarmelose, alginic acid, and sodium carboxymethyl cellulose. The oral
solid dosage form may further comprise a lubricant. Suitable lubricants include stearic
acid, magnesium stearate, calcium stearate, and talc.

In another aspect, the invention is directed to a dosage form adapted for
administration to a patient by inhalation. For example, the compound of the invention

30  may be inhaled into the lungs as a dry powder, an acrosol, a suspension, or a solution.

Dry powder compositions for delivery to the lung by inhalation typically comprise

a compound of the invention as a finely divided powder together with one or more
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1, 1- di net hyl et hyl

01S)-2-{[ (1S, 2E)-4-(11-1-indol-1-yl)-4-o0xo0-1-(2-phenyl ethyl)-2-buten-1- yl]
am no} - 1-wetzhpini28oexoet hyl ) car bamat e 5A sol uti on of PCT/US2010/045137

(2E, 4S5)-4-[(N-{[ (1, 1-di et hyl et hyl ) oxy] car bonyl } -L-al anyl)am no] - 6-

henyl- 2- hexenoi c. id 06 2. 71 mmol and
'& pEZ\ (2.80 E}leﬁlace'iuiwg@ mféptfgﬁﬁgﬁm-ent%sg "ﬁBdlmﬁg E?é’i}?rédﬂs]éﬁmﬁ‘fe‘%“&‘”‘ﬂS 211n in
a vial . IQcc%pt%SQ%&@tp?enYé ﬁalrtqcﬁé}lﬁslﬁt@h %mfa@ 1193rir¥3‘vdd@ﬁqir@kﬁ&w§§)7thgse gmﬁs‘a mol )
in DVF (4.0 m.) wa d sodi um hydrid ,

reacti on mthe art@nd/as:hgtel lacnesﬂ:, aarcmmﬁmntodl,canmnmnoﬂrh @o@pelrysa&cmrldm the t wo
reaction vesse{rg th ad

oo et T Pl ety G s R R eR e b RSetio By PRV T e

partits ongmaketNBLr) hﬁbﬂl@@ ré&@vdﬂ—éult@mé foRdtefind Mt unTrh@te@q%@m of ayer Was
separated and extracted w th EtOAc 540 mL he co |ned organi c | ayers

wer e washegdigament lpzlrypmdmfs)manEDB § ypicalhpinglude aznens Farmetoirgeerchat ed i n

P 09
158 oact holedlsaBFh g R hERQeERINET SILTR SHRADEY: Sl e marerve
col or| essn@eahs mhﬁe(ﬁ@tﬁﬁem deriadvig, 'whidh @ tnoviable(ffaah atfirstppsitibntvbersetle at e 13

1, 1-dinethyleth
01S) - 2- { [ FASNE eﬁllf‘é yithgrydigepaegs fop By &3sevgirso ¢ seeond preidien whers, the

oxoct 191 ) ER B A e ORI B lns O Br Y AR, net iyt et myl) oy
ﬁi_rrgoni/:)% -L- algdatg%ia)mﬁy,lrth}: drﬁ%ovyzﬂaema;z b(z)‘ ﬁ;ggeﬂadmcmul@s (cl©@@chmyn od. 26&22mr15)l 2)
m.) \N;S Spf??cédcaéqudgqng?é{)%h%an g ﬁg(]g\;)a)m&liln}ose :(liry poan}?aler?M% (5.

25azat ri cymheys @rezlnﬁal&% vyﬂe'ﬂéiﬁi @t?eamgdléan@ a8 waddednanddsdeigatik g
conti nued for he WO 2011/ 019801P /U82010/ 045137 reaction m xture

was di | ut e(ajlt&mtnlg (mvféﬁwls_@ammngﬂﬂwllﬁﬂe,dcﬁl(lﬁztﬁm% (or paitd theicn®) ofepar at i on of

t he | th th

Lot co b t BTN SE0H e BEEPoRER HBREER AT Podk Py S apibtne 1 (e

forpoung 6%&@(; g&) Gogltaﬁlﬂ’@lt@fﬂle@ﬁéhlédﬂi‘dﬂl in drid-pdSvdet forfal Elthetblib®ys. ar®typically
nterneal ate nme

( 2E, 4S) - 4a§rgedyn @gpé[r fashipndpiease of eldsys posky mediaseeyt therefies) disranoy! | ami no}

- 6-ph f

og hes s bindlE RO BRY G may AT AhULEn% odEallY circular fashion gn g glise-form

mol ), ( 2b)ist@fakk,(ck,tHe blistat Maly dk Rionpa)ih Cat) derydxhmphs doayppisingroitdp acaid (1. 86
17.4 mmol ), HOBt (2.66 g, 17.4 nmol), andNI\/I\/I

g, 9.14 mol), EDCl 34
(2. 8720r, tape. Ea@hf&ﬂpfmﬁ,rﬁaﬁﬁlgg? mbbstﬁwamfgr St %&oattamFthW@ﬁn Wug-10mg e wa

added to which was stirred an additional 10-15 m n. An
of f whi teMs%oognz)%g\gdsgggﬂ ﬁﬁ%l by filtration, dissolved in CH2C12, dried

over Na2SO4, f Netc%bEdmaydefoﬁﬁﬂtByl wspér&ﬂng or dwsol:mg ) cahf)@mdl dfhﬂec inivedtion

15conpound (3. 29 93 as a white solid C- M5 nlz 405 ', 1.13 mn
(ret timejna llﬁtlﬁi@(g%’ipaltl?@t 1§ulcai>@ prapellangs 1[1%12513 h'fzb‘ea{rbvmhndrawmﬁym hyl ) oxy]

b oAU BIBY AT Cry PO S GLAR SBk g 11 on

am no}but gmopydllaat ]r)odleh}lopjfmnydmahmxpm@aﬂmt(lB) Zl&hgqro&traﬂuamﬁhana n THF (50
2t RT o (rpejlant hehtggveahe ined A b)) A1 ioBr aPE ML AR 28 1o 1o pr
-3 and t hgf @I @RI HMALE)ER Qe RO thane (HFA-12), heptafluoropropane (HFA-
227a), perfluoropropane, perfluorobutane, perfluoropentane, butane, isobutane, and
pentane. Aecrosols comprising a compound of the invention will typically be administered
30  to a patient via a metered dose inhaler (MDI). Such devices are known to those skilled in

the art.
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m.). The organic | ayer was washed with water (50 nlL) and brine (50 ni),
dried over WD 2011/019801PCT/ US2010/ 045137 Na2sM4, filtered, and

concentr awveaoiwnivsgweuo . The resultant oil was dil uted wprCh/USe@0/081B7 owed by
hexanes. Concentration in vacuo produced a white foam which was col | ected

by scraping to ffordthetltle onpound 899 s a white solid.
LC-MS mz 391 ﬁ? BQyp may cpnggin %ﬁc%%aﬁt)h% 3““0%131 HicertARgicxigionE

1,1-dinet %hc%il?hkecp%@l n%itﬁﬂl@ﬁ&i&%ﬁﬁﬁ&@%&%é@sﬁfﬁ&@ﬂt@r Q{IQIQM{S% B6BRXh)sGAR bamat e
To a sol ut’ion of di et hyl et hyl ) oxy] car bonyl | am no) but anoi c

aci d (2. 50thgy emgn@ntmm]ln)prow t‘hb{lphfsl@al @tahi_l)y obthe dolduidiation, to improve valve

1,1 -carbonyl diim gazo %] 353%% t rp"rt%l ) portionw se over about 10
min. Aft ePEYTIPFHAO SRPTRY r Sepb! 05018}%?% A'Gf N, 0- di met hyl hydr oxyl ami ne
hydrochl ori de gdsp3Rsifns dhd D1utIERS dordpkikd PEApNAD ko mslz@?mﬁmrﬁml alsd Be DVF

(4.0 nL) was added. The reaction m xture was stirred for RT,
fol | oned BYmidiiredhta apitont vig angbulizer. Th@scrlé@it GUBUSRRIS I mtl@aﬂwed ForEt OAC (50

1) o BN M 8,28 Bl SARACALER, 0 UGS (2 20

filtered, séind, dlostedndrdy@ds, elg.,\dnuol, ﬁsapﬁfpfytaﬂ(ﬂ)hbh@l}lcbﬁoﬂ ereipeyiged 2. 60 g,
88% as a clear, color]ess oi | . LC-N5 m z 247 ...0.94 mn (ret tine).
| nt er medi Belyethylene glygplrgicngy midiyEs thetesy.- Jalfgs 16%%«421605%‘%&%@1&9133’0 H

10 little or no pharmacological activity after administration. Both organic salts, such as
alkali metal or ammonium halogen salts, ¢.g., sodium chloride, potassium chloride or
organic salts, such as potassium, sodium and ammonium salts or organic acids, e.g.,
ascorbic acid, citric acid, acetic acid, tartaric acid, etc. may be used for this purpose.

Other pharmaceutically acceptable excipients may be added to the suspension or

15  solution. The compound of the invention may be stabilized by the addition of an
inorganic acid, e.g., hydrochloric acid, nitric acid, sulfuric acid and/or phosphoric acid; an
organic acid, e.g., ascorbic acid, citric acid, acetic acid, and tartaric acid, etc., a
complexing agent such as EDTA or citric acid and salts thereof; or an antioxidant such as
antioxidant such as vitamin E or ascorbic acid. These may be used alone or together to

20  stabilize the compound of the invention. Preservatives may be added such as
benzalkonium chloride or benzoic acid and salts thereof. Surfactant may be added
particularly to improve the physical stability of suspensions. These include lecithin,

disodium dioctylsulphosuccinate, oleic acid and sorbitan esters.

Methods of Preparation.

25 The compounds of Formula (I) may be obtained by using synthetic procedures
illustrated in the Schemes below or by drawing on the knowledge of a skilled organic
chemist. The synthesis provided in these Schemes are applicable for producing
compounds of the invention having a variety of different R'-R* groups employing
appropriate precursors, which are suitably protected if need be, to achieve compatibility

30  with the reactions outlined herein. Subsequent deprotection, where needs be, and then

affords compounds of the nature generally disclosed. While the Schemes are shown with
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20To a solution of LiAlH4 (0.453 g, 11.9 mol) in Et20 (20 nL) at 0 C was
added dropwi se a solution of 1, 1-dinethylethyl 415)-1-

{[ met hyl (wet2hillasspy am no] car bonyl}- propyl)carbamate (2PET/U$201004831M0l ) in
Et 20 (15 nlL). The reaction mxture was stirred for 30 mn at 0 C and

guenched with Et0Ac (6.5 ol.l owed by 5% ag. potassium bjsulfate (6.5
m). The FYERYGA Oﬂlim%fpém"%ﬁwgﬁé@ RS of @Pe%@fietgnﬁy puipdyo

sat ur at edpBfe R0 df3nh&Xindbnttds) . and brine (10 nL). The organic |ayer
was dried over Na2SO4, filtered, and concentrated in vacuo to afford the

title conpoundCampaundsgrmes esrogdnesdediding thhiseftwersamang predrano t he next

st ep W QU Lur et BT .S 2m AYR AR RSO ARST SRR 048D

| nt er nedi

(2E, 43 - 4v0hg4 Strdet ditetiby, biwto, @nydrfaCanigel VT D) (RphBReRRERLY Cord).
stirred solution of net hyf (tri phenyl phosphoranyl i dene) acetate (4.35 g,
13.0 5 mmol ) i Assh@en {rp8cheme lathewpnmyn@ﬁdquwr@uédﬂman&q petparastis arredtiat e 17
in Et20 (115 ”ch}r Th? .ea tioan'xt [ s.stirred at Iﬂ; qQverni m The
solid was’TBiD SHC%%P‘W ol BRI e dnmn 1 ke ths SRRl i n Vacuo.
Purificat h@ilaﬁie@l&?—@?f[ Emduﬁahglaﬂ@makﬂ%@W}érﬁméfl%pﬁta@ﬁsﬁta@aﬁaa@ia)(a@é f orded
the title conpoun i .44 g, 55% over two steps) as a clear, colorless oil.
LC- M5 m zkoapn gBeg- ,-hqm@gemﬁlﬁlapme}, 39)re){(116 | nternedi ate 19 net hyl

( 2E, 49) - 4-,a0.09-.2- hex M. t ...0 NLC) H ©

H2N. . ﬁ) . d%ﬁgtﬂﬁetﬁyﬁ&?ﬁpa?%@l}tarﬁhéa"dﬁ{aﬁgﬁ%tc% R]'R(ﬁl' To a sol ution of

met hyl  ( 2Einddhyldth1)¢:fy(darBordil pretibylb@dihy, IN-Qeylbaxk eyl piila@ing 3- hexenoat e
(1.44 g, 5.92 mmuol) in CH2C12 (30 nl) was added TFA %4. 56 nL, 59.2 nmol).
15The r eaYSlomonylxyY-(es-RpexysaibppgorLaglame.fa¢ychobytip-Ninld then concentrated in

ek, ST L S i T i

wth stirring unt m Xture ur e ‘was
concent r af éd, 1 idimethyletht wxgicasboan! } olf flantrict §-§Al, 1-dimcTindcthpl)oxdy [wabortyd j-dur at ed

ggldl \év?ﬁs Eecgﬁ\éqyi-?il%iége,z(mggcgpgoéfg&gl inlt-%ie Cl%{f%%ﬁg;odxyﬁ cla'lr‘blogny%’arn7i1§00§)ethgl§oiéjl white

acid, or N-{[(1,1-dimethylethyl)oxy]carbonyl}-L-norvaline. Formation of an appropriate
amide derivative, such as a Weinreb amide, using an appropriate amine or amine salt,
such as N,O-dimethylhydroxylamine hydrochloride, with an appropriate coupling reagent,
such as the BOP reagent, and an appropriate base, such as DIPEA, in an appropriate

20 solvent, such as CH,Cl,, followed by reduction with an appropriate reducing agent, such
as LiAlHy, in an appropriate solvent, such as THF, provides the requisite aldehyde.
Enoate formation with an appropriate olefinating reagent, such as methyl
(triphenylphosphoranylidene) acetate, in an appropriate solvent, such as Et,0, is followed
by Boc deprotection with an appropriate reagent, such as TFA, in an appropriate solvent,

25  such as CH,Cl,. Coupling of the liberated amine with an appropriate Boc-protected
a-amino acid, such as N-(tert-butoxycarbonyl)-L-alanine, N-{[(1,1-
dimethylethyl)oxy]carbonyl}-3-(2-thienyl)-L-alanine, (25)-2-({[(1,1-
dimethylethyl)oxy]carbonyl} amino)-butanoic acid, (25)-1-{[(1,1-
dimethylethyl)oxy]carbonyl}-2-azetidinecarboxylic acid, (25)-cyclopentyl({[(1,1-

30  dimethylethyl)oxy]carbonyl}-amino)ethanoic acid, N-(tert-butoxycarbonyl)-L-valine,
N-{[(1,1-dimethylethyl)oxy]carbonyl } -3-methyl-L-valine, N-{[(1,1-
dimethylethyl)oxy]carbonyl}-L-isoleucine, N-{[(1,1-dimethylethyl)oxy]carbonyl}-L-
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20 Internedi ate 20 net hyl

(2E,45)-4-[(N-{[ (1, 1-di et hyl et hyl ) oxyl car bonyl t - L- al anyl ) am no] - 2- hexenoat
e A mwouna/afsomet hyl (2E, 45) - 4- am no- 2- hexenoat e t r iPCirscaaneiiate (1. 19
g, 4.63 mmol), N-(tert-butoxycarbonyl)-L-alanine (0.919 g, 4.86 muol ), EDCI

1.77 9.25 I WO 20 9 01PCT/U 01 / Q45 (1. 42 9.25
Emm) ganaﬂw”fﬁn%@%c@myM?i lﬁleﬁﬁw}-et y %p ﬁ%m?%thaémw 1 h at
RT. Water (( Shenssd L I d by extraction with
Et 0OAc (100 %@01 Hﬁl%eé organi ¢ céﬁb%ﬂ}l%ﬁr&%@@(d)q [ﬁm\/vat er (5 x 100 nL) and

brine (10Olnnﬁ_f}ylethyl)@qdwmnymhﬂger-LrmeM®dZS)aﬁﬁé[(l;dmcentrat ed in vacuo to

g];_fSOE &_wg te'iﬁ%gthxﬁgypyﬁ orl(y}}ﬂéjzaz imgci?oﬁ’heli(ﬂﬁ?@nﬁ- l—coalir‘tl)o%csy 1C gm or (2!5)C M5 ni z
(2E 49 - 4{[{3( Ndlﬁléﬁlyﬂalwumy]mmhm} L2- Efp)éh@ AEQPRI T keidl aftu la) appropliate- hexenoi ¢

acid 0000 HH N To a sol ution of (2E, 45)-4- [(N
{[ (1, 1- di reurhipE seagpn)atsdecaisbsih oy EDLC-I and HOBhgnd amenpsrrnihasersogh as (1. 42

32, 6 ol 1 P lprorRisrob R SutEASpMETR eV BRSOt bitad” ©
acidified alvprbﬂirlale Magent, d'd@ﬁ ab Ql(DHL A aB appebpkibRoBxht, agdhed THE bndZ:0wetef 100

m.). The conbj ned organic | ayers were washed with water (100 nlL) and brine

(100 nL), Adyarsty G\asyCIar sorlic amnes s $ouplad b cemitraitcagiciasidMian  The

resul {ant H’ﬁlﬁjt £t d in vacuo
to af;(grd répﬁ?gfgldélg%p&é%g# lrgilg% Qtsaﬁgéljag’as a%\ﬁgl te s(gl(}? %ﬁfl\% mz 301
(MtH) ', Oaftropdiate Paset such rmNMMﬁrdDIrPEm ait en aayrdpriatdscﬂmﬂnydueh hyDMEF. Boc

019) - 2- 1S, 2E 3-d h d 21-/ 2- -4- 2-
bt b |{[y DR, o A AR PO S KB, 1D Bl TR, rosuffs g TsPEhEAe of
(20 45) -l ool S ALY ERIDADMD o aipd Gl 2

hexenoi ¢ aci d and DI PEA
(0.223 miform mnﬂmd)to Ithe figpet@se (e ferbase i oft d Wrepblmti ORFofromlaBD npAyN.

oo ok By MG bl PP el knowe B D Th Ikt FrF g R el et e
(10 nl) anglidsk@ftc drafdgdiig basthaiitabigamiiforg@yie br ¥agnivadaeikhvig HhiwadrgiKL 3 X 10

m.) and brine (2 x 10 nlL), and concentrated in vacuo to afford the title
conpound thepahace wpogorm of thiscompowrd2 (MrH)', 1.39 min (ret time). WO
2011/ 019801PCT/ US2010/ 045137 | ntermedi ate 23

Scheme 1
L L P i L
0o N ] i, 0o N § O L 0o N
TYE Y EN T T AAYET

—_—

O
d H N\/\)J\ e
—_— >( \/\)J\O/ — 2 = \ O/
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20  Reagents and conditions: a) HCI*HN(OCH;)CH3, DIPEA, BOP reagent, CH,Cl,; b)
LiAlH4, THF; ¢) PhsPCHCO,CH3, Et,O; d) TFA, CH,Cly; ¢) BocNR’CHR'CO,H, EDCI,

m II|

Ea
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N2-{[ (1, 1-di net hyl et hyl ) oxy] car bonyl t - N1- net hyl - N1- ( met hyl oxy) - L-i sol euci na
m de To a solution of N {[(1, 1-di nethyl ethyl)oxy]carbonyl}

-L-isol enwDrze11(@9M g, 13.0 5mmol) in THF (15.0 nlL) wasPaaasA010/045137

1,1 -carbonyl diimdazole (2.52 g, 15.6 mmol) portionw se over about 10 m n.
After stirri ] it lution of N;O- di | hyd i ne

e e D HAR ARG e o PRl s CTehBE WA e,
(4.0 m) WR@@@Q&T&@W@Q%MP%)@@IW@M@S stirred for 2 h at RT,

foll owed by concentration in vacuo. The residue was diluted with Et0Ac (50
m.) and washed with 1 10 Maq. HClL (2 x 20 nL), saturated ag. NaHCO3 (2 x
20 mL), and brine (20 nL). The organic |layer was dried over Na2SO4,
filtered, and adwoente¢lat@ihponndaeiiormubul) dandatpreparad &y dltcainp tlcodrdarof

chr omat ogr.aph 0- 100% Et 0Ac/ hexanes) afforded the title conpound (2.62 g,
749% as alls ﬁ,(dg%‘é?l Frdcrisieddp Sehqres TehheS LYY OF BEGHSRIIYT et 11 )
| nt er nedi i Gi@itld at agprdhRE R tNMIch as LiOH, in an a propriate solvent system, such
[(1S,2S)-1-fornyl-2-nethyl butyl | carbanate 0 HH Iﬁ 6)I 0 ' 'P’o a sol ution
of Li AlH4ag0HB%8d gyater0is Folhavodd)byi amie 2Ond REmatiyn with@n@ppmsristddexkldrampwi se a

solution of N2- . 1-di et hyl et hyl ) oxy] car bonyl }

R et hy PYE i A P ek sst e R SRS el HATI, andat 20 (15
). The h&a6HHA0bINXiuehas PMABEAL infdhafhpfdpiia@GoRnikikcieds DME. B quenched
with EtOAc (6.5 nL) followed by 5% aq. potassium bisulfate (6.5 nlL). The
react i®n depreigeiéonmih wa gprrapuite keagen sugh apEICL( 18 fellovgedaty) couplingipbthed aq.
NaHCO3 (3;.x_ 10.m.), a brine (10.,nl). The.organic .l,aye ried over
Napson, |1 liPpdiadring B8 s hbEpSte Bl d06 ST ARR Fe MR s BRUML LS Opound as
a clear, gRh@RYIEHS)OtY]carbbtiyEniv@shieayyLesdadife (h-neyti, st ep W thout further
purification. }L25 §\3\D}g%a{1/ ﬁESg%%&%%ZOIE/IOZgl%7 eﬁlt ernedi ate 25 net hyl

( 2E, 4S, 5Syinaethyipthyl)axydeareer ) aaing-ywsaie agibonyPPahilHd)l= 5- net hyl - 2- hept enoat

T : L ut 2 ol . e e! |
© 5o e, ATARISHERLHLL 80, BT e LA RhETY PaRP LAY e g ypet at e
I nt er n2di adagerd4r rdughiite Gut bs HIATU ditc BEATich &ht,Mnd tau lPpropHiate basd, 8ebhfar 15 h

at RT. The solid was renpved by filtration and the solution was .
concent r aPABEAnnaR@RBroppaicisplveRt seh apilMFE| B98 depiotietion MithmatapgioRpRtE ( 0- 50%

Et OAc/ hex f ] 9 eps) as
= ol car . Rpat SERAG IR ol oBRRRAITe s ol BY PRy B.58
I nt er medi athech2Bay be isolated as the corresponding salt form or converted to the free base using

conventional techniques.

20  Scheme 2
0 0
0 N\/\)J\ e, 0 NNJ\ o,
oYY o” oYY oH
o R o R
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1 c 1 d
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Reagents and conditions: a) LiOH, THF, water; b) H,NR'R?, HATU, DIPEA, DMF; ¢)
HCI, 1,4-dioxane; d) BocNR’CHR*CO,H, HATU, DIPEA, DMF; ¢) HCI, 1,4-dioxane.

42



met hyl ( 2E, 4S, 5S) - 4- am no- 5- net hyl - 2- heptenoate trffl uoroacetate 00

To a solution of nethyl (2E, 4S,55)-4-( {[(1, 1-di net hyl et hyl ) oxy] car bonyl }
am no) - 5-woebhyd1981 hept enoate (1.90 g, 7.00 mol) in CHPCIAISEBO/0mi1B7 was
added TFA (5.39 nL, 70.0 15 mmol ). The reaction m'xture was stirred at RT

for 2.5 h and then concentrate ac e resu oi | s. diluted
with Et20 (5 niternaly ﬁe@%&lﬂé’w&& fﬂrﬁ )s‘fa.nrﬁe.nﬁiep 45@69%@% [¥8° Pecame
cloudy, afgyd n%atmeﬁymlm%mea%@m&f@é&éh G AmYREHAe }Beg\hiﬁea ac{oﬁppcfpfn aphite
solid. The solid was triturated and washed with Et20 to afford the title

conpound @mldmagpmz&awmgreagm; dveh aoll i triphdByMb -piasphaty lidMichdetylP2.87 nin
( gg; zl [n(a%uh{y? 12({0:1:%%'1]%1 glfngf;pr)r{%;‘( g({llven(tzs%ch gss THF, 2-methyltetrahydrofuran,
car bonyl t 5 2%18?/dg§)]he§ec[{§§1{&yéngmlﬁ%ptE?d%QﬁbFotecY}Qn >\;Vlth an appropriate

2011/019801PCT/ m xture of net
( 2E, 4S, 5Sycagerdniuch a5 Hidt ik ydllpvdddpt eonplan gof the fibereted avetaweh @a agitogriatg. 20

124 ol PoSesireR G o S0 NS Ry e By st R gt D
(15.0 nm) L"Qa':nu% igsedfiart amlﬂetﬁ;'}leﬂﬁ;})o t&bo Xl%fg%}%%ﬁ%@%@%ﬂ@@l-

stirring, followed by extraction wth EtO 00 . The organic |ayer
was was hecﬂ[(wltdlmldw@rth}(l):oxx]cm@nyﬂl}ﬂ amdrltblmmquwc apitd) Wltu i eplpropeate Na2 SO4,

filtered, concentrated in vacug t (o] # he ti t co ound(l? g,
savy 1L ac@iigE Feeenyn JeEEn b RSP AT IEGP Mg FRERTE e
| nt er medi gdcd adDIPEA, in an appropriate solvent, such as DMF. Boc deprotection with an

(2E, 4S, 59) - 4[(N—{[( i met hyl et hyl) yf]pcarbonylt -al anyl ) am no] - 5- net hy
1- 2. 10heprrsppiiaie Eaient, such as H JTGSIdtSS@Fh@t BRatsm Qféltlw}@swe@eomma@)m [ (N

{[(1, 1-di pat e
(1.79 g, Eg%%mrlrﬁél ‘ﬁ&ﬁ)%&&% %@ﬁﬁ§ ﬂal%gl"\%g% ‘%r{%gﬁn{o?mwas ad%%g t??aﬁéfl?e(eo 626
g, 26.1 ntmelusindfcoaversiohalrteah@idues. 15 h at RT, the reaction 15 nixture was
aci dified wwth 1 Magq. HCl to pH = 3 and then extracted with Et0Ac (100
The gonbi ngd organic |l ayers were washed with water (100 nlL) and brine
(100 h), SehémeS over Na2SO4, filtered, and concentrated in vacuo. The
resultant oil was d| I utedomM th Et 20 and hexanes and concentrated in vacuo
to afford the tit rrpo nd(la42 g, ammh{e sajid. LCM
mz 329 (MtH) r 1, 1- dimethyl et hyl
[(1S)-2- ({(1S}£/)I (15,388) 11- azatr% ‘{1 sl. 02' lupdeca- 2, 4, 6-

trien-11-y1]-1- [(1S 1- net hyl propyl ] - 4- oxo- buten | -yltam no) - 1- et hyl -
oxoet hyl ] car bamat e 25A sol ution of (2E 4S, 55) - 4- [(N—

{[(1, 1-di met hyl et hyl ) ox carbonyl} -L-aj a nyCD) no rreth | - 2- hept enoi c
RT or

acid (100 ng, B,8805 J,—IAU (416 dDPEé\R(O 204 m.,
1.218 mmol ) in CHZ£12 40rr1_) was st rr tN n. §\11R85) 1 1-

R2

Reagents and conditions: a) PhsPCHC(O)NR'R?, 2-methyltetrahydrofuran, Et,0; b)
HCI, 1,4-dioxane; ¢) BocNR’CHR'CO,H, HATU, DIPEA, DMF; d) HCI, 1,4-dioxane.

20
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WO 2011/ 019801PCT/ US2010/ 045137 azatricyclo[6.2.1.02' 7]undeca-2, 4, 6-tri ene
(44.2 ng, 0.305 nmol) was added and stirring continued overnight. The
reacti on woxpur@E9seas partitioned between water (10 nli) @od/UB@A®43120 i) .
The organic | ayer was washed with water (3 x 10 nlL) and brine (2 x 10 nli),
and concentrated in vacuo to afford the title conpound (140 ng, 100% .

LC-M5s mlz 5456 (MrH)', 1.22 nmiSYNTHETIOEXAMPLESnedi ate 30
1, 1- di et hyl et hyl

[ (19)-2- ({ (1S, 2R iftehdodw i IA60a&Lribed %fe@éi@ﬁce%ok’ﬂe) foﬁo&v(rﬂgh@xadi ples

met hyl propyl] - 4- oxo- 2- buten-1-y1} am no)™- 1- et hyl - 2- oxo et car bamat e
10A sol ut Wthn:hcafre m&lﬂﬁhﬁﬁau\ma{n@me Bdt(td bd c«zhsnmt:dh ysl elimythioxef tba scmpnplf}he

-L-al | | -2-h TU (116
0" 305 PG veR D s 005 AL E 4T St r T B YN was
stirreg aﬁvdﬂ-ﬁbfe%url%gaﬂﬂ 4 redetidmd iy iRt i y2iedRdeh&itioRs 3 aifon AurPOP mm' )

was added and stirring continued overnight. The reaction m xture was
partiti onairogen (s nimespbere(iBremycessaty. Et 0Ac (20 nl). The organic |ayer was

vacuo 1o af for ARG LOR A HeB ! oo 28 e RS RS BRAGS” 0 1

1.63 mn (seetfot thﬁfﬁ])ayeﬂ dhr@hamgiaphe Bdth flash and grav1ty chrornatography were carried
N2-{[(1, 1- dlnethyleth I)ox¥£carbgﬂﬁJt N1- et hyl - Qxy)-L-leucinamd

e 20To0% Aok-UYIpish Kesehget p@ (43000 rsaba pibishgal) - @m 11% sl( FyeEyused 3, o
mol ) 14 n }-d#Fuglﬁiléat%n%)thlg\’g@z}t?cqqger%% d‘ur&ﬁe?s'eg%ﬂ dEd %gaéﬁ&ﬁﬂ:(l 62 g, 15.6

nmol ) portionw se over ter stirri'ng 1 , a solution
of N, O0- dpurfidayibhyads oxyicd wunesimy phepadikdsilide géllcoBfnig, a déte@ommith)UNand DI PEA

2.49 m., 14.3 1) | 6..0 dded. Th t i
Stirred T BRVHORETh S5 o P b OBy GTE BT BRTP RSB DT Fesi du
was 25 di g edyy I_#d?fo%h@d"ﬁmﬁ%@ dTlsdn @ﬂ%ai’ﬁ%@g%t%tvﬂﬂﬂ-vd\qa%fe wi¥elenlth ®¥v20 ),

saturated ag. brine (20 m.). The organic | ayer was
dri ed ovedethitRBOF aanglkegt edss DthCDAmvomeﬂMDEPD BISRO 0/ thABIBMassrrad

t ed t ford the titl d (2.34 q. 669
o oar T8 LB ut i BV Devarichi gt S TRONNS: Pl Yy iyt 2 2
| nter medi &t g(232044, 18191%%@138' &BNdge Ul@%beréuiequﬁmﬂeﬁnﬁﬁhm{ Rithyld gidamate o

0O H>O0TA ) HO-- L
column’ support dependent upon the condltlons used in the purification. The compounds

are cluted using a gradient of CH3;CN and water. Neutral conditions used an CH3;CN and
water gradient with no additional modifier, acidic conditions used an acid modifier,

20 usually 0.1% TFA (added to both the CH3CN and water) and basic conditions used a
basic modifier, usually 0.1% NH4OH (added to the water). Analytical HPLC was run
using an Agilent system with variable wavelength UV detection using reverse phase
chromatography with an CH3CN and water gradient with a 0.05 or 0.1% TFA modifier
(added to each solvent). LC-MS was determined using either a PE Sciex Single

25  Quadrupole LC/MS API-150a, or Waters ZQ instruments. The compound is analyzed
using a reverse phase column, e.g., Thermo Aquasil/Aquasil C18, Acquity UPLC C18,
Thermo Hypersil Gold eluted using an CH3sCN and water gradient with a low percentage
of an acid modifier such as 0.02% TFA or 0.1% formic acid.

Nuclear magnetic resonance spectra were recorded at 400 MHz using a Bruker

30 AVANCE 400 or Brucker DPX400 spectrometer. CDCl; is deuteriochloroform,
DMSO-ds is hexadeuteriodimethylsulfoxide, and MeOD is tetradeuteriomethanol.

Chemical shifts are reported in parts per million (3) downfield from the internal standard
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5 To a solution of LiA1H4 (0.356 g, 9.38 nmmol ) in Et20 (20 nL) at 0 C was
added dropwi se a solution of N2- {[(1, 1-di nethyl et hyl ) oxy] carbonyl }

- N1- et hyweolsati(aregony| oxy) - LI euci nami de (2.34 g, 8.53 mMmuCY/useoiio23{15 nl).
The reaction mxture was stirred for 30 mn at 0 C and quenched wi th Et0Ac

(6 nL) followe 5% otassiumbjsulfate (6 10 T eaction

mi xture mé?érawggwg%law (M) %e&@ﬁraﬁﬁém f?e‘S?Sli{BalrﬁIétonéhﬁngb&tﬂéﬁQg/H{ SRBisRos

10 n), apd; behee, hkHak) - Aﬂ_@%VlQﬁ&%r}bPNWaﬁta‘ﬁ@egas%ll@\gs %@&nﬁf@‘z 8,
filtered, and concentrated in vacuo to afford the title compound as a
clear, coloutlgss=oinlst, qiviqhrtolam < amultindet, db= tdoeblnecfidosblets, di + Houltletfafr t her

pur i f| cat | nt er nedi a 3 1 t.hyl . )

(5E as) - abits-20h ScATRatenl Po g7y PUsBb g MR G987 SRESHY S HEE Bnoat e
To a siir HeflzsMdtingpvifb Wik ftbrnlibdd et PResRhehanyl oFgpalatacet ate (3. 42
g, 10.2 mmol) in Et20 (25 nL) at RT was added a sol ution of Internmediate 32
in Et20 ((EcetrothermabEpginesringd-téi)xture was stirred for 15 h at RT. The solid
was renoved by vacuo .
Purification vﬁghtlﬁga&tre%? Og%x ereso\’rgr(gl'% %g‘%rg&h&&(%% %8@9%&8& éedi((jol!lhteos) af f orded
the titl eSadirymdr (pllrcms@l,fr&ﬁ%mﬁdl (hsmistye Psxbas, MAG hearowmedlbgr | ess oil .
LCG-Ms nmlz 272 (Mt , 1.22 mn (ret tinme) WO 2011/ 019801PCT/ US2010/ 045137
| nt er rredl Biqtagy, RIS QPZ@IH%)(PWCQ%GH ém@l Ressonal Chemisty s foan Bxplorer

(5 o SORRORE on C, OMSACTRON ) .

met hyl - 2 hept efortidgds br ¢dlugins 6014tmnmg1b@lyrher WC‘(IMI gto)lpmich&ial@d TFA

(4.94 nL, 64.1 | ). The reaction mxture s stirred at f 2.5 h and
Uhen conc it SedHorh e Rete Brbes Balpl Crapdn Poakn | e soBihiorn et 20

(10 ), bhaxanes aﬁé@ﬁe@%tr‘él1ﬁ%r%h1?§ h&GicYBckibn Wigus ?fcﬁiu@@cmsed oudy,
and the m xture was concentrated in vacuo to give a yellow solid. The solid

was tritumstusld NMh AwasoredpyliSPE-&t SPE Cortaflgasrataildbde froml ApndsdiSepardti¢ns. 35 g,
4% #°  and diethylamino SPE cartridges available from United Chemical Technologies, Inc.
Abbreviations are listed in the table below. All other abbreviations are as

described in the ACS Style Guide (American Chemical Society, Washington, DC, 1986).

Table of Abbreviations

MDAP: mass directed auto preparation
BOP reagent: benzotriazole-1-yl-oxy-tris- )
‘ ‘ ‘ (an automated HPLC system which
(dimethylamino)-phosphonium '
collects samples based on real time mass
hexafluorophosphate
spectral data)

HATU: O-(7-azabenzotriazol-1-yl)-

HBTU: O-benzotriazol-1-yl-N, NN’ ,N - )
N,N,N’,N -tetramethyluronium

tetramethyluronium hexafluorophosphate
hexafluorophosphate

EDCI: 1-(3-dimethylaminopropyl)-3-
CH;Cl;: dichloromethane
ethylcarbodiimide hydrochloride

DMAP: 4-(dimethylamino)pyridine DMSO: dimethyl sulfoxide
DIPEA: N,N-diisopropylethylamine THEF: tetrahydrofuran
HOBt: 1-hydoxybenzotriazole hydrate DMF: N,N-dimethylformamide
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10 an off white solid.

| nt er nedi

(2E, 4S) - WD(be{ (19801 1- di et hyl et hyl ) oxyl car bonyl t - L- al anpCrarseeiojo483met hyl
hept enoat e 15A m xture of nethyl

trifluore

ate 35 net hyl

LC-MB Mz 172 (MrH)'

( 2E, 45) - 4- am no- 6- net hyl -

0.83 mn (ret time).

tert hitt nvyr-:n' hnny’l AY

]
TUOTOKX =

-2

2- hept enoat e

:al :ani ne

(0.94 g,
and NWWM

oacetate / 1 25 N_(
- \IT 3 IIIIII TV

$FQ7 AN dacoEDid (1. 81 g, .47 1

156 14 2 mool) in DVE (10 (

nNMM Nﬂ%ihyqrﬂiorﬂ)ﬁo]ﬁlne 9.47 mol

)
RT.

Water (1
(100 )
(100 20

afford t
LC- M5
| nt er medj X
(2E, 4S) - {
- hept eno

DLy &N%%kﬁﬁﬂﬁﬂi“‘th stlrrlng, f

The orqanlc aver was washed wi|t

OAC
ne

1¥9§?i gﬁd ove Na2S™4, filtered,
X

)
ent)

4

nd (1.67 g, >100%
g

was stirred for 1 h at B
rated in vacuo t(
PE: petroleum ether

)45137

5 mn (ret tine
=T (N
Bk g0

sodium blca onate
IIELIIyICLIIyI)U)\yJ val UUIIyIJ‘ 'L' al

LOAMEL DY, sl action with Et
materyvg X 100 m) and bri
ent
%ﬁt ng’ sone resi dual so
VO 011/ 19801PCT/ US2010/
H—=LC-aranyfl )jam noj - 6- "e
Bm@)moi [ ( N

e

hyl-2

10at e

{[(1,1-d
(1.62 g,

dirmet nyt et hyl )y oxy] ¢4
HaRDmeadigmisolfdtlF (25 nl) and we

cflrrlnn 'Fnr

allyl)alll IIUJ'U IIELII_yJ_ L IIC}JLCI

1(&&(@250ﬁbmnwas added Li OH ((

fha raﬁr\flnn mvfllra WS

). 566

g, 23.7
acidifie
m.). The
(100 ni)
resul t ant
to affor
(MeH) ",
((I'S)-1-
15net hyl
NLOH H
{((1,1-d

élumﬂwdr%léﬁol ut| on of metr
IIIII /\'anr 1“_\ h 91'

|\|,

tageaqewusacted with Et OAc (1(
hed \M'rh water (100 m) and §

DO
ri ne

@@qﬂggpcentrated in vacuo .

lexanes and concentrated in va

The

ACUO

q%ggﬂglvglte solid. LC- M5 m 2

r 329

1, 1- di net hyl et hyl
)xy)phenﬂl]anlno} 1-(2-
hel

00 >

AO

iMAl§Ear bamat e
N
1@ygwaﬁﬁho] 6- met hyl- 2- hept ef

10i C

acid (100
1.218 mm
20anilin

JlM/gsr(n ﬂlaéﬁe%ﬁlmﬁﬁﬂatéo pH = 3 and
conmhi ned arganic Iavprq Wer e \Was
filtered,
B@nb?%géggﬁﬁ&tec mnth Et 20 and H
]t ti.tle ¢ oun 17 g, 754
Hgik1ﬁﬁlqné?ﬁgf %y$ 4% nedi at &
1-2- {[(18 2E) 4- 1] 4- (et hyl ¢
JPOB&&? ) 4- oxo0- 2- but en- 1- yl ] ami noj
A solutiton of (2E 45)-4- |
myﬂéﬁﬁyﬂ)oxy]carbonyl} -L- al
J IIU, U OUJ IIIIUI), i_V‘\\TU \1J.U Ilu,
Dhin:iminGdRG12 (4.0 nL) was stirrg
IQ7 l: no
I

was addad

DLDEA /N ON
U OUJ |IIIUI), allu UI'TLA (V. 2UA

dngatmiRipriafs) 30 m n. 4- (et hyl

i :xnrl efi rri ng r\nnfi nllnrl oV-erH

1 L,
oxy) -
ni ght .

The react
m.). The
m),

= o oo oatororey

20

hqmnﬂkyture was partltloned bet \
organi c |l ayer was washed with wa

veem r¥@h &mpckiul) and Et OAc
ter (3 x 10 M) and brine (2

x 10

LC- M5 i ZINSERWEDIATELCOMPOUNDSt tine).

10

Intermediate 1
1,1-dimethylethyl ((15)-1-{[methyl(methylox
phenylpropyl)carbamate

>

O

jr“\«JLOH

o)

Y

y)amino|carbonyl}-3-

o}
AN
N N,O\

and concentrated in vacuo to afford the title conpound (130 ng, 989%.

To a mixture of (25)-2-({[(1,1-dimethylethyl)oxy]carbonyl } amino)-4-phenylbutanoic
acid (86.0 g, 0.307 mol), BOP reagent (163.0 g, 0.369 mol) and DIPEA (47.6 g, 0.369 mol)
in CH,Cl, (1.05 L) at 0 °C was added dropwise a solution of N,O-dimethylhydroxylamine
hydrochloride (36.0 g, 0.369 mol) and DIPEA (47.6 g, 0.369 mol) in CH,ClI, (350 mL). The

reaction mixture was stirred at RT overnight. The reaction mixture was washed with 1 M aq.

HCI (3 x 300 mL), saturated aq. NaHCO; (2 x 300 mL), and brine. The organic layer was

46



WO 2011/ 019801PCT/ US2010/ 045137 I nternedi ate 38 1, 1-di net hyl et hyl
01S)-2-{[ (1S, 2E)-4- (1, 3-di hydro-21-1-isoi ndol-2-yl)-1-(2-nethyl propyl) -
4- 0x0- 2- bawbent1lnaydol anmi no} - 1- met hyl - 2- oxoet hyl ) car banat @CPASg@bo0sien of
(2E, 45)-4-[ (N {[(1, 1-dimethylethyl)oxy]carbonyl} -L-alanyl)amn no]-6-

hyl- 2- 100 305 mmol ), Tl 116 | 0. 30 |
gﬁé 6 PEAQ’%;%} 5%3%35 c@% n@ﬁ'ﬁgﬁonpﬁlt@t@g@a%w gﬁ%%cgmwg%ﬁh géwglpmé? 12 or
30 mn. 2¢@ofabydishy krk EEQORQQH@ lf Qa8 the it R -3 RPIRh. Bk 78ddgdn 3Nd Le-

stirring continue overnl% . The reaction mxture was partitioned between
wat er (10MiLy/za12d (M-Bacti201 A minTieetimeyani ¢ | ayer was 10 washed with water
(3 x 10 m.) and brine (2 x 10 nL), and concentrated in vacuo to afford the
title conpound ng, 929 . LCMsS mz 430 (MtH)', 1.62 min (ret tinme).

| nt er modi HEFggIAG

(2E 43 - 41,(11(i1(1ﬂe1ﬂyldlh'§fﬁ[(msj Fifmh&loscph@l@ﬂpﬂipyl]bﬁrﬂamw phenyl - 2- hexenoi ¢

acid O HO N). To a solution of o Met hyl

( 2E, 45) - 4- ({[(1 1- d| met hyI etcpylh) ]%ar bonyl } amnjnoj - phenyl- 2- hexenoat e
(1.00 g, 3.13 nmml ) in TH k wat er rﬂ;p’ vyasHadded 4 M ag. Li OH
(2.35 nm, 9.39 mol ). Afte SPI fin for 15 h ~addi tional LiOH (75
ng, 3.1 mol) in water (1.0 )| was added. FoIIovm an additional 15 h of
stirring, the reaction m xtur s acidified with aq. HC1 to pH -5-6
and then partitioned between r and 20 Et OAc. owi ng extraction of

t he aqueous layer with Et0Ac, the conbi ned organic Iaﬁers were washed with

wat er and bri né9 ageludigngfésl- %@%@thbfh((l%leﬁmewgw eraetrartonyhciro to

oo ! PSRRI, (32 AR TR ARt e siigal vert
El (I\)/Hf) ' 1(1)3317hg 10.347aholl).i kg reacMﬁ Khire 8 8AHBCIY WUS2 BtrQ/ 1) 4fpdBched mtithr nedi at e

[ (1S, ) aaﬁi le(ﬂrﬁﬁ]ﬁoo&wbﬁ%w]%%ﬁ? -apd stiged fqran gdditional 2| Theyreaction

but en- 1- ylix @A PARIEed with Et,0 (200 mL) and the layers were separated. The aqueous layer
was extracted with Et,0 (3 x 200 mL). The combined organic layers were washed with 1 M
aq. HC1 (2 x 100 mL), saturated aq. NaHCOs3 (2 x 100 mL), and brine, dried over Na;SOg,
filtered, and concentrated in vacuo to afford the title compound (60 g, 86%), which was
15 carried to the next step without further purification. '"H NMR (400 MHz, DMSO-ds) & ppm
9.55 (s, 1H), 7.30 - 7.18 (m, 5H), 5.08 (d, 2H), 4.25 (m, 1H), 2.71 (m, 1H), 2.24 (m, 1H),
1.84 (m, 1H), 1.46 (s, 9H).

Intermediate 3
methyl (2E,48)-4-({[(1,1-dimethylethyl)oxy]|carbonyl}amino)-6-phenyl-2-hexenoate

(o]

>ro\n/N\§)J\H o >r0\ﬂ/N ; o

R T A

To a stirred solution of methyl (triphenylphosphoranylidene) acetate (40.11 g, 0.12
mol) in Et;0 (300 mL) at RT was added 1,1-dimethylethyl [(15)-1-formyl-3-
phenylpropyl]carbamate (26.0 g, 0.10 mol). The reaction mixture was stirred at RT for 12 h.
The solid was removed by filtration and the solution was concentrated in vacuo. Purification

25  via flash column chromatography (PE:EtOAc=20:1) afforded the title compound as an oil
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5A m xture of (2E 4S)-4-({[(1, 1-di nethyl et hyl ) oxy] car bonyl }

am no) - 6- phenyl-2- hexenoic acid (0.956 g, 3.13 mmol ), 4-(nethyl oxy)aniline
(0.386 g,we.2aB/0mp8l) , HATU (1.19 g, 3.13 nmol), and DI PEAT(US2@4/084137 9. 39
mml) in DM (20.0 nL) was stirred at RT for 20 mn. The reaction m xture

was di | ut ith, er (50 m),. A soli at . pr pi t he
sol uti on @%&M %ﬁé@% %g}hml P%‘?%??%%%RH@%&M%& ﬁ&?éu gﬁ%\%%f 2id vas
10 di ssol ywadgd bt 0AQ inl@S tiHhd), dried over Na2SO4, filtered, and
concentrated i n vacuo. The resultant light tan solid was triturated with

Et20 to afford the title compound (0.877 g, 69%. LG M mz 411 (M:H)',
1.15 min [ntermediatd4 | ntermedi ate 41

(2, 49) - 45192 Rl R A RS bhs e RO adedyfc onam de hydr ochl ori de

A solutio

[ (1S, 2E) - 4-{[ 4- (et hyl oxy)phenkyl]amonol 4- oxo- 1- o

(2- phenyl et hyl ) - 2- buten-éﬁﬂW@/(O.S?? @,N\:Z/.{Alrgml) in HC1 (4 M
solution in 1,4- dioxane, |3. , 12.0 mmol ) was tlrred at RT for 10 mn.
The reaction m xture was concegntrated im vVacuo. rgsultant purple gum
was triturated with hexanes m.) and 20 Et2 -1.=| and the
resultant off white solid wa rt her washed hexanes to afford the
title Tonpound (0.618 g, 83%. LC-Ms mlz 311 H', 0.74 min (ret tine).

WO 2011/019801 - o
[(19) 2 ([ (19, 3 A e oL as) h?ﬁmg'd@%%hﬁ%th?ﬁﬂ?%@'}%% -6-pheny!

phenyl et hythexenopiet @20, BV rammh@}ld ZFdx(dQBQ(gZ 3%[]@13}) rm(EHgﬂl) €00yhl) way banat e

5A mxture of 0X henyl | - 6; pheny e

yar ochl osids 18 EnG Tl ot VG et BV BT EBR

- 342-t hi emolht. @ﬂcﬁé’iirfb@ 602 K4z”h9resglt§ﬂ%olmla§ filte#d bhd QridBR Gve Be&9E nmol ),

and DI PEA (0.47 m., 2.70 nmmol) in DV (8 m.) was stirred at RT for 20

m n. The eeapeundd19ig 69%) ans Waite seled IV\(CMSWQO MHIL9.92 mig et mehat

precipitated out fromthe solution was collected by filtration and 10

washed Wi i.ﬂem%ﬁ5 Jollowed by Et20. The solid was dissolved in EtOAc (-100
wash rlne(2x50 m.), dried over Na2SO4, filtered, and

concent r ainethyl2E 48)d- [(N-{{a(‘[lfleamhdthﬂethyﬂ)bey]emrmgudL(aﬂhlﬂyl)hngnoBQ?ﬂleﬁﬁl-an of f

white solid. LCGCMS miz 564 (MtH)', 1.21 min (ret tinme). Internediate 43

151, 1- di nB?W’Pé ehy|

[(1S)-1-(1[ (1S, 2 )dlij;f(rrethyloxy)pdaenyl]an‘ino-4eox-1(2- o
a

phenyl et hyl ) - 2- dH am ne} &gr/lhonyl ) pr op
m xture of (2E, 45)-4Ramlno- N 4- (dret hyl%oxy)phenyl | 6-+phdnyli- 2- heSenani de
hydrochl oride (0.309 g, 0.891 DI ),
(25)-24{[ (1, 1-di net hyl et hyl ) oxy] ar@dﬁ%} am no)- 20 but
g, 0.891 mmol), HATU (0.339 g, 891 ), and DI PEA (Q,47 nL, 2.70 nmol)
in DVF (8.0 nmL) was stirred at for 20 mn. The reaction m xture was
diluted with t LA t [ lution
s CO ot o d"‘% rﬁpct4r%%fﬁle}hr¥1 &é@&) Lahnflt 6 Bh&f BLERE RS OMbI RN 4] 1§9!g

322 rnrnol) N-(tert-butoxycarbonyl)-L-alanine (6.41 g, 33.9 mmol), EDCI (12.31 g, 64.4

mmol), HOBt (8.70 g, 64.4 mmol), and NMM (9.77 g, 96.6 mmol) in DMF (80.0 mL) was

HQi c acid (0.181

stirred at RT overnight. The reaction mixture was poured into water and extracted with

CH,Cl,. The organic layer was washed with water and brine, dried over Na,SOs, filtered,
20 and concentrated in vacuo. Purification via flash column chromatography (PE:EtOAc=2:1)

afforded the title compound (11.0 g, 88%) as an oil. LC-MS m/z 391 (M+H)', 1.47 min (ret

time).

48



and washed wth water followed by Et20. The solid was dissolved in EtOAc
(100 m.), washed with brine (50 nm.), dried over Na2SO4, filtered, and
concent r awecoimivsmeuo to afford WO 2011/ 019801PCT/ US2020r0s5@m8/M4318E titl e
conmpound (0.426 g, 96% as an off white solid. LCGMs mz 496 (M+H)', 1.10
mn (ret iln’ﬁ%' Jnternedi ate 44 met hyl

( 2E, 4S) - 410teRingdiate 6 _ §i net hyl et hyl ) oxyl car bonyl } - 3- (2- t hi eny1) - L- al anyl | ani
no}- 56-p - -

(28, 45) - 1 s LOENRL Riretlethy hosyRed b SanFBhitho) syphenvi-iegenols,
N- {[ (1, lacidnet hyl et hypoxy] car bonyl} 3-(2-thienyl)-L- aI anine (2.48 g, 9.14

mml ), EDCl (3.34 g, 17.4 1) (2. 66g O174m"ml) oand NVWM (2. 90
m., 26 10 mMol) in ig/ stirr The reaction

m xture was diluted W Wat rrE) an PlrEI at- o‘?“about 5 mn.
A solid that precipitated ouf omthe sol uti on was® Iected by filtration
and washed with water. The solld was diSsdlved in CHJCl2, water was renoved
by pipette, and the renaining gani ¢ sol uti on was d over Na2SO4,
filtered, and concentrated i n~~vacuo. Purification vi | ash col um

chr omat ogr aphy lgl%g 40% gt OA%’/I‘}@Z%‘%)SJ h;){ ?%gmtﬁfgg‘#%ﬁ)%géo%%yt (3.81 g,
93% as a whi t & F ) o
I nt er medi alta Rylemind e ﬂaﬁénﬁailﬁéﬂeﬁoité @1,110 slizwed Avidopf MYTAPXAD mL) and water (250
an

carbonyl }-3 (2 t hien am no}-6- phenyl - 2-hexenoic acid
To a sol umldnvasfadged i H (52%g4 (lmmO{) [ er{sp(rmglavammhtmyR& g |ryasigp mixture

o 06, mrol 17 A4t BT bk TRAE PRl e AR AT R o D %

mvol ) . Af Ta¢ cehbintd 0gahierlaykds Wetwdshed Witk waiter aM@brine, dried over Na,S04, ﬁltered
2011/ 019801PCT/ US2010/ 045137 reaction m xture was aC|0d| fied with 1 M aq.
HCL t &0 pHerd epngeifraterbin vesya wcaftoud thiertrlemommeund 6. frgy 8% his acrsiernedidod§ani ¢

| ayers wegg M\Asgbﬂyca 85 ofin em.[)he?nd bri ne (50 m.), dried over Na2SO4,

§

filtered, an concenfrated in vaguo to afford the title conpound (3.41 g,
929 as an off white solid. LCGCMS mz 459 (MtH)', 1.12 min (ret tine). 5

| nt er redi termeédiate 7 1- net hyl cycl obutyl) -1, 3, 4-t hi adi azol - 2- am ne , NH20

1,1-dimethylethyl [(15)-1-methyl-2-0x0-2-({(15,2E)-4-0x0-1-(2-phenylethyl)-4-
[(phenylmethyl)amino]-2-buten-1-yl}amino)ethyl]carbamate

>L o >,
JUTM P JLJES

A mixture of (2E,45)-4-[(N-{[(1,1-dimethylethyl)oxy]carbonyl}-L-alanyl)amino]-6-

phenyl-2-hexenoic acid (2.00 g, 5.31 mmol), (phenylmethyl)amine (0.625 g, 5.84 mmol),
EDCI (2.03 g, 10.62 mmol), HOBt (1.43 g, 10.62 mmol), and NMM (1.61 g, 15.93 mmol) in
DMF (30.0 mL) was stirred at RT overnight. Saturated NH4Cl (20.0 mL) was added to

20 quench the reaction. A solid that precipitated out from the solution was collected by
filtration, washed with water (20.0 mL), and dried in vacuo to afford the title compound (2.00
g, 81%). LC-MS m/z 466 (M+H)", 1.64 min (ret time).
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HO H2 To a solution of 1-nethylcycl obutanecarboxylic acid (prepared
by the nethod of Cowing, S. J. and Goodby, J. W Chem Conmun., 2006,
4107-4109% 02611849891 60.2 mmol ) in 10 phosphorus oxychl oPCaaSe@0045187 21.5
mol ) was added thi osemi carbazide (5.49 g, 60.2 mmol ). The reaction m xture
was heated to 100 C for 2 h and then allowed to cool to RT. Purification
via flash!MermeHataS onat ogr aphy (CH2C12) afforded the title conpound (9.4
gél9i%d kt@h&fﬁle@iﬂetla}P((ﬁMtD[nethﬁ 5118, 2 E§-4 8 thyTRinin d)4-6X 142 Pheniéthyl)-

i me
[(19)-1- (Z{l(ulﬂl Iﬁfﬂ}amm{)}il(oxwibthrbﬁmabbutyl) 1, 3, 4-t hi adi azol - 2- yl]

am no} - 4- oxo- 1- (2- ghe yl et hyI )s2-buten-1-yl] am no} garponyl )prgpyl]
car banat e >L t| k} 2E, 45) - 4- /ﬁ(
{[(25)-2-({[(1,1- )6?%y]carbonyl} I

anlno)butanoyl]anlno}
(97 nmg, 0.256 nmol), 20
was stirred at RT for 3 n. 541-

met hyl cycl obutyl) -1, 3, 4=¢hi adi azol -2-am ne (43.3 ng, 0.2 mol ) mas added

bt vech wat 3rc82t '%e%giﬁmw ﬂéfﬂ%ﬁlgt%%*haﬂaéﬁfﬁar%%v Ao B8 Vasinahu ¢

water (3 ¥hdl- m-h)ex@rﬂﬂc b (1230(6 5<31'L9m561) ,meawlarﬁﬁl@ Bfdcatosde | 3%1 @84 0
é

afford the title conpound ( 1009 LG M5 nfz 25542 1.32 min

(ret ti rre)nmolit\@llfﬁil@l%mégﬁ@@md H6081 Ol 871063 Brmosiivad S (1615, 1355
1,1-dinmeth h

01S) - 1-cyc opi: r%‘[BMFz@{{) f)(r_nL]S‘) B Stﬂreii[aﬁR( YteHWoxy B]ﬁ%tﬁ%/ LG 20}0 L) was
0Xx0- 1- (2- phdaa)b qtidnch)th@rebetidrn-A sylid thatprocipitde O @etdiy kheCdiRIBLA colle@A by
m xture of_(2E, 4S)-4-am no- (ﬁﬁ% t hyl oxy)(Phen y1] - 6- phenyl- 2- hexenam de
hydr ot Oﬁitgpélop,]_\g@ﬁ Wltd) vare |r§1L) and dfied in vdacuo to aftford the title compound (1.7

(25)-cycl I {l\é +e ? Rry%é}ﬁ rbonyl } - am no) et hanoi ¢ acid
(130 ny 8@0}9/ i §mé2$ aﬁ%nfi %%1 % 06 mmol ), and DI PEA (0. 160
m., 0919 mmol) in DM (2.0 nL) was stirred at RT for 1 h. The reaction
m xt ur e whstedmkediatedd Wi t h water. A solid that precipitated out fromthe

| uti I t hed th d
vacuo to lnrdmesiensf (F-Ldbsarh T bnng Binbpdoxa v Shens By iy
536 (MH) lqyl]llnﬁﬁomﬂnéth?f-z-bkéﬁh léd}bﬁﬁﬁﬁ‘éj' ate 49 1, 1- di met hyl et hyl

f4 (et hyl oxy)phenyl ] am no} - 4- oxo- 1-

[ (1S)-2-methyl -1-(1] (1S, Zv\/&
(2- phenyl et hyl )-|2- kjut 1-yl ] afi nol car bonyI ) pro ar yangt e oofoooo nl .
H>0) Lri EH )ﬁ\ ﬁ\ jﬁ‘/ g\ ﬁ\ v\)\

& T4

A mixture of (2E,45)-4-[(N-{[(1,1-dimethylethyl)oxy]carbonyl}-L-alanyl)amino]-6-
phenyl-2-hexenoic acid (2.00 g, 5.38 mmol), dimethylamine hydrochloride (0.473 g, 5.84
mmol), EDCI (2.03 g, 10.62 mmol), HOBt (1.43 g, 10.62 mmol), and NMM (1.61 g, 15.93
mmol) in DMF (30.0 mL) was stirred at RT overnight. Saturated NH4Cl (20.0 mL) was

enyl 2- hgx€noi c acid (100 ng, 9.256 rrrml) HATU
nd DI PEA (0Hf'79 m., 1.024 nmol ) i CH2C12 (5.0 nl)

15

20  added to quench the reaction. A solid that precipitated out from the solution was collected by
filtration, washed with water (20.0 mL), and dried in vacuo to afford the title compound (2.00
g, 92%). LC-MS m/z 403 (M+H)", 1.34 min (ret time).
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OH H2N) LN HLI\ I N A m xture of (2E, 45)-4-am no-N

4- (et hyl oxy) pheny1] - 6- pheny1l- 2- hexenam de hydrochl oride (148 ng, 0.349

mrol ), N-WoOent/dsgooxycar bonyl) -L-valine (76 ng, 0.349 nroT)uyS280P4518agent
(154 ny, 0.349 mml) and DI PEA (0.183 nmi, 1.046 nmol) in DWF (2.0 nlL) was
stirred at RT f&? The reaction mxture was diluted with water. A solid
t hat 20pr B"dﬂbut fromthe solution was collected by filtration,
washed wi t (0.]2918 _(bd (85 ny,
4699 as. an “&#‘?‘%ﬂf‘f‘i’@‘é@?’ o A R G e W L L A R TS
2011/ 0198piprdninydpR-iavtOr b33 Anine @thpdtanbama@ 1, 1- di net hyl et hyl

(25)-2-(1[ (1S, 2E)- 1et hy1- 4- (neg hyl oxy) - 4- oxo0- -bgt 1 yl] dam no}
carbonyl) - 1- azet\di ec%ﬁ{jxy at 5A sol ut|

(25)-1-{[ (1, 1-di n'e‘?hy,’ﬂ ety oXy] ©4r bony1} - 2- azetq dumne ar o>?y agid (3.00
g, 14.91 mmol), HATU (5.%7°g, 14.91N | ) —and DIPEA(°7
in CH2C12 (40.0 nL) and DMF (4.0 nL s stirred at or 30 mn. Methyl

( 2E, 45) - 4- am no- 2- hexeno trifluoroacetate (3.84 g, 91 mmol ) was added
and stirring continued overni ght. Water was added and ™€ reaction m xture

ted 10 th th t
P YAl e R IR ol el S R RS o e s eI SR
to af fordphdigl Qtﬁek@l&@m@@do 45 8B nfinol § PWeridide(YBIFL:Z5 82 inrh b, DT @.B3, M n

(ret tine Internediate 5

(2E, 49) - 41@_?@255101):}{@&(114%& d@t@ym@lpﬁymdoNMMél bbay 13.9Pmanad) indPMﬂ (P8&r bony!

am no}-2- 15hex C I 1, 1-dineth t hyl
}25)-2?“ SRR G RE bymiat, St P00 ) sl bR ekt e
buten-1 - yfdaamm%@&ﬁ@ﬂlﬁvﬁr)ecqmm@bmdﬂrmm Lutionate ole&3d By filiitda, Wamk) in
THFE (75 nlL) and water was added Li OH ( 4.80 nmml ). After

stirrithg BUByatgHED thJIQTan(i ﬁléedzlﬁ Vet %@rﬁ%tﬁkéomué%ﬂc%gar@t)@cﬁs
Th M HC1 t H=3 d
hen ext r SLFESE DO YL S4B B Skl bl Nehed twi ce with water

and once with brine, dried over NgSO4 filtered, and concentrated in vacuo
to affordlnﬂeanedmteellco ound (4.50 g, 97%. LC M n12 313 (MtH)', 0.78 mn

(1r it d;[ Irren?i’}r(éf'}ﬁme&l }&49)1?8 e]fﬁqré &J[%Ep %% 94?} ?me hy oxy enyf]am?no} 4-0x0-1-
(25) - 2- ({ (£ pRedRetd heretl DY b2 bRkl Adarlac@t hy! - 4- oxo- 2-butenl -yl ]

am not car bonyl) azeti di necar boxyl a

LL LA,

o
5 5

A mixture of (2E,45)-4-[(N-{[(1,1-dimethylethyl)oxy]carbonyl}-L-alanyl)amino]-6-

81 m_, -7 mmol )

15

phenyl-2-hexenoic acid (2.00 g, 5.31 mmol), 4-(methyloxy)aniline (0.72 g, 5.84 mmol),
EDCI (2.03 g, 10.62 mmol), HOBt (1.43 g, 10.62 mmol), and NMM (1.61 g, 15.93 mmol) in
DMF (30.0 mL) was stirred at RT overnight. Saturated NH4Cl (20.0 mL) was added to

20 quench the reaction. A solid that precipitated out from the solution was collected by
filtration, washed with water (20.0 mL), and dried in vacuo to afford the title compound (1.20
g, 48%) as a white solid. LC-MS m/z 482 (M+H)", 1.48 min (ret time).
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5A solution of (2E, 4S)-4- {R(25)-1- {[(1,1-dinethylethyl)oxy]carbonyl} -2-
azetidi nyl)carbonyl]am no} -2-hexenoic acid (1.47 g, 4.71 mol ), HATU
(1.789 g,wo.26m/ampselt) , and DI PEA (2.466 ni, 14.12 mmol ) POTAS2G0245136.0 nl)
and DMF (2.0 nlL) was stirred at RT for 30 mn. 2,3-D hydro-1Hindole (0.529

m, 4.71 I s gdded and stirring continued overnight. The reaction
m xture vvg'gof:%ﬁ&gmfzat ed in vacuo and purified by 10 flash col um

chr omat og Q Ag./ ) hiwl - 0 g,
160 | LO N kB P R g ol P Moo 1L B IRRHES el

1, 1-di net m}amimm-1-methyl-2-0xoethyl)carbamate

(25)-2-({[ (1S, 2E) - 4- cmet hyl oxy) - d- (2- met hyl pr pyg)- - 0X0- 2-byten-1- yl]

am no} carbonyl) ~J- aflet i d| Recar bfxyl at e A j\r{j 25)- 1-

{[(1,1-di met hyl et hy?) dkylIfarpony 1}°HanaRet i di nec%lrlj]‘pxy i ¢Cacl d 3 ny,
2.005 mmol ), HATU (762 nd, Z. 005 nmo arg—bl PEA (1.226 ni, 2 mol) in
CH2C12 (20.0 nL) and DWVF .0 m) wa irred at RT fogr 30 m sol ution
of nethyl (2E, 45)-4-am no nmet hyl - 2- hept enoate trifl oacet ate (572 ny,
2. 005 mmol) 20inDI\/F(5 ’ ) was added and stirring>ontinued for 1 h.

WAt 100 nL dd t 1 xt t d t h, Et OA
(100 1) . The &GRS L/ars it sl Rl R it ok R R G TRl g e
(100 ni), pRdnyed- m@x{m&\l@@@@ﬂw glisgﬁﬁaqbl) mgqnoengr@waﬂl&) ¥acopHrO(ah f or d
thetltle compound (609 as a yel l ow soli LCGM5 mlz 355 (MkH)'

1.06 mn (Iﬂet11142m§)101)2151) 42@@1/)ms@mmﬁmﬁnm/mmamawmlnﬂ@amm@ wiabsg

2E, 4S 4 h h X
E:ar bongll } aze%ondD f{l[[T( ﬂéigl d(lgrr?%?]gy g?r)lgno 2)18 1¥ 1\1[]?1(410 Eﬂﬂepatsealﬁg?dcsoéi%:q%hydrldg‘ro a
solution (.11 4, Zﬂmhf@)}')l efidibk réa2Bdn ﬁnit{lfe(\ﬂz:& @fn—;l)ed‘ht Rmetbhy0 axy ) THe éodtents of
met hyl propy1) - 4- oxo-2-buten-1-yl]. amno } carbonyl)-1-azetidi necar boxyl ate
(609 HS CHWG IPRFHPY VESsChFperg odmbingd Wﬂataédltlpgfé DMf (5&Adnlvemd theragetign ~ was

added Li Ot 808, Mvic By SORTI Yo oA 1 BF AL el St BBl T lpicpact o

m xture was concentrated in vacuo. was " a e reaction
m xt ure Wk rat) ed wetdr @OtrhL )L Meaa:quecb-d@ﬂay‘z@ wailsl sepaBated mek éﬂmnteﬂl@w&xﬁﬂ%(dﬂ

th Et 0A mL Th | a d
m. ne (1081%39689%@663@%%%3%638 werq Waa%gf éﬁ"&%‘%@ e 4110 SLLPZS‘daEI]'he
resul tant t@éﬁlcbgefsn%ﬂed%ac%l ‘l"hﬁﬁcé’ﬂotnh/zﬁﬂgs% Rt ErBRER ANy PNeENL rated in

vacuo to afford the title conpound (485 ng, 83% as a V\/mte solid. LC M5
m z 343 ( BE¥PC/hexandy affondedrtbe title nca)lpounldt(@rlﬁgdil&%é abbcled] cdlodesnoalt HyT-dSy|

(2S)-2-({ -4- 3-.di hydr o- 1H-|nd01 1-y1)-1-(2-net hyl propyl) - 4-
oxo- 2- but @’[Az(ml%}n L@? nblﬁr(rlﬁ%ﬁ -1-azeti di necar boxyl at e

Intermediate 13

1,1-dimethylethyl ((1S)-2-{[(1S,2E)-4-[(1R,8S)-11-azatricyclo[6.2.1.0*"jundeca-2,4,6-

trien-11-yl]-4-0x0-1-(2-phenylethyl)-2-buten-1-ylJamino}-1-methyl-2-

20  oxoethyl)carbamate

XJUW gt >LJLJY PP

iS

A solution of (2E,45)-4-[(N-{[(1,1-dimethylethyl)oxy]carbonyl }-L-alanyl)amino]-6-
phenyl-2-hexenoic acid (100 mg, 0.266 mmol), HATU (105 mg, 0.267 mmol), and DIPEA
(0.186 mL, 1.063 mmol) in CH,Cl, (5.0 mL) was stirred at RT for 30 min. (1R,85)-11-

25 azatricyclo[6.2.1.0%"Jundeca-2,4,6-triene was added and stirring continued for 10 min. The
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0 N)LOCH HN A solution of (2E, 45)-4- {[((2S)-1-

{[ (1, 1-di net hyl et hyl ) oxy] carbonyl} -2- azetidinyl)carbonyl]am no}

- 6- met hy Iw@-2heptiesvoi ¢ acid (100 ng, 0.294 mmol ), HATU ( PC2/UBQ010H45187 294
mmol ), and D PEA (0.154 n_, 0.881 mml) in CH2C12 (4.0 nL) and DVF (1.0 nlL)

was stirred at RT for 30.m 3-Di hy dr dol 0 0.294 ol )
was addedreéﬁ%orgwweﬁ@aw&ﬁﬁ%mﬁhwa%?wra A G0N oh F RbisicRagion
partiti onggihbetpwee ﬂlevw%gﬁﬁc %%Qr \mrs)wé%@d ﬁ{r%ﬁmé@&umateﬁh@nm AaBGick Mr was
washed wi th wat'er and brine m.), and concentrat ed in

vacuo to bfifiofld mh)aaltdl thtlecmmpmlmm(mwo tvgaffosd@&%tle @Bnpo@ad/E 40 mg ) 42C-MS
gg/HrH) , 1m]/’2656111 (r?\/lhr{)et 1515 %(rettlmefml/ 019801PCT/ US2010/ 045137 | nternedi ate

3-cycl opropyl - N2-{[ (1, 1-di net hyl et hyl ) oxy] car bonyl t - NI - net hyl - NI - (ret hyl oxy
) - Lal ai nhiﬁeﬁﬁedlatésﬁp a solution of
3-cycl opropyl - tert-but oxycarbonyl)-L-al anine N, N _dicycl ohexyl am ne

(5.00 g, Mthjé( 5)-4i th(2Fp2- (élilialfﬂlms}h}d%ymlf@b@nmﬂm\mﬁb&%w‘]ammo}-

1,1 -carb 411 lLe (2.369 g, 14.61 mmol ) portionw se over about 10

m n. Aftergrpﬁteﬁwrﬂ\lgg%%ar?ﬁ n at RT, a solution of N, O-dinethyl hydroxyl am ne
hydr ochl oride (1.3Q7 13. 40 mml) apd DIPEA(2 349 13.40 pmol ) in DW
(4.0 nL) was a d)LT reaghi o xture was tl/ﬂ\r% h at RT
diluted with E{0AR, {énd washedtvmce wth 1 Mag. HCH twce

saturated agq. NaHCOB. The organi€ | ayer was dried over 23504, f| I ter ed,

and concentrated in vacuo to af or(‘il40 eFtltIe conpound ( 65 g, 80% . LC M5
mz 273 (MH)', 0.98 mn (ret ). terrredlate 57 151 di et hyl et hyl

[ (1S)-2-cycl opropyl-1-fornylet ] car bamate o H >Ay .
A mixture of methyl (2E,4S5)-4-amino-6-phenyl-2-hexenoate trifluoroacetate (2.90 g,
10 8.70 mmol), (25)-2-({[(1,1-dimethylethyl)oxy]carbonyl}amino)butanoic acid (1.86 g, 9.14
mmol), EDCI (3.34 g, 17.4 mmol), HOBt (2.66 g, 17.4 mmol), and NMM (2.87 mL, 26.1
mmol) in DMF (20.0 mL) was stirred at RT for 3 h. Water was added to the reaction mixture
which was stirred an additional 10-15 min. An off white solid was collected by filtration,
dissolved in CH,Cl,, dried over Na,SQOy, filtered, and concentrated in vacuo to afford the title

15  compound (3.29 g, 93%) as a white solid. LC-MS m/z 405 (M+H)", 1.13 min (ret time).

Intermediate 15
(2E48)-4-{[(29)-2-({|(1,1-dimethylethyl)oxy]carbonyl}amino)butanoyl]amino}-6-

phenyl-2-hexenoic acid

LA A S M

20 To a solution of methyl (2E,45)-4-{[(25)-2-({[(1,1-dimethylethyl)oxy]carbonyl}-
amino)butanoyl]amino }-6-phenyl-2-hexenoate (3.29 g, 8.13 mmol) in THF (50 mL) and
water (50 mL) was added LiOH (0.974 g, 40.7 mmol). After stirring at RT for 15 h, the
reaction mixture was acidified with 1 M aq. HCl to pH ~3 and then extracted with EtOAc (50
mL). The organic layer was washed with water (50 mL) and brine (50 mL), dried over
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To a solution of Li AlH4 (0.406 g, 10.70 mmol) in Et20 (20 nL) at 0 C was
added dropw se a solution of 3-cycl opropyl - N2-

{[(1, 1- diwetzhyliiabdey| ) oxy] car bonyl } - N -net hyl - N - (et hpCospeloadiani nam de
(2.65 g, 9.73 mmol) in Et20 (15 nlL). The reaction mxture was 20 stirred

f 30 0 h d h EtO 5 nL) foll
pg': assi un&ﬁiﬁaéQﬂ fi gf’r@g l@ge“%ﬁ? rlt@éiﬁ@fbito ﬁ%‘ﬁgﬁutlf?ét ‘Wg‘é’ao %‘E%%Fté%?%l M ag.
HC1 (2 X 4f10Wel by %&&He@t @Gn@éihtra c&gp?&dﬂgedﬂ-')vhlt@ﬂﬁnp&fhﬁﬁ weld Qotieked e

organi c | ayer was dried over 4, filtered, and concentrated in vacuo to
af ford t hecraping & @fﬁrrpmlumfdlea@r@whé@ 84 o8 Bh) esswhit¢ solidhildh Mm@ r(Ved t o

t he next out f purification. 25 WD

2011/ 019835_%“&2 ﬂ‘iﬁﬁ{é I hternediate 58 met hyl

(2E, 4S) - 5-cycl opropyl1-4-(11(1, 1-di net hyl et hyl ) oxyl car bonyl t am no) - 2-

pent enpat enterfediatolgit i on of rret hyI (t ri phenyl phosphor anyl i dene) acetate

(3.90 g, 11.68 mmol ) in Et20 (30 at RT was added a sol ution of
| nt er nedi dledigethyle !z(il@zlr{[msthylm@th)é%t)mmq}fmm}my&)sarrba@wtﬁ or 15 h

at RT. The solid was renoved by fjltration and the S@| ution was
concentrated in vacuo. Purididgatilon via flash 6ol cheomat ogr aphy (0-50%
Et OAc/ hexanes) afforded ﬁ[ﬁa\n/ e ebnpound %5@/9 6 /oover two steps) as
a clear, 10colorless oil. LCOI\/B’rﬂz 270 (M+H)' °1-10 min (ret tine).

L1111 vor oacet afe s soltign gf B E‘%q{ﬁ(aﬂl?n%éw%yl%"p Yoy Tirobraps aaid
{[(1 L-di gs(tglﬁtmﬁﬁ&?mlmﬁ@w ?_%kbd@é& NPAASARNRR: (DA 1, 3. 34

was added TFA (4 mmol ). The Teaction
m xt tha vvasncd) portiedwnt OREIT dbont W) wirh @ﬁd stikgarg ﬂbmueatttlﬂ%xtaesdlumnwédu@ The

weh £ ool Ferdiing tuptshleriel a7 b-S GRETTR BEEE: 10 Bogae an of
\ﬂ t 3. frglt tﬁgrlloel%-%yllﬁﬁﬂ'(ﬂl) A PwaMidded, The 5&cﬂbﬁlnﬁmﬁe WashRikred 26+ 1 RLERMERI8%Ed 60

(2S) - 2- ( 1by sceyation(ig yatuspr Bpyresidachyhy dlhlt@drrmthﬁtfaﬁxy)(ﬂhmdy)@ndzwmheémukyl | ami

not car bon T ti 0

sol ution %g/fz %@Z@ {%H(@Ei%gtluﬁ%%dn&f ?\{aﬁ’\% oxy 1/? gﬁp%’%jl ﬁlg%g%%oxyl iC
aci d 151961a@’§1; wis el dﬁéBN)azsozlAﬁwer(eSSe&dr&nceZma{ba zﬂm@&u)o to affdrdhPEAc cdmBdithdri,
7.85 mml ) in CH2C12 (20.0 m_ nM% was, stirred at RT for 30
mn. A sold®9 &rﬁ&ﬁ)w%%r @M%S?MLQ dn/SZé% D o - mindasittisndat e
trifluoroacetate (635 ng, 2.242 5 mol) in DMF (5.0 nL) was added and
stirring ¢oRbhpsge for 1 h. Water (100 ni) was added and the reaction

m xture was extract ed with EtOAc (100 nL). The organic | ayer was washed
wth watel letﬁmetliylethlytp(IS)qH-anyiprc(mOnarh@maidri ed over Na2S™, filtered,
and concentrated in vacuo to afforgd the title conpound, (450 ny, 57% as a

yellow solid. LCMs mz 353(%(M~H—|)\)1k Q>99 mn (>F@ tm\)\. 10 Internedi ate 61
o _z

20 To a solution of LiAlH,4 (0.453 g, 11.9 mmol) in Et,0 (20 mL) at 0 °C was added
dropwise a solution of 1,1-dimethylethyl ((15)-1-{[methyl(methyloxy)amino]carbonyl}-
propyl)carbamate (2.67 g, 10.8 mmol) in Et,O (15 mL). The reaction mixture was stirred for
30 min at 0 °C and quenched with EtOAc (6.5 mL) followed by 5% aq. potassium bisulfate
(6.5 mL). The reaction mixture was washed with 1 M aq. HCI (3 x 10 mL), saturated aq.

25  NaHCOs; (3 x 10 mL), and brine (10 mL). The organic layer was dried over Na,SOs, filtered,
and concentrated in vacuo to afford the title compound as a clear, colorless oil, which was

carried to the next step without further purification.
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(2E, 4S) - 5-cycl opropyl-4-1[025)-1-{[ (1, 1-di net hyl et hyl ) oxy] car bony1} - 2-
azetidi nyl)carbonyl ] am no}-2-pentenoic acid o0 HH N To a sol ution of

1, 1- di netwol2etimgbsof 25) - 2- ({[ (1S, 2E) - 1- (cycl opr opyl met hy PYTAIS2010/045137

15( et hyl oxy) - 4- oxo- 2- but en- 1- yl ] am no} car bonyl) - 1- azeti di necar boxyl ate
(450 nmg, .27795r:rml? in THF (25 nL), water (25 nL), and MeOH (5.0 nL) was
added Li olnteimediagfe 1& 33 mol). After stirring for 15 h at RT, the reaction
m xture V‘@ﬁtﬁﬁﬂ@ﬁ,ﬂm-ﬁt(?ﬂl,'lfﬂliﬁl%ﬂﬂiékgeth%ﬁ{]gz{r%)gnﬁi}ﬁm‘fmﬁ-laﬁlgéﬂoatrehe reaction

m xture was dcidified wth H="3, and then extracted with
Et OAc (100 nlL). The organic | aye s washed with water (100 nL) and
20brine (100 nL), driegd ofer MyS filtered, and conceptratefl in vacuo to
afford the title wn_dﬁqs J 799 as _a whit %N -m z 339
(MtH)', 0.83 ni nﬁ{?%ft);ne).@grpﬁegwa/te 62 1,1- ?ﬁgt 311;9 hyl

(2S)-2-(1[ (1S, 2E) - 1- (cycl opropyl @pyl )-4-(2, 3-di hydro-I1-/-indol -1-

y1l) - 4- oxo- 2-buten-1-yl] am nol ca yl) - 1-azeti di necar boxyl ate 75 WO
2011/ 019801PCT/ US2010/ 045137 A sol uti on of .

( 2E, 4S) - 5- cycl dprspyed dolpmprpel mgthyt (truphengiphesipraay hgancd ssetata (hdng.113-.0

(124 . B ER R0 BT RR SRR ERENG RS St ghhlede 10 EROTRS ity AT
and DVF ( fcaOtisHmiwens vedsistirred aeR T BVeifntiht. 30hdiolid wasTeRohydisyofiltitibindoad the( 0. 037

n, 0.325 mml) was added 5and stirring . continued overnight. The reaction
mi xt ur e wWeRUHRL VAT FOseTabet e r el wiicetion wie)flagh golpmg hrqrogogrephy (Phed”o

organi c | MBS, i . 0 | m.), and
cogcent ratE g(%&lc n vggﬁ%?ﬁgde\g‘tbg?%@%ﬁ{épé@fi ité;‘ggf’r%%ﬁn %%dlﬂﬁi;sg gsﬁ&%%d . ?_C- (%)
m z 440 ( hibhless odl. TA-M Sl 24 (M-+Rg) , 0.08ien (retiimte 63 101, 1- di et hyl et hyl
(2S,4S)-2-(1[ (1S, 2E) - 1- et hy1- 4- (net hyl oxy) - 4- oxo- 2- buten-1- yl] am no}

carbonyl)-4-fl uoro-1-pyrrolidinecarboxyl ate A solution of (4S5)-1-
{ [(1?(‘¥L-dpﬁ§'f‘ﬂ§ﬁ?@?en€ﬂ Yyoxy] carbonyl} -4-fluoro-L-pro line (499 ny, 2.140

ol ), HARd A YSE A8)-42anth8-hBlehoaRfiffdoFSitefate 121 L, 6.42 mmol) in 15
CH2C12 (8.0 nL) and DWF (2.0 nL) was stirred at RT for 30 m n. Methyl

( 2E, 45) - 4- ani no- 2- hexenoatie trifl uoroacetate (5500 nmy, 2.dl4 mmol) was added
and stirring conti nueA/PQ(N RS er was d@'ﬂgd\»n%‘ot’h% ﬂ?}l on mxture
was extracted with EtOAc.o Thre organic | ayer was washed Pwige" with water and
once with brine, dried over MpSO4, filtered, and concentrated in vacuo to

afford the titirg aGenpieH 3 nlcARD (14528 (1, LGiMRhylethyl)oxy]carbonyl} amino)-2-
hexenoate (1.44 g, 5.92 mmol) in CH,Cl; (30 mL) was added TFA (4.56 mL, 59.2 mmol).
15  The reaction mixture was stirred at RT for 2.5 h and then concentrated in vacuo. The
resultant oil was diluted with Et,O (5 mL), hexanes was added with stirring until the mixture
became cloudy, and the mixture was concentrated in vacuo to give an off white solid. The
solid was triturated and washed with Et,0 to afford the title compound (1.19 g, 78%) as a
white solid. LC-MS m/z 144 (M+H)", 0.46 min (ret time).

20  Intermediate 20
methyl (2E48)-4-[(NV-{[(1,1-dimethylethyl)oxy]|carbonyl}-L-alanyl)amino]-2-hexenoate

(0] (e} (0] (0]
H
>Lojl\u/k’(OH HQN\:/\)I\O/ _ >|\OJJ\H/H‘/N\;/\)I\O/
o) P

O o)
F
HO F

F

N

A mixture of methyl (2£,4S5)-4-amino-2-hexenoate trifluoroacetate (1.19 g, 4.63
mmol), N-(tert-butoxycarbonyl)-L-alanine (0.919 g, 4.86 mmol), EDCI (1.77 g, 9.25 mmol),
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20 mMz 359 (MtH)', 0.83 mn (ret time). Internediate 64
(2E,4S)-4-1((4S)-1-{ [(1, 1-di net hyl et hyl ) oxy]

car bonyl }wo-2biwmessi L- pr ol y1) am no] - 2- hexenoi ¢ acid WBCT/US2010/045137
2011/ 019801PCT/ USZOlO/ 045137 To a solution of 1,1-dinethylethyl

Car bony 1) OGP es Y25 el Cus] bbsd i &SP P00t D6 e s et ( 25
m) and wadqrh 4487 Mp)at S0 REE§ U ak b d(ipl stBing, lfglld\@edfykgtrac%ﬁ @'vrlths]ittOArc' ng

overni ght at RT, the reaction mxture was concentr at in vacuo .
reaction f0akR Wmsorgalac lagief wasiwadhicth withnavater. (SHKILOQmLMﬂd:b@@(dGO nﬂéndrled

t ted 0 Th I t
once ui £ nOBY e aTisEr b oRf Rgasr e f i velon, HRRat: H@Lﬁ%ﬁp&*p@!ﬂ(“ﬁi g8 o
af f or ds t hgs 4 bdlbResAMROUN-NIS 1Az 35 (A9H)", 1@%(&1@@1&}5 (MH) ', 0.70 min
(ret tinme). Internediate 65 101, 1-di rrethyl et hy

(2S, 49) - 2- (1[(18 2E) - 4- (2, 3-di hydro-11-1- |ndoI 1-y1l)-1-ethyl -4-oxo- 2-
but en- 1- ylpt eﬁﬁP%}e lar bony! ) - 4- f | uor o- 1- pyrrol i di necar boxyl at e A

sol ution

(2E, 45) - 4?&%‘? i[({]Y [fl dmet yletfn&)?]v]g%r)?g %%rlbdlrji';l/q )aﬂ“?q]uzolrlgxe Blrco c%am noj -
2- hexenoi ¢ acid (2 581 mmol)), HATU (ﬁl@gw and 15

Dl PEA (0. 304 ni, 1 \o/sbé%g% b ) was
stirred at RT for 30 mnH 203-/9 hydr o- 1H-|ndole (9. 065 0.581 nmml) was
added and stirring continued overnight. The reaction mxture was
concentrated i Mouaekfiondd niuyl {22450y [(V\E{/[@r $Q11@B@§1%tﬂsﬂﬂb§y](céﬁ%6nﬁ;t& -S- 15

[Lnl12 nm 75 x 30 mm preparatory colum), el uti n%wvmth a linear gradient

runni HY faléﬁyli@n/md%@wwete((é 42% #ﬁA)mm@l)@@%@@ IPzod vt B TRA) Wser 2015
t d 6_( 1,01

T o “HA Aot RN (B, e i A TR P

(2S) - 2- ( 1pidiSie@m)ithlt Bt &ty HA-¢ PEt-hy ok hen 4xDxgeRwhhiBeDAE (100 hLaNTho}

car bonyl)-1- ri di necarboxylate W) 2011/ 019801PCT/ US2010/ 045137
sol uti )dn) gom 1ne(? organic layers we% washed with water (100 mL) and brliJne 800 mL), dr%ed over

(25)-1- {[N%QSJO ﬁlf%]teﬁye{n%tdaﬁ& %Veh‘%i%@%y @he%eﬂlt@ﬁtrdl%éke&ﬁ{t%}fh i€, R
(1.845 g, , and DI PEA (4.22 L, 24.14

mmol ) 15 n mﬁﬁﬁgar(d&oﬁicmmateaind vﬁ)M?a t@:&ﬂﬁ)}dﬂh)e tinasosipoundd . lag, KVo)famn \Bifitersiohid.

Met hyl h noate trifluoroacetate (2.07 g, 8.05 nmol) was
added andng% Wﬁgﬂg%ﬁ) fpfp:l FiiHt . The reaction mixture was dil uted
with CH2C12 and washed twice with water and once with brine. The organic

| ayer wasigernaediatedxed in vacuo, diluted with Et0Ac, washed twice with

wat er and once with brine, dried over S, filtered, and concentrated in

vacuo to aflfdimethyiethyl ((LE-2dHpSAHN 4¢3, Jpdihydro-2He5pindpl2-yB- hethyB4xoMeH) ' |
1.06
( 2E, 42,1) n4£’EFE}ZfS§'ﬂ%)n 1[02}% ﬁ‘rld%ﬁ yq%xélf%’dggfb xyTtgar bony1} - 2- pi peri di nyl ) car bony

| ] am no}- 2- hexefo agld T asolutlon of lldldsret erthon

(25)-2- ({[(1&?@5’?\ tlh1 #) - 4- 0X0-

but en- 1-yl ] am no} car rD;l) 1- pi peri s@ car boxyl ate {j %) in
THF (30'% nm), MeOH (5.0 and water (25 nL) was adde O—I (1 43.1

mol )" After stirring overm ght at RT, the reaction m xture was
concentrat ed i A sohtion of (AR &Sy ‘d}a(d\i i@, 1rdimbthrytetlvgd};)x&]naﬂ]ohyﬁeL-\aAanpl)dmiﬁm}}é] HC1

to pH = 3, and t hen rac i c |ayer d twce
w th vt ohSsgeaRed TP F B elyiiad Bl fgsbAst pime £8g DIERa B205 L.
concentrafgdy %Qnd)l 1ﬂ/@H%@| gAPO %L)Q{/Q sti@d tat R*F?oﬁ%ﬁil 3 (Yo -YH-i3di R85 -
LC-Ms nlz 341 4 (ret tine). | nt'er medi at e 68
(0.038 rnL 0.333 mmol) was added and stirring continued overnight. The reaction mixture
25  was partitioned between water (10 mL) and EtOAc (20 mL). The organic layer was washed
with water (3 x 10 mL) and brine (2 x 10 mL), and concentrated in vacuo to afford the title

compound (120 mg, 90%). LC-MS m/z 402 (M+H)", 1.39 min (ret time).
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1, 1- di net hyl et hyl

(2S)-2-(1[ (1S, 2E)-4- (2, 3-di hydro-1H i ndol -1-y1)-1-et hyl -4- oxo- 2-butenl -yl ]
am nol carworryi)o1980pi peri di necar boxyl ate WD 2011/ 019801 PCT/US3R01@18745137

A solution of (2E,4S)-4- {R(25)-1- {[(1,1-dinethylethyl)oxy]carbonyl} -2-

pi peri di ni/I gcar(ti),on am no} - 2- hexenoic acid (300 ng, 0.881 mmol), HATU (335
ng, 0.881 Fcia DI PEA (0.462 nL, 2.64 mml) in CHCl12 (8.0 nL) and DWF
(2.0 nm) tiLdi oA ' { m.,

0 381 Tl A P e R

m xture was diluted with CH2CL2 ghd washed twice mitfh water and once with
bri ne. The organic |ayer pirated i rﬁv%qp?’f'; iUted with EtOAc,
washed twice with water amd gncg w th brine, driced Qudr MpSO4, filtered,
concentrated in vacuo, and purfifred by reverse phase HPLC (YMC C18 S-15
[tnml1l2 nm 75 x 30 nm preparatory columm), eluting with a |inear gradient
runni ng from 1@%eaGblR&dh b2 8- {01, (Qinkdhiethy bRy 188K AHBS CNsbIRAci0O (3166 ¢FR).0 over
15 mn. to afford the titleg[glo oundgr(agooyg QY].,‘ 519 . LC M5 rﬂg 442 (MEH) ',
1715 i n (ead) oh BT (15 ek s aikded 49 -simbomy AGmAreIpIgS2 g 15.6 mmol)

(220 2 C RarBn@k ot AR 0Y0 St ade STl W Rt BE ) it bt en 3

yl ] am not eri di necarbo Ion 0O 25) - 1-

{1(1, 1- d: ;j‘ﬁﬁdily{;lvlﬁyd(wkylmyl]ed@dmnwn}del(%&?&ﬁgpgm diﬂitﬂytéatd)DIQHA cz.a@hrL,(m.szlG;a g,
5.53 mmol ), TU (2.103 5.53 mmol ), and DI.PEA (2.90 ni, 16.59 i n
CH2C12 (1@@*1%1)%%%2 Papaghop. Ak rection BEKtHEC W Sigied 3o b At R}Sengﬁpwﬁion
of met hyl p{ 25, dnkaftrdn oy P 'TH%HQMH&@WQ&@L%&P@%& FOAL !(5@&?:2%&& %9115(1%%4? g,
5.53 mml )" 20 in CHC12 (6.0 nL) was added and stirring continue

over ni@ht M dheiClgaat20omL prisxturate ap NatiTQut (@ck 24 b ),EBndAcinafiz) mwh3hEbe ongaroie
with water and once, wt in The organic | gyer was dri.ed.over SA,

11 ter od. HVETHaBHES NBg P CUSEha R SOar Gl heaqit; PArGGHURG b 11 g,
100%) . Lccmnmcﬁr&%oé%tg? (?0- ll)Og/ﬁEfDA'c_/ﬁéﬁhe%'aﬁﬁ)dedzl% tit¥ompound (2.62 g,

2011/ 019801PCT/ US20107 045137 | nternedi ate 70 ' '

( 2E, 4S) - 47470 28) cleay, pelorlgssdiilmdiGriMevriny2 A5dM/FH) , 1.07 min (ret time).

car bonyl } - 2- pi peri di nyl ) carbonyl] am no}- 6-nethyl-2-heptenoic acid 5To
a solutio J-di et hyl et hyl (2S)-2-({[ (1S, 2E) - 4- (et hyl oxy) - 1- ( 2-

met hyl pr o%;l/t%qlgqlé?gi-g?but en-| -yl ]am no} carbonyl)- 1-piperidi necarboxyl ate
(2.1119, %,15dimemeylpthiyh[(THRSY-2Forthyl-2-Meddhylbatyd]cathamaved water (25 nl) was
added LiOH (0.661 g, 27.6 mmol ). After stirring overnight at RT, the
reaction mxture was concentraged]i njvacuo . The redctijon m xture was

acidified with 1 M aq. HC))‘/tq(;(p" °

=18 and-then }(tor\ﬁc'f’" d™wi th Et OAc.
o}

To a solution of LiAIH4 (0.399 g, 10.5 mmol) in Et,0 (20 mL) at 0 °C was added
dropwise a solution of N>-{[(1,1-dimethylethyl)oxy]carbonyl}-N'-methyl-N'-(methyloxy)-L-
isoleucinamide (2.62 g, 9.55 mmol) in Et;O (15 mL). The reaction mixture was stirred for 30

20  min at 0 °C and quenched with EtOAc (6.5 mL) followed by 5% aq. potassium bisulfate (6.5
mL). The reaction mixture was washed with 1 M aq. HCI1 (3 x 10 mL), saturated aq.
NaHCOj; (3 x 10 mL), and brine (10 mL). The organic layer was dried over Na,SQy, filtered,
and concentrated in vacuo to afford the title compound as a clear, colorless oil, which was

carried to the next step without further purification.

25
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10 The organic | ayer was washed twice with water and once with brine, dried
over MgSM4, filtered, and concentrated in vacuo to afford the title
conpound W0.2011/0g98099%) . LC-M5 mfz 369 (M+H)', 1.05 m n @Ce&tUusénmysi37
Internediate 71 1, 1- di met hyl et hyl

(28)-2-(1&}%18 2(5)? 4-(2, 3-di hydro- 1Hindol-1-y1)-1-(2-met hyl propyl) - 4-

150x0- 2- bIHEHDE nol car bony1) - 1- pi peri di necar boxyl at e

sol ution afetﬁﬁ'%zéﬁb 54;) 4£([{§(ﬁ ZiSimi]e’th){lEt(h%l)axﬂhﬁﬁoﬂlﬁ}ﬁﬁhﬂd))@ﬁﬁéhﬁﬁfzbﬂé}%ﬁomg

pi peri di nyl ) carbonyl ] am no}=- 6- hept enoi ¢ 'acid (200 ny, mmol ),
HATU (206 ng, 0.543 mmol), and D (0.284 nm_, 1.628 rrrml) in CH2Cl12 (8.0
m) andDIVF(ZOZ%rﬂH) sstir tRTfor 30n1n 2|3-D|h ro-1H i ndol e
(0.061 n, 0.543 m nd StlI‘I‘IJ:Lg_C,OI’]tI rght. The

reacti on m xture so djNut ed and washed tvvl ce M th water and
rganic Iay@ms dried over MgSH4, | fil tered,
b

once with brine. The
concentrated in vacuo, and purif y reverse phase HPLC (YMC C18 S-15

[tnl1l2 nm 75 x 30 nm preparatory colum), eluting with a linear gradient

Funni ng from 189@26meksdNiepof mathybémpmnynboghesaamidneleatyto (3183 THA)S over

128 i n (VR BEO S b 568 T RSB aRE s s T B e
(2E, 4S) - 4re(a&.t[1(§1ﬂ.milxtﬁilel”{ﬁsf$ﬁh€d Iyl I)SCIXM]K:EY "Dl@dﬁsdliﬁamsﬁeﬂm@edw f'llyﬂatlan hepthenoi ¢

acid 00 HH >N --"' ---OH To_a solution of neth .
(2E, 4S) - 45((1{“[1‘{111""1& %ﬂn:%tﬂtrmdewwp%waf&aa%%ylﬂ} aéhﬁ?ﬂayrm@hrcsnatography (0-50%

nmet hyl - Eg[g, )1l 0 n),
and wat er E??%@/ﬁ%?aﬁlg\g(aﬁo %dghi&%-{é%ﬂ 8 § 9652&@6(0%%{%&“%\’?&% élt%?rr’ ring for
2 h at RTpolbﬂ@ssroeialeMSszaMr(Mmﬁ h@@lnﬁm(mammd) i n vacuo. The reaction

m xture was acidified with 6 Mag. HCL to pH =5 and then extracted with

Et OAc Th yer was washed with water, dri ed over Na2SO4,
filte %d ﬁétﬁﬁlﬂﬁ‘%ﬁgee#{irated in vacuo to afford the title conpound (4.7 g,

99% as amkén EEaS 4=t 005 -nleth)YB - Héﬁteﬂéﬁe Gl Raedtate 0. 94 mn (ret

time). Interne i at e 11d|rrethylethy
[ (1S, 2E)-4- (2, 3-di hydro 1H4| ndolf 1- y1l)-1-(2-net hyl propyl)s4- oxo- 2-
buten-1-yl] car bamt%/ \nﬁr e oN. 1. oH'H o™ .H.OJK’LF.F. -

To a solution of methyl (2E,45,55)-4-({[(1,1-dimethylethyl)oxy]carbonyl }amino)-5-
methyl-2-heptenoate (1.90 g, 7.00 mmol) in CH,Cl, (30 mL) was added TFA (5.39 mL, 70.0
15  mmol). The reaction mixture was stirred at RT for 2.5 h and then concentrated in vacuo. The
resultant oil was diluted with Et,O (5 mL), hexanes was added with stirring until the mixture
became cloudy, and the mixture was concentrated in vacuo to give an off white solid. The
solid was triturated and washed with Et,0 to afford the title compound (1.77 g, 89%) as a
white solid. LC-MS m/z 172 (M+H)", 0.87 min (ret time).

20  Intermediate 27
methyl (2E48,58)-4-[(N-{[(1,1-dimethylethyl)oxy]carbonyl}-L-alanyl)amino|-5-methyl-
2-heptenoate

LA

N
H




15To a solution of (2E, 45)-4-({[(1, 1-dinethyl et hyl ) oxy] car bonyl}

am no) - 6- net hyl-2- heptenoic acid (4.70 g, 18.26 mmol) in DVF (30.0 nl)
wer e addewlOBCR/megsagent (8.08 g, 18.26 mmol) and DI PEA ( @C38/Se10/08835 mol ) .
After stirring at RT for 5 mn, 2,3-di hydrolH-lndoIe (2.053 ni, 18.26 mmol)

was added and t'rr'n n ern The ction m.xtur

di Tuted with witBRGRAT B Qﬁ%&%{ @?‘E?Aé e?%e f‘g’éflmoéteﬁa Bprogeetate fLAL
20 with brigeg rrﬁiﬁdn%d« emrbu RagePbonyl)- Ua@aﬁﬁﬂ]e (2102?11%%@11%1%{5 EDCYRE99 o214
purified y flash ol unm chr omat ogr aphy t OAc/ hexanes) to anord t he
title conmpowiy HABB3.9Y, ¢, M%mmsl)aanmﬁ\lh@/lébpﬁ oL, Il&ﬂvsmni)znm@F(mmmL) wWas18
mn (ret time

[ 15, 26) - 373!t A0 WP i ami ity acied ot Rl - et 1.y
| Jam ne  810Ac p100- AL LI TIY orghrﬁc layer was washed Wl‘Eh’W&teTV? xllOO mL) and brine (100

2011/ 019801PCT. USZOlO/ 0451 To a sol ution di met hyl et hyl
[ (15, 2E) - mL)draddiviey esdQuifilterga.1ang cogacptrated @ipvacuo to afford the title cornpoun

met hyl pro ] ( g 4 in CH2Cl2
(30.0 L) “Via Py%gggd%aas%fﬁ%r%g élgé@ L@WW?% @sl%%l'hlel%g%%i on m'xture was
stirred for 2 h at RT and then basified wwth 6 Magq. NaOH Fol | ow ng

separ at i olmtefmediatd 28/ers, the organic | ayer was 5S5washed with water, dried

over Na2S ilt d, d concentrated in vaguo to affqrdthetltle
conpound %ég 4431 Tl caipriyisthy Boxy payony ik -planyiaminele -megiyl-2-

I nter p@dl l? Leilr di net hyl et hyl
(2S)-2-(1[ (1S, 2E) 4-(2, 3-di hydro-1Hindol-1-yl)-1-(2- rrethyl propyl) - 4-

0XO0- 2 but en- 1- yI]a olitarypo 1) 1 plperldl A@Q ate O

HeN. ", ......, T}E )E fhy a sol Eﬁﬁ@ % OH

{I(1,1- dlnethylethyl)oxyrca 1} 2- plperldlnecan Lil¢ acid (1.775 g,
7.74 mol) in DMF (20.0 nl) re added BOP reagent (3.42 g, 7.74 mmol) and
DI PEA (2.70 nmL, 15.48 nmol). After stirring at RT for 5 mn,

[ (15, 2E)-4-(2, %disbLtlﬂiDﬂbﬂfﬂeﬂdd)@ﬂ4&iS)-4H((7\2{[r(fEﬂWﬁlpﬂhybm)oﬁym@oﬁylbtﬁen 1-yl

2.00 7.74 I dd 5 t d f h. Th
| oact on. MRy BN S R i ad FBRPD SR TBE ap P EngAertRe |
organic | ﬁbLg fyal@dd MBsitRd (06 3dy, D6 NGmot l@@er%ﬁ;ngl\iazwﬂ at Rir!l €78 tion

concentrated 1 n vacuo and purTfied by flash col unm chronmat ography (0-30%
Et OAclhexamgsglc wes aidibediwithd Miag| HCd:tmﬂz{d)&rﬁdar(dahaBegrac&B%MaEt%wmenls)oI id.

Cormound A6 Petiatd peadic T8yl Vefaisni Bipor AOLE D Bbd BSndgh it i

(25) - 1- { b{ek.Na,SONEIRYIE LAY EdrR¥dl-Gad RoRYld.- Brdich@finBbil &g aRexy Wit RO dnd
(3.28 g, 14.32 mml) and HATU (5.45 g, 14.32 mmol) in DVF (15 nlL) was added

NWM ( 3. 15henancogdgconpgnittatedan vaguostoiafhore ditle Rpmpawed (1t g, 8gén apofluy min, a
sol ution o

[ (15, 2E) - X- ttﬁs%h Ihc%%"%—é %Jiﬁi-’g/‘f)z-nily((lf-trrgltehyl propyl) - 4- oxo- 2- buten-1-y
| ]am ne (3.70 25g, 14 32 mol ) in CH2C12 (15.0 nlL) was added and the
react2®n batétmediane2d I eft to stand at RT under nitrogen for 18 h. The

reaction m.xture was luted with CH2C12 (100 nl) and washed with water (2
x 100 i) lérfbnlﬁhﬂ%thﬂﬂmj({(lﬁﬂ@ GrigHRte) bh&é@rmslﬁﬁa%é@d lupdefdghd4-

hydr OphOb\tﬁeJ i1 Y12 H1 SRISHER M i 6py1}-3-048% Butel-I-pRlaino) HUieliy§aLl 1 0N via

flash col um
oxoethyl]carbamate

o] H o] o] H oy H
SO ok, n[ len SOk, ;
0 ” CN OH e} ” o N
@] H @]

25 A solution of (2E,4S5,55)-4-[(N-{[(1,1-dimethylethyl)oxy]carbonyl}-L-alanyl)amino]-
5-methyl-2-heptenoic acid (100 mg, 0.305 mmol), HATU (116 mg, 0.305 mmol), and DIPEA
(0.204 mL, 1.218 mmol) in CH,Cl; (4.0 mL) was stirred at RT for 30 min. (1R,85)-11-
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WO 2011/ 019801PCT/ US2010/ 045137 chr omat ogr aphy (0-50% Et OAc/ cycl ohexane)
afforded the title conpound (5.68 g, 84% as a white foam LCMs mz 470
(MtH) ', Iweeonimofonet time). 1H NVR (400 MHz, DI\/BO d6) ecppse@ondsiehbr. s,
1H), 8.02 - 7.87 (m 1H), 723dJ73Hz 715(tJ75Hz 1H)

471 gg ft4 %%twﬁéﬁ)% 4]uf§e°@n#,ggﬁ5wn%<4§§ ﬁ%@%’lwas?’aﬂd%g %d] SHfTing 3’ 05

(m 3H, goﬁlzlué&love]ﬁnjgﬁt Hehe rthdtionImikfire whs E%’[lﬁﬂhed"‘[@twe& waer (15-ndB) {0 13H),
0.93 - 0.87 (m 6H). TInternediate 76 1, 1-di net hyl et hyl

(2S) - 2- 1 613N e R0 ml§. 2T heotgghipdaypy Wps Aasghed-withl fvatet (3rx 10 odnendbhipé §2x 10

1, 3, 4-thi agi,az am

car bony |} 1 29R skt A ghiae MoR e e BERRGY 140 gre. cgpen Sy CaMS
{[((29) - 1454 DiLnY- dioahinytetime) ) oxy] car bonyl } - 2-

azetidinyl)car bonyl ] am no} - 6- net hy1- 2- hept enoi ¢ acid (400 ng, 1.175 mmol),
HATU (447 ng, 1.175 mmol), and DI PEA (0.616 nL, 3.53 mmol) in CH2Cl12 (4.0
m) and Dhetermediatg30 was stirred at RT for 30 min.

5-(Trifluero g Ql -2 4511t _mmol ) was
added and?s}tﬁrﬁ{rﬁ%z@&l ﬁll‘g)u&ez gzﬁ%@’%?ﬁ%@ﬁ%ﬁ“rﬂw&% l)el gég) I%n;) titioned
bet ween waieeliylpiddpyiitd-o0:d-Hait€d -1 R{ninb)-1-mbhyb2 @aonethyl|eydamsms washed with
water (3 x 10 m_) and brine (2 x 10 nL), and concgntrated in yacuo to

afford the ti o] oq@ 100%) . LC z49g(|\/Hr ', 1.17 mn
(ret time). Int@rngdi SP.':T%le Rt hy-et hyl mjﬁ(

N
(2S)-2-1[01S, 2E)-1-(2° yl propyl met hyl [5-(trifla thy
1, 3, 4-t hi adi azol - 2-yl ] alm not - 4- oxo- 2- but en 1- y1) am no] car bonyl } - 1azet i di ne
car boxyl at e A sol ution of é)21E 45) - 4-
{I(1, 1Q di net hyﬁeqow]op@fﬁ@éﬁ 5 @1[@1\7 LR, l rnet ylethyl)oxy]carbonyl} -L-alanyl)amino]-

FTU (737 SRR i o B B, 0ol (RIS

(4.0 L) én2b4ONE, (.219mgl) ineSHSEL (4 @d}l&)twdR'Etlfredi aB3RIT fiorr80 min. 2,3-dihydro-1H-

N- net hyl t I thyl)-1 I -2-

2011/ 0{98@?}%@%}6 393 oMo A3 0§)7m{n§§ dd S ?0%6%%@@1%5%@?%}%0&9
cont i nuednﬁyﬁfemv&mam%%d HeRedh %tép(m HIT§ HEEOAL tzd ﬁlﬂ'tj' e@'h@&tgm% n@@@mg (10
m.) and EtO0Ac (20 nl). The organic l'ayer 'was washed w th wat er m.)

and bt¥ newashed viich whiey (3ax1 40 odneedbriae E4x il f miacarsl Qomcaftfamddnt\/hwa tIOtatf@)rd

fﬁ?g?ﬁggi é{)?eéthl-?g‘g?pfg@ Hgb%’%@%}l L%O&S(MWSO (M’IJrF%)Z lr%i1 rngn 8 ct t‘imgse ). 5

(2S,4S)-2-1[01S, 2E) - 1-et hyl-4- oxo0-4-1[5-(trifluoronethyl)-1, 3, 4-
t hi adi azolntirnikdiard 310} - 2- but en- 1-yl ) am no] car bony1}-4-f 1| uor o- 1- pyrrol i di nec
ar boxyl ate

N-{[(1,1- dlmethylethyl)oxy]carbonyl}-N -methyl-N'-(methyloxy)-L-leucinamide
|

Y ¢

20 To a solution of N-(tert-butoxycarbonyl)-L-leucine (3.00 g, 13.0 mmol) in THF (25.0

. >‘/O\H/H\2)J\N/O\
O

mL) was added 1,1'-carbonyldiimidazole (2.52 g, 15.6 mmol) portionwise over about 10 min.
After stirring 1 h at RT, a solution of &V, O-dimethylhydroxylamine hydrochloride (1.39 g,
14.3 mmol) and DIPEA (2.49 mL, 14.3 mmol) in DMF (6.0 mL) was added. The reaction
mixture was stirred for 2.5 h at RT, followed by concentration in vacuo. The residue was

25  diluted with EtOAc (50 mL) and washed with 1 M aq. HC1 (2 x 20 mL), saturated aq.
NaHCOs3 (2 x 20 mL), and brine (20 mL). The organic layer was dried over Na;SQy, filtered,
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A solution of (2E,4S)-4-R(45)-1- {[(1,1-dinethylethyl)oxy]carbonyl}
-4-fluoro-L- 10 prolyl)am no]-2-hexenoic acid (513 ng, 1.490 nmol), HATU
(566 nmg, wo490/areseh), and DI PEA (0.781 ni, 4.47 mmol) | RCCHAGLB/043130 nl)
and DVF (1.0 nL) was stirred at RT for 30 mn.

5-(Trifluoronethyl)-1, 3, 4-thi gdi azol - 2-am ne (25 . 490 mol S added
and stirrf C%ﬁ%tr%i‘éﬂ vgwm%?ﬂfg %'?Hg%ﬁ@a@%&f&g%b% éfé??ﬁccé’lﬂfregfe - in
vacuo andppuvistj,2d79ymienernse phag& fdyC (YMC C18 S-15 [tnmll2 nm 75 x 30 nm
preparatory columm), eluting 15 with a’linear gradient running from 10%
CH3CN/ H20 (0.1% TFA) to 80% CH3CN H20 (0.1% TFA) over 15 mn. to afford the
title conpotenmediaB®By, 62%. LC-MS mz 496 (MtH)', 1.08 min (ret tine).

| nt er medi

(25)-2-1] 8}1‘%?79“-‘%!9‘8’%%Hi?ﬁ%ﬂ@%%ﬁ%%?%ﬁyﬂfﬁé‘-‘ﬂtﬁi f1 uor onet hyl ) -

201, 3, 4-t hi adi azol - 2-yl ] am no} - 2- But en- 1-yl ) am no] car bpny1} - 1- pi peri di necar
boxyl at e A sol UW,&OAS)A. { [}ﬁ?ﬁ}u W

{[(1, 1-di net hyl et hyl ) oxy] Car bgnyk} 12- o £
pi peri di nyl ) carbonyl ] am no} - 6- et Ry1- 2- hept enoi ¢ aci d\(ZOO ng, 0.543 mol),
HATU (5206 ng, 0.543 mmol), and DI PEA (0.284 nL, 1.628 mmol) in CH2Cl12 (8.0
m) and DVF (270 a2Blikibn \0RE.iAlH, (0886 F,t9.5§ nfrfd1) FOEHON20 mL) at 0 °C was added
5-(Trifluoromethyl)-1,3,4-thi adi azol-2-anmne (92 ng, WO L

2011/ 0198dmpETyesRhtmney 24 31 (1ol -dinsethytethyDosdcabensd -Ahdanashy Y -ieptisderey)rived

water and!SRREHERR R s LA PR nIE ey Ebl R IeR A GRod! 1
vacuo, anchipatr( f¢ ead Hyenckadew e Ephas €6 HiPl) Gl(oida K518/ Sq Lsotdsivbd Risulfatd &6 x 30
nm preparatory colum), eluting with a |linear gradient running from 10%

0430\#(&20@3( é’"hi%ame iU OuAsCEEsbsg D 1M 2o TR X S0 sl)1sptwpted alo af f or d

the titl CNGATRALD ¢ (l((:Oﬁ‘FLﬂQnd Brifd SlO'-r&jVBTI]E% %ygér%Q 14;4%1#%% eériéld &iea_ﬁﬁa?sél %]tltelte!d,ma) :

Internmediate 8 oroacetyl)-2, 3-di o-1Hin 0 a solution
of 2, 3-di hydicancaHratertizlvacq . Hford the3BE avmplo)ind as acletrppeo(18B®@ilnvhichtw®d C was

added chl oroacetyl chloride (4Q.3 nL, .504. mmol ) dropw se over 30 mn. The
reaction %W%foe%ﬁ& Xt eipr‘?’glbo(ué?ur%?rf’wg‘iauﬂnand then re-cooled to 0 C. Water
(300 nL) was added and the reaction m xture was extracted with Et0Ac (2 X
500 m) . Thwermediatd®y organi c phases were washed with saturated agq. NaHCO3
(400 nL) and brine (200 nL), dried 15over MgSO4, and concentrated in vacuo
to af tor dmeglayl(2EU8)-ddilebirimetolathyhoxyi emponxl} amiragvinmethyil-d-haptenster 2
196/198 (MtH)', 0.84 min (ret timg). 1H NVR (400 MHz, CDC13) 6 ppm 8.23 (d,
J=8 Hz, 1H), 7.27 - 7.2}0‘/%1 2H) 08 (t, J=7.5 Hz, 1H), 4.18 (t, J=8.3

3

ndo

Hz, 2H), 4.17 (s, 2K),R3.R6 ( ¥8. 8 Hz, 2H). Intergedfiate 81
20{ 2- (2, 3- di hydr SLH Y 1H1_@< et hy (T pheriy Ny phosphoi um chl or i de
(0] _\r (0] =

e

To a stirred solution of methyl (triphenylphosphoranylidene) acetate (3.42 g, 10.2
mmol) in Et,O (25 mL) at RT was added a solution of Intermediate 32 in Et;O (15 mL). The

reaction mixture was stirred for 15 h at RT. The solid was removed by filtration and the

20  solution was concentrated in vacuo. Purification via flash column chromatography (0-50%
EtOAc/hexanes) afforded the title compound (1.74 g, 75% over two steps) as a clear,
colorless oil. LC-MS m/z 272 (M+H)", 1.22 min (ret time).
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To a solution of 1-(chloroacetyl)-2, 3-di hydro-1Hindole (50.12 g, 256 nmol)
in toluene (500 nL) was added triphenyl phosphine (67.2 g, 256 mmol). The
reacti on woxpur@E9seas heated at refl ux under nitrogen w POTAESRPIG/W0$IBTri ng
for 24 hours. The reaction mxture 25 was allowed to cool to RT. The solid
was col |l ected by, fe;:Hration and washed wth toluene (200nl). The solid was
dried in vHeMeddted% ord the title conpound (110 g, 94% as a tan solid.

LB M 2 kg1 (V)45 0. S Dok 10 L Pinoal 1M 00002, CDCL3) 6 ppm 8. 03
- 85 WD 2011/019801PCT/ US2010/ 045137 7.95 (m 6H), 7.88 (d, J=8 Hz, 1H),

7.77 - 7.71 (m 3H), 7.68 H\;@‘l(m 6H) 7.13%3:7.3&&, 1H), 7.09 (t,

J=7.3 Hz, 1H), 7.02 C‘TOSIF'? dH) ,— 596" g, 28 I—dt\’gH), 4.78 (t,
J=8.3 Hz, 2H), 3.27 (t! X=8.:% , 2H). Intermédi ate 82"° F
51-[ (tri phenyl-15- phosphanyli ¢lene) acetyl] -2, 3-d| hydro-1Hi hdol e A

suspensi on of

[ 2- (2, 3- di hydr 9o kholutidd bf dreytib)] (2F, 00£1 {1¥1l, ] (imdthyiemy|)dpfloapbon} ammepbor i de
(110 g, 240 mml) in tol uene éSOO m.) was treated with 2.0 Maqg. NaCH (]500
mL, 1000 medy)-2diatnpue (batei of! mmellieCllesl £ miewaapdded Figk (B filn 64.
SHaC1Z (200ndTE) TiERad AR, 300 ARG £BCH O AL HER ARRnBLLEE LAY T T Of
3 h. The two phases were separated and the aqueous phase was extracted with
CH2C12 ( 188uldny yelldve od ovasidilettdavigali,© (phadeshoaxene weorudded with adrring ungit the t o
provide a tan foam whj CQ was treated with Et20 é300 m.). The r?sult?at

sol i d wasMEHpTeheCHge slvu VAR 49 BT GENRTTTHCE D B4 1 et da 8 Blfor d
the titleTRomMRUNE «il02ted a8d whHEDwWRSEBD t8hFrolihE &S @binfoudd1 M5 %174%‘3%3
(MtH)', 0.91 mn (ret 15 tinme). 1H NMR (400 MHz, CDC13) 6 ppm 8.03 (d, J=8
Hz, 1H), o @ff whie.sa0d.( BC-M8)m/z 175 M--Hp,HBYmin @)timeg, 49 - 7.43 (m 6H),
7.08 (d, J=7.3 Hz, 1H), 7.05 (t, J=7.5 Hz, 1H), 6.76 (t, J=8 Hz, 1H), 4.06

(t, J=8.5 2 12 (t, J=8.5 Hz, 2H), 2.94 (br. d, J=15.8 Hz, 1H).

I nt er medi gfl%hg%mﬁelfsdi met hyl et hyl

[ (N 1 g») - g- rzrgtdnwlﬂEm)-m{(mqlli1naﬁh1cein§1@myll)bbﬂwiﬂml}bm@l)amino]-étnoethyleJ -L
y -

heptenoate

15 A mixture of methyl (2E,4S5)-4-amino-6-methyl-2-heptenoate trifluoroacetate (1.35 g,
4.73 mmol), N-(tert-butoxycarbonyl)-L-alanine (0.94 g, 4.97 mmol), EDCI (1.81 g, 9.47
mmol), HOBt (1.45 g, 9.47 mmol), and NMM (1.56 mL, 14.2 mmol) in DMF (10.0 mL) was
stirred for 1 h at RT. Water (100 mL) was added with stirring, followed by extraction with
EtOAc (100 mL). The organic layer was washed with water (5 x 100 mL) and brine (100

20  mL), dried over Na,SQ., filtered, and concentrated in vacuo to afford the title compound
(1.67 g, >100%, contained some residual solvent). LC-MS m/z 343 (M+H)", 1.15 min (ret

time).
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To a solution of N-(tert-butoxycarbonyl)-L-leucine (25 g, 108 mol) in
CH2C12 (200 nmL) at O C were added norpholine (10.36 nL, 119 mmol) and NWM
(13.07 mwolXapv/ampseht) . 1, 1' - Car bonyl di i m dazol e (22. 79 gpCIAS20momkI13NaAS
added to the reaction m xture portionw se over 15 min. After stirring 20 h
at RT, reac xture was washed 25 successively with 1 Maqg. HC1L (2
X 250 rrL) (GEme 1“235‘8] saturated aq. NaHCOB (2 x 250 ml), and brine
(250 nl). ol S uo
Lo affor d%%EW???Q”&%E@%‘%&W&S’%W@W e Bt gl
(400 WO 2@d1/019801PCT/ US2010/ 045137 MHz, CDC13) 6 ppm5.24 (d, J=8.8 Hz,
1H, 4.64 (m 1H), g\?G 45 (m S£H), 180- (m 1H) o 1.54- 135(m
11H), 0.98 (d, J=6.5|Hz N0.93/(d, J= Sjtiz Nl nterdedi ate 84

1, 1- di met hyl et hyl A2 V\)K Bﬁ( V\J@OH

[(1S 2E) 4- (2, 3-di hydr o- lH-iond -y1)-1- (2 met hyl pr%py 4- ox0- 2-

5but en- 1-yl ] car bamat e a solution of 1, 1-dinethylethyl

o) $n 5 et FgCSLERGD “°'w§#°?$>o%ﬂ?${%ﬁ§§ XhefiliTanubantyiiise Li ALk

E) él (l\)/l sol Uﬁl' B}ﬂ)dn’i‘mg}@-%et AhdPenodte-(4.607PU)73 ko TH@' (05 RY )the Waames at ure

reacti on m xture vvas stirred at C for 50 mn. The reaction
was quenchrld weistadd&bh i ((hditas SB3uhmmpdr obféer sturinghfat &5 hBORFLhemedctipmi ni ng

wos. ext Falved RSt ngn, M AaRUGT BT S v R S i AR SRR P 2o
organi ¢ piras e(smme@ofgaﬁiaq oM H/BrehvdsRed wﬂh'v@fﬂerqym nmwbn@@aoblnm)eaﬁ@h To

this solution was ad triphenyl -

15k5- Phos preinyi:fderftisrdes Ta@emaﬂwwéuqmﬁmwléﬂn( aig wpg dguted with Fr@lypd and
t he react tirr sEl v ved in
vacuo and"ea’ SRR h vuBh Ry s B sSwp M S TR R R S

fl ash col sstidl. dRC-OnS g 2P D; H.O%xﬁh@n@scﬁmy;:l ohexane) afforded the title
conmpound (5.16 g, 46% as a white solid. LCGCMS nfz 359 (MtH)', 1.23 mn
(ret tlrre 1H NVR (400 Mz DIVBOdG) 6 ppm 8.12 (br. s, lH) 207. 24 (d,
J=7 Hz, 1Mytermedigie37 5-=7 g hz, 1H), 7.06 (d, J=8.3 Hz, 7.00 (t, J=7.3

Hz, 1H) J/ 1 ( (A 09 (m
AT 15@1 &n{e@gyletilﬁg(@%;ﬁ n'f&h\él %{(1@2@54 {Tat gﬁerl?ldigr)plﬂe'ﬁ}ylﬂaﬂnﬁﬁ rgzél ]
J=3 HE} Smethy]pﬁ&)y@)dél -03o=2-18utkir-1- )H}a)mlnbhtzelmethyb)talﬁﬁlate 1, 1 di net hyl et hyl
[ (1S, 2E)-4- (2, 3-di hydro- 1H i ndol- yl) 1-(2- rret hyl propyl) - 4- oxo- 2- 25o

but en- 1-yl |8 i teH VO 2 11/019 PGT/ US201Q/ 04% Tﬁ :’Tjtlon
of N2- {[( dAXy] G onyl}_,Nl hl\t

L-1 euci nami de (7”9209 28.9 ml) T'n 2-methyltetrahyd f us an (150 nL) at -5
C was added dropw se Li 1H4 (1 Msolution in Et20, 36.1 n1_ 36.1 mmol ),

mai ntai ning the tenperature below 0 C. The reaction m xture was stirred at

-5 C for 20 ni A soRhiRnfogazE, 49):43{\@5{mJertﬁﬁedlyfetwnolsty]tamhylt}Lplalaayl)mﬁla};& um
hydr ogen sul phate (6.88 g mai nt al ni ng t he

t enper at un@twwdwpmoe acrr*r(é 09%8@%@&0@4&@%&(&&6 mdoﬁﬂé Hzmlé@a REde was
d
ohases wolG4dE TRLOHAG LAMARLED B ity RSB QIR REREEARD, |

aq. NaHCOBni(ide B3 710Mhgn 305 ﬁmﬁblbwas‘lﬁic{edl@ﬁd Eﬂl.t)mgdbntﬁdled\oeéml@lﬁmhe Eﬁadtlon
filtered. To this soluti an was

10[ (tri phERYFaE RGNS Wﬁ%ﬂ&%g@@) @ EP A frbmiy Theeieanic Jayer yag,

28. 9 mol )y and Willewater (3 x 10 mL) and brine (2 x 10 mL), and concentrated in vacuo to afford
the title compound (130 mg, 98%). LC-MS m/z 434 (M+H)", 1.30 min (ret time).
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reaction mxture was stirred under nitrogen for 20 h at RT. The sol vent was
renoved in vacuo and the residue was dissolved in CH2C12 (20 nl).

Puri fi catworrou@goiash col uimm chr omat ogr aphy (0- 50% Et ORcTapediolnexdane)
afforded the title corrpound (8.45 g, 82% as a white solid. LCM mlz 359
(MtH) ", 1.23 m { tlrre) 1H NWVR (400 MHz, DMSO-d6) 6 15 ppm 8.12 (br.
s, 1H), Ilﬁﬁr 1a 7.15 (t, J=7.8 Hz, 1H), 7.06 (d, J=8.3 Hz,

1H), 7.001(tai 1§ EBind b=
1L)|) o Do (tgj mJeﬂYyl@thly'if_(Dlm {E(@SE@’)-@CH;? eirhzgl?’o 3p. and&f& 1)61 gﬁn{eﬁaylggoﬁi)tg 3

(m 11H), 4@x0Q-butendl= ﬂ]am;n@H)meﬂlya-a t(i@ethbeaﬂaalﬂzateBI-D I nt er ITEdI ate 86
201, 1-di et hyl ethyl. {(1S)-15(cycl obutyl nmet hyI ) - 2- i et hyhnet hyI gxy) am noj - 2-
oxoet hyl I carhandt e Q 0 ) [

J. 4 n - J_ Mo fa tion of
3-cycl obutyl'-Ne{[N1, e hﬁ”eti@‘y] carponyll °L-§l affi n N
N, N-di i sopropyl am neo(l (5.00 g, 18 mol ) in THF ?20 wa ed
251, 1' - carbonyl di i m dazolle (2.82 g, 17.4 mol) portionw se dver aboU

i och ori e (uooBBiog o TP a8 (A hd meERS POy earboRET Efﬁl?af*ﬁérﬁﬁyb%g‘ "
(4.0 n) %%%Q?%Qtengﬂ%cfcﬁﬁgb%%ﬁrﬁﬁﬁlﬁvﬁ T8I(116 86k, 09305 3ndh) alha WipEshen

addi ti onal m.) and were added. After stlrrlng at RT
for a fur {ha4 mLh] 288 dinalpmaCHRE L 04 Qlindetviasishiyrdd ety T den IWeminy o, ddHiydrd-tl- (0. 5

g, WD 2011/0198 /U 0/04 137 ed and the.ni xt re wa
0t i 1 o STO RO RGBT otk O SUbgh oD ek T PO e gt e o 15
Et OAc (10&higdue @éb%ca\xsﬂ@tma béividan JavaMrQQO mi§hnd 2t3ASQ0%aL) f Dhé flicD¥yer was
sat ur at ed ag@d X 50 . The organlc | ayer was dried over Na2SM4,

filteted, va mﬁt@m@r &t edo m)@aéb@n@@& P 6rla, ansecanpenteatedoipaerdo@siosd g,
349 a5 aueh FopRRhI1BTS: Ohbo WO MAs G H o o B3 M, (ret €1 me).

| nt er medi
[ (1S)-2-cycl obutyl-1-fornyl ethyl]carbamate To a solution of LiAlH4
(0.512 g, Iit3rm&diarad9 in Et20 (30 nL) at 0 C was added

(2E48)-4-({[(1,1-dimethylethyl)oxy]carbonyl}amino)-6-phenyl-2-hexenoic acid

RO G eeay

& 4

15 To a solution of methyl (2E,45)-4-({[(1,1-dimethylethyl)oxy]carbonyl } amino)-6-
phenyl-2-hexenoate (1.00 g, 3.13 mmol) in THF (30 mL) and water (3 mL) was added 4 M
aq. LiOH (2.35 mL, 9.39 mmol). After stirring for 15 h at RT, additional LiOH (75 mg, 3.1
mmol) in water (1.0 mL) was added. Following an additional 15 h of stirring, the reaction
mixture was acidified with 2 M aq. HCI to pH ~5-6 and then partitioned between water and

20  EtOAc. Following extraction of the aqueous layer with EtOAc, the combined organic layers
were washed with water and brine, dried over Na,SQy, filtered, and concentrated in vacuo to
afford the title compound (1.23 g, >100%, contained some residual solvent) as a yellow oil

which partly solidified upon standing. LC-MS m/z 306 (M+H)', 1.03 min (ret time).
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10dr opwi se a solution of 1,1-dinethylethyl {(15)-1-(cyclobutyl nethyl)-2-

[ met hyl (et hyl oxy) am no] - 2- oxoet hyl } carbamate (3.51 g, 12.26 mmol) in Et20
(20 nlL) swothatoipdee i nternal tenperature did not exceedPETAS20M0d4318aCt i ON
m xture was stirred for 30 mn at 0 C and quenched by the dropw se addition
of EtOAc Iovved by 5% aq. potassium bisulfate (10 ni),

mai nt ai ni ﬁn'g‘eflﬁé naI tenperature <5 C. The 15 reaction m xture was
washed wi ﬁ)gng,q _and
bri ne (4&%?1%%&3@%?%%33@?%2@3@% ed ove? l’thnos fi(I(ztzpeﬁrégglyﬁtl?;lgig)ol2
concent r abaténi ryllearbamate af f ord the title conpound as a cl ear, colorless

oil, which was carried to the next step without further purlflcabl on. LC- M5
mz 228 (MtH)', 0.97,m n (fet ti 20 Intermedi atg 88 th

(2E, 4S) - 5-cycl %u?ygﬂ \ Lnl- d hyI et hyl ) ) - 2-

pent enoat e tixred sol mi of net hyI (it riﬁgh =yl phd'sphor anyl i dene)

acetate (4.92 g, 14.7 25 mmol) in Et20 (40 nL) at was added a sol ution

of Internediate 87 pnNEt20 (20 nL). The m xture tirred for 15 h at RT.
The solid was renovied by filtration and the sol uti was WO
2011/ 019801PCT/ US2010/ 045137 concentrated in vacuo. Purification via flash

col unms chr omat agnagplry of (B£541%4E( {Ac! denahgdsthy bt ygeadbonstl heniho -b-@hewriz@ound

E §/|+E|) g 7E%/%?1\!m%kc{d¥\®t9%%m)l3 it ,réLg'g? gyl@g%)grrlih%g ?O géé g, 4— 13 rnrnorg %{AZF%
52- (1] ( 1 ., 9 pef, f@’hl%dﬂ?’ |a}1@19¥ﬂ’]9§r(p@mm @'@M)no@, ift lﬁ\?IIaQ(f b‘r&ﬁf)qpéétsﬁﬁ@li Gt Rei d

00 H31\1"..., ... To a solution
of 2-ami nﬁ}r4204nm- tlelefrd:ampmbuxtamwas <ah1t<di ¥Bh &vatgr (3®mL). nmﬂO)ldnlmt pravira@tedNaOH

28.6 ., 286 but dd d
G ort e batomebiithee Bted Y kg ARE M Vel TR IRRE:
stirring aissdfed @rEDA T~ 100N dtfcd o9 edRa )vas, Hitdrbd, %ﬂd%ﬁ&nﬂ@ﬂé@ tin (@@oMEhe and

hexanes (120 nlL). The aq Iayer was separated, cooled to O C, and acidified
to pH 2- 3rapltant light tae solpbwa%@iﬂumeﬁwgm 20 éo afferd the e eerspamdr(Pidg 2. G96).

m xture tr g“x[%f e over Na2SO4, filtered, and
concentr\g?%dﬁ:én /\%g‘gﬁ )dflﬁs(r)@%(hg[ &gl e conpound (5.92 g, 121% wet with

residual solvent) as a yellow oil which partly solidified to forman off
whi t e sol istetpediast4indi ng. LC-MS nfz 258 (MrH)', 0.85 min 15(ret tine).

I nternedi at e Olldlrrethlethl 3,3, 3-trifl oro-l-, .
{[ met hyhrétth &%o@)lﬁﬂﬁ%] fﬂ}pﬂﬂx}’)@&@ﬂwj C%IF% thexgnamide hydrochloride

>(°T“MNQ . V\iO B

2 H H
o B H
15

A solution of 1,1-dimethylethyl [(1§,2E)-4-{[4-(methyloxy)phenyl]amino }-4-ox0-1-
(2-phenylethyl)-2-buten-1-yl]carbamate (0.877 g, 2.14 mmol) in HCI1 (4 M solution in 1,4-
dioxane, 3.0 mL, 12.0 mmol) was stirred at RT for 10 min. The reaction mixture was
concentrated in vacuo. The resultant purple gum was triturated with hexanes (~5 mL) and

20  Et,O (~1-2 mL), and the resultant off white solid was further washed with hexanes to afford
the title compound (0.618 g, 83%). LC-MS m/z 311 (M+H)", 0.74 min (ret time).
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> 0.1r, NH ..... I 1 OH CF3 20To a solution of
2-({[ (1, 1-di met hyl et hyl ) oxy] carbonyl} am no)-4,4,4- trifluorobutanoic acid
(5.92 g, wB.201mmted0y in THF (35 nL) was added 1, 1' - car bomrgrdiseomiodanst e (3. 67
g, 22.7 mmol) portionw se over about 10 min. After stirring for 1 h at RT,
a solutio? of N,, O-di net hyl hydroxyl am ne hydrochloride (2.03 g, 20.8 mmol)
and DIPEA'U@U@Sd¥H” 0.8 mol) in DVF (8.0 nL) was added. The 25 reaction
m xture &l . _fil ihél4-8RoJ10y2vacuo .
The 1 eai dua e R e A o L e (2
x 50 nl), pbenylethyBe2-butenNapHa8in02-2x0x01+(2-fhienylctheohyljeshylbarbiupateThe or gani ¢
| ayer was dried over 90 WO 2011/019801PCT/ US2010/ 045137 Na2SO4, filtered,
and concentrated in yaduo to give the tjtle conmpound )33 g, 93%oyer two
steps) as agﬁgfﬁl it€ solid. L -yg;ﬁgi\301 %gEHP', 7 mnQ(r I me) .

| nt er medi at &Jim OHeHMy}nggiN , 3-tri @J@N ! ar banmat e
To a solution of i A1H4 (0.5741 g, 19.5 mml,) in Et20 {4 nlL) d 0 C was
added dropwi se a solutionfof 1,1-dinmethylethyl (3,3,3-tfrifluoro-1-

{[ met hyl (et hyl oxy) am no r bonytd propyl ) carbamate (583 g, 17.8 mmol) in
Et20 (30 nlL) so that the ternal tenperature did not eed 5 C. The
reaction mxture was 10 stirred for 30 mn at 0 C and quenched by the
dropwise addi t Aomix@ire Bf (481 arino- Vakhl(@erg 1dxy ) ikn a6 -firhAisB-hewenbingdd f at e
(10 nlL), pmintaining the internal ten?erature <5 C. The reaction m xture
was then WedReonds @309, 891 mepolp V{14 -¢imethydethyleyderrbayingidedgend)-k- 40
m.), and byi T i i ed f hl4yer ed,
and conce%??%?égﬂg%gb%%%ggﬁgﬂggggvgGiﬁﬁﬁéﬁrgg]ggﬁgbﬁﬁgﬁggﬁgaiﬁﬁg%Tbjb

col or | essmmndl) inIBMMI8dhmivasrac stirrdded RUTOfor B8 nniex Ths teaption nvaute Wasrdilwerd with

purification. C—NE mz 242 (MH).' 0.76 m ret tinme). Internediate 92

met hyl ( Zg)a‘ge& _(}(QmP i LAf_OH& that ggﬂcg%tﬁgﬂi)o&( ])mctg? ngH‘WI} was collected%y iltration and

am nojg 6, Qubrddrfit] WRHPFAOWREHSTRAY EThe solid was dissolved in EtOAc (~100 mL), washed
with brine (2 x 50 mL), dried over Na,SOy, filtered, and concentrated in vacuo to afford the
title compound (0.411 g, 82%) as an off white solid. LC-MS m/z 564 (M+H)", 1.21 min (ret

time).

Intermediate 43
15 1,1-dimethylethyl [(15)-1-({[(1S,2E)-4-{[4-(methyloxy)phenyl|]amino}-4-0x0-1-(2-
phenylethyl)-2-buten-1-ylJamino}carbonyl)propyl]carbamate

(0] (0]
OH HN\/\)J\ ﬂ\ N\/\)J\
0”7 N TN N 0”7 N R N
H H H H
(0] E—— (0]

A mixture of (2E,45)-4-amino-N-[4-(methyloxy)phenyl]-6-phenyl-2-hexenamide
hydrochloride (0.309 g, 0.891 mmol), (25)-2-({[(1,1-dimethylethyl)oxy]carbonyl}amino)-
20  butanoic acid (0.181 g, 0.891 mmol), HATU (0.339 g, 0.891 mmol), and DIPEA (0.47 mL,
2.70 mmol) in DMF (8.0 mL) was stirred at RT for 20 min. The reaction mixture was diluted

with water (10 mL). A solid that precipitated out from the solution was collected by filtration
and washed with water followed by Et,O. The solid was dissolved in EtOAc (100 mL),

washed with brine (50 mL), dried over Na,SOy, filtered, and concentrated in vacuo to afford
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To a stirred solution of methyl (triphenyl phosphoranylidene) acetate (7.12
g, 21.3 mol) in Et20 (40 nL) at RT was added a solution of Internediate 91
in Et20 (WO 2ni1)0198Dme reaction m xture was stirred at RTPCoUS2Eo0l451Fhe sol i d
was renoved by filtration and the sol ution was concentrat ed in vacuo.

Purification. via flas gchro ra 0-709% 2 Ac ane )

af f or ded hedit HCPFI@OH%%%”%}]MS@H Ogtgg%lgev‘é ]gﬁs QQQQL ilt-ﬁf}%} id.
LC-M5 m z 1%%& H', 1.03 min (ret tine). V\D 2011/019801PCT/ US2010/ 045137
I nt er medi ates 3-96 Interrredl ates 93-96 (Table I) were prepared from

comercially avail able Boc-protected a-am no acids according to the
procedure&ntsfmedm@r%di ates 31-33. Table | O H" "

;1 g ( M+H) imell y (2%sz 4 {I[]N-{é(é - almethyleaiyl)oxy]callb nyﬂt ? %enyl? LRslall}jaffEmlno}'

5  6-phenyl-2-hexenoate
7 \ P \

ﬂ\oj\” OH \/\)I\ >Loj)\” \/\)J\
Ay

A mixture of methyl (2E,4S5)-4-amino-6-phenyl-2-hexenoate trifluoroacetate (2.90 g,
8.70 mmol), N-{[(1,1-dimethylethyl)oxy]carbonyl}-3-(2-thienyl)-L-alanine (2.48 g, 9.14
mmol), EDCI (3.34 g, 17.4 mmol), HOBt (2.66 g, 17.4 mmol), and NMM (2.90 mL, 26
10 mmol) in DMF (20.0 mL) was stirred at RT for 3 h. The reaction mixture was diluted with

water (~30 mL) and stirred at RT for about 5 min. A solid that precipitated out from the
solution was collected by filtration and washed with water. The solid was dissolved in
CH,Cl,, water was removed by pipette, and the remaining organic solution was dried over
Na,S0y, filtered, and concentrated in vacuo. Purification via flash column chromatography

15  (0-40% EtOAc/CH,Cl,) afforded the title compound (3.81 g, 93%) as a white solid. LC-MS
m/z 473 (M+H)', 1.23 min (ret time).

Intermediate 45
(2E48)-4-{|N-{[(1,1-dimethylethyl)oxy]|carbonyl}-3-(2-thienyl)-L-alanyl]amino}-6-
phenyl-2-hexenoic acid

P\ PN

x ~

>L i N i j)\ N i
N\/\)J\ ﬂ\ N\/\)J\
07 N R o~ 07 N x OH
H - . H

20
To a solution of methyl (2E,45)-4-{[N-{[(1,1-dimethylethyl)oxy]carbonyl}-3-(2-
thienyl)-L-alanyl]amino } -6-phenyl-2-hexenoate (3.81 g, 8.06 mmol) in THF (50 mL) and
water (50 mL) was added LiOH (0.965 g, 40.3 mmol). After stirring for 15 h at RT, the
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met hyl ( 2E, 4S) - 5-cycl ohexyl-4- ({[(1, 1-dinethyl et hyl )oxy]- carbonyl}

am no) - 2-pentenoate 312 1.31 94 nethyl (2E 4S)-4-({[(1, 1-

di et hyl evbybjiergdoicar bonyl } am no) -6, 6-di net hyl- 2- hepremasb@0a8831. 19 95
A met hyl (2E, 4S)-4-cyclopropyl-4- ({[(1,1-dinethylethyl)oxy]- carbonyl}

am no) - 2- but enoate 256 1.03.96 . | (2E, 45) - 4- 1,1-

di net hyl ef%ﬁﬁl%mtwar%mi}ﬂedavﬁfﬁ%wﬁé%rpéérg @gshef. Geftigishith EOAC
2011/ 0198} UBROIAAARSIFLani NBF ot Sty Natle 10 ) 8hdine (50 m),

(2S, 4S)-2-(1[ (1S, 2E) - 4- (2, 0-11- 1-i ndol - 1- -
met hyl pr opgied evkr deoSQ4, hiliteend, and/ddnaentratedcianoryto)afiprd thgditis-comppnnd(3.4li mecar b
oxyl ate

m xture.of . + . .
(s 28) - R PReShoMRiE sokd LGS 175 432 UEH) e YPGB 4- oxo- 2-
buten-1-yl] amne (150 ng, 0.581 mmol), (4S)-1- { [(1, 1-di nethylethyl)oxy]
car bony! } Inérmédide 45 L- proline (135 ng, 0.581 nmol ), HATU (221 ng, 0.581
mmol ), and DI PEA (0.203 ni, 1.161 mmmol) in DMF (2.0 nL) was stirred at RT
for 1 h. THEmethuleyelahetiohddrthiagiazol-2-amine

0
HN’NH2 N;’N\
H,NT s H,N

To a solution of 1-methylcyclobutanecarboxylic acid (prepared by the method of
Cowling, S. J. and Goodby, J. W. Chem. Commun., 2006, 4107-4109) (6.87 g, 60.2 mmol) in
10 phosphorus oxychloride (2.0 mL, 21.5 mmol) was added thiosemicarbazide (5.49 g, 60.2
mmol). The reaction mixture was heated to 100 °C for 2 h and then allowed to cool to RT.
Purification via flash column chromatography (CH,Cl,) afforded the title compound (9.4 g,
92%). LC-MS m/z 170 (M+H)", 0.61 min (ret time).

Intermediate 47
15  1,1-dimethylethyl [(15)-1-({[(1S,2E)-4-{[5-(1-methylcyclobutyl)-1,3,4-thiadiazol-2-
yl]amino}-4-0x0-1-(2-phenylethyl)-2-buten-1-ylJamino}carbonyl)propyl]carbamate

0~ °N N ' OH /I\i \ 0~ °N N YR N S
g H,N 7S "0 4

—_—

A solution of (2E,45)-4-{[(25)-2-({[(1,1-dimethylethyl)oxy]carbonyl } amino)butan-

oyl]amino }-6-phenyl-2-hexenoic acid (100 mg, 0.256 mmol), HATU (97 mg, 0.256 mmol),
20  and DIPEA (0.179 mL, 1.024 mmol) in CH,Cl; (5.0 mL) was stirred at RT for 30 min. 5-(1-

methylcyclobutyl)-1,3,4-thiadiazol-2-amine (43.3 mg, 0.256 mmol) was added and stirring

continued for 10 min. The reaction mixture was partitioned between water (10 mL) and

EtOAc (20 mL). The organic layer was washed with water (3 x 10 mL) and brine (2 x 10

mL), and concentrated in vacuo to afford the title compound (140 mg, 100%). LC-MS m/z
25 542 (M+H)', 1.32 min (ret time).
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was purified by reverse phase HPLC, eluting with a |linear gradi ent running
from40% 10 CH3CN H20 (0.1% formc acid) to 90% CH3CN H20 (0.1% form c
acid), towef2borudogome title conmpound (52 ng, 19% . LC MSPEIAISAM4/04NBH) ' |
1.12 min (ret tine). WD 2011/019801PCT/ US2010/ 045137 COVPOUNDS OF FORMULA
(1) Exarrpke 1

( 2E, 4S) - 41ntermedigla 48 no) - 6- phenyl - N- ( phenyl net hyl ) - 2- hexenani de

hydr ochl Oﬁllctﬁméléylémlyw(mpl%cﬂ dntli-28 (*Mhﬁf)m#m -(methyloxy)phenyl|amino}-4-
[(15) - 1- et hy1- 2-0x0- 2- ( cJopentd 28

phenyl et h9X()—l42{[1(11@hﬂe;ﬂy})sz-lbyltt)lalﬁyﬂa]mm}blm&oethylyqa}rbamatﬂ)) et hyl ] car bamat e
(2.00 g, 4.3 mmol )—in concentrated HC1L (2.0 nm.) wa tirred at RT for

The reaction m xt was basified w hosaturated a NaHCO3 to pH. 8 ®

and then extrlactfedfwi th Et 0Ac (4 @ g\@ﬁg |nad orgﬁnl yers
wer e washed Wk H(2N% 5Ty, r|ed ov and

concentrated in vacue to afford the freebase of the sitie corp ound (0.60
g). The free base was stiffred in 1 MHC1 in Et20 (20 ) for 2 h. The
resultant solid was coll ed by"™¥iltrati on and washe fth Et20 (10 nmL) to
afford the title conpoun 0.30 g, 18% as a white so LC-Ms nfz 366
(MtH)', 1.59 min (ret tinme). Exanple 2 15

( 2E, 49) - 4- ( L- ahantarmioh Q)F,A)retinydo-B-[ Himethylyhpdeeyiduti e nly2thechhoidede it

H?(fs? it (T mgep. 30 e viishoa B B ety TER oS bony1;-

oxo-1-(2- %ﬁ{bgétﬁéd&(d Qa@(l@'@trﬁ@ 01306 rhﬁ‘l@l)anP%%%H%|rﬂg3@rmrfﬁﬁ181)(élnd7DH>Ezﬁé 3
nmol) in CH2C1 was added TFA (10 mlL). The reaction m xture was

stirred at0.R0 lfﬂbr 0 Ql%mnsd) relPAMEX@.Onaas) W@ﬂﬁv‘eftﬁ tR e dd. abe rE2on M@@tunt ) was

added. A soali e n shed.. w turate 20 i)
2nd then idt oS ity e wRRTR SudB R Rl Bl R (400
ng) . The firetiohasesheasvittwdtereand fridd Mo forufioh @ the(t?R odkpolitd (72 h

resultant solid was coIIectedﬁg filtration and washed with Et20 %20 m) to

afford t has & whiteselshpdeniS ez 33 Q1+Hbod 28408 (htipe)-sol i d. LC-MS nfz 290
(MtH)', 1.34 min (ret tinme). WO 2011/ 019801PCT/ US2010/ 045137 Exanple 3
(2E, 49) - 44 no) - N, N- di met hy1- 6- phenyl - 2- hexenam de hydrochl ori de
A sol uti onl(t(lgPﬁLi&?ydfdr?et hyl et hyl ((1

S) h2 { I[ ( 1$,1|2(E)nedh3(lelihlylat(lllS) 2matby - H({H(dS-2E)(4{[4- (methyloxy)phen}g]amlno} -4-0x0-1-
2_pggmr/m§f ?2/ pe\enyletflyﬁz I:Jl'ut%n 1-}r;[i']z{]n?}no}cargen}thropyﬁcar a atg carbamate (2.00 g,

XOLHIM o AT L JLIr IOl

<S

A mixture of (2E,45)-4-amino-N-[4-(methyloxy)phenyl]-6-phenyl-2-hexenamide
hydrochloride (148 mg, 0.349 mmol), N~(fert-butoxycarbonyl)-L-valine (76 mg, 0.349
mmol), BOP reagent (154 mg, 0.349 mmol), and DIPEA (0.183 mL, 1.046 mmol) in DMF
(2.0 mL) was stirred at RT for 3 h. The reaction mixture was diluted with water. A solid that

15

20  precipitated out from the solution was collected by filtration, washed with water, and dried in
vacuo to afford the title compound (85 mg, 48%) as an off white solid. LC-MS m/z 510
(M+H)", 1.13 min (ret time).
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concentrated HC1 (2.0 nL) was stirred at RT for 1 h. The reaction m xture
was basified with saturated ag. NaHCO3 to pH 8 or 9 and then extracted with
Et 0Ac (4 woR00/am801 The conbi ned organic | ayers were waghedsawi4snarer (2 X
50 nl), dri ed over Na2SO4, filtered, and concentrated in vacuo to afford
the free 83 th; title conpound. The free base was 10 stirred in 1 M
HCl in Et e’(‘? iH95% or 2 h. The resultant solid was collected by
filtratio L cpnmpound (0. 30
. 200 o anhRABEY 2 B R2E) 3-Jd-E S R b e

Exanpl e 4yllamino}carbonyl)-1-azetidinecarboxylate

N1-1(1S, 2E) - 4- oxo- 1-( henyl et hyl ) - 45 (1- pi peri dinyl) - 2- but@n 1-yl1-L-al ani
nam de 15hydrochl ori de(g\’(OH H,N sgluti on of 151 d| et t hyl

((15) - 1- net hyl - 2- oxo [ (1S, 2 -%- oXo- 1- ( 2- p ety 37r - (1 -pip
eridinyl)-2-buten-1 Py ]> ani no } et hyl ) car bamat 1CO(Yg, 2.25 mmol) in
concentrated HCl1 ( m.) was stirg RT f 1 h. The reaction m xture
was basified with 20 saturated aqg. Na to pH 8 or 9 and then extracted
with EtO0Ac (4 x 100 nl). The conbined organic | ayers were washed wth water

(2 x 50 nL), dfi @&ltw&rf (RR2IsOA L rdimetbylsghyl ol cadiongn - sacsdincearbestis ¢ o

afford th a i¥red in 1
v Hea i 5T DY e RES Pirntdt HATEs 8P ERRYD mniIE ohd BRP PATS N3 ST
filtrati omnau*l}dw@]sl&(ﬁ@l(% 0 mLERD DMID (4 nlt)ovaafsfioed at RE fon 30 mlmd‘vfpmhd (0.30

261??00198 t i sgé bgzsefégte I@Cgﬁpgge@te é’» 84£ 2, 1'21')91 rnrno% was argidé({ and time). WO
(2E, 49) - 4sﬁ1¥1n§'c§ﬁ%t@m09%lé}h [ Wa@é?%aﬂ)éh@éwatﬁlhﬁ@}/é'a]:ﬁ&l Rhamlwa-Rexasam de

hydr ochl ori de 5To a solution of 1,1-dineth
((15) 10- metthyExO2c{ [The SrgE)c Myer{VY%-we(Sh@d Wgabfow iiméfnwh]i oaed woh prine, dried

229 ot § M emenaorcey 36t Sl o B L BatioRt pRHE B ROCRTE i * ©

reacti on pdxhure- M/gsn@tgm (Melﬂgt 0REB Iﬁmr(reltfrﬂne)The reacti on m xture was
basified with saturated aqg. NaHCO3 to pH 8 or 9 and then extracted with

Et OAc (4 x 100 niL)._ The 10 conbi ned organic |ayers were washed with water
(2 x 50 r’r{')te“HP‘ihéEPﬂver Na2SO4, filtered, and concentrated in vacuo to

afford th h J yn 1
o, AR BRI\ RTRAN b IR SRR BE AR SR -2

filtr&ii ohexemdiosdhed Wwith Et20 (10 nl) to afford the title conpound (0.60
g, 58% as a white solid. LC—IVB m z, 382 I\/H—I) 1.61 mn (get time). 1FINWR

(400 MHz, DMSO-d6) 6 pp q;215( @;T 8.2 Hz), 8.03 (3
H br. s.), 7.55 (2 H, mNJ 07 -71 8190 (2 H m
J=9.3 Hz), 6.69 (1 H, J215%4, 67Hz) 1°H,/’d J=15.4 Hz), 4.48 -
39(1H,r‘r),3.91(Hq,J71Hz)3717i3Hs)271-258(2H,
m),197- 1.79 (2 H 'm, 1.44 (3 H d, J=7.1 Hz). Exanple 6 20 nethyl

3-{[ (2E, 45) - 4- b wAbRASh 3 N0linRuARSRY (23 MeHErON)] AERPRLRABEIRAS)-4-oxo0-2-

ffluoroacetate To a solution
(2E 45) - 4b{1t¢n+1{5[llamlmo}maﬂmm9+leazhydl)tloca}l])@a'ﬂdm@f%} g.- 1480 mmpl))ia HO{75 mL)

6- phenyl - exeno).C HATU .(38. 0

mrol) 1 B a (o Uk e JudBy el P ko T Art Samhagury Bkt e

reactpen ‘f@a&ﬂiéﬁ RiWaE whakeeent@fed2n vacuo. The reaction mixture was acidified with 1 M aq.
HCl to pH = 3 and then extracted with EtOAc. The organic layer was washed twice with

water and once with brine, dried over MgSQ,, filtered, and concentrated in vacuo to afford

the title compound (4.50 g, 97%). LC-MS m/z 313 (M+H)", 0.78 min (ret time).
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WO 2011/ 019801PCT/ US2010/ 045137 m n and then di spensed to net hyl

3-am nobenzoate (15.0 ng, 0.099 nmmol ). The reaction vial was capped and
shaken t oweai2diidiisgeer si on. The reaction m xture then sto®dTats2H0/0§187 18 h.
Sol vent was renoved under a stream of nitrogen in a Radl eys bl omdown
apparatus_to 1/(iiﬁor' i nal volunme. TFA (0.20 nL) was added, and the vial was
capped anl€HBR 2 min. 5 The reaction mixture stood at RT for 2 h.
The crude;gragiseh yI¥@h1 &:S‘)sz-d{f(@SQEMe(‘Q@ éﬁyﬁ%?ﬁ-lﬁﬁbﬁ%ﬂ-ﬂ%@'ﬂﬂ\@ﬁ& Batthpped
with a SunFire 018 col um radi ent - of in“wat er “containing a
TFA nodi fﬂeﬂ]aniﬁhe}cgdbmefm)t-l-\a/a@uhneqambax}é@tel n vacuo to afford the title
conpound (21.5 ng, 379 LC-I\/B r@z 410 (M+H)' 1. mn (reto tinme). Exanple

7 10
( 2E, 4S) - 4- (L- al anyl aniho) [ 23 (m‘é?'t| )_pheny phevn?l)% Yhexenani de
trifluoroacetate 07N, O/a solutiq f (2E

{[(1, 1-di net hyl et h»yj()oxy] car bonyl } - I anyI no] 6 phen - hexenoi ¢
acid (37.6 ng, 0.100 nmol) and HATU (38.0 ng, '0.100 mol) in DMF 15 (0.2
m) was added R BRALGIODE -1 1)1-dualia«a req@%k aﬂEbii yre was shaken
for 2 mn and then dIS@n%) A rm[’gloxy)anlllnega iy 078 nmol ) .
The react Bmhldeé)lcal\he@ylg@ppebzaw@emm@(]t &7 @i H7 dinspsd) A)T]U”%ﬁ@ gehction

m xture t hen -~ Sol st ream of

ni trogen m éf ﬁlﬁﬁAtFﬁq% omqé‘gﬁar ar mpﬁl\@fs(ﬁggvgl naaIl]Ild Fégomfl‘ﬁﬂas(o 20
m.) was agtiles atmdfotrhe nvihak,3uphydadd pEdndsie (Ehzken., #.91 nZnsl) vas 2@dctinad
reaction mxture stood at RT for 2 h. The crude product was purified b

reverse pHESES OPREUGY ONg IRt VEPrCaefiAnIBEIRV A canasafired & wrgo @ad arficd h a
di ent
Ovaporta e odih, tAolRldery b0 Bl S MEAERR My g B SIS (3P0,

382 ( MrH) 46%].. BC-MBmi/ Aed (\Wi-Hi), 107\/1ﬁn2(®ét11/rm9801PCT/ US2010/ 045137 Exanpl e 8
(2E, 4S) - 4- (L- al anyl am no) - 6- phenyl - N-1, 3-t hi azol - 2- y1- 2- hexenam de
trifluoroac etat@fl To a solution of (2E 4S)-4-[(N

{I(1, 1-di oxy] carbonyl} -L-al anyl)am' no] - 5 6-phenyl - 2- hexenoi c
acid (37 o -1-02-HReny IR py1)- ol)
was added@%%&&?%@%g 2 @g@sdﬁﬂ_u @Tﬁe re%actl on’'m xt%yrl e“lmolaggﬁsléllgﬁ%n for
2 mn andyﬂh@m(ﬂc&l@@nsbd agtidipcathioxybite 2- amine (9.1 ngy, 0.091 nmol). The
reaction vial was cappgd and shaken to aid dispersjon. The roeacti on m xture
then stood at RT for . oSohyen s rempved u dl.s of nitrogen
in a Radl eys bl owdown app rat us io 1/ P10 origi na % Iume TF% (0.20 m)
was added, and the \ialo was capp an shaken f g fin e reaction

m xture stood at RT/\{or 2 h. The ,gg,iﬁ\gfoduc s purifiled by reverse
phaseE gPLC using an MDAP equi pped with aFSunFire C18 colum with a gradient
of in water containing a TFA nodi f| er. The sol vent was evaporated in
vacuo to aff ord sohsioniafl(2S)elo i burdmethlethy)oR9Prrboh ) NSazetiding&gb¢Nied) ', 1. 51
mn (ret ti 15 le. 9

(28, 45) - 430 CAAgH ETBTRG: BHCHY (1R . 2.005 Piobh SHePIRAA hRR T 2% excenar

de trffl UﬁanﬂYﬁit@HfClz (20I®md ) 3Rd B[S @hlﬂ)%s%’éhedlat lebrso rmn Asolutlon

{[(1 1-di met hyl et %oxy] car bonM -al anyl ) am no] - - 2- hexenoi c
aci d (37. ef mgthyb(2ZEe85) rimrninognene @leeaangatprgrlﬂ@rw@tamﬁﬁy rmga A ngoh i)
was ed ( The r r en for
> i o Ona AT L e aﬁ&d Rl TR ssp ARG S i, P dOY TR MR AUE 30,

mrol ) . Thend @@¢édceion Milﬁﬂurd/\ﬁﬁs &a@p@d wamoEtmaJ(a 00 t:nL)almle APy 1ay@n~asThe
reaction m xture then stood at ent was renoved under a

st r eam of “aphodagéhwatsr & RAG a9 ami Bm(/woarﬁp)afia%qural 13Qs. Sierqdginghl
\\zg's ume.  Hedh bhtedfh® H Wl OB dford ks i CEMund (80 k) s688asadiiadw Lnd. tee vial

MS m/z 355 (M+H)", 1.06 min (ret time).

25
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WO 2011/ 019801PCT/ US2010/ 045137 capped and shaken for 2 mn. The reaction
m xture stood at RT for 2 h. The crude product was purified by reverse
phase HPLOusiwgosem NMDAP equi pped with a SunFire Cl18 colamussdml4a3gr adi ent
of CH3CN in water containing a TFA nodifier. The solvent was evaporated in
vacuo to fford th itle conpound (3.1 ng, 5%9. LCM5 mz 420 (MtH)', 0.85
mn (ret Hiteppgdia le 10

(2E, 4S) - 4(4f2.9-27) Z%ﬁfllnﬂlzl' Ndﬁﬁ&ﬂ&ie’t%l&x&%&?ﬁm&a = RGN I}b%onyl}amlno} 6-

trifluoroacétate 000 OA H HNi HO To™ a sol uti on
of (2E, 45methyl{X-heptéhgit adiddi rret hyl et hyl ) oxy] carbonyl} -L-al anyl)am no]- 10

6- phenyl - 2- hexenoi ¢ aci d 37 6 ng . 100 mmol ) and HATU (3;‘3 0 nyg, 0.100
mmol) in DVF (0.2 nl) \ (0.05 niL, 815 . The reaction

m xture was shaken for heﬂ dJ_spensedNto t yI hiline (10.7
ng, 0.100 mmol ). The r éégl

. . w was cappedO Wto ai d di spersion.
The reaction m xture en stood lat RT for . SoI vent! was renoved under a

stream of nitrogen in a Radl eys bl owmdown appar atus to 1/3 15 original

vol umes HC1 (2TWase dﬂfbh@ﬂlllﬂdlﬁwﬂry@dt@i%ﬂf—)rz P¢[2%, 1)) 4- &ﬁ&hﬁl@ﬁ?jl -(&nd the vial
0

was capped and shaken for 2 mn. The reaction m xture sto at RT for 2 h.

The cr udemﬁﬂb’dm{fzpyl)vés)xptﬂ*bfﬂtﬁ@d %kmlw}élﬂ@@nplhés@eﬁﬂlnec&H@QXW@&%@O@D@@ lefi$i pped

with a Su i

TrA o £ TG FiptE S AT WS (P E O GBI p® af R R BB 359
conpound (mh&INDAt&7Hrrind or VG hrdt RB && I(eMtid)l mlxﬁ;reY Yagreoncetitedte @ O1 taar).. Wad
2011/ 019801PCT/ US2010/ 045137 Exanp

é 2Ef 4S) - 40 mE) way pddernthy r@cg%wmmw amlﬁﬂ wEh dmdaryHEb iy 113 20dhEeBnani
e Of(fmt @xtlr: ct t T@F &9;1%' ngfl}e(&gan‘%? aXy]i \svgs(\%s ed Wéth water (IIO% nth and

{[(1, 1-di et oxy] car am no xenoi ¢
acid (37. Brm@(lOO IO drredbdyer Mg GTillete8Band oy cerBraiddQn nmmo) The ra\dl:ta(ltoyeﬂowL)
was added 0.,05 tion mxt shaken for
27 1 andoU e ML P 88 O ML BHEIH At hie oEioe Beple Tomgn

ol ) . Th€48r5‘3r§§t83%) a‘é'aﬂ»lzhﬁ’éas%hﬁaﬂgeldls%@ 3&T@ﬂ6ﬁlﬂﬁ Q.9 ﬁnfjdr&ﬁﬁrﬁ@)' on. The
reaction m xture then stood at

Intermediate 55
15  1,1-dimethylethyl (25)-2-({[(1S,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-(2-methylpropyl)-4-

0x0-2-buten-1-yl|Jamino}carbonyl)-1-azetidinecarboxylate

Oﬁ‘/ \/\)]\OH HN
el 5 5
A solution of (2E,45)-4-{[((25)-1-{[(1,1-dimethylethyl)oxy]carbonyl}-2-
azetidinyl)carbonyl]amino }-6-methyl-2-heptenoic acid (100 mg, 0.294 mmol), HATU (112
20  mg, 0.294 mmol), and DIPEA (0.154 mL, 0.881 mmol) in CH,Cl, (4.0 mL) and DMF (1.0
mL) was stirred at RT for 30 min. 2,3-Dihydro-1H-indole (0.033 mL, 0.294 mmol) was
added and stirring continued overnight. The reaction mixture was partitioned between water
(10 mL) and EtOAc (20 mL). The organic layer was washed with water (3 x 10 mL) and

brine (2 x 10 mL), and concentrated in vacuo to afford the title compound (174 mg, >100%).
25  LC-MS m/z 442 (M+H)", 1.16 min (ret time).
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10 h. Solvent was renoved under a streamof nitrogen in a Radl eys bl omdown
apparatus to 1/3 original volune. HCl1 (2 Msolution in 1, 4-di oxane, 0.20
nm.) was awlOedi/asbit he vial was capped and shaken for 2Pgirrus2dilk®431eact i on
m xture stood at RT for 2 h. Additional HCL (2 Msolution in 1, 4-di oxane,
0.20 n) ¥vas %ﬁld d the reaction mxture stood at RT for a further 18 h.
The cr ude purified by reverse phase HPLC using an NMDAP 15

equi pped wc&aog Zr&uqlanﬁ&hymmo&mearw@d} -8 @hy K8 Gheth31048)- 81
containing a TFA riodi fier. The 5ol vent “was evapor at ed In vacuo to afford an
i npur e frakmirpmnide t he TFA salt of the title conpound. The TFA salt was
dissolved in 1:1 MeOH DVSO (0.6 ) and purified by geverse phase HPLC
using an MDAP equi pped with alc'in antis col ymew HQA gsadi ent of CH3CN in
wat er containing a form ¢yac rrodPH | er—Th sol\nVer;t s renoved 20 under a
stream of nitrogen in the Ra@ll e%l owdown appar‘at u o afford the title
conpound (4.0 ny, 8% . LCMS m O (MtH)', 1.96 mnV(ret tine). WO
2011/ 019801PCT/ US2010/ 04 pl e 12 net hyl

4-{[(2E, 4S)-4-(L-al anyl a o<phenyl - 2- hexenoyl | am not benzoate formate o
To a solution of (2E 4S)-4-[(N- {[(1, 1-di net hyl et hyl ) oxy] car bonyl }

-L-al anyl )am n V=2 2RO, 6. AC r . yomol ) and HATU
(38. oa§ng, 1031’ a3 13%0%?39?01?’8@§W%§&8g%‘%§%5? Bga](ag@%g@m 0. 286

nmol ) . Thélcyelahetxwmmrreﬁ 00 g, 1MAKS mlmmlk)ein T HDIF (127 Ovinh.) andi DiViie (8. @i pevis edd¢d

met hyl 4- ate 5. 0. The reaction vial s capped
and Shakel Barg %é?&#g%el é rp%l%weewqﬁé 01&386&% for 72
h. Sol vensmmg 30%@\&@1&% dantih §FN%@-H"n%°thﬂlé§cfr99ﬁ5knln@ h%d%%ﬁﬂo%)dé ébk@%g,own
apparatus to 1/3 10 original vol unme M solution in 1, i oxane, 0.20

m) was addlédmmaeiganhBPIREAK2. %&nﬂabbéinan@ll)ghak/b?l(#(bmmvwsﬁdde‘ﬂhérheeacti on
1 Xt tood at .RT fo . HGL (2 |
0. 20 HT) ° iSSorfimiatumsntroios SHCt bR UF pRARE i aPhid o B 2NTE 1y

The cr udea@f@@lmh tWase Wil $aliredd RY. NENEDs e TRO8SAnidPAsfer Wak dlc@bvdYBAESegui pped
wth a SunFire Cl8 colum with a gradient of CNin water containin a

TFA 15 noéiteicdrandoeacandiatedrt vore tewEpet the ade compawido 2165 eafPBrdLenMS
fraction F title conpound. The TFA salt was di ssol ved
inl:1 I\/Egj—? B?/%BJ ﬁgg%n%)(%th@guri fied by reverse phase HPLC usi ng an NMDAP
equi pped with an Atlantls colum with a gradient of CH3CN in water

cont ai ni nntermediatecSAaci d nodifier. The solvent was renoved under a stream

of ni rog q i.n the Rad| eys_bl owdown aptparatus to afford the title conpound
20 (3150 df%ethﬂ@hwb[(mlsmommj*- bumyletinyjearbamate re) . Exanpl e 13
(2E, 4S) - 4- (L-al anyl am no) - N-cyc| xyI N- net hyl - 6- ph | - 2- hexenam de
trffluoroacetate WO 201140 1d$2010/ 04 470 a solution of
(2E, 4S)-4-[ (N-{[ (1, 1-di yl I)pxy] car bon?%[ \“/al anyl ) am no] -

6- phenyl - 2- hexenoi ¢ acid (37. .100 nmol ) and HATY7(38.0 ng, 0. 100
mml) in DMF (0.2 nL) was added DI EA(O 05 nmL, 0.286 nnol). The reaction

m xture was Sh?IK%%ofL@lbnanA‘lPﬁmd40@@”1@7@%}5‘1@ Rt90 XMl exy b ek Bydddam ne
(11.3 ng, 0.100 nmol). The reaction 5 vial was caplged and shaken to aid

di sper si ofLOPTHE &S@é@étqnmf 3n¢Y3@iQH’F@Yd-ﬁ\éT{[(§Ebé@K&1ﬂylmf§’ oty |qabonyl 'S8 veathylwés

renoved u [ /3
ori gi nal L I%X%%% u@%% ?jqnm%oﬁa% gi &‘Z@, 8@?8’3%”%% &\{;\l.ﬁlgikazucfégva%and
t he via@l med:fappednﬂado S@ak@qllémhecﬂwrth@to}{bes n&a)cﬂ)lilmdmw%raq mtmdmat RT
for 2 h. Additional HC1 (2 M solution in ], 4-di oxane, ded
and the rBaBHHBAO MLt [ﬂﬂ%r%@%%mézttuwawasae%lthder?@r H@é(%x 4?%)e$%§éréted

pr oduct i th a
SunFire C }g%f%(fr)m&\(/j\nx Q%mgﬁgr a gﬁ?@@?&%&!ﬁgﬂ%ﬁlﬁg %ﬁ%ﬁ?%ﬁg@%s

nmodi fier. ﬁllfhtedsamﬂd\mntemmsadenawoab effordwthvaida@ompomfdfasracbldsdn;acdimﬂdseoﬂgmﬁohlnd
(25 ng, LCGMs. mz 372 (M+ 1.75 n (ret tine). Exanple 14

15( 2E, 4S) Y W/g ﬁal_mﬁﬁi %@F&ﬁi‘tr?gﬁp ‘%Q-ﬂﬂlz?iﬁlrg@f p%“ﬁ]?f’alf)éxycycl opent y1] - 6- phenyl - 2- hex
enam de formate To a sol ution of

(2E, 429 -4-[ (N-{[ (1, 1-di net hyl et hyl ) oxy] car bony1l - L- al anyl ) am no] -

6- phenyl - 2- hexenoic acid (37.6 ng, 0.100 mml) and HATU (38.0 ng, 0.100
nmmol) in DMF 20 (0.2 nL) was added DI PEA (0.05 nL, 0.286 nmol). The
reaction m xture was shaken for 2 mn7and then (1S, 3R)- 3-am nocycl opent anol
(10.1 ng, 0.100 nmol) in DMF (0.10 nL) was added. The reaction vial was
capped and shaken to aid dispersion. The reaction m xture then stood at RT
overni ght. Sol vent was renoved under a streamof nitrogen in a Radl eys

bl owdown apparatus to 1/3 original volume. HC1L (4 Msolution in

1, 4-di oxane, 0.20 nl)



25 was added, and the vial was capped and shaken for 2 mn. The reaction
m xture stood at RT for 2 h. 1:1 DVvBO MeOH (0.30 nlL) was added and the
reacti on wexof/dipsened and purified by reverse phase HPLECUAiSagoans1¥DAP
equi pped with a SunFire Cl18 colum with a gradient of CH3CN in water

cont ai ni n a TFA nodj fier. The sol vent was renoved under a stream of WO
2011/0198 /045137 nitrogen in a Radl eys bl owdown apparatus to
afford an I f t The TFA
salt was 31"212% %‘Ea‘s?ﬁ OB e A i bt Db RO T ML C

usi ng an hMOMenetfei pped with an Atlantis colum with a gradient of CH3CN in
wat er containing a formc acid ifier. The solvent was renoved under a
streamof 5 nitrogen in t(];le Radl@ bl owdown apparatus to aff rd the title

conmpound (4.0 nyg, 9O/<) &1\!\/5 Oo(MHH) ", 1. 33 mn (EW) Exanpl e

15

(2E, 4S)-4-(L-al ar@l/am NG bcf cycl o[ 2.2. 1] hem - 1] - 6- phenyl- 2- he
xenam de trifluoroacetate To a solution of (2E, 45Y-4- [(N

{[ (1, 1-di met hyl et hyl ) oxy] car bonyl'}”- L- al anyl ) am no] - 6- phenyl - 2- hexenoi ¢

d (37.6 I I
e aced Di PEASFOSDEOET s taE Tt iorths et e TR b B LB it
2 mn andEtzhb(BO(rﬂ.IS a4R)T daamdzileo)hzo&na;ﬂl bepﬁ@mearaaenmm Kt1Q (20 f). Ohd Qctiaml )
in DM (0.10 15 ded. The reaction vial was capped and shaken to

aid dis peFIE’FtB’ﬁ’ WWW@@&%& #%matrﬂt Uhesqligevassicauchby Ritragor rAd giersolugenvest

was renov a OGN Q%l(i(p ,apparatus to
1/3 origin géh l%%gl ‘%%C-I%)g w ﬁﬁaﬁb Eljtl onhlcﬁlu mﬁ%@i@ﬁgb gﬁb/ nm.) was added,
and t he anDAmd'hsxama@méﬁbrcmddhshﬁkemmpmdel15’9@,6H%ewveeﬁuistm)asa<tlteare st ood at
RTfo H ( added.and the reaction was filtered
and 2 qu‘?lP%%ﬁ mww%ﬁﬁ%%ﬁ?@g}% chimgbap equi pped with a SunFire
Cl8 colum with a gradient of CH3CN in water containing a TFA nodifier. The
sol vent wWastermb®PuROsginder a stream of nitrogen in a Radl eys bl owdown
apparatus to afford the title conpound (7.0 ng, 14%. LC-M5 mz 370 (M+H)'
1. 58 nin [reshylt(RZEd$)-4-anoinpeftay o 8pIFEPLUSR0AE/tOflBeBACEathpl € 16

N1-[ (1S, 2E)-4-(1H i ndol- 1 1) 4- gxo- 1- ( 2- phenyl ethyl) 2-buten-1-yl1]-L-al ani
nam de trffluoroacet \/%;dﬂ ution of gh,, t}yl etfhyl.
((1S)-2-{[ (1S, 2E) - 42}( doéL- “yH 4757«51( %
phenyl et hyl) - 2- but en-1 - - 1- et hyl - hyl)carb te (190 ny,
0.40 nmmol) in CH2Cl12 (5 0 m_ s added TFA( m., 14.28 muol). The

tream of it r oganoht 1%%'@%%%&‘@51@- it BL LS RIES b g vosr @
), f3!tesBenl Fﬁr%ﬁgﬁ%%eﬁteﬂ@até gm[o“g 0% Sedol mfGIlIthQ{ ¢15ahd) Wi addle@q“FAOMbez

reverse phase Cl8 S tmll2 nm nm prepar atory col um),
el uti ng aml203dinmoh. Whe meaatwm mestpregy asditionet at &ﬁrfmeJSﬂlra@dwﬂm%oapf@wqdzo

(0.1% TFA), to Q. 1% IF e mn.. The. desi red ons
wor e conchttPaddh rounan varey ot T OZe Moed O ORI i fber
(2.0 m), Eezmhﬂdmwmd mmr@meam@%ﬁfpaan&(%ssziﬁg 60 fab an dfftiagitet dolitl e LComsound
(110 ny, 56% NS nt z 376& ' 0.98 nin (ret 15 tine). 1H NVR (400
MHz, NEOD)”/% Wﬂ{haoéamlgﬁe tiy 1H), 7.75 (d, J= 3.8 Hz, 1H), 7.60 (d,
J= 7.3 Hz, 1H), 7.33 (s, 1H), 7.32 - 7.26 (m 5H), 7.19 (t, J= 7.0 Hz, 1H),
7.09 4ald, 4 Hz, 1H), 6.95 (d, J= 15.3 Hz, 1H), 6.73 (d, J= 3.8
He, ‘%ﬂ I'.‘]t?ﬂ';'?d‘%tea‘g)(m 1H), 4.04 (q, J= 7.0 Hz, 1H), 2.81 - 2.75 (m 2H),
2.10 - 2. 03-dimetRHRthyL(280-2¢{[(1.92EJ-16(cidppBigylmethyhpt-anethyloxgP 423 0Ccbwtent

Experi nmen faqr Using array chem stry, follow ng
t he procegl}'ll]@“}igog l&%yb gaﬁgfdé“‘?cr‘?r'ﬁ’?f@'l?ﬂeepar ation of Exanples 17-20. A
m xture of (2E, 45)-4- {[(11d| thylethyl)ox carponyl fo

-Lal anyl ) ani no] - 6- phe Ot epe m (3145 m}k@nd HATU (38

ng, 0.1 mol)

o’& o i
N VA
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WO 2011/ 019801PCT/ US2010/ 045137 in DWVF (0.2 nL) was added to enpty mcronic
vials. DIPEA (0.035 nL, 0.2 mmol) was added to each. Each vial was capped

and shakewof2ori/ai9seiin to aid di spersion. The pre-wei ghedPapprse@oioaila7 an nes
(0.1 mmol) were added and the vial s were shaken at RT for 18 h. Sol vent was

d d bl d a sto 1/3
of 5" the or i gi AAO B AESTER (8 Bty AL SHaLaTTlo- SHEAIRERET B Cand ¢ he
vial was QQQQMmghﬁWmBM ?IA‘TI@ @anéejﬂfﬁm%&aﬁ'ﬁdﬁﬁﬂ(f 970 15141Lh7 8§aCh

crude product was purified by reverse phase HPLC using an MDAP equi pped
with a Sunfmiglpin@1ig.(do[2A0nthmbi) hd DMIF 640 eﬂi)wﬁs sm@m Rh fwa?&ammohts@lummg a

Rod ovs. b PE R S e e R P Rk e ha i n

10sal ts. Eﬁﬁ@dTPin@M:W('SZﬁmL §headded ahalli@ink. cof[@tlﬁle@ for 1 @W&ﬂﬁO@ﬁﬂgQﬁaSExa”p' e
| e Name LC- MS (M- ret time (mn) 17 el

( 2E, 4S) - 4a<4d@d@mérﬁlyq r&mtw@)mlmn{rg wap gtrapiddoxipl) BHaMg (100gnbhehid arganipy ayehani de
trifluoro

(2E, 49 00T "V RATEFBP R 10 i s bing (100 Ly drigd gyt Nepe e
trifluor O&C@&c&icéntﬁ’eﬁ&i . \&&tcﬂ.ﬁ) afford the title compound (450 mg, 57%) as a yellow solid.

LC-MS m/z 353 (M+H)", 0.99 min (ret time).

10  Intermediate 61
(2E 48)-5-cyclopropyl-4-{[((25)-1-{[(1,1-dimethylethyl)oxy]carbonyl}-2-

azetidinyl)carbonyl] amino}-Z-pentenoic acid

% < Y
7& V

To a solution of 1,1-dimethylethyl (25)-2-({[(1S,2E)-1-(cyclopropylmethyl)-4-

%
<{.

15  (methyloxy)-4-oxo-2-buten-1-ylJamino } carbonyl)-1-azetidinecarboxylate (450 mg, 1.277
mmol) in THF (25 mL), water (25 mL), and MeOH (5.0 mL) was added LiOH (153 mg, 6.38
mmol). After stirring for 15 h at RT, the reaction mixture was concentrated in vacuo. Water
(10 mL) was added, the reaction mixture was acidified with 1 M aq. HCI to pH = 3, and then
extracted with EtOAc (100 mL). The organic layer was washed with water (100 mL) and

20  brine (100 mL), dried over MgSQOy, filtered, and concentrated in vacuo to afford the title
compound (341 mg, 79%) as a white solid. LC-MS m/z 339 (M+H)", 0.83 min (ret time).

Intermediate 62
1,1-dimethylethyl (25)-2-({[(1S,2E)-1-(cyclopropylmethyl)-4-(2,3-dihydro-1H-indol-1-

yl)-4-0x0-2-buten-1-yl] amino}carbonyl)-l-azetidinecarboxylate

+ G + V

25
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N I (2E, 4S)-4-(L-al anyl am no)-6- phenyl-N 3-pyridinyl-2- hexenam de
trifluoroacetate 353 1.06 20 \ N (2E, 4S)-4-(L-al anyl am no) - 6-

phenyl - N-WbBR2pyweEgsel - 4- y1- 2- hexenam de trifl uoroacet at e P8BFAIS2010045190

2011/ 019801PCT/ US2010/ 045137 Exanpl es 21-37 General Experinental for Array

I [ ' fol | oy ' h
T e or epr ol BT RELETS T Esab ot SRR GP] PRSI SR EARSS, e
{[(1, 1-di Q%E&Ydiﬁ}tlg%mo‘ﬂ?bﬂ]trﬁﬁfo?%ﬁén}terfokc‘ @éi@gnb)r%ion%-rﬁmogbﬁmh @2hexenoi ¢
acid (715 ng, 1.90 mmol') was added to HATU (7 ng, 1.90 nmmol) and then
di ssol ved0i3a5 BvRol(,3ng IHPEA (Phg0gnll., k.9 Brmmmd) idiEhehs@d olid anhbd lct whi) c

i al 0.2 m. O . ial .. DI PEA, (,0 6 I dded
Vo each. - B R BP0 bnBa 2 h b o 81 G0 e D3 oo by B of
each pse- ued @hffy aPRMRABY badrBight TR rbct(dd MiReUureWmk bartifioBNFb d-iedkOw i) (102S
added and the vials were shaken for 5 min and then left standing at RT

over ni ght mIgand EHPANE20 mbppVbeloigatislayer stap daphagwith wesgehx il ml)Rad bape (bl ow
d { . Qri.gi o,ad
doun 200K A045LE eS8 ARLnNE TR eS8 P8 Th VB0 e e

was shaken n-an
at RT for m2 M0 MAHPVED: Mif ke Bm30 nl) was added to each reaction, which
was then filtered and purified by reverse phase 15 HPLC using an MDAP
equi pped with a SunFire C18 colum with a gradient of CH3CN in water
cont ai ni ndPErREHARA fier. The sol vent was renoved under a stream of

nitrogen inQ_di v I 1 _ALOE, £ yondi ng
pr odug'?s zlli’g %E%t@ﬂh‘?y&%ﬁnﬁ gyigf?@? i@tpg{i‘égﬁﬂeﬂw‘}%{tﬁ é‘ (%ﬁ) ErgE)IFegﬁfz) Exanpl es
21- 37. Exzbphnénd}earkiangl)4cHnd o-1-pyrrolidinecarboxylate

F

F
(0] (0]
OH HN\/\)I\ H\/\)]\
N PN N T N Y -

O

A solution of (45)-1-{[(1,1-dimethylethyl)oxy]carbonyl}-4-fluoro-L-proline (499

mg, 2.140 mmol), HATU (814 mg, 2.140 mmol), and DIPEA (1.121 mL, 6.42 mmol) in
15  CHCl; (8.0 mL) and DMF (2.0 mL) was stirred at RT for 30 min. Methyl (2£,45)-4-

amino-2-hexenoate trifluoroacetate (550 mg, 2.14 mmol) was added and stirring

continued for 2 h. Water was added and the reaction mixture was extracted with EtOAc.

The organic layer was washed twice with water and once with brine, dried over MgSQy,

filtered, and concentrated in vacuo to afford the title compound (750 mg, 98%). LC-MS
20 m/z 359 (M+H)', 0.83 min (ret time).

Intermediate 64
(2E48)-4-[((49)-1-{|(1,1-dimethylethyl)oxy] carbonyl}-4-fluoro-L-prolyl)amino]-2-

hexenoic acid
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m z ( M+H)

ret time (mn) (2E, 4S) - 4- (L- al anyl am no) - 6- 21
_,, CH3 phenyl - N-propyl-2-hexenam de trifluoroacetate 318 0.65

( 2E, 4S) - WOLonlEop 2 no) - N- cH3 22 ,.-cH3 PCT/US2010/045137

10

15

20

25

To a solution of 1,1-dimethylethyl (25,45)-2-({[(1S,2E)-1-cthyl-4-(methyloxy)-4-oxo-
2-buten-1-yl]amino } carbonyl)-4-fluoro-1-pyrrolidinecarboxylate (750 mg, 2.093 mmol) in
THF (25 mL) and water (25 mL) was added LiOH (251 mg, 10.46 mmol). After stirring
overnight at RT, the reaction mixture was concentrated in vacuo. The reaction mixture was
acidified with 1 M aq. HCI to pH = 3 and then extracted with EtOAc. The organic layer was
washed twice with water and once with brine, dried over MgSQy, filtered, and concentrated
in vacuo to afford the title compound (710 mg, 99%). LC-MS m/z 345 (M+H)', 0.70 min (ret

time).

Intermediate 65
1,1-dimethylethyl (25,45)-2-({[(1S,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-ethyl-4-0x0-2-

buten-1-yl]amino}carbonyl)-4-fluoro-1-pyrrolidinecarboxylate

\/\)]\OH HN \/\)J\
O/&o o _~ o o 5
A { i { E

A solution of (2E,45)-4-[((45)-1-{[(1,1-dimethylethyl)oxy]carbonyl } -4-fluoro-L-
prolyl)amino]-2-hexenoic acid (200 mg, 0.581 mmol), HATU (221 mg, 0.581 mmol), and
DIPEA (0.304 mL, 1.742 mmol) in CH,Cl; (8.0 mL) and DMF (2.0 mL) was stirred at RT for
30 min. 2,3-Dihydro-1H-indole (0.065 mL, 0.581 mmol) was added and stirring continued
overnight. The reaction mixture was concentrated in vacuo and purified by reverse phase
HPLC (YMC C18 S-15 pm/12 nm 75 x 30 mm preparatory column), eluting with a linear
gradient running from 10% CH3;CN/H,0 (0.1% TFA) to 80% CH3;CN/H,O (0.1% TFA) over
15 min. to afford the title compound (60 mg, 23%). LC-MS m/z 446 (M+H)", 1.01 min (ret

time).

Intermediate 66
1,1-dimethylethyl (25)-2-({[(1S,2E)-1-ethyl-4-(methyloxy)-4-0x0-2-buten-1-

yl]amino}carbonyl)-1-piperidinecarboxylate

o
N OH HZN\/\)J\O/ . \
,& 0 o ,& o)

S S
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(1, 1 -diMthyYlethYl)-6-phenyl-2- 332 0.71 %3 hexenam de
trifluoroacetate WO 2011/ 019801PCT/ US2010/ 045137 23 s>%

( 2E, 45) - aw0Lonl@psp am no) - Ncycl opent y1- 6- phenyl- 2- hexemramiu$e010/045137
trifluoroacetate 344 0.72 24 CH N3 (2E, 45)-4-(L-al anyl am no)-N-(1-

m:; h%/IZ-E4zlgl) pzr I(Aﬁslo t’{.’;%‘?;ﬂ%%?n]gil (Blzdlglgélggt rgl)%?(y]tcgllrbfolngl r2081%g}13 Elgca%b?g)’(y 1C 43250

phenyl - N- (&igi 1 8y dro 2 Hni ], 2Ky p 08 gh%%ﬁﬁ&lz %%dflePElALthzQé}ﬁEtﬁlt £ 360 0.59
26 9 (2E, 45) -4-(Lal' anyl am no) - ohexyl methyl') - 6- phenyl - 2- hexenani de
trifluor oamlhmeCHZClz (8.0 mL) and DMF (2 0 mL) was stirred at RT for 30 min. Methyl
(2E,485)-4-amino-2-hexenoate trifluoroacetate (2.07 g, 8.05 mmol) was added and stirring
5  continued overnight. The reaction mixture was diluted with CH,Cl, and washed twice
with water and once with brine. The organic layer was concentrated in vacuo, diluted
with EtOAc, washed twice with water and once with brine, dried over MgSQy, filtered,

and concentrated in vacuo to afford the title compound (3.05 g, >100%). LC-MS m/z 355
(M+H)", 1.06 min (ret time).

10  Intermediate 67
(2E48)-4-{[((2S5)-1-{|(1,1-dimethylethyl)oxy]carbonyl}-2-piperidinyl)carbonyl|amino}-
2-hexenoic acid

OYWJL i~

0° g o/goo/E

To a solution of 1,1-dimethylethyl (25)-2-({[(1S,2E)-1-ethyl-4-(methyloxy)-4-0xo0-2-
15  buten-1-ylJamino}carbonyl)-1-piperidinecarboxylate (3.05 g, 8.61 mmol) in THF (25 mL),
MeOH (5.0 mL), and water (25 mL) was added LiOH (1.031 g, 43.1 mmol). After stirring
overnight at RT, the reaction mixture was concentrated in vacuo. The reaction mixture was
acidified with 1 M aq. HCI to pH = 3 and then extracted with EtOAc. The organic layer was
washed twice with water and once with brine, dried over MgSQ,, filtered, and concentrated
20  in vacuo to afford the title compound (3.00 g, >100%). LC-MS m/z 341 (M+H)", 0.90 min

(ret time).

Intermediate 68
1,1-dimethylethyl (25)-2-({[(1S,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-ethyl-4-0x0-2-buten-

1-ylJamino}carbonyl)-1-piperidinecarboxylate

%HNOLOHB . %HNOLB

N
N

o ¢} e} e}
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372 0.82 27 CH3 scH3 (2E, 45)-4-(L-al anyl am no)-N-(1-

nmet hyl et hyl ) - 6- phenyl - 2- hexenam de trifluoroacetate 318 0.64 28 ,,
( 2E, 45) - aw0Lonl@pso am no) - Ncycl ohept y1- 6- phenyl - 2- hexemramiu$e010/045137
trifluoroacetate 372 0.81 29 sCi1-13

B L T e

[2(2)-1% éllggg%%a#l %J%?% 513 zm@@chﬁﬁ(ﬂ)b inhd 0NRI36BLA! ﬁA%O@@s %, 0901
mmol), and DIPEA (0.462 mL, 2.64 mmol) in CH,Cl; (8.0 mL) and DMF (2.0 mL) was
stirred at RT for 30 min. 2,3-Dihydro-1H-indole (0.099 mL, 0.881 mmol) was added and

5  stirring continued overnight. The reaction mixture was diluted with CH,Cl, and washed
twice with water and once with brine. The organic layer was concentrated in vacuo, diluted
with EtOAc, washed twice with water and once with brine, dried over MgSQy, filtered,
concentrated in vacuo, and purified by reverse phase HPLC (YMC C18 S-15 pum/12 nm 75 x
30 mm preparatory column), eluting with a linear gradient running from 10% CH3;CN/H,O

10 (0.1% TFA) to 80% CH3;CN/H,0 (0.1% TFA) over 15 min. to afford the title compound (200

mg, 51%). LC-MS m/z 442 (M+H)", 1.15 min (ret time).

Intermediate 69
1,1-dimethylethyl (25)-2-({[(1S,2E)-4-(methyloxy)-1-(2-methylpropyl)-4-o0xo-2-buten-1-

yl]amino}carbonyl)-1-piperidinecarboxylate

15 F
A solution of (25)-1-{[(1,1-dimethylethyl)oxy]carbonyl}-2-piperidinecarboxylic
acid (1.268 g, 5.53 mmol), HATU (2.103 g, 5.53 mmol), and DIPEA (2.90 mL, 16.59
mmol) in CH,Cl; (10.0 mL) and DMF (2.0 mL) was stirred at RT for 30 min. A solution
of methyl (2£,45)-4-amino-6-methyl-2-heptenoate trifluoroacetate (0.947 g, 5.53 mmol)
20  in CH,Cl; (6.0 mL) was added and stirring continued overnight. The reaction mixture
was diluted with EtOAc and washed twice with water and once with brine. The organic
layer was dried over MgSOQs,, filtered, and concentrated in vacuo to afford the title

compound (2.11 g, 100%). LC-MS m/z 383 (M+H)", 1.13 min (ret time).

25
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'ci-13 (2E, 45)-4-(L-al anyl am no) - N-(1- net hyl propy1l) - 6- phenyl - 2- hexenam de
trifluoroacetate 332 0.69 32 CH, (2E, 45)-4-(L-al anyl am no)-N-(2-

met hyl cycwohexiyi1¥soé- phenyl - 2- hexenam de trifl uor oacet alP€TA3/82010/081333 OH
(2E, 45) - 4- (L- al anyl am no) - N- (4- hydroxycycl ohexyl) - 6- phenyl - 2- hexenam de
trifluoroacetate 374 0.57 34 (2E, 45)-4-(L-al anyl am no) - 6-

phenyl - N- [REFMEdBIE W 3_f urany1) - 2- hexenani de trifl uoroacetate 346 0.59 35
(2E,45)-4 i 110 i Aeninerids ——
bhony T L N (LGt A ) JrauL ety lethyoxylearbonyl)-2 nipgridinyhearbonylisminel
36 r\j ''6imdByl-2Eep&noit-acid al anyl am no) - N- ( 1-

nmet hyl - 3- pi peri di nyl) - 6- phenyl - 2-q§xenanide t ifluoroacgtate
H H
N N\/\)]\o/ N N\/\)J\OH
o/&o ©

e —
e}

O

_>_3%_
4<....

5 To a solution of 1,1-dimethylethyl (25)-2-({[(1S,2E)-4-(methyloxy)-1-(2-
methylpropyl)-4-oxo-2-buten-1-yl]Jamino } carbonyl)-1-piperidinecarboxylate (2.11 g, 5.52
mmol) in THF (25 mL), MeOH (5.0 mL), and water (25 mL) was added LiOH (0.661 g, 27.6
mmol). After stirring overnight at RT, the reaction mixture was concentrated in vacuo. The
reaction mixture was acidified with 1 M aq. HCl to pH = 3 and then extracted with EtOAc.

10 The organic layer was washed twice with water and once with brine, dried over MgSOQOy,
filtered, and concentrated in vacuo to afford the title compound (2.01 g, 99%). LC-MS m/z
369 (M+H)", 1.05 min (ret time).

Intermediate 71

1,1-dimethylethyl (25)-2-({[(1S,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-(2-methylpropyl)-4-
15  oxo-2-buten-1-yl]Jamino}carbonyl)-1-piperidinecarboxylate

H i H i
Ehlj\’(NNLOH HN %NMN
/Tfo © - o/go ©
A solution of (2E,45)-4-{[((25)-1-{[(1,1-dimethylethyl)oxy]carbonyl}-2-

piperidinyl)carbonyl]amino }-6-methyl-2-heptenoic acid (200 mg, 0.543 mmol), HATU (206

mg, 0.543 mmol), and DIPEA (0.284 mL, 1.628 mmol) in CH,Cl, (8.0 mL) and DMF (2.0
20  mL) was stirred at RT for 30 min. 2,3-Dihydro-1H-indole (0.061 mL, 0.543 mmol) was

added and stirring continued overnight. The reaction mixture was diluted with EtOAc and
washed twice with water and once with brine. The organic layer was dried over MgSQOsy,
filtered, concentrated in vacuo, and purified by reverse phase HPLC (YMC C18 S-15 um/12
nm 75 x 30 mm preparatory column), eluting with a linear gradient running from 10%

25  CH;CN/H,0 (0.1% TFA) to 80% CH3CN/H,0 (0.1% TFA) over 15 min. to afford the title
compound (143 mg, 56%). LC-MS m/z 470 (M+H)', 1.28 min (ret time).
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373 0.45 37 , OH (2E, 45)-4-(L-al anyl am no)- N (1S, 35) - 3- hydr oxycycl openty1] -
6- phenyl - 2- hexenam de trifluoroacetate 360 1.24 WO

2011/ 01988 0RCTI/WBDD10/ 045137 Exanpl e 38 N1- [(1S, 2E) - 4PCT/US2010/045137

[ (1R 8S)-11-azatricyclo [6.2.1.027] undeca-2,4,6-trien-11-y1]-4-oxo-1-(2-
phenyl et h#g{e_ Z-Eitfjlt e_&- 1-yl]-L-alaninam de trifluoroacetate 5To a solution
of 1, 1-di ¢ ((1S)-2-{[(1S, 2E)-4-[ (1R 8S)-11-

azatricyc F}f QS)Z4-%{1[921 Zlhuadgr@ﬂﬁ) fbafrf)bl?ﬂ}a]tﬂmﬁ;-k lﬂetﬂ§pzi1eb&naﬂedwd ethyl)-2-

but en- 1yl Jam no oxoet ) carbamat e” ( 8 mml) in

CH2C12 (4.0 nlL) was added TFrA (0. 43 m., 0.556 rrrmIH After stirring
overni ght at RT, the r}ra bg; e was conpfn : g@cuo and
purified by reverse phase PLC (YMC C18 S 15 [tnld2 R 5 x 10 30 mm

preparatory columm) eluting at |35 nmiL/min with a |inear| gradi ent running
from 10% CH3CN H20 (0. 1% TFA) to 80% CH3CN H20 (0. 1% TFA) over 15 min. The

sol vent was evaparsatugidn iof meggli A, 4S)ed-{ 1 €1d1-dhecthylethe])oxnipotiony ] { BGinogd- 399 .

1205 1 ke opentadiS P Bigd i) Byl TG00 (0 mBTSEl ReP B

2.58 - 2 ﬁ&)(vms addidd ﬁldii(z(i% %ze@o%rhﬁml)lbbﬂeilsﬂ& %fér 54 a@-ﬁ(rnihe%&ré)cnénw (d,
J=3.3 Hz, 1H) 5.56 (d 6.40 (d, J 6.67 (dd,

J=15. 3, engxtme, Wq_s}gonize’m@tedﬁn 48ctom Tlgmpactmmmee ®9S ac1d1ﬁ’ed with 6 M aq. HCI to

(2S) - 2- am po- azatricycl o

ndboa 5. G2 A% Yo MERIORY TR RERNEARNS ks bean ™ Shosr e s e
trifluor ONQES@{[ ﬁltered and concAAt Uk lv@cﬂtoGtB afford the title cornpound (4.7 g, 99%) as a

( 2E, 4%}/ 5ﬁ(25) 2- (1,1-di net hyl eth 3 \é]carbonllamno-

but andy| | # tﬁét}memélﬁe rivﬁiwéfxlé%d "Hdiog) (420 nip (reptides ol ), HATU (237
ng, 0.603 mmol), and D PEA (0.25 nmL, 1.428 mol) in DVF (1.0 nL) was
stirred f@tielhediafe 70 @ Vvial.

(1R 85)-1 azatrlcyc o[ 6.2.1.02"' 7]undeca- 2, 4, 6-triene (52 ng, 0.355 mmmol)
25 was addiﬂdilamﬂhydeihnyl [(h@,ZE@-ﬁt(deMyﬂm-IHOmdDhl-y])hb(l-ﬁmd:llylpmpyil)«l-uxe-Zvvas
concentra ed a V\g32011/019801PCT/ US2010/ 045137 treated with TFA (1.2 ni,

15. 6 mol (“f‘b mL). The reaction mixture was stirred for 1 h 50
mn at RT. The reaction xtureowas t hen concentratﬁd un£ a stream of

nitrogen at 50 C. ngﬁ e/p@gpl‘sl% s di sso%,e 0 nm),
filtered through a SL(@L)lmAcrodl scF f ter QjaLpLa.nﬂe by reverse
phase HPLC (YI\/C Cl8 S-5 5 [tyll2 n X 20 mm prepara or I umm), el uting
at 20 mL/mn with a linear gradient

15 To a solution of (2E,4S5)-4-({[(1,1-dimethylethyl)oxy]carbonyl}amino)-6-methyl-2-
heptenoic acid (4.70 g, 18.26 mmol) in DMF (30.0 mL) were added BOP reagent (8.08 g,
18.26 mmol) and DIPEA (6.38 mL, 36.5 mmol). After stirring at RT for 5 min, 2,3-dihydro-
1H-indole (2.053 mL, 18.26 mmol) was added and stirring continued overnight. The reaction
mixture was diluted with water and extracted with EtOAc. The organic layer was washed

20  with brine, dried over Na,SO., filtered, concentrated in vacuo and purified by flash column
chromatography (0-20% EtOAc/hexanes) to afford the title compound (4.83 g, 74%) as a
white solid. LC-MS m/z 359 (M+H)", 1.18 min (ret time).

Intermediate 74

[(18,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-(2-methylpropyl)-4-oxo-2-buten-1-yl]amine
0

>(O\[(l/ 5 L HZN\NI\ B
25

.
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running from 10% CH3CN H20 (0. 1% TFA) to 80% CH3CN H20 (0. 1% TFA) over 15
mn. The desired fractions were concentrated under a stream of nitrogen at
50 C, di swolzadipsviwater (2.0 nmL), and |yophilized on aP@ﬂE\zm«)/ohﬂisnX to
afford the title conpound (47 ny, 26% . LCI\/SrrIz 418 (MtH)', 0.92 min (ret

). 1H R (00 f et MO0 O BT Aol 00 by A0 21405 4 6

(d, J=6. 3nf€'ﬁ1ylﬂrb%%1) 3.0k8-4- %teﬂ-—@g(l]c%r‘tﬁﬁla(dm o), 13 4598mbMin EH,C1, %306 by wakH)
1.19 (m

N1-[ (1S, ZEdded - GLOt:{iémnBr b342$-imrmi) nblolre2ctioh)mikivae b stm@kbr 2 hps tRAharld- thaiPL - a

Lan N 3 dald i BRIOASKIGHS Fafle bk on: Hind dedl MELAMS! Ayl 2

y1) - 1-2t hyhsibdaxar watet lieidd v Nia,80), Mtcked, hindreéiiarade®¥0RIchY to sredrbamedie (120
ng, 0.299 mol) in CHZC12 (4.0 nL) was added TFA (0.184 nm, 2.391 mol).

The react FORPOHI(338 2285 xsLEt VB rmed 2a? (W%v@ﬂﬂlfgm(mt‘ﬂmﬁ)sol vent was
renoved and the residue was purified via reverse phase HPLC (YMC Cl18 S-5
[tnl12 nmy %‘g HeddtdWa Preparatory colum), eluting at 35 nL/mn with a

| i near gradi running from 10% CH3CN H20 (0. 1% TFA) to 80% CH3CN H20

(0. 1% TFA), laMﬁretH.)Helrmyh(Z;SI)-ZQ(f{t(d)S,dEI)-IZlG(Z';a dihg de® troinddl- (-¥0O1 -2 m eBiIproply -5
rﬂz 302 (I\/HrHé é}r l 1H NVR (400 MHz, MeOD) 6 ppm 1.03 (3

, J=79%0 ﬂ’“II&‘) 1'.1?“3‘@“(‘ c|a|rb ‘P‘R?W‘E?ecf”é‘{’sxylatf 79 (2 H mM 4.00 (1 H,
qJ?OHz)452(1 6.6 4.82(2 H, 499(2,5)6.47(1H,
dd, J=15.3, 1.2 Hz) 8(1 w;I(dﬁwz 64Hz)7 .38 (4 H m. WO
2011/ 019801PCT/ U82010 4 en? N

NL-{ (1S, 2E) - 4- [ (1R, 85} P—azat 6.2. 1. /£ Ade s{trien-11-yl]
-1- [(1S)-1- nethylp pyl] 4- 0X0 2 nlyl Lalan am'
triflyproacetate 0 a solution of "1, 1-di yl et hyl

[ (1S)-2- ({(1S, 2E)- 4- (1Rz€% 11
azatricycl o[ 6. 202 sohiv] 9f (e d- ﬂ(141dlrflﬁthéh@ﬂlﬂ)ogm]parbowl1@)12@@%{1%9@&5591] 4-

2- but I
' creci2 A T Tos e YK B OaEE W GUaEEBh RefarAGRR o, 3 TR
m xture wasd BIREA €27amIRTS dlenmoghtfteT higring lavRilitfoma mim, e (b0 -4 (3 -y dro-
St e o B B S DRSS AN MR B G S P
runni ng M CSRENCAER 100 e fggﬁio%rﬁlxﬁg%m%{/eﬁl%gth(\Qatér/ﬂn-ﬁlze@ra&g@r ég

mnto affordthetltle conpound )
m n (r et wiithedtOAT1 -The m@n(ml@y)erm wasbODyvith bppen @169©V¢11NH,SOa)ﬁ1®ar©c7 (1 H br.

d, . J=1 J=1 1.37 (1
H d J= 7é‘§1°ﬁﬁt)rgid %V“(f_“[o ﬁF‘d H““ fgggyd}%ﬁ)coﬁmg‘zdh( ﬁogléi‘aﬁy ?‘k%é"é’%f%/ he%‘a%ﬁsia
1.66 (1 Ho aﬁford$he)t1t3]e éiolmh‘lg .09ld, 85951, Wﬂltelsolia Q. A=&AS B UF0(M-Hi) 1.2 =8. 3
Hz) 3.97(1 H, dd, J=1 4.44(1 H, t, J=7.3 Hz) 5.50(1 H br. s.)
5.56(1 Hﬂdn(f§Et3fn8)Hz) 6.42 (1 H d, J=15.8 Hz) 6.66 (1 H, ddd, J=15.2,
7.6, 2.3 Hz) 7.20 (2 H, dd, J=5.3, 3.0 Hz) 7.32 (2 H, td, J=8.3, 3.3 Hz).

Exa 4 .

N { (18, 28 Efhatiyely. e it omppynd eonld beprapared by the follgwipe progeding: 011 oo,
2-buten-1- yl1}-L-alaninam de trifluoroacetate To a sol ution of
1, 1- di et hyl et fygla splutiSh o2 ¢1){11 §( B BdirdethileBrytiokyldabeo i i2smperitbiecarboy e 1-

L 11”%%2% PU S it Sl AL T 45 3438 ol i D3OF (hagm) vits ez (4. 0

nL) was asgeoh C'IK FA D, 372 mifbol). 2A B3ty dt-RT BEddr 8dfdgeR For 30Ghin, a solution of
2011/019801P ] US2010/ 045137 m xture was stirred at” RT overnight. The

sol vent VVHésﬂEDI‘é‘o(é@ dihpdrold-iratol-dod)- Ivh2- Hpﬂih}lllbnoﬁﬁll)ﬂﬁrworéblehegd -Yihrasiae HPZQ:/
YVC 18 S
W th 2 i Rl PRBTUAC it Rg PFoReS OB T8 ol fslgotina ™ ™

CH3CN HZORCIQmB%ﬁE Ipﬂ)eng h5 Tmibmedcao@hﬁfatﬁfb Wheditutdd wite orpowndog 80.)a8d 739
LCGMs 5 mz 330 éjret time). 1H NWR (400 MHz, MeOD) 6 ppm
ag

0.96 - 1. 9asked W h YY) e11(2235 IQQLmM) brige-g 00 m@ grheoyganigphase wag psped-throggh

00 Sa frappopte SRt Reepdy bt g o B, rftepflon g o [ty °2 (1
%X;?rpize 41131 Hz) 6.82 (1 H, dd, J=15.2g27.1 Hz) 7.31 - 7.38 (4 H, m.



10 (2E, 4S)-4- (L-al anyl am no) - 6- net hyl - N- [ 4- (et hyl oxy) pheny1] - 2- hept enam de
trifluoroacetate To a solution of 1,1-dinethylethyl ((1

5) - 1- net wo-2811{q1980%, 2E) - 4- {[ 4- (et hyl oxy) phenyl ] am noPLT/US2010/045137
-1-(2-net hyl propy1l) - 4- oxo- 2-buten-1-ylJam no 1 -2- 15 oxoethyl)carbanate

o) rnEERISE I 3800 € s aaherate) ATowe Sl noue s BB s

removed apgit Rgink epedUs n\o@m@wm)eq 2 ﬁmr(%’t%ﬁé) FI’HWR"@@@MHW@I\%@ c§) 5

[tnl1l2 nm 75 x 30 mm preparatory col um), eluting at 35 nL/mn wth a
| i near gr adpent.12 (b, d@)f%@ﬁn 1@%@13@1/7%0((1(1@1%{'2@1)1) {70l S80U=TH3EN IHDO

0.1% TF r 2 6 LC VS
Eﬂz 330 (BEI-5348 B PR o e R 26 5TNRE T ) B infifd s (o
H, 9= 62121%&121)3 (lcn@?Hd) 379*(ddﬁ—1§’82Hz3 1H§)3 ;11 53, oé%mHaHgi @, 9:13‘21)12 Am31721. 59
(1 H 2 Hz) 9 (3 (1 H q J=7.0
Hz) 4. 68 (15%(H¢4HJ,:15525 1—&;@&1@{)@@9@ Oeﬁf(nnéﬁa 3, 1. 2 Hz) 6.76 (1 H dd,
J=15.3, 6.3 Hz) 6.90 (1 H, g, J=5.5 Hz) 6.90 (1 H, d, J=9.3 Hz) 7.52 (1 H,
gxa;lrp5€5 Leedatddg B d. J=9.0 Hz). 25 VO 2011/ 019801PCT/ US2010/ 045137
N1-[ (1S, 2Bl-din(elh)ﬂeﬂhyhmb-a-ﬂfﬂlSSﬂi)—rle(QJmé‘t—hyl@rojbyl)—g—ami-h){[%ﬂﬂ)ﬁﬂij&lﬂemyb- 2- but

en-1-y1PLal aninami de trifluorgacetate . 5To a sol ut] of 1-di net hyl et hyl
((1 Sg/ 2. %{3(J;§3%E?ZQ! 2(‘3[“3?“51%)?(1"'&"’91-‘- y%pm&cfrgonyﬂ 1- azetldlnecarboxylatey y

y1l)-1-(2-nmet hyl propyl) - 4- ox0p2- but ganl-yl ] am no

-1- et hy1- 2- oxoeth/i\Lf A baralle (1200 myrcr0. 279 mﬁi{’ﬁ ;L% FL) was
added TFA (0.172 35 tmA) NThe r eaction i xtTir & \hs tirred at RT
overni ght. The s®yent renoved and the resp QNaS\@ﬂI‘I fied via reverse
phase HPLC (Vi 18 S-5 [tnll2 nm 75 x 30 eparatory columm), eluting
10 at!®85 ni/min‘with a |inear gradient running from 10% CH3CN H20 (0. 1%
TFA) to 80% CHAGYIIHRA of §)LF- ar 5lfﬂnﬂeﬂh L8yl ok f|chiden}liid-e conpound
(100 ng, 81% . LC M5 szBBO JIL\{‘/L(H)ZM é)ﬁ mn Z}retyﬁ)?lﬁ]e 1§I’—II}N 400 MHz,
MeOD) 6 ppeatidinyOcgr§ony!]aming=6- rsetmzlﬂ melsenmqaca@ 4)0mng.ny. 175 mawl) | (447 m

4 00 (2 Hiy 1T xtadfEyd RER, ofd ol 5 ol i P AIERS Gy fufiopr Thog)
J=15.1, 6nf )Nz} sifrrdd atRT 36 XOEnh‘L T rlﬂﬂoa(ﬁﬁétﬁylﬁ 3,4-thiadiazol-2- armne (219 mg,

( 2E, 483 - N44- met hyl oxy) pheny1].- 6- phenyl - 2-thienyl)-L-al anyl ]

ami nol2 2- 1383 eHaeh das AJsdsRR IS mU@éOQBWeéi(fPﬁ fﬂo hg feagtiqn amﬁlfehwenaﬁtwoned

[(1S)-2-{ %ét@&ée@@afef'%l{q n?l@ _Q;E(L E‘éd&@&)() pﬁﬂ{&k&ﬁ% Tayer was washed with water (3 x

4- oxo- 1- ( 2- phenyl et ten-1-yl]am no
- 2- oxo0- 1- (lQnﬂhlaadjohne(My 19 etlh)y b dcambarrtet el z@@&&uomg afford Shertiviel cpmipoudb564 M

solution in 1,4- was stirred at RT for 20 mn.
The sol veht® ﬁé@ogb%éggsgﬁ%&%ﬁéi 8dgm) drebiimeti ed via reverse phase HPLC

usi ng an MDAP equi pped with a SunFire C18 colum with a |inear gradient
runni ng  Y¥lerdddiafl2801PCT/ US2010/ 045137 from 20% CH3CN H20 (0. 1% TFA) to
50% CH3CN H20 (0. 1% TFA) to afford the title conpound (56 , 150/0) as a
whi t e2&ol i d-dipgthgethyl (248-2- {[N{P:ﬂ)lﬁ) 13(2amethylpropgb-4t {methyl[IktrNRronethyHz ,

LR b R S
7.20 - 7.27 (3 H, 5 6.990(2 H »&N )53 26 Hz) .« 6.90 (2 #i ENJcilza Hzn;,
ggg E%E ?fj J &%(Em s)“%?,d(%wﬂ(l H m, 2.65

(2 H m, 187 (% Exanpl e 46 Y

(2E, 4S)-4-{[(2 2-am nobut anoyl ] am not - N-[ 4-/f\m9t hyl oxy) phenyl ] - 6- phenyl - 2-
10 hexenam de hydrochl oride A solution of 1,1-dinethylethyl

[ (15) - 1- ({ [ ( 1SA)utibn{df 42K AB)-#{[(03S)) Iphiéhyidimathpie}hyl)oxy]carbonyl | -2-

4- ox0- 1- (2- phenyl et h 2- but en- am no}car C 426
g, 0.87 )ns%ﬁﬁarﬁqef{yli%lw}sérrmtlﬂﬁni ipancat b asint 8 Bmo B P36 Y wa
stirred amoRT oB0mmMA), and DIPEA (1.539 mL, 8.81 mmol) in CH,Cl, (4.0 mL) and DMF (1.0

mL) was stirred at RT for 30 min. N-methyl-5-(trifluoromethyl)-1,3,4-thiadiazol-2-amine

&3



15 mn. The solvent was renoved and the residue was purified via reverse

phase HPLC using an MDAP equi pped with a SunFire C18 colum with a |inear
gr adi ent wormimgogonom 10% CH3CN H20 (0. 1% TFA) to 35% CPBTN/SEIR0/0§1131% TFA)
to afford the title conmpound (95 ng, 25% as a white solid. LC-Ms mz 396

) 1 R el bl Wi agdCy Mgty odionucd ovegnigst. 1T heDBrmtion 2y pps

Z; g % " )7 iba?m(lénéd béﬁ"»l/eenﬁw@tér 616 n'ﬂr_?za{ﬂd E]té%c(@o H%L)) T@e %ggaﬁﬂc l'a‘irerd%s W]a'SilI&i %’ilth

Hz), 3. 64w(a®rEBxs1 mlz)a@s meIGZXri'PmJ;L) md Qorncpntrat?d in8&o '(Oglfférdthe tlllﬂ 40 Hz) .

(2E. 49) - 6 BREHPE- R P Bpy d-2h- 16 P71 RYEATESL L | PR T4AME) - 2- nexenam de

trifluoroacetate 5A solution of (2E 4S)-4- { [N

{[(1, 15 di meternbkaiateyT8 oxy] carbonyl}-3-(2-thi enyl) L-
al anyl ]am no&ml?henyl - hexenoi ¢ aci d iﬁffb , 0.171 mmol ), HATU (87 ny,
0. 222 okl W@EA(WSE? HL(IS@EQEI?“ H)Xpﬁ tbﬁzﬁtrefluqrome}h)dhé 3irred

for 25 mi th Bl ¢ amﬁ{ QXLM%@ éarbo%pg%m' &ﬁ%‘é&’rb%

Stll’l’lng con nued reac 1 on ture was rate

treated with TFAF(03 m., 3.89 mml) in 10 CH2C1R (2.0 rrL) The reactlon
m xture was stir r 6 hiat RTH™ he reaction tupe was{t h ﬁ g‘
concentrated, di Qh(/g\ 3) —F+tter afn

Acrodi sc(r) fllcg,it purlfled by reverse pha&AH C/é(YNC ¢‘18 S5 [tnmll2

nm 50 x 20 mm ep?aratory columm), eluting at M/ m’n with a linear
gradi ent runni from 10% CHBCN/ H20 (0. 1% TFA o 80% CH3CN H20 (0. 1% TFA)
over 15 mn to afford the title 15 conpound 7199 . LCM5 mlz 400
(M+H) 0. 81 nirsofytion of .(%%ﬂS) AH (R - ﬁgd -Qipet y oxa]cafhﬂnml}g%ﬂp@m-laﬂ 4

e S, Doy fRerddgh ?33%“‘?@{3““?‘2 HETY Qe 1Ol 2%

Hz, 1H) 4DBPEAQ().78EILS 447, mibbi) i COBCA4.0dmLbard! BXIF (1H) m6) 5/95 midcd ARG,

6.8 Hz, 1H) 6.9 7 15 - 7.23
7.35 (dd, 5&613&4%“@@0?&%&%@’4&?%&?@ ngmnger?%f’ Mo, 1488 nirhon Wal adaddiina®")
(2E, 49)- 4st{1{r1(1§ %%n@mﬁmoo%&gh@nwé ileaaﬁdipfhlxuﬁé wak cBRIAMhEY % ARYb YA plrifediby i @

di azol - 2- y1]-6-phenyl - 2- hexenam de trifl uoroacetate
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1.034 mmol ). The reaction m xture was stirred at overni ght. The sol vent
was removEdtEd 1t08en® (Fédimde was purified via reverse phase HPLC (YMC C18
S-5 [tmll12 nm 75 x 30 mm preparatory colum), eluting at 35 niL/mn with a
l'i near gr gdlieEilbai w ng from 10% CH3CN H20 (0.1% TFA) to 80% CH3CN H20
(0.1% TFA) over mn to afford the title conmpound (70 ng, 49%. LC-MS niz

442 (M+H) 1,1- dmﬂ:(i)hyieirhy( m*o 2t-{[((ﬂz$,2E1—Hi @AﬂeMﬁﬁoM‘B 4-odeo D) [ B(trifleodorB&h§B- H, ¢,
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A solution of (2E,45)-4-{[((25)-1-{[(1,1-dimethylethyl)oxy]carbonyl}-2-
piperidinyl)carbonyl]amino }-6-methyl-2-heptenoic acid (200 mg, 0.543 mmol), HATU (206
mg, 0.543 mmol), and DIPEA (0.284 mL, 1.628 mmol) in CH,Cl, (8.0 mL) and DMF (2.0
25  mL) was stirred at RT for 30 min. 5-(Trifluoromethyl)-1,3,4-thiadiazol-2-amine (92 mg,
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Hz) 6.31 (1 H, dd, J=15.4, 1.1 Hz) 7.02 (1 H, dd, J=15.4, 6.4 Hz) 7.19 -
7.34 (5 H m. Exanple 49

(2S) - N RN8p2E) 1704980t 4- ( et hyl oxy) phenyl | am no} - 4- oxo- 1- ( PCphuseylomsiigt ) - 2- but
en-1-yl]- 2-azetidi necarboxam de trifluoroacetate A m xture of

2E, 45) - 4- h| h - 6- 1-2-h de hydrochl d
(120 n%; B3 e iotors o4 S, Com MR TRR Ty T b1 ot BHgiepasgiared
azeti di negahguul %aﬁ&ﬂ@wfe‘é@w&l Wer Qld%ﬁl%e mlt)rmeBQ?ecf @V%QMQS@]-ﬁﬁerw 0. 283

mol ), and DI PEA (0. 148 8 mmol ) DVF (2.0 nL) was stirred at RT
for 1 h. Trecpatedactdcan amdmuuﬁed bmsevdrsletph@fd: HPEG (W@Cl&ﬁdlmléamww th

Et OAc. Th | hed. wi th b d wat
Na2Son, 17 DY B Pa o ST b e e MR Tt o B BREKY 1
CH2C125 ( 3((91%L1)F@)rtd gw(e@Hg@lez@éPTﬁAm)%v&us il %o 8B the tHE ARSI PH0

m xture was stirred for 1 The reaction m xture was then
concent r at@d21%).vREDS nt §30(MaH) i, A.Nwom (reddiendur i fi ed by reverse phase
HPLC (SunFire 25 C18 preparatory columm), eluting with a |inear gradient
runni ng fygam. 103 H20 (0.1% TFA) to 60% CH3CN H20 (0.1% TFA) to afford
the title conpoun 93 ny, 64% as a white solid. LCM nmlz 394 (M+H) ',

0. 74 m n (#(ehlotdavedyl)-LB+dibfdro4d-ihdde MeOD) 6 ppm 7.47 - 7.58 (m 2H), 7.16
- 7.35 (m 5H), 6.86 - 6.96 (m 2H), 6.79(dd

2011/ 019801PCT/ US2010/ 045137 J=1b. 4, 6.4 ,C;LH) 6.17 - 6.28 (m 1H), 5.02

(dd, J=9.3, 7.8 Hz, 1H), 4.60°§, ci=6"§ Hz, (q, J=9.4 Hz, lH)
4.00 (td, J=9.9, 6.3 Hz, 1H), 3.79 3F|)_’2 83 /~#.98 (m J=12.2, 9.

9.5, 6.3 Hz, 1H), 2.73 (td, J=7 .7 33 Hz, 2H),\2/55 - 2.69 (m J= 12 1,
9.7, 7.8, 7.8 Hz, 1H), 190-209(m2H) 5 Exanpl e 50

(2E, 48) - 4- { [ ( 2$aZoRiiA0f 2 3CHBYAPEH- Mid@l-‘ee(ﬁj_y|6]rﬁlm I3 miMo[)4n ém&ydzowﬂmaenyll
-6- phenyl - 2- hexenam de trifluoroacetate To a solution of 1,1-di nethylethyl

((1 5)- 1- ByEMgp@addstciorppqend chioridg (4¢.§ mL. 56 mﬂw&pwmﬁpﬁ? AR e 1
o 00131 GBI SRy URT R Vh koS fHcRGe Jogié BFOR Wl (SR MEFRE [ 70

reaction Hdldé:tilahé tlvmwttdgrrnﬁdllré cw(r;ls 2xthacedd \RTh Eﬂﬂ)l&c (Zafﬁst)((bj ﬁrbL)rrlI‘hé Umﬁbmaﬁ t hen
concentrated ] n_vacuo 1 SSQOl ve In an ritire reverse
HPLC ( SunfigeBicehasss N@ﬁ%wa%l&dw%qa&%tgg a@ﬂﬂﬁﬁﬁ%@? 0Opmly) mdry%gg}e (aQ%Hxlgrfﬁ’led

f 01 t
;}J?Q'r no 160 ét}]lngg%/o S(;?m%r‘%gtre(tgd% 9&5&2% éfgosrﬁgh/@ m%t?et g@@ﬂéwﬁ) 6 %”J)Fa@a 0
(M-H) ', Ob84vmsohid( mmmn%msmmm)ﬁmsmn (iveOB}). 6 HOSMR7 (408 MHZ, GRCin

1 & 2sopan STyl vy ?zqgén(iiiﬁﬁ%@ TPk Sl 8 iy

(d, J=8.33 4117|‘le 213) @326(Gd]r8~13:[:1'z&.H)4 0 Hz, 2.20 - 2.36 (m 1H) 1.96
- 2.08 (m H),171-183(m203|—|) 1.57 - 1.71 (m
2H), 1.31 - 153(m 2H). Exarrple 51

( 2E, 4S) - NIntgrmpegiate$loxy) pheny1] - 6- phenyl - 4- (L- val yl ani no) - 2- hexenani de

11 ot Rt g P halot ﬁi}% SRop R ﬁfﬂhfzmu%gﬂ%&@ ohenyi ]

am no 1 -4-oxo-142-phenyl et hyl){2- buten | - ylj_famtno
car bonyl ) propyl ] car bamate (8% 167 mmIPQ/P Gl
TFA (0.3 nm., 3.89 mmol). The reac |n—m—xturecwas S

12 (2.0 m.) was added
Yrred for 1 h at RT.
The reaction m xture was then cof trated in vac 5 di ssol ved in MeOH,
and purified by reverse phase HPLE (SunFire Cl8 prefaratory col um),

GaaN 20 (0. 195 eaced oBr EN R P A SR U b adebh & O O

col orl esstoﬁ@énlecdsO(LﬁLb/SzasrbadefaJtﬁplﬁdwylﬁhosplﬂne%Wm # 266 @imél) "Bhe rehttiMMRIxdQ0
MHz, MeOD) 6 ppm 7.48 - 7.58 (m 2H), 7.15 - 35(m5,686-695(m
2H), 6. 78Waghcatgkatgeflux yndgr pgrogepyvithgapid stirring for 24 hours. The reaction mixture

25  was allowed to cool to RT. The solid was collected by filtration and washed with toluene
(200ml). The solid was dried in vacuo to afford the title compound (110 g, 94%) as a tan
solid. LC-MS m/z 422 (M)", 0.92 min (ret time). "H NMR (400 MHz, CDCl3)  ppm 8.03 -
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106.29 (m 1H), 4.61 (g, J=7.3 Hz, 1H), 3.79 (s, 3H), 3.70 (d, J=5.8 Hz,
1H), 2.73 (td, J=7.8, 4.5 Hz, 2H), 2.25 (dd, J=12.7, 6.9 Hz, 1H), 1.91
-2.06 (mwopr/aghl (d, J=6.8 Hz, 3H), 1.06 (d, J=6.8 HeCTANpO10EXHAP| e 52
(28) N-K1S, 2E) - 4- (2, 3-di hydro-11-/-indol - 1-y1) - 1- et hyl - 4- oxo- 2- but en- 1- y1] -

1 1 i mot AP ROl o8 arirt Pesl By R (el a5 15 R ot 1 7.

et hyl - 4- oxg- ?H})l?t(@ t].;fW}]I@i“l'PB"F@Q?PWﬂZ @145%%@19@69@1&@&'@1&;94(7%@ mJ
2.176 mol) i n CH2CI2 m’) was added TFA”(1.34°nL, 17.41 rmol).

reacti on #r&38 blze2kas. %%Gt,rHcB He Jlerni ght at RT. The reaction mi xture was
then concentrat ed in vacuo and purified by reverse phase HPLC (YMC C18 S-15
[tnll2 nn¥7t5 X preparatory columm), eluting with a |linear gradi ent
running f %ﬁ{% H20 (0.1% TFA) to 80% CH3CN H20 (0. 1% TFA) over 15
mn. t9 affjakipheha- xSLpH@pnﬂfmmﬂ@baé&m 2@ iy i¥9-1 H-fwdle M z 314 (MtH)", 0.61
mn (ret tinme). 1H NVR (400 OD) 6 ppm (d, J=7.5 Hz, 1H), 258.17
(d, J=7.8 Hz, 1H), 7.25 (d, &= Hz, 7h Eﬁ/&q J=7.7 Hz, 1H), 7.07 (t,
J=7.7 Hz, 1H), 6.82 (dd, JlFFivl , 1H)’h,/ . , J=15.3 Hz, 1H), 5.07
t, J=9.0 Hz, 1H), 4.51 - 4600'(m ,—423 (t, .9 Hz, 2H), 4.15 (q,

=9 Hz, 1H), 3.99 (td, J=10.0, Hz 1H), 3.2 ,J80Hz 2H), 2.80
2.97 (m 1H), 2.46 - 2.63 (m 1H), 163-185(m2|—|) 1.02 (t, J=7.4
Hz, 3H). WO ZOAldu@ﬁ&@ﬁﬁ 7-U520113/det D A3 hdEXRYPL 2203 thyl |(triphenyl)phosphonium
(28) N K1S, 2E) - 4- %) d%dr‘% 1%@; i ndol - ys}? 1-(2- r}r,e]t(hpl Y)péH)p4 0xo0-2-b
ut en- 1- ylfhlgrldcaélé igel A B bindaluges ﬁOpﬁmIedeﬁdé@#‘ait\@ﬂs20MGQaN§ UBPdALef
b1 et dhiieh) 89)s Bl AR AN A N R 1903 b B teas
car bony! ) addedzat itlgh naeawhbﬂmuirams étlr?éki ART fbr3% Tivethwo phasdShied Bepladatéll arld)
was added TFA (0. 486 , The reaction m xture was stirred

over ni ght h&taqmousvﬁéser%&traﬁe%wnﬁ%z%@OPH%W coreRbIRadedgdnic MiseoWVes and
urified f%% (gpmg?n

Br epar at o%ncg 0 %&fh W?ﬁﬁ gﬂgﬁ%% E@o@%ﬁg?}cﬁ&a&&l enfz “?ﬁn%?%? ro 161(%

CH3CN/ H20rds0ltdrsdliiyvag mlmw@mm wahetlH B, Oowre dridsl tmafford the sifltor d t he

1 1R (OB (R0 B bEana o pwie s3ich, o RS nvegt2® Tk 5Ty G,
1H) . ¥5 19¢ifde). L}fﬁMiR 0 Mkﬂzﬁgiﬁcﬁ%s ppfn 963 géln.]—%l'[ﬁz 16D, 87273( dd; 70{m€|)6ﬁ) 75 1

15Hz, 1H), 6.50 (d, J=15 4773 (d,
J=8.0 Hz, 75R)m, 3HR4.49 47.4F (un§HBA0S (4 Hiﬁz 11IH~),704(0@’ @5er dH), A.H) (t. 09

(d, J=6. 0 H) 8 J 2.60 -

53 (m #%IHWC?K%S# Ay B 5oy Zg dEe by b 1) 1 O

2H), 0.99 (t, J=6.3 Hz, 6H). Exanple 54

20(28)-N-l§i18rlﬂEdmﬂe:{$ycl opropyl net hyl ) - 4- (2, 3-di hydro-11-/-i ndol - 1-y1) - 4- ox

0- 2-buten-1- yl1]-2-azetidinecarboxam de trifl uoroacetate To a

sol uti on &+- q_m@_tlaylﬁ@yhgm.&—mahyl -1-(4- morphollnylcarbonyl)butyl]carbamate

(25)-2-({[(1S, 2E)- 1- (cyclopropyl et hyl ) -4-(2, 3-

di hydro- 1Hi ndol- 1-y1) - 4; oxp- 2t but en- | - yI]agH/no\}Wc -1-azeti di necar box
Was

ylate (181 25 ny, 0.412 myol) i B CPRCIZ (4 qggd TFA (0.508 ni,
6.59 mml ). The reaction WO 2011 9801PCT/ USZOfO/O m xture was

stirrggl overnight at RT. The readtion m xture was then concentrated in
vacuo and purifijed hase PLC Y C18 1 7 0 mMm
preparatory col Bﬁr?))ﬁ%l@ ﬁ{;n@e \9\18‘(“1‘?"}50311“ He' r U&H}ee(ﬁ§gr ﬁ?#ﬁ“ﬁb’?)f Pﬁﬂ fg@éog
CHOC FROn10.4L6 AL S AucGrFREIN(HR9s 0. 199 Firl) anexhi (107 nfio 130 or d ¢ e
title corrpound(97 ny, 5 mz (ret time).

11- INMR ( 40@IMVH ]’ (&@b@)ylémppm@ew (Yg, U9mBobayas hhled . tb@re(adtlommﬁctweHz

1H), 7.02 5 1 dd, J=1 6.4 Hz,
1E)|), 6. 351"%‘%110“‘3(15E§V?Hﬁzm“11lﬁﬂe%%&é“g( godl? aﬁﬁg] e Ifgf%owl’“ 1) Wasgv %sg %q J=6. 4
Hz, 1thH, SuRéssiv Jaﬂth(lﬂ%a%"f)lCl(gZﬁZSdﬁﬂ) wlaéxo(z@o nfl.)3sdrizrated Yy, N2HOD, (1 x 2¢8. 2
Hz, 2H), 2.69 - % 38 - 2.45 1H), 1.43 (td, J=7.0, 3.8 Hz,
2H), 0. 57mL)gambrpg(23HpL)0; hqonga@lcmaqwamed QyeOM Bk @nd coregnirateding Hz,

2H) . vacuo to afford the title compound (23.39 g, 72%) as a pale yellow gum. "H NMR (400
86
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Exanmpl e 55

(4S) - N-K1S, 2E) - 4- (2, 3-di hydro- 1H i ndol- 1-y1) - 1- et hyl - 4- oxo- 2- but en- 1-y1] - 4-
fl uoro-Lpwol2onzorisee trifluoroacetate 00 N)LN N LN HH 8Pro/uBd20iD0431570 a
solution of 1, 1-dinethylethyl

(25,45) 234 (35 26) m&?%f@ﬂ'ﬁ%ﬁha P, e T 37603 65 (o SHM k8% h&Zar box
yiate (60(qD01 535 KMk, 119 GHBEKE JBQiTbli Y853 palded sTEA(G, 083 . 1,077

). The reaction mxture was stirred overnight at The reaction
m xture was then concentrated in vacuo and purified by reverse phase HPLC
(YMC C18 Blttﬂnpdmel@ nm 75 x 30 nm preparatory 20 colum), eluting with a

S SRR PR R A O i O BRPNE

mz 34% (Mttd)ll Qcmamame(ret time). 11-1NWR (400 MHz, MeOD) 6 ppm 8.61 (d,

J=7.3 Hz, 1H), 817(d 78Hz% 726(d J=7.3 H, o 7-19 (t,
J=7.7 Hz, 1H), 7.0 dJ74Pﬂ\§dﬁg 6.85 (dd, $=15.1] 5.8 Hz,
6.47 (d, J=15. 1>IT1'z 1.9 He, )E ’%M 60(m
2H), 4.09 - 4.28 (np 2 eo (ddd, J*2d.3, 13.86, /57 (ddd,
J=35.6, 13.5, 3.5 , 3.22 (t, J Hz, 2H), 2.68 89 1H),
253-267(m1H) 164-186(m2 105(tJ7.4Hz,3 WO

2011/ 019801PCTTh220/A #0045 13 7difFmsaymdtey 13@5‘) 3 rneth 1-1-(4-
(2S)-N-K1S, 2E)-4-(2, 3-di hydro-11-/-in 1eth | - 4- 0X0- 2- buten-1-y1] -
27 b1 per mOﬁlé@émbléﬂ@ﬁvﬂémtylﬂqarwaée@ei(ag Sl %m@o@ SO methgiiceydroniran (100

1, 1- di met pyl 211; Qy{; V&%@@ﬁ&%&,&? 6‘n}¥_@uﬁbmﬁdﬁtolﬁ h okl ¥&P200

et hyl - 4- oxo- p peri di hecar boxyl a ng,
0. 4531 GﬁmhlhlntailnﬁlgIZHél.@n(pﬁra&Jrﬁb):lowS °(adrdEejre'£Eibn(lﬁlx2Lﬂ9 wik stiBed2t 0M1@foy 50 Tiie.
reaction nmi xture was stirred oveornl ght at The reaction nm xture was then
concent r atl B8T2RIYaDIUEHANSSLV it P ERdpPOtaEER élédfﬁﬁﬁ% slpite Yoy mamtagipg

trrfL12 n logt r adi ent
unni g f EeteRpc b0 FRR"EL TR PR et o Buli IR MR Gyl oaRe 9 R e

mn. to atftorctbdtwich 2indtieylcompalobir{il(C0 haf) mBBoghe dzcﬁiqb&’ﬁbdﬂrgaﬁd@h@dﬂ&lv&)ete 0.70

t t 400 8. 48 =7.
(. 955" vt bangliedondMusdupnd aigRBT TS ig sdjaiyvis dgdsd 1 fbhotiy
7 11 {m 5c hos?hzﬁ%rh(i%gaoéﬁFZ@ dlﬁyd’f’oj'['?—l 1n@l5|)e (1§1§§ fd2 nﬁn@l?a@dﬂﬂérea%%n 4. 54
(t, J26.9 (dd, 9=11.7, 2.0 Hz. 1H),

3.43 (br. nnlxturb:\@a@tlmd far0 h gt 1. The chvmhwaz Eamo‘@doz vac®. and tl(lfmesmus wag 23 -

2.31 (m H%édlg%d I%%I:Iz(% 8% I{Im Biflcatto? i flatn 8 Zlufxnrpch?ol;%dtoglragl? ((Ot 4004 Hz,

3H). Exa

(29)-N KlEt@@/cﬂcléﬁ’exan@lamﬁoddemﬁelnﬂe bd’rﬂptlunli'(y 1p g14e%bwd 2 %ﬁ% Golat but-ams Ay 1] -
2- 20 piperidinecar boxam de sul sol uti

L 17l ot R QUG - (28ymip((et finy-1B) DY A40MET BNSrb) & PomBIbE sy 1.1
hy1l b |
et vlad 259 abuaR: b1 AT 10 LrgaReo oL PR Shnsapioxsle 30

m_ 7. 47 Bﬂﬁl(dd JEBS, 15[zt N6 321d, J=15 Hz, 1H), 4.26 - 4.09 (m, 3H), 3.15 (t J=7.8 Hz,
2H), 1.61 (m, 1H), 1.46 - 1.27 (m, 11H), 0.90 (d, /=3 Hz, 3H), 0.88 (d, J=2.8 Hz, 3H).

Intermediate 85
1,1-dimethylethyl [(1S,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-(2-methylpropyl)-4-oxo-2-
25  buten-1-yljcarbamate
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WO 2011/ 019801PCT/ US2010/ 045137 m xture was then heated to 50 C overnight.
The reaction m xture was then concentrated in vacuo and purified by reverse
phase HPLMZOQA0/0408M CH3CN/ H20) to afford the title conpolrad/uS2did/ongy37 65% as
a brown solid. LCM mz 342 (MtH)' 0 65 mn (ret tine). 1H NVR (400 MHz,

o, 11y, 707 16 gsion op3-Thy1-d) eleglwlf(% g sy

i H)15 g E%L lé@matﬂld@% 9%_‘% 509 Q{Hloljl-lfi)z nﬁt@ﬁefral&d&?fufa@(l%&%t -%GDC' Wé?S a%l%e& m

(br d, J= gl@pmsaleAj_Hg (1 ML s@izmom 119Etz@m362+1®1L % BomolL n&@nt@mnﬁhﬁ ten]pemtul(et
J=7.4 Hz, N

10(2S) - N- R%FQV?E) ﬁ%e?éﬁPWéF%e 18 e -2 1€ Jan 20min TherRAISP S A gt o- 2
- but ens 1- yith a%ol@ioﬁ%ﬁﬁ&a@ﬁ@rﬁ%@@?@%@ﬁ dephdté {d. 805 0ACE A R) in water (150 ehld
solution of 1,1-dinethyleth

(25) - 24{] g@gtzgggngzthq @n@smmfy delow1 1 1Grh d&aglmy@)wqge separated and the aqueous phase

(2- nmet hyl

car bony!) V1S BERHIEE ST A S (190 mlg. ghgsembinssoraspicalyegies. g
m) was aebdafédiﬁé\ce(sﬁvéllﬁ&mﬂ_z Magd BRI 1D0 rﬂ]tb@sa’t@tafetilaquBHKOg (2xV@e nslt), r r ed
overnight at RT. The reactjon m xture was then concentrated jn vacuo and

purifi ed b@ﬁibwe(r 8@ ypadiécdpreMen(ts. oadbfiltered Teo this olyfianysasadded dm
v oo Foo ity TR amhoPhdt Bty e PR R P RGN (T TRL DI BB Mitbine,

title conmaumm hb0@remps s68Y undaCnivH 20 fod 20 IBFRT. MPhb Sqlvént 82s memoxadet: t i rre)

11 (400 s JEO0L R P8G50ty AfianBe b it
1H), 6.8 101(1@{41& g:k() SQWﬁEﬂAC/Qﬁohe%&g affgrdeel ﬁi!étitie é'(%ngpojah% (8. 45 %282%)4as7a6

m 1H, 4.19 -
g 24 (H% w:hSeSOIHk LQ+M$ nSz 639 (M3H101(2r$1m1me)et t@e:zzt HI\Q\/IBI4QQMHL2I-IPMSO%)5

o, 6l Pl o AP by 85147 (atii480) 7 00 (£3-€34a, 1502

(28) NK1$031@ 747 6231 8. o/ vl @tdll~63lls¢m 11211) 3o &; (IQ}STHE P8 0pY I4)09ATX 0- 2- b
ut en- 1- yl}& J)erl di necar boxam de sul f a sol ution of

1, 1- di net w&ﬁsy H@Hy(fp[m,(mzm 46 stay ﬂydmi)lwpr@o@ﬁwﬁ)lo 88
(2-rrethyIE)(& ﬁﬁoZbutenl yllamno 1

car bonyl ) -1I-pi 'perl gl ecar boxylate (3.07 g, 6.54 mmol) in 1,4-dioxane (30.0
m.) was added concentrated H2SO4 (3.48 nL, 65.4 mmol ). The reaction m xture
was stirr bdefmediatd86@t RT. The reaction m xture was then concentrated in 10

{1 o2 Eombachimer e ST dunasims e 2oman osiies ia%rm?@af b’ 061

mn (ret Bké@ﬂyl gajflb%te(400 MHz, MeOD) 6 ppm 8.17 (d, J=8.0 Hz '7.26
(d, J=7. i—l) o7(t, J= 74Hz 1H), 704- 710(m 1H), 683(dd,
J=15. 2, 61Hz lH) 651(d NE Hz, 46|¥ 14.74 (m 1H), 4.20 -
4.26(m 2H) , 3.90 - }((Q{E) }r‘ xl‘l%\ , 3.20 - 3.28
15(m 2H), 3.09-317( 2. 22-229( 88- 1.95 (m 2H),

1.82 - 1.69 (m 4H), 1.58- 1H64(¥@1H) 1.51- 1. 57( H, 1.00 (t, J=6.9
Hz, 6H). Exanple 60 Y
(2S) - N-K1S, 2E) - 4- (2, 3-di hydro-11-/-i ndol - 1- yl) 1- (2- et hyl propyl ) -4-oxo-2-b

t 1-y1]-2- | ut

o 1 i et ny TRBRG lkgéfﬁ‘fysg‘oﬁwﬁd%m el R pargeaenylid 2eigaS) UL "

(2- et hylmfrmam ﬂaqﬁmz;Fbu; yllzlmﬁ@l)qarmmmb)mn)mm&@h necar boxyl at e
rrL) was added 12 M aqgq. HCL (0.461 m,

(650 %D 384 mol

5. 54 1 ).1 Wbomé@@md@ﬁolm(& 21 gelwégmmlhp@aomlss ove abadet0 min. rAGRTHirHIE 4 h

and then % hﬁ%{"SPR‘r,O go?8kon 0%]\'7?‘25 dimethylhydroxylamine hydrochloride (1.56 g, 16.0 mmol)
and DIPEA (2.79 mL, 16.0 mmol) in DMF (4.0 mL) was added. The reaction mixture was
stirred for 20 h at RT, then additional DMF (6.0 mL) and DIPEA (5.0 mL) were added. After
stirring at RT for a further 7 h, additional N, O-dimethylhydroxylamine hydrochloride (0.5 g,
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25The resulting solid was collected by filtration, washed with THF (5.0
m.), and dried in vacuo at 40 Cto afford the title conpound (483 ngy, 86%
as a whi two=011wwd9sohC- M5 mz 370 WO 2011/ 019801PCT/ US20POr0A3@m8/MH45184H) ' |
0.74 mn (ret tirre) 1H NMR (400 MHz, DVBO-d6) 6 ppm 8.75 (d, J=8.0 Hz,

1,860- 8..12 (d, J=7 o AH) 7. J=7.3 Hz,
1||:|)|) 7.16 (ltmmﬁ rafjéed ﬁfl_ﬂpthe @lﬁffeg‘t/as Sj"‘:ff’d?tﬁi foﬁ;%mheé 1%3“ Hﬂ“@re??n??: 2, 5.6
§2’821|(_Dd jﬁtlﬁtgre(\gas tﬂeﬂ-éﬂlﬁed‘l%mth%chl&?mL%ﬂn(@&zaﬁH@H whit 1 MjfacgaiCl 5(5 <15} r(lﬂ) 2H)
-2.24 (m fdlel)Nedby‘ﬁamramc:(B@] OaHQ®) (2 ><15(b'8119 Ihé'erg@mc lasH)f wag drigd 0ﬁcr3‘®z$@u 4H)
0.91 (t .

(23 -\ 01 E19S. &8 contm A Buintd atigueing i compoymd GelhdH) B 28147 4. i ad
i azol -2- ybibasdsa} 123-M8 an- BYMM+)y az.0% hith nec@nbpxam de trifl uoroacetate

To a solution of 1,1-dinethyl ethyl (25) - 2- ?@((1

S, 2E)-1-(2-nmeth Joyl) 4-o0xo0-4- {[5- (trifluoronethyl)-1,3

, 4- t hi adi &‘Ztﬁl’mﬁglﬁf am no } -2-buten-1-yl)am no] carbonyl} -1-

ok AL AL | 75,28y iR P (e § ) v aodec TFA

The reaction m xture was 15 theny concentrated in vHa and purified by
reverse phase HPLC (Y pthL12 nm 7 \ﬁ:a preparatory col um),
eluting with a linear gr t—ruﬁmlngfroml% H20 (0.1% TFA) to 80%

CH3CN H20 (0. 1% TFA) over 15 mn o afford the titl e\ conpound (309 ng,
46% . LCMS mz 392 (MH)', 0.83 min (ret tinme). 1H NVR (400 MHz, MeOD) 6
ppm 7. 09 (dd IshSokutiob 0D LHIH, 161512 @, BB4€(dﬂ101)JmJE&3(6(3OLm£) b0 °Q Mas adddd6 ( dd,

20 0.99 (t, J=6.8 Hz, 6 WD 2011/ 0198 US2010/ 045137
( r‘r} 6§ropw1se a s(olutlon of 1,1 dlrnethyligthyl {(15)-1-(cyclobuty rnet y() 2-

(28) NO]-&%@:"‘( %grﬁgxa%m@exa&n@éa)még %grfzfi gﬁ%(@fdczbrﬁml t hi ad

i azol 0- 2-buten-1T -2-az neca
trifl uor osctitthe interndMempestire tidomt ekcekd D-°di. n’ﬁtdmacetohymxture was stirred for

(29):2- (1441260 . Fo et 0] 7 RM e AR b <0 BTGB Ry 1 2

-4- ox02 I £5¢01 , 1.021
nol ) %#l—l ClthZSgiﬁﬁl?1t%1rlril?_al@él 6\}3@ g{e%ﬁtél'i%%%%é gﬁ&ﬁﬁ%ﬂﬁg&%@é 2 é @hélr'ﬁe reaction

m xt uiia wegactern m@@remrvmsgmwah 17 .aqTH lf2e>aé@ndﬁ sﬂtwﬁqd@qvlﬁd'ﬁiﬂe@x
concentrated .i\n_vacuo u fied by revers C 10 Cl18 S-15
[tnll2 nmE@ %‘@%%%eégg ra’lt"Iltl)1 fr%an Cylrﬁlﬁr V| ulte ﬁer Eb fﬁ %aran%radl ent

runni ng fb&fﬁeﬂ@%%%bﬂﬂaff&dl% tﬁﬁ%orﬁpbuaa%g CeRENCbRE c4sDill WhidhAyaover 15
mn. to afford the title conpound 267m% 09 LCGM5S mz 406 (MrH)', 0.89
mn (ret €3Hgg to hpynRtagthawtfurthes pmyfie lsme MR pad28 §MiE)2 0.9 win . 1H) |
6.82 (dd, %l,ﬁ , 1.3 Hz, 1H), 5.06 (dd, J=9.5, 7.8 Hz, 1H), 4.75 - 4.81
(m 1H), 4712 -74.18 (m 1H), 3.97 - 4.02 (m 1H), 3.94 (s, 153H), 2.86 -
2.92 (m 1H), 2.55 - 2.61 (m 1H), 1.78 - 1.68 (m 1H), 1.53 - 1.64 (m
2H), 10 00Iftermédiate88+, 6H). Exanpl e 63

B e e e R

pentenoate

0
H
O LL — e
"o
To a stirred solution of methyl (triphenylphosphoranylidene) acetate (4.92 g, 14.7
25  mmol) in Et,O (40 mL) at RT was added a solution of Intermediate 87 in Et;O (20 mL). The

d"'

mixture was stirred for 15 h at RT. The solid was removed by filtration and the solution was
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To a solution of 1,1-dinethylethyl (2S, 45)-2-

{[((IS, 2E) - 1-ethyl-4-o0x0-4-{[5- (trifluoronmethyl)-1,3 ,4-thiadiazol-2-yl]
am no 1 -wokotiensyl ) am noj car bonyI } -4-fluoro-1lpyrrol iPdirrusec@oioesaygt at e
(460 nmg, 0.928 mmol) in CH2C12 (4.0 L) was added TFA (1.144 nlL, 14.85

mmol ). The reaction m xture.was. stir g over ni.ght at Fﬂ' ? reaction
mi xture 28°RGSRIAIH W"é’tﬁﬁ%eh‘t‘rﬂﬁla n"”ﬁ’éfé GelugHrhmpesrghy (0- @@erse phase
HPLC ( YNCE@&c/%eQa%ei)ta@%%&d g0 é&ﬁ&&%ﬁ% Bl 7Y52RLOLAGRART a8 mcl%ﬁr %ol%ﬁeéﬁm

preparatory colum), eluting with a |inear gradient runni ng from1l

CH3CN Hzoo(IOL@%/rSﬁMz286(186%)b4w\mmz@et(t@nej)% TFA) over 15 min. to afford t he
title conpound (136 ng, 29%. LCMsS mz 396 (MtH)', 0.69 mn (ret tine). 1H
NMR (400 ef l\/(%gpe) ppm 7.11 (dd, J=15.4, 5.9 Hz, 1H), 6.33 (dd, J=15.6,

1.5 Hz, 1 Be t, 5J=50.1, 3.9 Hz, 1H), 4.58 (dt, J=6.2, 1.7 Hz, 1H),

4.54 (sd, Z-Iﬁlﬂlﬂlmétl@rld'ﬂﬁyl)diy)]carﬁoﬂﬁ}ilﬂﬁﬂ)) 44 8rifluodobudanole Bcitlz, 1H), 3.55
(ddd, J=35.2, 13.5, 3.4 J2.71- 2,92 (m 1K), 72,50 - 2.68 (m 1H),

1. 64- 187(m2H) 104(t J:74Hz 3H). l e 64

(2S)-N-01S, 2E) - 1- ( 2- net hyl pr,ppyl - 4- 0x0- 4- 1[ 3- (ﬁrl | uoronet hyl ) -1, 3, 4-t hi ad
i azol - 2- 10yl ] ami no}-2- but en-1y1 H2-—p1'—'per>@?n/c b®xani de trifluoroacetate
To a solution of 1,1-dinethylet

(25)-2-{[((1S, 2E) - 1- (2- net hyl propyl) - 4- oxo- 4- {[5- Ctrlfluoromathyl) 1,3

, 4-thi adi azol -2-yl] amno } -2-buten-1-yl)am no] carbonyl} -1-

pi peri di necar bb?n)alsatueio(lGﬁzmin@4;mé§trtﬂnmlrc)bdtamo(dma ¢ 6, . iymolps abded TFA

0.071 nL 50 d RT.
gl'he r eact Nd%?ﬂdzg %é n%rﬁ‘g?r ¢ ég‘??g]t@ nﬁ%ﬁtaﬁﬁri.sv\%z@ 2 (ri"r’ %&dg%/ @]d;e%sjl}tgsler se
phase HPL glcﬁ%tgy 65mi> 28I Hhig1) rlﬁnodég Srtigh Q‘H?ep ﬁt?rpiﬁ% A RTYoCH B rfﬂd rm)?dd‘ét I'ng

with a |inear ent running from1 1% TFA) t'o %
CH3CNI(H20w@® dﬂ%a‘m}l vml@r(m&llrfn and hepangk (kﬂﬂchth 6Tl etq @ycnwps)mdra(eﬁscwgcpd

b .55 Lap Glsdgtigldibpn 230508 b DowtRlsigt i Wi fedpo St " ©
J=15. 3, lpfxttle wdddxtrabted With eqol& aned dJ‘é)rNa?S@ﬁ fltdebd, s)n‘cﬂc%n@enn?atéd B acidd o,
3.39 - 3.46 (m 1H), 3.01 - ﬁ»‘y . 2.34 (br. d, J=13.8 Hz, 1H), 2.00

- 2 08 ( npffaydythe titlggompaung3s @ﬁqg, wetgxalth reildgsl sohent)idy a yelleg.oilvigeh (m

2011 / élgggi%é?f?té%igo%gg %%%\g(/félr’tr%%ogﬁég)on stangllr_ilé. LC%S m/z 258 (M+H) , 0.85 min

(2S) - N 01&che)l- (2- net hyl propyl) - 4- oxo-4-1[5-(trifluoromethyl)-1, 3, 4-thi ad
i azol -2- yl]am no}-2-buten-1-yl)-2-piperidinecarboxam de sul fate 5To a

solution of 1,1-dinethylethyl (2S)-2-{[((1S, 2E)-1-(2-nethyl propyl)-4-oxo-4-
{[5- (trifmtgemediated )-1, 3 | 4-thiadiazol-2-yl] amino } -2-buten-1-yl)anino]

car bonyl } 1 1 1qinRoRAEn lgefﬁ‘rtﬁ%}ﬂ@ie (1.20 g, 2.310 mmol) in 1, 4-di oxane
(20.0 nL) at RT was 2d” 10% aq. H2SO4 (12.31 ni, 23.10 mmol). The

reacti on fimxdthylémedsylaxypaminedtaetiond} p@p@d)carbamaght . The reacti on m xture
was then concentrated in vacuo and purified by revey se 10 phase HPLC

(10-50% CH3CN H20) to aff rdHt hg title co rHli’?R 25% as a white
solid. LCGMS 'z 420(M§>ﬁ) HY et n\iﬁNN (400 MHz, DMSO- d6)
6 ppm 8.53 (d, J=7.8 J 20 (dd, J=1 FHz, 6. 15 (d,
J=15.6 Hz, lH) 451-465(m lH) 379(dd J119 21Hz 1H), 3.24

(br dp0J=12.7 iig.a sbhdtiondf 94 {[(1 d,dlﬂmﬂqg&leal 1)%x§]claboon§1l}lhmn%)2t51 4d, J=11.3 Hz,
1H), 1.86 (d, J=11.8 Hz, 1 '}Ié I-? 5 (f, J=7.2 Hz,
trifluorobutanoic acid (5.9 g, 23 0 rnrnol) in TH (35 mL) was added
1,1’-carbonyldiimidazole (3.67 g, 22.7 mmol) portionwise over about 10 min. After
stirring for 1 h at RT, a solution of &V, O-dimethylhydroxylamine hydrochloride (2.03 g,
20.8 mmol) and DIPEA (3.63 mL, 20.8 mmol) in DMF (8.0 mL) was added. The
25  reaction mixture was stirred at RT for 15 h, followed by concentration in vacuo. The
residue was diluted with EtOAc (100 mL) and washed with 1 M aq. HCI (2 x 50 mL),
saturated aq. NaHCOj3 (2 x 50 mL), and brine (50 mL). The organic layer was dried over
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152H), 0.91 (d, J=6.5 Hz, 3H), 0.93 (d, J=6.8 Hz, 3H). Exanples 66-187
CGeneral Experinental for Table 3 The conpounds in Table 3 were prepared
from t he wodnuatiesbienoat e i nt er medi at es (descri bed aboveyrT/usermowezizal | y
avai | abl e Boc-protected a-anm no acids, and am nes 20(commer ci aI |y avail abl e

or prepar cri bed above accord| ng.to, ei.t her Sche P1 or Scheme P2
as i ndi ca&éﬁﬁi" 3@%@6, o PaERAIBtSR EgiP0P G5 4E RRPBOUA (533 DR | +
0- R3- R3 X %&ﬁ%%) L0he bRt ®lid. Pd-BisG:2 b1 R4+@1)Z 0.97 mnp(rgioarﬁé)l'\‘ H NLCDG, H,

|, or

Intermediate 91

1,1-dimethylethyl (3,3,3-trifluoro-1-formylpropyl)carbamate

o f o f
0 N 0 0 N
>‘/ \n/ f‘\N ~ _ . X \n/ \ELH
o) | o)
CF, CF,

To a solution of LiAIH,4 (0.741 g, 19.5 mmol) in Et,0 (40 mL) at 0 °C was added
dropwise a solution of 1,1-dimethylethyl (3,3,3-trifluoro-1-
{[methyl(methyloxy)amino]carbonyl } propyl)carbamate (5.33 g, 17.8 mmol) in Et,O (30
mL) so that the internal temperature did not exceed 5 °C. The reaction mixture was

10 stirred for 30 min at 0 °C and quenched by the dropwise addition of EtOAc (10 mL)
followed by 5% aq. potassium bisulfate (10 mL), maintaining the internal temperature
<5 °C. The reaction mixture was then washed with 1 M aq. HCI (2 x 40 mL), saturated
aq. NaHCOs (2 x 40 mL), and brine (40 mL). The organic layer was dried over Na;SOy,
filtered, and concentrated in vacuo to afford the title compound as a clear, colorless oil,

15  which was carried to the next step without further purification. LC-MS m/z 242 (M+H)",
0.74 min (ret time).

Intermediate 92
methyl (2E)-4-({[(1,1-dimethylethyl)oxy]carbonyl}amino)-6,6,6-trifluoro-2-

hexenoate

L9 @ o | o
XOI(N\E:;H @76 \)]\O/ . >(O\LI/N\(:)J\O/
20

To a stirred solution of methyl (triphenylphosphoranylidene) acetate (7.12 g, 21.3
mmol) in Et,O (40 mL) at RT was added a solution of Intermediate 91 in Et;O (30 mL). The
reaction mixture was stirred at RT for 15 h. The solid was removed by filtration and the
solution was concentrated in vacuo. Purification via flash column chromatography (0-70%

25  EtOAc/hexanes) afforded the title compound (4.14 g, 78% over two steps) as a white solid.
LC-MS m/z 298 (M+H)", 1.03 min (ret time).

91



Scheme P2 0 >, 0 O -R3 "enoate internediate" G H, |, or Y 0 1 BCDEFXorZ
OH + HNI ORR2 Representati ve exanpl es of the reaction conditions A,
A, B, CwD20H/018801G H, |, X, Y, and Z are described i rCrhus2d610lo0k5187 ng
experi msnt al procedures (vi de supra): 10A: Internediate 34; B: Internediate

37; C er nedi at e 3 Internedi ate 50; E: Internmediate 27; F:
Interrredl term 1a§s9rﬂ rrredlate 45: H Internediate 61; |: Internediate
72; Z. Inter medi at e 43; A': Exanple 53. Reaction condition X: A solution of

the car bokyrmediagsd3A0 G2Blerhrvieye premares fromemmecishy layailabledBoI-PRCE, 42
mol) in 2C12 5.0 rned at RT for 30 mn. A
sol ution g::e'ln%lﬁoeaélégacco%gfﬁ%%gg%quéuresﬁ?&e W@%aﬁ%?‘i\%gs t hen added and
stirrifng continued for approximtely |Ih. Water was added (100 nL) with
stirring. TApR Ir €action m xture was transferred to a separatory funnel and
extracted wth ethyl acetate (100 nlL). The opganic | ayer was washed with
water (5 x 100 nL) foll owed by W3 20{:}1/0198 1PCT/ US2010/ 045137 brine (100
m), dried over Na2SO4, and co nt\rﬂéte vaeuo to afford the desired

am de product. Reaction condition Yo Th¢ ester (11.27 mol) was diluted in
THF (60 nL) and water (12 5 nL). 4 Mag. LiOH (45.1 nmmol) was added and the
reacti on prxture wasystirred at RT LC-MS

Intermediate R} Name m/z ret time
(M+H)+ (min)

methyl (2E,45)-5-cyclohexyl-4-

I
Ly

93 ({[(1,1-dimethylethyl)oxy]- 312 1.31

carbonyl } amino)-2-pentenoate

methyl (2E,4S)-4-({[(1,1-

94 dimethylethyl)oxy]carbonyl } ami 286 1.19

v

n0)-6,6-dimethyl-2-heptenoate

methyl (2E,45)-4-cyclopropyl-4-
o5 K| (0 dimethylethyDosy) 256 | 1.03

carbonyl }amino)-2-butenoate

methyl (2E,4S)-4-({[(1,1-

96 dimethylethyl)oxy]carbonyl}- 258 1.10

e

amino)-2-heptenoate
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for 15 h. An additional 1 equivalent of LiOH was added as a solution in
water (5 nL), and stirring was continued at RT for an additional 5.5 h. The
reacti on woxourme9seas acidified with 1M aq. HCL to pH - 3PCpHSpapmeji3and t hen
partitioned between water and Et 0Ac. The aqueous | ayer was extracted with
Et OAc and_t he o(iigan'7c | ayer was washed 10 with water followed by brine. The
conbi ned B‘Ftﬁﬁ‘HF F"aé/ers were filtered and concentrated in vacuo to afford

the desir ¢q.@giethAe@yyess,4shal{ 13,2 ﬁﬂ?',ﬁd PR H-FrARRL S 1)-N(gr medi at e;
Pr ocedur es Struc)?urg%rreﬂLC{{BB 2 z (MFH) ' ret tif\ryej ?I(mﬁ 66 Pl; 3 ;
A- C- H Z- AmeOipr ayDy4-dixo-2kbuih-04ymi@ o} carbonyl)-4-fluoro-1-pyrrolidinecarboxylate

F F
0 0
H
/Z OH HZN\E/\)J\N /2 NNN
o] 0 Y o o] Y
N N
5 A mixture of [(1S,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-(2-methylpropyl)-4-oxo-2-
buten-1-yl]amine (150 mg, 0.581 mmol), (4S5)-1-{[(1,1-dimethylethyl)oxy]carbonyl }-4-

fluoro-L-proline (135 mg, 0.581 mmol), HATU (221 mg, 0.581 mmol), and DIPEA (0.203
mL, 1.161 mmol) in DMF (2.0 mL) was stirred at RT for 1 h. The crude reaction mixture

was purified by reverse phase HPLC, eluting with a linear gradient running from 40%
10 CH3CN/H;O (0.1% formic acid) to 90% CH3;CN/H,0 (0.1% formic acid), to afford the title
compound (52 mg, 19%). LC-MS m/z 474 (M+H)", 1.12 min (ret time).
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HO (2S)-N-R1S, 2E)-4-{[5 ( 1 -nethyl-1- phenylethyl)-1,3,4- thiadiazol-2-yl]
amno { - 4-o0x0-1-(2-phenylethyl)- 2-buten-Il-yl] -2- piperidinec

ar boxam deotnifdiggen oacet ate 518 0.93 67 Pl; 3; A-F-1-F- RCTasSkhiduidy L HO 40
0 (2S)-N-[(3S,4E)-6-(2,3 - di hydro-1Hindol-1-y1l)- 6-o0xo0-1-phenyl hex-4-en3

Ay::] I alz:egbw%%Nﬁggg)Igfg)rﬂﬂ%ﬂgl({)l uoroacetate 390 0.85 68 Pl ; 3;

Example 1
(2E,45)-4-(L-alanylamino)-6-phenyl-/V-(phenylmethyl)-2-hexenamide hydrochloride

(0]

o) o) o)
07 N ' N H,N N N
Rl H : H

HCI

5 A solution of 1,1-dimethylethyl [(15)-1-methyl-2-0x0-2-({(1§,2E)-4-0x0-1-(2-
phenylethyl)-4-[(phenylmethyl)amino]-2-buten-1-yl} amino)ethyl]carbamate (2.00 g, 4.3
mmol) in concentrated HCI (2.0 mL) was stirred at RT for 1 h. The reaction mixture was
basified with saturated aq. NaHCOs to pH 8 or 9 and then extracted with EtOAc (4 x 100
mL). The combined organic layers were washed with water (2 x 50 mL), dried over Na;SOy,

10 filtered, and concentrated in vacuo to afford the free base of the title compound (0.60 g). The
free base was stirred in 1 M HCl in Et,0 (20 mL) for 2 h. The resultant solid was collected
by filtration and washed with Et,O (10 mL) to afford the title compound (0.30 g, 18%) as a
white solid. LC-MS m/z 366 (M+H)", 1.59 min (ret time).

Example 2
15 (2E,45)-4-(L-alanylamino)-/V-methyl-6-phenyl-2-hexenamide hydrochloride

(0] o} (0]
07 N Y7 N N~ H,N N N~
H H 2 H
(0] (0]

HCI

To a solution of 1,1-dimethylethyl ((15)-1-methyl-2-{[(1S,2E)-4-(methylamino)-4-
oxo-1-(2-phenylethyl)-2-buten-1-yl]lamino } -2-oxoethyl)carbamate (1.7 g, 4.3 mol) in CH,Cl,
(30 mL) was added TFA (10 mL). The reaction mixture was stirred at RT for 2 h. Solvent
20  was removed in vacuo and Et,O (30 mL) was added. A solid was filtered and washed with
saturated aq. NaHCO3 (20 mL) and then water (10 mL) to afford the free base of the title
compound (400 mg). The free base was stirred in 1 M HCI in Et,0 (20 mL) for 2 h. The
resultant solid was collected by filtration and washed with Et,O (20 mL) to afford the title
compound (0.28 g, 20%) as a white solid. LC-MS m/z 290 (M+H)", 1.34 min (ret time).
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411HO (2S)-N- R3S, 4E)-6-(1, 3- di hydro-2Hi soi ndol- 2-

y1l) - 6- oxo- 1- phenyl hex4-en- 3-yl ] azeti di ne-2- carboxam de trifluoroacetate
390 0.8 WO 2PP01%801Y-Z-A-F-A" 0o NH. LN 1401 H op HO (2EP¢®)Us4010f04§162S) - 2-
am no- 2- cycl opropyl acetyl] amno { -N-(4-nethoxyphenyl)-

6- phenyl hex j:qgm de trifluoroacetate 408 0.79 WO

2011/ 0198 2010/ 045137 70 P1; 3; A-F-1-F-A H2NEr\lj-LNJ o HO 1.

(29) - 2- aM 10 4.8y-4-5V. A1 HRTAYhH o J)"V;Rﬁﬁnfe@w-h 1-2-h ide hydrochlorid
6- (2, 3- derLydr%)_ 1Hi n%gﬁl yl? - 0X0- it pheng/nyhex exeleurllml o y};‘ Irg% hgrnlaﬁn de

trifluoroacetate >|\J\J\,(\=/\)k /LH/

A solution of 1,1-dimethylethyl ((15)-2-{[(1S,2E)-4-(dimethylamino)-4-oxo-1-(2-

5  phenylethyl)-2-buten-1-yl]Jamino } -1-methyl-2-oxoethyl)carbamate (2.00 g, 4.96 mmol) in
concentrated HCI1 (2.0 mL) was stirred at RT for 1 h. The reaction mixture was basified with
saturated aq. NaHCOs; to pH 8 or 9 and then extracted with EtOAc (4 x 100 mL). The
combined organic layers were washed with water (2 x 50 mL), dried over Na,SOy, filtered,
and concentrated in vacuo to afford the free base of the title compound. The free base was

10 stirred in 1 M HCl in Et;0 (20 mL) for 2 h. The resultant solid was collected by filtration
and washed with Et,O (10 mL) to afford the title compound (0.30 g, 20%) as a white solid.
LC-MS m/z 304 (M+H)", 1.39 min (ret time).

Example 4
N'-[(15,2E)-4-0x0-1-(2-phenylethyl)-4-(1-piperidinyl)-2-buten-1-yl]-L-alaninamide

15  hydrochloride
o
H

A solution of 1,1-dimethylethyl ((15)-1-methyl-2-ox0-2-{[(1§,2E)-4-0x0-1-(2-
phenylethyl)-4-(1-piperidinyl)-2-buten-1-ylJamino } ethyl)carbamate (1.00 g, 2.25 mmol) in
concentrated HCI1 (2.0 mL) was stirred at RT for 1 h. The reaction mixture was basified with

20  saturated aq. NaHCOj to pH 8 or 9 and then extracted with EtOAc (4 x 100 mL). The
combined organic layers were washed with water (2 x 50 mL), dried over Na,SOy, filtered,
and concentrated in vacuo to afford the free base of the title compound. The free base was
stirred in 1 M HCI in Et,O (20 mL) for 2 h. The resultant solid was collected by filtration
and washed with Et,O (10 mL) to afford the title compound (0.30 g, 36%) as a white solid.

25  LC-MS m/z 344 (M+H)", 1.57 min (ret time).
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432 0.97 71 P1; 3; A-F-1-F-A° N oll HO (2S)-2-am no-2-

cycl opentyl - N-R3S, 4E) - 6- (1, 3-di hydro- 2Hi soi ndol-2-yl)-6-o0x0- 1-
phenyl hexwo-2emn/@980y| ] et hanami de trifl uoroacetate 432 0. 8TAR2R0/04337
A-E-H C A H2NENL.---!---jLNlL o Ho 40

(2S)-2- an"kno- Nnegg'%s, 4E) - 6- (2, 3-di hydrolHi ndol- 1-y1) - 6- oxo- 1-

phenyl hex®*X2®@R€32 y| ] butanami de trifluoroacetate 392 0.9 73 P1; 3;
AEGC A'(ZE",QS‘;EM%LHMIBIIamino)-N-[4-(methyloxy)phenyl]-6-phenyl-2-hexenamide

hydrochloride

(0] (¢]
0 0 ~ o) ~
07 "N TN H,N NN
H H H
o} o}
—

HCI

5 To a solution of 1,1-dimethylethyl ((15)-1-methyl-2-{[(1S,2E)-4-{[4-
(methyloxy)phenyl]amino }-4-0xo0-1-(2-phenylethyl)-2-buten-1-yl]amino }-2-
oxocthyl)carbamate (1.2 g, 2.49 mmol) in methanol (20 mL) was added concentrated HCI (10
mL). The reaction mixture was stirred at RT for 1 h. The reaction mixture was basified with
saturated aq. NaHCOs; to pH 8 or 9 and then extracted with EtOAc (4 x 100 mL). The

10 combined organic layers were washed with water (2 x 50 mL), dried over Na,SOy, filtered,
and concentrated in vacuo to afford the free base of the title compound. The free base was
stirred in 1 M HCI in Et,O (20 mL) for 2 h. The resultant solid was collected by filtration
and washed with Et,O (10 mL) to afford the title compound (0.60 g, 58%) as a white solid.
LC-MS m/z 382 (M+H)", 1.61 min (ret time). '"H NMR (400 MHz, DMSO-ds) & ppm 10.02

15 (1H,s),867(1H,d,J=82Hz),803@3H,br.s.),7.552H,m,J=9.3 Hz),7.32-7.18 (5 H,
m), 6.90 (2 H, m, J=9.3 Hz), 6.69 (1 H, dd, /=15.4, 6.7 Hz), 6.18 (1 H, d, J/=15.4 Hz), 4.48 -
439(1H,m),391(1H,q,/=7.1Hz),3.71 (3H,s),2.71 -2.58 (2H, m), 1.97-1.79 (2 H,
m), 1.44 (3 H, d, J/=7.1 Hz).

Example 6
20  methyl 3-{|(2E 48)-4-(L-alanylamino)-6-phenyl-2-hexenoyl|amino}benzoate
trifluoroacetate
S PP
o HN °~_ . o~ " ©
0
o)
F
HO
F

To a solution of (2E,4S5)-4-[(N-{[(1,1-dimethylethyl)oxy]carbonyl}-L-alanyl)amino]-
6-phenyl-2-hexenoic acid (37.6 mg, 0.100 mmol) and HATU (38.0 mg, 0.100 mmol) in DMF
25 (0.2 mL) was added DIPEA (0.05 mL, 0.286 mmol). The reaction mixture was shaken for 2
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HO 40 N-[(3S,4E)-6-(2,3- dihydro-1Hindol-1-yl)-
6- 0x0- 1- phenyl hex- 4-en3-yl]-3-thi ophen-2-yl-L- al aninam de trifluoroacetate
460 0.97 wWo 2pR/01%801H- Z- A-E-A" .., ," kio H2ZN----ii!, ... NPCO/USRID0/045137
N- R3S, 4E) - 6- (1, 3- di hydro-2H-i soi ndol-2- y1l)-6-oxo- 1- phenyl hex-
4-en-3-yl]-L- |soleucinanmd rifluor 2 75 P2; HZ-A-E-A
ki Oy qu(l %pprﬁysp\!ynsed to l%ehl | 3 aminoh aerclzeota?et 85% r(r)lg,o() 859 rnr5nol) Th% reactl%n
vial was capped and shaken to aid dispersion. The reaction mixture then stood at RT for 18
h. Solvent was removed under a stream of nitrogen in a Radleys blowdown apparatus to 1/3
original volume. TFA (0.20 mL) was added, and the vial was capped and shaken for 2 min.
5  The reaction mixture stood at RT for 2 h. The crude product was purified by reverse phase
HPLC using an MDAP equipped with a SunFire C18 column with a gradient of CH3;CN in
water containing a TFA modifier. The solvent was evaporated in vacuo to afford the title

compound (21.5 mg, 37%). LC-MS m/z 410 (M+H)', 1.7 min (ret time).

Example 7
10  (2E,45)-4-(L-alanylamino)-/V-[2-(methyloxy)phenyl]-6-phenyl-2-hexenamide

trifluoroacetate

XJU\(

f@
i*

To a solution of (2E,4S5)-4-[(N-{[(1,1-dimethylethyl)oxy]carbonyl}-L-alanyl)amino]-
6-phenyl-2-hexenoic acid (37.6 mg, 0.100 mmol) and HATU (38.0 mg, 0.100 mmol) in DMF
15 (0.2 mL) was added DIPEA (0.05 mL, 0.286 mmol). The reaction mixture was shaken for 2
min and then dispensed to 2-(methyloxy)aniline (9.6 mg, 0.078 mmol). The reaction vial was
capped and shaken to aid dispersion. The reaction mixture then stood at RT for 18 h.
Solvent was removed under a stream of nitrogen in a Radleys blowdown apparatus to 1/3
original volume. TFA (0.20 mL) was added, and the vial was capped and shaken for 2 min.
20  The reaction mixture stood at RT for 2 h. The crude product was purified by reverse phase
HPLC using an MDAP equipped with a SunFire C18 column with a gradient of CH3CN in
water containing a TFA modifier. The solvent was evaporated in vacuo to afford the title

compound (18 mg, 33%). LC-MS m/z 382 (M+H)", 1.67 min (ret time).
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HO y1) - 6- oxo- 1- phenyl hex- N R3S, 4E)-6-(1, 3- di hydro-2Hi soi ndol- 2-
4-en-3-yl]-L- alloisoleucinamde trifluoroacetate 420 0.84 76 P2; 3;
H Z- A- E- AvOlkDN/01980HO N-[ ( 3S, 4E) - 6- (1, 3- di hydro- 2H i soi mA®AFS2010/045137

y1) - 6- oxo- 1- phenyl hex4-en-3-y1l]-3-nethyl-L- valinam de trifluoroacetate 420
084 77 P2, Z-A-E-A" NHO, HO/(25)- N-R384E) 6-(1, 3-
di hydro- 2 Xf‘%‘dﬂ"n 0l1-2- y1)-6-o0xo- 1- phenyl hex4- en- 3-yl ] pi peri di ne- 2-

car boxam ggr ii5y- ikﬂ%ﬂﬁqﬁhﬁfﬁ 6%@1—&11,3 thiazol-2-yl-2-hexenamide trifluoroacetate

PN

To a solution of (2E,4S5)-4-[(N-{[(1,1-dimethylethyl)oxy]carbonyl}-L-alanyl)amino]-
5  6-phenyl-2-hexenoic acid (37.6 mg, 0.100 mmol) and HATU (38.0 mg, 0.100 mmol) in DMF
(0.2 mL) was added DIPEA (0.05 mL, 0.286 mmol). The reaction mixture was shaken for 2

min and then dispensed to 1,3-thiazol-2-amine (9.1 mg, 0.091 mmol). The reaction vial was
capped and shaken to aid dispersion. The reaction mixture then stood at RT for 18 h.
Solvent was removed under a stream of nitrogen in a Radleys blowdown apparatus to 1/3

10  original volume. TFA (0.20 mL) was added, and the vial was capped and shaken for 2 min.
The reaction mixture stood at RT for 2 h. The crude product was purified by reverse phase
HPLC using an MDAP equipped with a SunFire C18 column with a gradient of CH3;CN in
water containing a TFA modifier. The solvent was evaporated in vacuo to afford the title

compound (15 mg, 29%). LC-MS m/z 359 (M+H)", 1.51 min (ret time).

15 Example9
(2E,45)-4-(L-alanylamino)-6-phenyl-/V-[3-(trifluoromethyl)phenyl]-2-hexenamide

trifluoroacetate
N
H

>LJLJ\’(
e O iy

To a solution of (2E,4S5)-4-[(N-{[(1,1-dimethylethyl)oxy]carbonyl}-L-alanyl)amino]-
20  6-phenyl-2-hexenoic acid (37.6 mg, 0.100 mmol) and HATU (38.0 mg, 0.100 mmol) in DMF
(0.2 mL) was added DIPEA (0.05 mL, 0.286 mmol). The reaction mixture was shaken for 2

ﬁ*
o

min and then dispensed to 3-(trifluoromethyl) aniline (16.1 mg, 0.100 mmol). The reaction
vial was capped and shaken to aid dispersion. The reaction mixture then stood at RT for 18
h. Solvent was removed under a stream of nitrogen in a Radleys blowdown apparatus to 1/3

25  original volume. HCI (2 M solution in 1,4-dioxane, 0.20 mL) was added, and the vial was
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WO 2011/ 019801PCT/ US2010/ 045137 78 P2; 3; HZ-A-E-A" fi-iYIL)N H 040 HO
N-[(3S,4E)-6-(1, 3- di hydro-2Hi soi ndol-2- yl)-6-0xo0-1-phenyl hex-

4- en- 3- yWolkepvabsgomam de trifl uoroacetate 404 0.81 79 PPCTRIS2HOA4ASE-A 0
EN H HO (2S)-N R3S, 4E)-6-(1, 3- di hydro-2Hi soi ndol- 2-

%IIZ.LI) ]: th?gé%@ggggg gl?g%)e(lg %%%-l’ggl- g]l'f!,e r_gz,lzc_tiﬂg érr?l%{ﬁ% %%(P acl)t) I{HJ %o%r&ahm "gheecrude product
was purified by reverse phase HPLC using an MDAP equipped with a SunFire C18 column
with a gradient of CH3CN in water containing a TFA modifier. The solvent was evaporated
in vacuo to afford the title compound (3.1 mg, 5%). LC-MS m/z 420 (M+H)", 0.85 min (ret

5  time).

Example 10
(2E 48)-4-(L-alanylamino)-N-methyl-V,6-diphenyl-2-hexenamide trifluoroacetate

i i i
H H
N
>LOJJ\H%‘/ \_/\)I\OH Q HZN%‘/N\/\)I\T
o HN —_— 0
| 0
F
HOJ\’<F
F

To a solution of (2E,4S5)-4-[(N-{[(1,1-dimethylethyl)oxy]carbonyl}-L-alanyl)amino]-

10 6-phenyl-2-hexenoic acid (37.6 mg, 0.100 mmol) and HATU (38.0 mg, 0.100 mmol) in DMF
(0.2 mL) was added DIPEA (0.05 mL, 0.286 mmol). The reaction mixture was shaken for 2

min and then dispensed to N-methylaniline (10.7 mg, 0.100 mmol). The reaction vial was
capped and shaken to aid dispersion. The reaction mixture then stood at RT for 18 h.
Solvent was removed under a stream of nitrogen in a Radleys blowdown apparatus to 1/3

15  original volume. HCIl (2 M solution in 1,4-dioxane, 0.20 mL) was added, and the vial was
capped and shaken for 2 min. The reaction mixture stood at RT for 2 h. The crude product
was purified by reverse phase HPLC using an MDAP equipped with a SunFire C18 column
with a gradient of CH3CN in water containing a TFA modifier. The solvent was evaporated
in vacuo to afford the title compound (18 mg, 37%). LC-MS m/z 366 (M+H)", 0.75 min (ret

20  time).
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ON-N N),,s---OF, HH 0 OHO (2S)-N R3S, 4E) - 6- ox0ol - phenyl-6- 1[5-
(trifluoronethyl)-1,3,4- thiadiazol-2- yl] am no} hex-4-en-3-

yl ] pi per ivDrret121989ar boxam de trifluoroacetate 468 0.89 @CTaSRi0/04337
A-CHZA _Jot 11-N)--- Ns HH HO (25)-N {(3S,4E)-6-[(5-

met hyl-1, 3, 4-t|£e;fdi azol 2-yl )am no] -6-o0oxo0-1 - phenyl hex-4-en-3- yl }

pi peri di nEX3MPleth oy ani de” tri fl uor oacetate 414 0.67 82b PL 3; A-C H Z-A
OLN) : s- - - 2A,484-(HQ1anylamino)-6-phenyl-N-[4-(trifluoromethyl)phenyl]-2-hexenamide

formate

F
F
SL LI P @X
F
N\/\)I\ N\/\)]\
0" N " 0H F HzNJﬁ( N N
O F o}
_
X
HO™ H

5 To a solution of (2E,4S5)-4-[(N-{[(1,1-dimethylethyl)oxy]carbonyl}-L-alanyl)amino]-

6-phenyl-2-hexenoic acid (37.6 mg, 0.100 mmol) and HATU (38.0 mg, 0.100 mmol) in DMF
(0.2 mL) was added DIPEA (0.05 mL, 0.286 mmol). The reaction mixture was shaken for 2
min and then dispensed to 4-(trifluoromethyl)aniline (16.1 mg, 0.100 mmol). The reaction
vial was capped and shaken to aid dispersion. The reaction mixture then stood at RT for 72

10 h. Solvent was removed under a stream of nitrogen in a Radleys blowdown apparatus to 1/3
original volume. HCI (2 M solution in 1,4-dioxane, 0.20 mL) was added, and the vial was
capped and shaken for 2 min. The reaction mixture stood at RT for 2 h. Additional HCI (2
M solution in 1,4-dioxane, 0.20 mL) was added and the reaction mixture stood at RT for a
further 18 h. The crude product was purified by reverse phase HPLC using an MDAP

15  equipped with a SunFire C18 column with a gradient of CH;CN in water containing a TFA
modifier. The solvent was evaporated in vacuo to afford an impure fraction of the TFA salt
of the title compound. The TFA salt was dissolved in 1:1 MeOH:DMSO (0.6 mL) and
purified by reverse phase HPLC using an MDAP equipped with an Atlantis column with a
gradient of CH3CN in water containing a formic acid modifier. The solvent was removed

20 under a stream of nitrogen in the Radleys blowdown apparatus to afford the title compound

(4.0 mg, 8%). LC-MS m/z 420 (M+H)', 1.96 min (ret time).
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(2S)-N-1(3S,4E)-6-[ (5- ethyl-1, 3, 4-thiadiazol-2- yl)am no]-6-o0xo0-1-

phenyl hex-4-en-3- yl } piperidine-2- carboxam de trifluoroacetate 428 0.72
83 P1; 3;woH2riHPoA’ ONN tert-butyl -1, 3, 4- thiadiazol - PcylUusanionei13?

6- oxo- 1- phenyl hex-4-en- 3 -yl} piperidine-2- ¢ arboxam de trifluoroacetate

456 0. 85 ENLN) --S\f -T HH 0 410HO 84 P1 ; 3; ACGHZA .11 11-s
Examplé€ 12

methyl 4-{[(2E ,45)-4-(L-alanylamino)-6-phenyl-2-hexenoyl]amino}benzoate formate

0
ﬂ\ 0 y o o ] o /@)‘\ o~
OJ\H/H‘/N\_/\)I\OH /@)Lo/ HzN%‘/N\E/\)I\”
0 . 0
H,N 0
To a solution of (2E,4S5)-4-[(N-{[(1,1-dimethylethyl)oxy]carbonyl}-L-alanyl)amino]-
5  6-phenyl-2-hexenoic acid (37.6 mg, 0.100 mmol) and HATU (38.0 mg, 0.100 mmol) in DMF

(0.2 mL) was added DIPEA (0.05 mL, 0.286 mmol). The reaction mixture was shaken for 2

min and then dispensed to methyl 4-aminobenzoate (15.1 mg, 0.100 mmol). The reaction

vial was capped and shaken to aid dispersion. The reaction mixture then stood at RT for 72

h. Solvent was removed under a stream of nitrogen in a Radleys blowdown apparatus to 1/3
10 original volume. HCI (2 M solution in 1,4-dioxane, 0.20 mL) was added, and the vial was

capped and shaken for 2 min. The reaction mixture stood at RT for 2 h. Additional HCI (2

M solution in 1,4-dioxane, 0.20 mL) was added and the reaction mixture stood at RT for a

further 18 h. The crude product was purified by reverse phase HPLC using an MDAP

equipped with a SunFire C18 column with a gradient of CH3;CN in water containing a TFA
15  modifier. The solvent was evaporated in vacuo to afford an impure fraction of the TFA salt

of the title compound. The TFA salt was dissolved in 1:1 MeOH:DMSO (0.6 mL) and

purified by reverse phase HPLC using an MDAP equipped with an Atlantis column with a

gradient of CH3CN in water containing a formic acid modifier. The solvent was removed

under a stream of nitrogen in the Radleys blowdown apparatus to afford the title compound

20  (3.2mg, 7%). LC-MS m/z 410 (M+H)", 1.75 min (ret time).

Example 13
(2E,45)-4-(L-alanylamino)-/V-cyclohexyl-N-methyl-6-phenyl-2-hexenamide
trifluoroacetate

0 0 0
SO oK 5 O
07N S OH O H,N \ lil
0 . 0
HT o
F
e
F
F
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Ns\ HH HO (2S)-N- R3S, 4E)-6-1[ 5- (nethylsul fanyl)-1,3,4- thi iazol-2-yl]
amno } - ad 6-o0xo0-1-phenyl hex-4-en- 3 -yl]piperidine-2- carboxam de
trifluorosoebuarEIspdc 0. 77 85 P1 ; 3; A-CH Z-A ON N k/PLI/us2010/0M83N. 111
i-c.JYr 0-HO HO (2S)-N {(3S, 4E)-6-o0x01

STt per i di he- 30 SR R et S RO Dl Bl g bome) L alanyamino}-
2011/ 01989 ey 1USRALR6R 4837 BGng) 011003nmb) GnliHFA T (38.0 mg, 0.100 mmol) in DMF
(0.2 mL) was added DIPEA (0.05 mL, 0.286 mmol). The reaction mixture was shaken for 2
min and then dispensed to cyclohexyl(methyl)amine (11.3 mg, 0.100 mmol). The reaction
5  vial was capped and shaken to aid dispersion. The reaction mixture then stood at RT for 72
h. Solvent was removed under a stream of nitrogen in a Radleys blowdown apparatus to 1/3
original volume. HCI (2 M solution in 1,4-dioxane, 0.20 mL) was added, and the vial was
capped and shaken for 2 min. The reaction mixture stood at RT for 2 h. Additional HCI (2
M solution in 1,4-dioxane, 0.20 mL) was added and the reaction mixture stood at RT for a
10 further 18 h. The crude product was purified by reverse phase HPLC using an MDAP
equipped with a SunFire C18 column with a gradient of CH3;CN in water containing a TFA
modifier. The solvent was evaporated in vacuo to afford the title compound (25 mg, 47%).

LC-MS m/z 372 (M+H)", 1.75 min (ret time).

Example 14
15  (2E,45)-4-(L-alanylamino)-NV-[(1R,35)-3-hydroxycyclopentyl]-6-phenyl-2-hexenamide

formate

LA

V\)I\

O

L

HO™ “H

9
’
%

HN

To a solution of (2E,4S5)-4-[(N-{[(1,1-dimethylethyl)oxy]carbonyl}-L-alanyl)amino]-

6-phenyl-2-hexenoic acid (37.6 mg, 0.100 mmol) and HATU (38.0 mg, 0.100 mmol) in DMF

20 (0.2 mL) was added DIPEA (0.05 mL, 0.286 mmol). The reaction mixture was shaken for 2
min and then (15,3R)-3-aminocyclopentanol (10.1 mg, 0.100 mmol) in DMF (0.10 mL) was
added. The reaction vial was capped and shaken to aid dispersion. The reaction mixture then
stood at RT overnight. Solvent was removed under a stream of nitrogen in a Radleys
blowdown apparatus to 1/3 original volume. HCI (4 M solution in 1,4-dioxane, 0.20 mL)

25  was added, and the vial was capped and shaken for 2 min. The reaction mixture stood at RT
for 2 h. 1:1 DMSO:MeOH (0.30 mL) was added and the reaction was filtered and purified by
reverse phase HPLC using an MDAP equipped with a SunFire C18 column with a gradient of

CH;CN in water containing a TFA modifier. The solvent was removed under a stream of
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WV JILNIsNM 4P, HHH O O HO (2S)-N-R3S, 4E)-6-1[5- (4-bronophenyl)-1, 3, 4-
t hi adi azol -2-yl] amno } - 6-o0xo-1-phenyl hex-4-en- 3 -yl]piperidine-2- c
ar boxam deotniffdiggen oacet ate 554 0.98 87 Pl; 3; A C H Z- RCTaN2NoN@G187 . ) LNI
Xs \MdIF HFH O 0 HO F (2S)-N-R3S,4E)-6-1[5- (4-fluorophenyl)-1, 3, 4-

car boxan BEoEPE 1 Btk iar o ani §us 90 an e sctiod Fe THAHT o the
title compound. The TFA salt was dissolved in DMSO (0.5 mL) and purified by reverse
phase HPLC using an MDAP equipped with an Atlantis column with a gradient of CH3;CN in
water containing a formic acid modifier. The solvent was removed under a stream of
5  nitrogen in the Radleys blowdown apparatus to afford the title compound (4.0 mg, 9%). LC-
MS m/z 360 (M+H)", 1.33 min (ret time).

Example 15
(2E 48)-4-(L-alanylamino)-N-[(1S,4R)-bicyclo[2.2.1]hept-2-yl]-6-phenyl-2-hexenamide

N
A

To a solution of (2E,4S5)-4-[(N-{[(1,1-dimethylethyl)oxy]carbonyl}-L-alanyl)amino]-
6-phenyl-2-hexenoic acid (37.6 mg, 0.100 mmol) and HATU (38.0 mg, 0.100 mmol) in DMF
(0.2 mL) was added DIPEA (0.05 mL, 0.286 mmol). The reaction mixture was shaken for 2
min and then (15,4R)-bicyclo[2.2.1]heptan-2-amine (11.1 mg, 0.100 mmol) in DMF (0.10

trifluoroacetate

LA

10

15 mL) was added. The reaction vial was capped and shaken to aid dispersion. The reaction
mixture then stood at RT overnight. Solvent was removed under a stream of nitrogen in a
Radleys blowdown apparatus to 1/3 original volume. HCI (4 M solution in 1,4-dioxane, 0.20
mL) was added, and the vial was capped and shaken for 2 min. The reaction mixture stood at
RT for 2 h. 1:1 DMSO:MeOH (0.30 mL) was added and the reaction was filtered and

20  purified by reverse phase HPLC using an MDAP equipped with a SunFire C18 column with a
gradient of CH3;CN in water containing a TFA modifier. The solvent was removed under a
stream of nitrogen in a Radleys blowdown apparatus to afford the title compound (7.0 mg,

14%). LC-MS m/z 370 (M+H)", 1.58 min (ret time).
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(2S)-N {(3S,4E)-6-[(5- cyclopropyl-1, 3,4- thiadiazol-2-yl)am no] -
6- oxo- 1- phenyl hex-4-en- 3 -yl} piperidine-2- ¢ arboxamde trifluoroacetate
440 0. 75 80 2PWy01%01A-C-H Z-A° oN r-N-As\ HH o HO (2SpcHRAJSe@S/04Hp7 6- 0XO-
1 -phenyl -6- 1[5-(propan2-y1)-1, 3,4-thiadiazol-2- yl] amno } hex-4-en-3-
yl ] pi peri di ne- % arboxam de trifluoroacetate 442 0.79 90 PI; 3; ACHZA
ONN 0- yr NEXampla gy o HO (2S)- N 1(3S, 4E) - 6- [ ( 5-
benzyl- 1, 31 4ciisty Adi-pzmlidaofl 1)-?1?34!3(930-I-@Z—BﬁQﬁﬂethyﬂrleﬁl\ﬂeh%yl‘ﬂ-‘lﬁﬂl‘aﬁinamide
yl } pi peri di ne-2- ‘carboxam de trifl uoroacet’ate” 490

trifluoroacetate

o}

o] o]
H H
>|\OJ\”/R‘/N\E/\)I\N N H,N N\E/\)I\N N
B I o] 8
o]
HO F
L°F

5

5 To a solution of 1,1-dimethylethyl ((15)-2-{[(1S,2E)-4-(1H-indol-1-yl)-4-ox0-1-(2-
phenylethyl)-2-buten-1-yl]amino } -1-methyl-2-oxocthyl)carbamate (190 mg, 0.40 mmol) in
CH,Cl; (5.0 mL) was added TFA (1.1 mL, 14.28 mmol). The reaction mixture was stirred at
RT for 40 min and then concentrated under a stream of nitrogen at 50 °C. The crude product
was dissolved in DMSO (4.0 mL), filtered through a 0.45 pm Acrodisc® filter, and purified

10 by reverse phase HPLC (YMC C18 S-5 pm/12 nm 50 x 20 mm preparatory column), eluting
at 20 mL/min with a linear gradient running from 10% CH3;CN/H,0 (0.1% TFA) to 80%
CH;CN/H,0 (0.1% TFA) over 15 min. The desired fractions were concentrated under a
stream of nitrogen at 50 °C, dissolved in water (2.0 mL), and lyophilized on a Genevac HT-
4X to afford the title compound (110 mg, 56%). LC-MS m/z 376 (M+H)", 0.98 min (ret

15  time). '"HNMR (400 MHz, MeOD) & ppm 8.43 (d, J = 8.0 Hz, 1H), 7.75 (d, J = 3.8 Hz, 1H),
7.60 (d, /= 7.3 Hz, 1H), 7.33 (s, 1H), 7.32 - 7.26 (m, 5H), 7.19 (t, /= 7.0 Hz, 1H), 7.09 (dd,
J=153,6.4 Hz, 1H), 6.95 (d,/=15.3 Hz, 1H), 6.73 (d, /= 3.8 Hz, 1H), 4.74 - 4.66 (m, 1H),
4.04 (q,J=7.0 Hz, 1H), 2.81 - 2.75 (m, 2H), 2.10 - 2.03 (m, 2H), 1.60 (d, /= 7.0 Hz, 3H).

Examples 17 -20
20  General Experimental for Array Table 1

0
T H T /H(H o _R'
O S
o) H,N—R' , © o
JKFF
HO .
F
Using array chemistry, following the procedure as described here in the preparation of

Examples 17-20. A mixture of (2E,45)-4-[(N-{[(1,1-dimethylethyl)oxy]carbonyl}-L-

alanyl)amino]-6-phenyl-2-hexenoic acid (37.6 mg, 0.1 mmol) and HATU (38 mg, 0.1 mmol)
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0.86 91 PlI; 3; AACHZ-A ONNOll-eit"S\ H=H 0/V 0 HO

(2S) - N- R3S, 4E) - 6-ox0- 1 -phenyl-6- 1[542- phenylethyl)-1,3,4- thiadiazol-2-
yl'] am noyohex/n9osem- 3- yl ] pi peri di ne-2- carboxam de tri PChaseao@iase 504
0.9 92 PI; 3; ACHZA ON--"N (-) NENIN),s L H= 0-H 0O HO

( 23( 0- N;L 1&}1&99&#@)@ &nig Fas g&cﬁe&?{}? Xéﬁpﬁ’eﬁcﬁ‘?lﬁé Vgallsa%l%%oAl (0. 03%I %fi‘”& E Cr)rlrnol) was
added to each. Each vial was capped and shaken for 1 min to aid dispersion. The pre-
weighed appropriate amines (0.1 mmol) were added and the vials were shaken at RT for 18 h.
Solvent was removed under a stream of nitrogen in a Radleys blow down apparatus to 1/3 of

5  the original volume. TFA (0.20 mL) was added to each reaction and the vial was capped,

shaken for 2 min and left to stand at RT for 1 h. Each crude product was purified by reverse
phase HPLC using an MDAP equipped with a SunFire C18 column with a gradient of
CH;CN in water containing a TFA modifier. The solvent was removed under a stream of
nitrogen in the Radleys blowdown apparatus to afford the corresponding products as TFA

10 salts. Examples 17-20 listed in Table 1.

Table 1. Examples 17-20.

LC-MS
Example R Name m/z ret time
(M+H)+ (min)
(2E,48)-4-(L-alanylamino)-N-[3-
17 QO/ (methyloxy)phenyl]-6-phenyl-2- | 380 | 163
- hexenamide trifluoroacetate
(2E,45)-4-(L-alanylamino)-N-
18 /O cyclohexyl-6-phenyl-2- 358 1.98
hexenamide trifluoroacetate
N (2E,45)-4-(L-alanylamino)-6-
’d . g
19 Sy phenyl-N-3-pyridinyl-2- 353 1.06
A hexenamide trifluoroacetate
H (2E,45)-4-(L-alanylamino)-6-
N
20 ;/E;N phenyl-N-1H-pyrazol-4-yl-2- 342 1.19
hexenamide trifluoroacetate
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c arboxamde trifluoroacetate 482 0.93 93 P1; 3; A-F-1-F-A H2NLENIN1 o HC<
40 (2S)-2-am no-2- cyclopropyl-N[(3S,4E)- 6-(2,3 -di hydro-1Hi ndol 1

-y1) - 6- oxwORot/pbsdmyl hex-4-en-3 _ yl] ethanam de trifl uecoasetianesido4 0. 94
WO 2011/ 019801PCT/ USZOlO/ 045137 94 P1; 3; A-F-1-F-A" ENlj)oN . 0 HO
(2S)-2-am_no- 2- opropyl - N-[ (3S, 4E) -

6- (1, 3-di amplesdlsti ndo1- 2- y1) - 6- oxo- 1- phenyl hex- 4- en-3_ yfl et hanani de

trifluorogegbef @xﬁ@ﬁnﬂ:n%ﬂsﬁr Riray Table 2

H,N—R

Using array chemistry, following the procedure as described here in the preparation of
5  Examples 21-37. (2E,4S5)-4-[(N-{[(1,1-dimethylethyl)oxy]carbonyl}-L-alanyl)amino]-6-
phenyl-2-hexenoic acid (715 mg, 1.90 mmol) was added to HATU (722 mg, 1.90 mmol) and
then dissolved in DMF (3.8 mL). The solution was dispensed out into micronic vials (0.2
mL, 0.100 mmol) per vial. DIPEA (0.05 mL, 0.286 mmol) was added to each. Each vial was
capped and shaken to aid dispersion. A solution of each pre-weighed appropriate amine
10 (0.100 mmol) in DMF (0.10 mL) was added and the vials were shaken for 5 min and then left
standing at RT overnight. Solvent was removed under a stream of nitrogen in a Radleys blow
down apparatus to 1/3 of the original volume. TFA (0.20 mL) was added to each reaction
and the vial was capped, shaken for 2 min and left to stand at RT for 2 h. 1:1 DMSO:MecOH
(0.30 mL) was added to each reaction, which was then filtered and purified by reverse phase
15  HPLC using an MDAP equipped with a SunFire C18 column with a gradient of CH3;CN in
water containing a TFA modifier. The solvent was removed under a stream of nitrogen in the

Radleys blowdown apparatus to afford the corresponding products as TFA salts. Examples

21-37 listed in Table 2.

Table 2. Examples 21-37.

LC-MS
Example R Name m/z ret time
(M+H)" (min)
(2E,45)-4-(L-alanylamino)-6-
71 SN phenyl-N-propyl-2-hexenamide 318 0.65
trifluoroacetate
(2E,45)-4-(L-alanylamino)-N-
CH,
o0 >J<CH3 (1,1-dimethylethyl)-6-phenyl-2- 332 0.71
A CH3 . .
' hexenamide trifluoroacetate
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3, A-F-1-F-A

ElJ N N.

0 HO N-[(3S, 4E)-6- (1, 3- di hydro-2Hi soi ndol- 2-

y1l) - 6- oxo- 1- phenyl hex- 4-en-3-yl]-L-valinamde trifluoroacetate 406 0. 88
(1R, 2S, 55) - N-[ (3S, 4E) - 6PCT/US2010/045137
(2, 3-di hydro-1H i ndol-1- y1)-6-o0xo-1-phenyl hex4-en-3-y1] - 3-

P2: 3:

azabi cycl

[2 1 0l
[ o L+ 9T

alV4

| -\WoAeH/A9d1] O OON HO Si

ann? ~arhn

am Aa tri fliinrAnannt ot o
CT T 11T aur Uuag

160
O

Q7 Q7 PD-
o1 I 1—1T=L

|-F-A-F-A .

Erlor

23

\ J

“Urre o UT ' OU

T OC T AC o

(2E,45)-4-(L-alanylamino)-N-
cyclopentyl-6-phenyl-2-

hexenamide trifluoroacetate

I

344

0.72

24

HO 40
L

\,
\

(2E,45)-4-(L-alanylamino)-N-(1-
methyl-4-piperidinyl)-6-phenyl-

2-hexenamide trifluoroacetate

373

0.43

25

~CH,
O

g

(2E,45)-4-(L-alanylamino)-6-
phenyl-N-(tetrahydro-2 H-pyran-
4-yl)-2-hexenamide

trifluoroacetate

360

0.59

26

<
<
E

(2E,45)-4-(L-alanylamino)-N-
(cyclohexylmethyl)-6-phenyl-2-

hexenamide trifluoroacetate

372

0.82

27

CH,

N
\

\
\
\,
\
.
<
\,
\
.
\,
\,

3

(2E,45)-4-(L-alanylamino)-N-(1-
methylethyl)-6-phenyl-2-

hexenamide trifluoroacetate

318

0.64

28

A

(2E,45)-4-(L-alanylamino)-N-
cycloheptyl-6-phenyl-2-

hexenamide trifluoroacetate

372

0.81

29

(2E,45)-4-(L-alanylamino)-N-
ethyl-6-phenyl-2-hexenamide

trifluoroacetate

304

0.59

30

(2E,45)-4-(L-alanylamino)-N-
[(1R,4S)-bicyclo[2.2.1]hept-2-
yl]-6-phenyl-2-hexenamide

trifluoroacetate

370

0.78
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(1S, 2R 5R) - N- R3S, 4E) -

6- (2, 3-di hydro-1Hi ndol 1-y1) - 6- oxo- 1-

phenyl hex- 4-en-3-yl]-3- azabicycl o[ 3. 1. 0Thexane2- car boxam de

trifluor osoepar@eshis 0.91 98 Pl; 3; A-X-HC A
N-[ (3S, 4E) - 6- (2, 3- di hydro- 1H i ndol- 1-y1)-

::! rnam d

3-yl]-L-v

[ 2 R
o
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CF, | OH
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2E, 4S) - N- |

. 4~ %hi adi
\.}{4 100 |
<_CH

o

ey )B4 Ahanhring)[B(1-
azoI-2-y1¥-4-(LvaIyIam
pmethgilpropyl)-6-phenyl-2-

hexenamide trifluoroacetate

74 W BN B

332

no) hex- 2t

I de

32

(2E,45)-4-(L-alanylamino)-N-(2-
methylcyclohexyl)-6-phenyl-2-

hexenamide trifluoroacetate

372

0.81

33

(2E,4S5)-4-(L-alanylamino)-N-(4-
hydroxycyclohexyl)-6-phenyl-2-

hexenamide trifluoroacetate

374

0.57

34

(2E,45)-4-(L-alanylamino)-6-
phenyl-N-(tetrahydro-3-furanyl)-

2-hexenamide trifluoroacetate

346

0.59

35

(2E,45)-4-(L-alanylamino)-6-
phenyl-N-(tetrahydro-2 H-pyran-
3-yl)-2-hexenamide

trifluoroacetate

360

0.63

36

(2E,45)-4-(L-alanylamino)-N-(1-
methyl-3-piperidinyl)-6-phenyl-

2-hexenamide trifluoroacetate

373

0.45

37

CH,
7
O

* N
/‘Q \CH3
‘\/O"Hl OH

(2E,45)-4-(L-alanylamino)-N-
[(1S5,35)-3-hydroxycyclopentyl]-
6-phenyl-2-hexenamide

trifluoroacetate

360

1.24
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A-X-HC A oyi-- Cc H2NNS33 H o HO (2E, 4S5) - 6- phenyl - N-[ 5-
(trifluoronethyl)-1,3,4- thiadiazol-2-yl1l]-4-(L- valyl am no) hex-2- enam de
trifluorosoebar@Ishpe 1.04 101 Pl; 3; AACHCA HW3N, RNT/USN2010843B7 O
1410HO< (2S)- N R3S, 4E) - 6- oxol- phenyl -6-{[5- (trifluoronmethyl)-1, 3, 4-

t hi adi azoh P&Mfﬁm no} hex- 4-en-3- yflazetidi ne-2- carboxam de
trifluoroadd 40 0.91 WD 2011/019801PCT/ US2010/ 045137 102 P1 ; 3;

A- G H G AN NaKSIE)-4-[(1R,8S)-11-azatricyclo[6.2.1.0> Jundeca-2,4,6-trien-11-yl]-4-0x0-1-(2-
phenylethyl)-2-buten-1-yl]-L-alaninamide trifluoroacetate

e

5 To a solution of 1,1-dimethylethyl ((15)-2-{[(1S,2E)-4-[(1R,85)-11-
azatricyclo[6.2.1.0> Jundeca-2,4,6-trien-11-yl]-4-oxo-1-(2-phenylethyl)-2-buten-1-

yl]amino }-1-methyl-2-oxoethyl)carbamate (140 mg, 0.278 mmol) in CH,Cl;, (4.0 mL) was
added TFA (0.043 mL, 0.556 mmol). After stirring overnight at RT, the reaction mixture was
concentrated in vacuo and purified by reverse phase HPLC (YMC C18 S-15 um/12 nm 75 x

10 30 mm preparatory column) eluting at 35 mL/min with a linear gradient running from 10%
CH;CN/H;0 (0.1% TFA) to 80% CH3CN/H,0 (0.1% TFA) over 15 min. The solvent was
evaporated in vacuo to afford the title compound (56 mg, 39%). LC-MS m/z 404 (M+H)',
0.95 min (ret time). 'H NMR (400 MHz, MeOD) & ppm 1.29 - 1.49 (m, 2H) 1.55 (m, 3H)
1.83 -2.04 (m, 2H) 2.04 - 2.28 (m, 2H) 2.58 - 2.79 (m, 2H) 3.97 (t, J=6.8 Hz, 1H) 4.49 - 4.60

15  (m, 1H) 5.49 (d, /=3.3 Hz, 1H) 5.56 (d, J=3.5 Hz, 1H) 6.40 (d, /=15.3 Hz, 1H) 6.67 (dd,
J=15.3, 6.8 Hz, 1H) 7.13 - 7.43 (m, 9H).

Example 39
(28)-2-amino-NV-[(15,2E)-4-[(1R,85)-11-azatricyclo[6.2. 1.02’7] undeca-2,4,6-trien-11-yl]-4-
0x0-1-(2-phenylethyl)-2-buten-1-yl]butanamide trifluoroacetate

Y M % KKMQ@

A solution of (2E,45)-4-{[(25)-2-({[(1,1-dimethylethyl)oxy]carbonyl } amino)-
butanoyl]amino }-6-phenyl-2-hexenoic acid (120 mg, 0.308 mmol), HATU (237 mg,
0.603 mmol), and DIPEA (0.25 mL, 1.428 mmol) in DMF (1.0 mL) was stirred for 27
min in a vial. (1R,85)-11-azatricyclo[6.2.1.0> Jundeca-2,4,6-triene (52 mg, 0.355 mmol)

20

25  was added and stirring continued for 20 min. The reaction mixture was concentrated and
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111-- RN ,NS ol HO (25 -N [(3S,4E)-6- Inethyl[5- (tn uoronethyl)-1, 3, 4-
"fl thiadiazol-2-yl] amno } - 6-o0xo-1-phenyl hex-4-en3 -yl] azetidine-2- ¢
ar boxam deotnitfdigsen oacet ate 454 0.87 103 P1 ; 3; A C H EcAUSD1IBMANB7 L N H

Ho (2S9)-N [(38 4E)-6-(2,3 - di hydro 1Hindol-1 -yl)- 6-oxo-1

iggeggl ;hegea? ted g }3\1%4&8 ? e cIiS % rnrnol) n rClaIOé? %em]E "Flleuroeggl%%%lg%u?e év:!aiSB 0.87
stirred for 1 h 50 min at RT. The reaction mixture was then concentrated under a stream
of nitrogen at 50 °C. The crude product was dissolved in DMSO (3.0 mL), filtered
through a 0.45 um Acrodisc® filter, and purified by reverse phase HPLC (YMC C18 S-5

5 pm/12 nm 50 x 20 mm preparatory column), eluting at 20 mL/min with a linear gradient
running from 10% CH3;CN/H,O (0.1% TFA) to 80% CH3;CN/H,0 (0.1% TFA) over 15
min. The desired fractions were concentrated under a stream of nitrogen at 50 °C,
dissolved in water (2.0 mL), and lyophilized on a Genevac HT-4X to afford the title
compound (47 mg, 26%). LC-MS m/z 418 (M+H)", 0.92 min (ret time). 'H NMR (400

10 MHz, MeOD) é ppm 7.11 - 7.00 (m, 9H), 6.50 (dd, J=7.0, 15.3 Hz, 1H), 6.24 (d, J=15.3,
1H), 5.36 (s, 1H), 5.29 (s, 1H), 4.39 (d, J=6.3 Hz, 1H), 3.70 (m, 1H), 2.50 (m, 1H), 1.92
(m, 1H), 1.76 (m, 4H), 1.19 (m, 2H), 0.87 (m, 3H).

Example 40
N'-[(18,2E)-4-(1,3-dihydro-2H-isoindol-2-yl)-1-ethyl-4-0x0-2-buten-1-yl]-L-alaninamide

15 trifluoroacetate

***rg 0y JWE 0
"

F
To a solution of 1,1-dimethylethyl ((15)-2-{[(1S,2E)-4-(1,3-dihydro-2H-isoindol-2-

yl)-1-ethyl-4-ox0-2-buten-1-yl]amino } -1-methyl-2-oxoethyl)carbamate (120 mg, 0.299
mmol) in CH,Cl; (4.0 mL) was added TFA (0.184 mL, 2.391 mmol). The reaction mixture

20  was stirred at RT overnight. The solvent was removed and the residue was purified via
reverse phase HPLC (YMC C18 S-5 um/12 nm 75 x 30 mm preparatory column), eluting at
35 mL/min with a linear gradient running from 10% CH3;CN/H,0 (0.1% TFA) to 80%
CH3CN/H,0 (0.1% TFA) over 15 min to afford the title compound (100 mg, 81%). LC-MS
m/z 302 (M+H)", 0.75 min (ret time). 'H NMR (400 MHz, MeOD) & ppm 1.03 (3 H, t, J=7.4

25 Hz)1.583H,d,/=7.0Hz)1.65-1.79 (2H,m)4.00 (1 H, q,/=7.0Hz)4.52 (1H, q,/=6.6
Hz)4.82 (2 H,s)4.99 (2 H,s) 6.47 (1 H, dd, J/=15.3, 1.2 Hz) 6.80 (1 H, dd, /=15.2, 6.4 Hz)
7.31-7.38 (4 H, m).
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C FNIJ.L N N H HO 40 (4S)-N- [(3S,4E)-6-(2,3 -
di hydro-1Hindol-1 -y1l)- 6-oxo-1 -phenyl hex-4-en3 -yl] -4-fluoro-L-
prol i namwe 2bri/dibseor oacet ate 422 0.86 105 P1; 93; A- E- HCTAA201B0451870 0. F
HO F F N R2S, 3E)-1- cycl ohexyl-5-(1,3 - dihydro-2H1i soi ndol- 2-
yl)-5-oxopent-3 -en-2- yl] -L-alaninam de trifluoroacetate 370 0.91 106
P1; 93; algampled Nl |

N'-{(18,2E)-4-[(1R,8S)-11-azatricyclo[6.2.1.0* Jundeca-2,4,6-trien-11-yl]-1-[ (1S)-1-

methylpropyl]-4-oxo-2-buten-1-yl}-L-alaninamide trifluoroacetate

5 To a solution of 1,1-dimethylethyl [(15)-2-({(1S,2E)-4-[(1R,85)-11-

azatricyclo[6.2.1.0% Jundeca-2,4,6-trien-11-yl]-1-[(1S)-1-methylpropyl]-4-oxo-2-buten-1-
yl}amino)-1-methyl-2-oxoethyl]carbamate (140 mg, 0.307 mmol) in CH,Cl, (4.0 mL) was
added TFA (0.095 mL, 1.229 mmol). The reaction mixture was stirred at RT overnight. The
solvent was removed and the residue was purified via reverse phase HPLC (YMC C18 S-5

10 pm/12 nm 75 x 30 mm preparatory column), eluting at 35 mL/min with a linear gradient
running from 10% CH3CN/H,O (0.1% TFA) to 80% CH3;CN/H,0 (0.1% TFA) over 15 min
to afford the title compound (55 mg, 38%). LC-MS m/z 356 (M+H)", 0.92 min (ret time). 'H
NMR (400 MHz, MeOD) 6 ppm 0.90 (1 H, s) 0.97 (1 H, br.s.) 0.94 (4 H, dd, /=11.2, 4.1 Hz)
1.20(1 H, dd, /=12.8,5.3 Hz) 1.37 (1 H,d, /7.8 Hz) 1.43 (1 H, d, J/=8.0 Hz) 1.52 (4 H, dd,

15  J=17.6,73 Hz) 1.66 (1 H, br.s.) 1.68 (1 H, ddd, /=4.4,2.1,2.0 Hz) 2.13 (1 H, t, /=8.3 Hz)
397(1H,dd,/=11.5,7.0Hz)4.44 (1 H, t,/=7.3 Hz) 5.50 (1 H, br.s.) 5.56 (1 H, d, J=3.3
Hz) 6.42 (1 H, d, /=15.8 Hz) 6.66 (1 H, ddd, J=15.2, 7.6, 2.3 Hz) 7.20 (2 H, dd, J=5.3, 3.0
Hz) 7.32 (2 H, td, /=8.3, 3.3 Hz).

Example 42
20 Nl-{(1S,2E)-4-(1,3-dihydro-ZH-isoindol-2-yl)-1-[(1S)-1-methylpropyl]-4-0x0-2-buten-1-

yl}-L-alaninamide trifluoroacetate

To a solution of 1,1-dimethylethyl [(15)-2-({(1S,2E)-4-(1,3-dihydro-2H-isoindol-2-
yD)-1-[(18)-1-methylpropyl]-4-oxo-2-buten-1-yl} amino)-1-methyl-2-oxoethyl|carbamate (120
25  mg, 0.279 mmol) in CH,Cl, (4.0 mL) was added TFA (0.172 mL, 2.235 mmol). The reaction
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1 HO )H<F F F N-R2S, 3E)-1- cycl ohexyl-5-(2,3 - dihydro-1Hindol-1 -y1)-
5- oxopent - 3-en-2-y1]-Lal aninam de trifluoroacetate 370 0.97 107 P1l; 93;
A- E- H- C- Avo20t/9861Ho J I<F -)0 F F (2S)-2-am no- NR2S, 3BrTASey10load1exy 1- 5-
(1, 3 -di hydro-2Hi soi ndol- 2- yl) 5 oxopent-3 -en-2- yl]butanam de
trifluoroacetate 384 Q.82 108 HCA 2ENIJ)cr,.j HO F.

(2S) - 2- aniWHUIY Y& ity 2 %E yif Ssolt%tgvasa?rﬁ%doanf@? fraidye was purified
y1) - 5- oxopgntydse As@HPY.C] (@‘M@@@ gls |t/ 3 hMOr0asehit BrepSdtory column), cluting

at 35 mL/min with a linear gradient running from 10% CH3;CN/H,0 (0.1% TFA) to 80%
CH;CN/H,0 (0.1% TFA) over 15 min to afford the title compound (90 mg, 73%). LC-MS

5 m/z330 (M+H)", 0.69 min (ret time). 'H NMR (400 MHz, MeOD) & ppm 0.96 - 1.04 (6 H,
m) 1.25 (1 H, dd, J=8.0, 5.8 Hz) 1.55-1.62 (1 H,m) 1.57 3 H, d,J/=7.0 Hz) 1.70 - 1.77 (1
H, m)4.02 (1 H, q,/=7.0 Hz) 4.52 (1 H, t, J/=6.4 Hz) 4.83 (2 H, s) 4.98 (2 H, d, /=4.3 Hz)
6.48 (1 H, dd, /=152, 1.1 Hz) 6.82 (1 H, dd, /=15.2, 7.1 Hz) 7.31 - 7.38 (4 H, m).

Example 43
10  (2E,45)-4-(L-alanylamino)-6-methyl-N-[4-(methyloxy)phenyl]-2-heptenamide

trifluoroacetate

>UU\r

O

f

To a solution of 1,1-dimethylethyl ((15)-1-methyl-2-{[(1S,2E)-4-{[4-

(methyloxy)phenyl]amino }-1-(2-methylpropyl)-4-oxo-2-buten-1-ylJamino } -2-

15  oxoethyl)carbamate (130 mg, 0.300 mmol) in CH,Cl, (4.0 mL) was added TFA (0.092 mL,
1.199 mmol). The reaction mixture was stirred at RT overnight. The solvent was removed
and the residue was purified via reverse phase HPLC (YMC C18 S-5 pm/12 nm 75 x 30 mm
preparatory column), eluting at 35 mL/min with a linear gradient running from 10%
CH;CN/H;0 (0.1% TFA) to 80% CH3CN/H,0 (0.1% TFA) over 15 min to afford the title

20  compound (90 mg, 67%). LC-MS m/z 334 (M+H)", 0.92 min (ret time). "H NMR (400
MHz, MeOD) é ppm 0.99 (6 H, t, /=6.0 Hz) 1.52 (1 H, d, /=2.3 Hz) 1.57 (3 H, d, J/=7.0 Hz)
1.53-1.59(1H,m) 1.72 (1 H, dd, J=7.9, 6.6 Hz) 3.79 (3 H, s) 3.96 (1 H, q, /=7.0 Hz) 4.68
(1H,t,J=55Hz)6.19 (1 H, dd, /=15.3, 1.2 Hz) 6.76 (1 H, dd, J=15.3, 6.3 Hz) 6.90 (1 H, q,
J=5.5Hz)6.90 (1 H,d, /~9.3 Hz) 7.52 (1 H, q, J=5.5 Hz) 7.52 (1 H, d, J/=9.0 Hz).
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0.9 109 P1; 93; A-E-HCA' ENIJ)oL co H2Nm 00 , -C Ho-jI)<F F

N R2S, 3E) - 1- cycl ohexyl-5-(1,3 - di hydro 2H i soi ndol-2- yl)-5-oxopent-3

-en- 2- ynWoetiiiegehen- 2-yl - Lal ani nam de trifl uoroacet at @CZ8B32@082513\0

2011/019801PCT/ US2010/ 045137 110 P1; 93; A-EEHCA o0 H2 HOFN -)0 F F N-R2S

, 3 E)- 1¥1C|| %{exyl- 5-(2,3 - dihydro-1Hindol-1 -yl1)- 5-oxopent-3

" en- 2 yI ] X% P& Mt ophen- 2-yl - Lal ani nami de trifl uoroacetate 452
N'-[(18,2E)-4-(1,3-dihydro-2H-isoindol-2-yl)-1-(2-methylpropyl)-4-oxo-2-buten-1-yl]-L-

i@ i@

F
F
5 To a solution of 1,1-dimethylethyl ((15)-2-{[(1S,2E)-4-(1,3-dihydro-2H-isoindol-2-

alaninamide trifluoroacetate

LA

y)-1-(2-methylpropyl)-4-oxo-2-buten-1-ylJamino } -1-methyl-2-oxoethyl)carbamate (120 mg,
0.279 mmol) in CH,Cl; (4.0 mL) was added TFA (0.172 mL, 2.235 mmol). The reaction
mixture was stirred at RT overnight. The solvent was removed and the residue was purified
via reverse phase HPLC (YMC CI18 S-5 um/12 nm 75 x 30 mm preparatory column), eluting
10 at 35 mL/min with a linear gradient running from 10% CH3;CN/H;O (0.1% TFA) to 80%
CH3CN/H,0 (0.1% TFA) over 15 min to afford the title compound (100 mg, 81%). LC-MS
m/z 330 (M+H)", 0.89 min (ret time). "H NMR (400 MHz, MeOD) & ppm 1.00 (6 H, t, J=6.5
Hz) 1.50 - 1.60 (5 H, m) 1.65 - 1.80 (1 H, m) 3.97 (1 H, q, J/=7.0 Hz) 4.66 - 4.73 (1 H, m)
475(1H,s)4.83 (2H,s)499 (2H, d,/~1.2Hz) 6.46 (1 H, dd, J/=15.2, 1.1 Hz) 6.79 (1 H,
15 dd,J=15.1, 6.5 Hz) 7.31 - 7.38 (5§ H, m).

Example 45
(2E,45)-N-[4-(methyloxy)phenyl]-6-phenyl-4-{[3-(2-thienyl)-L-alanyl]amino}-2-

hexenamide hydrochloride

S \ S
> JL : (] " M ITh
HCI
20 A solution of 1,1-dimethylethyl [(15)-2-{[(1S,2E)-4-{[4-(methyloxy)phenyl]amino}-

4-0x0-1-(2-phenylethyl)-2-buten-1-ylJamino } -2-oxo-1-(2-thienylmethyl)ethyl]carbamate
(411 mg, 0.73 mmol) in HCI (4 M solution in 1,4-dioxane, 3.0 mL, 12.0 mmol) was stirred at
RT for 20 min. The solvent was removed and the residue was purified via reverse phase

HPLC using an MDAP equipped with a SunFire C18 column with a linear gradient running
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0.96 111 P1; 93; AAEEHCA o ENl HO O<F41 HO] F F (25 - NR2S ,3 E)- 1 -
cycl ohexy1-5-(1,3 - di hydro-2Hi soi ndol-2- yl)-5-oxopent-3 -en-2-

yl ] azeti dwpeop/o1gsanboxam de trifl uoroacetate 382 0.86 1P2TRB2019835137
A-EEHCA O Hr\j)Lni F HHOO:, F (29-NR2S ,3 B)- 1 - cyclohexyl 5-(2,3

- dihydrog ikl pdod L o ?%QFEOX) D, R lo. P28 AY (0 Sirbra 2R XM de

trifluoro
compound (56 mg, 15%) as a white solid. LC-MS m/z 464 (M+H)", 1.11 min (ret time). 'H

NMR (400 MHz, DMSO-ds) 8 ppm 10.02 (1 H, s), 8.88 (1 H, d, J=7.78 Hz), 8.32 (2 H, br.
s.), 7.58 (2 H, m, J=9.03 Hz), 7.43 (1 H, m, J=3.26 Hz), 7.30 (2 H, m), 7.20 - 7.27 (3 H, m),

5 6.99(2H,d,J=3.26 Hz), 6.90 (2 H, m, J=9.29 Hz), 6.64 (1 H, dd, J=15.31, 6.27 Hz), 6.18 (1
H, d, /=15.31 Hz), 4.42 (1 H, m), 4.05 (1 H, t, /=6.78 Hz), 3.73 3 H, 5), 3.43 (1 H, m), 3.31
(1 H,m), 2.65 (2 H, m), 1.87 (2 H, m).

Example 46
(2E48)-4-{[(25)-2-aminobutanoyl]amino}-/V-[4-(methyloxy)phenyl]-6-phenyl-2-

SN

10 hexenamide hydrochloride

>LJ\g(

A solution of 1,1-dimethylethyl [(15)-1-({[(1S,2E)-4- {[4-(methyloxy)phenyl]amino }-
4-0x0-1-(2-phenylethyl)-2-buten-1-yl]amino } carbonyl)propyl]carbamate (426 mg, 0.87
mmol) in HCI (4 M solution in 1,4-dioxane, 3.0 mL, 12.0 mmol) was stirred at RT for 20

15 min. The solvent was removed and the residue was purified via reverse phase HPLC using
an MDAP equipped with a SunFire C18 column with a linear gradient running from 10%
CH;CN/H,0 (0.1% TFA) to 35% CH3CN/H,0 (0.1% TFA) to afford the title compound (95
mg, 25%) as a white solid. LC-MS m/z 396 (M+H)", 1.00 min (ret time). 'H NMR (400
MHz, DMSO-ds) 6 ppm 9.97 (1 H, s), 8.71 (1 H, d, /=8.03 Hz), 8.14 (2 H, br. s.), 749 (2 H,

20 m,J=9.03 Hz), 7.21-7.13 (5§ H, m), 6.81 (2 H, m, J=9.03 Hz), 6.60 (1 H, dd, /=15.31, 6.27
Hz), 6.11 (1 H, d, J=15.31 Hz), 4.37 (1 H, m), 3.71 (1 H, t, J=6.15 Hz), 3.64 (3 H, 5), 2.58 (2
H, m), 1.78 (4 H, m), 0.85 (3 H, t, /=7.40 Hz).
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113 P1; 93; AAEEHCA HOj\, N\ cFNNNs3 H 00O FLJ H.YF F
(2S)- NR2S ,3 E)- 1 - cyclohexyl-5- {nethyl [5- (trifluoronethyl)-1, 3, 4-

t hi adi azove2eyljiosami no } - 5-oxopent-3 -en-2- yl] azeti @#cmas2e1004a8Doxam de
trifluoroacetate 446 1 114 P1; 93; A-E-HCA FNINN ). cF, HH O HO
(295)-NR2g , 3 71 - cycl ohexyl-5-0x0-5- {[5- (tnfluoronethyl)-1, 3, 4-

t hi adi azo -X?‘-npa‘f amino } pent-3 -en-2- yl] azetidine-2- ¢ arboxanide

trifluor opgel 6 phdryIOVFopyis-{[3-(2-thienyl)-L-alanyl|amino}-2-hexenamide
trifluoroacetate

TN PN

N S
o) o) o)
S o I PP,
0" N rN"S0H g H,N X ”/\/
© o)
F
N
F
F

5 A solution of (2E,45)-4-{[N-{[(1,1-dimethylethyl)oxy]carbonyl}-3-(2-thienyl)-L-
alanyl]amino }-6-phenyl-2-hexenoic acid (78.6 mg, 0.171 mmol), HATU (87 mg, 0.222
mmol), and DIPEA (0.15 mL, 0.857 mmol) in DMF (1.0 mL) was stirred for 25 min in a

o) I

vial. Propylamine (0.02 mL, 0.242 mmol) was added and stirring continued for 45 min.
The reaction mixture was concentrated and treated with TFA (0.3 mL, 3.89 mmol) in

10 CHCl; (2.0 mL). The reaction mixture was stirred for 6 h at RT. The reaction mixture
was then concentrated, dissolved in DMSO (2.0 mL), filtered through a 0.45 pm
Acrodisc® filter, and purified by reverse phase HPLC (YMC C18 S-5 um/12 nm 50 x 20
mm preparatory column), eluting at 20 mL/min with a linear gradient running from 10%
CH;CN/H;0 (0.1% TFA) to 80% CH3CN/H,0 (0.1% TFA) over 15 min to afford the title

15 compound (62.4 mg, 71%). LC-MS m/z 400 (M+H)", 0.81 min (ret time). 'H NMR (400
MHz, MeOD) 6 ppm 0.96 (t, /=7.4 Hz, 3H) 1.54 - 1.61 (m, 2H) 1.92 (q, J=7.5 Hz, 2H)
2.65-2.75 (m, 2H) 3.23 (t, J=7.0 Hz, 2H) 3.32 - 3.39 (m, 1H) 3.47 (q, /=6.3 Hz, 1H)
4.12 (t,/=7.0 Hz, 1H) 4.52 (q, J/=6.8 Hz, 1H) 5.98 (d, /=15.3 Hz, 1H) 6.59 (dd, J=15.6,
6.8 Hz, 1H) 6.98 - 7.06 (m, 2H) 7.15 - 7.23 (m, 3H) 7.28 (t, /=7.4 Hz, 2H) 7.35 (dd,

20 J=4.5,1.5Hz, 1H).

Example 48
(2E48)-4-{[(25)-2-aminobutanoyl]amino}-V-[S-(1-methylcyclobutyl)-1,3,4-thiadiazol-2-
vl]-6-phenyl-2-hexenamide trifluoroacetate

—N

O O N~ (@] N
H [ H 1N
O O

(0]

F
HOJ\’<
F

F
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Pl; 93; A-E-HCA ON-N, (2S)- N 1 (2S,3E)-5- [(5- tert-butyl-1,3 ,4-

t hi adi azol -2-yl)am no]- 1 -cycl ohexyl-5-oxopent- 3 -en-2-yl} azetidine-2-

car boxamwe 2orifibsser oacet ate 420 0. 91 HH o HO 116 PLCT/U83010A45I3H- C- A'
HNHO HOFr\J F F (2S)-NR2S ,3 E)- 1 - cyclobutyl-5-(2,3 -

?:. |h1¥|dLgl_. éatie?gﬁ“é_a%sgkl){i of? loé(lglgﬁln ethyl [Flg)-%-({t/(lk 2%?{][9 (P ezhylcyc uty m de

10

15

20

25

1,3,4-thiadiazol-2-yl]amino } -4-0x0-1-(2-phenylethyl)-2-buten-1-ylJamino } carbonyl)propyl]-
carbamate (140 mg, 0.258 mmol) in CH,Cl, (4.0 mL) was added TFA (0.080 mL, 1.034
mmol). The reaction mixture was stirred at RT overnight. The solvent was removed and the
residue was purified via reverse phase HPLC (YMC C18 S-5 pm/12 nm 75 x 30 mm
preparatory column), eluting at 35 mL/min with a linear gradient running from 10%
CH;CN/H;0 (0.1% TFA) to 80% CH3CN/H,0 (0.1% TFA) over 15 min to afford the title
compound (70 mg, 49%). LC-MS m/z 442 (M+H)", 1.00 min (ret time). '"H NMR (400
MHz, MeOD) 6 ppm 1.09 (3 H, q, /=7.3 Hz) 1.66 (3 H, s) 1.90 - 2.10 (S H, m) 2.15-2.25 (3
H,m)2.57-2.65(2H,m)2.70-2.77 (2H, m) 3.87 (1 H, t,J=6.4 Hz) 4.64 (1 H, q, J=6.5
Hz) 6.31 (1 H, dd, /<154, 1.1 Hz) 7.02 (1 H, dd, J=15.4, 6.4 Hz) 7.19 - 7.34 (5§ H, m).

Example 49
(28)-N-[(18,2E)-4-{[4-(methyloxy)phenyl]amino}-4-0x0-1-(2-phenylethyl)-2-buten-1-yl|-

2-azetidinecarboxamide trifluoroacetate

% HO&F

A mixture of (2E,45)-4-amino-N-[4-(methyloxy)phenyl]-6-phenyl-2-hexenamide
hydrochloride (120 mg, 0.283 mmol), (25)-1-{[(1,1-dimethylethyl)oxy]carbonyl}-2-
azetidinecarboxylic acid (56.9 mg, 0.283 mmol), BOP reagent (125 mg, 0.283 mmol),
and DIPEA (0.148 mL, 0.848 mmol) in DMF (2.0 mL) was stirred at RT for 1 h. The

reaction mixture was diluted with water and extracted with EtOAc. The organic layer
was washed with brine and water, dried over Na,SQOy, filtered, and concentrated in vacuo.
The residue was dissolved in CH,Cl, (3.0 mL) and treated with TFA (0.4 mL, 5.19
mmol). The reaction mixture was stirred for 1 h at RT. The reaction mixture was then
concentrated in vacuo, dissolved in MeOH, and purified by reverse phase HPLC (SunFire
C18 preparatory column), eluting with a linear gradient running from 10% CH3;CN/H,O
(0.1% TFA) to 60% CH3;CN/H,0 (0.1% TFA) to afford the title compound (93 mg, 64%)
as a white solid. LC-MS m/z 394 (M+H)", 0.74 min (ret time). '"H NMR (400 MHz,
MeOD) 6 ppm 7.47 - 7.58 (m, 2H), 7.16 - 7.35 (m, 5H), 6.86 - 6.96 (m, 2H), 6.79 (dd,

116

0



0.79 117c P1; 88, ACHCA oHN.L N HHOLI<F------ \--:\ FF
(2S)-N-R2S, 3E) - 1- cycl obutyl-5-(2,3 - dihydro-1Hindol-1 -yl)- 5-oxopent-3
-en- 2- ylwpiperiigome- 2- car boxam de trifl uoroacet at e 38PCO/URZ010ME3137

2011/ 019801PCT/ US2010/ 045137 118d P1 88; A-CHCA HHO-",..0 HO

2S) - N- R2S, 3F) - 1- 1- 5- 0X0- 5- - i f omet hyl)- 1, 3, 4-
5 hi Zadi az o??ga’ﬁﬂ H%W%Li%rﬁzs%&(gﬁgz5%%?ﬁ%%ébr h%ﬁ’r&a g%c%?%éﬂ(é?ﬁ-géﬁ
trifluoroaggtafe @32 91871832 .00 (td, /=9.9, 6.3 Hz, 1H), 3.79 (s, 3H), 2.83 - 2.98 (m,

J=12.2,9.5,9.5, 6.3 Hz, 1H), 2.73 (td, J=7.7, 3.3 Hz, 2H), 2.55 - 2.69 (m, J=12.1, 9.7,
7.8,7.8 Hz, 1H), 1.90 - 2.09 (m, 2H).

5 Example 50
(2E,45)-4-{[(25)-2-amino-2-cyclopentylacetyl]amino}-/N-[4-(methyloxy)phenyl]-6-

phenyl-2-hexenamide trifluoroacetate

0 0
0 0 ~ 0 ~
0 N N N H,N Y N N
H = H - 2 E H
0 0
0

F
HO
F
F

To a solution of 1,1-dimethylethyl ((15)-1-cyclopentyl-2-{[(1S,2E)-4-{[4-

10 (methyloxy)phenyl]amino }-4-oxo-1-(2-phenylethyl)-2-buten-1-yl]amino } -2-oxoethyl)-
carbamate (70 mg, 0.131 mmol) in CH,Cl, (2.0 mL) was added TFA (0.2 mL, 2.60 mmol).
The reaction mixture was stirred for 2 h at RT. The reaction mixture was then concentrated
in vacuo, dissolved in MeOH, and purified by reverse phase HPLC (SunFire C18 preparatory
column), eluting with a linear gradient running from 10% CH3CN/H,O (0.1% TFA) to 60%

15 CH;CN/H;0 (0.1% TFA) to afford the title compound (48 mg, 66%) as a white solid. LC-
MS m/z 436 (M+H)", 0.84 min (ret time). '"H NMR (400 MHz, McOD) 3 ppm 7.48 - 7.57
(m, 2H), 7.15 - 7.37 (m, 5H), 6.85 - 6.96 (m, 2H), 6.75 (dd, /=15.3, 7.8 Hz, 1H), 6.25 (d,
J=15.3 Hz, 1H), 4.59 (q, J=7.1 Hz, 1H), 3.80 (s, 3H), 3.67 (d, /=8.3 Hz, 1H), 2.73 (td, J=7.8,
4.0 Hz, 2H), 2.20 - 2.36 (m, 1H), 1.96 - 2.08 (m, 2H), 1.85 - 1.94 (m, 1H), 1.71 - 1.83 (m,

20 3H),1.57-1.71 (m, 2H), 1.31 - 1.53 (m, 2H).

Example 51
(2E,45)-N-[4-(methyloxy)phenyl]-6-phenyl-4-(L-valylamino)-2-hexenamide

trifluoroacetate

o o
o o ~ o ~
>L L N~ N~
0" °N N N — .~ HN N N
Ho L H

o)

H
(0]
F
A
F
F
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P1; 94, AEEGCA"' "....cp j)t HZN O 0-0. HO NR2E, 4S)-1-(1,3 -

di hydro- 2Hi soi ndol-2- y1)-6, 6-di net hyl-1- oxohept-2-en-4-yl] -3 -

t hi ophen-woybtiabsami nam de trifluoroacetate 426 0.91 120CPAUS204/04A3E- G C A
C) H2 NN o 0-< HO N-R2E, 45)-1-(2,3 - dihydro-1Hindol-1-y1)-

AR Mt N R A SR (R
H2N. . ., f)heny'l]‘ar‘n‘lﬁo‘}‘-4—0xc;|-|1--(2-‘ph‘eﬁ\i;]létii}l)-}buten- 1-yl]amino} carbonyl)propyl]carbamate (85
mg, 0.167 mmol) in CH,Cl; (2.0 mL) was added TFA (0.3 mL, 3.89 mmol). The reaction
mixture was stirred for 1 h at RT. The reaction mixture was then concentrated in vacuo,
5  dissolved in MeOH, and purified by reverse phase HPLC (SunFire C18 preparatory column),
eluting with a linear gradient running from 10% CH3CN/H,O (0.1% TFA) to 60%
CH;CN/H;0 (0.1% TFA) to afford the title compound (61 mg, 69%) as a colorless solid.
LC-MS m/z 410 (M+H)", 0.80 min (ret time). '"H NMR (400 MHz, MeOD) & ppm 7.48 -
7.58 (m, 2H), 7.15 - 7.35 (m, 5H), 6.86 - 6.95 (m, 2H), 6.78 (dd, J=15.3, 7.3 Hz, 1H), 6.19 -
10 6.29 (m, 1H), 4.61 (q, /=7.3 Hz, 1H), 3.79 (s, 3H), 3.70 (d, /=5.8 Hz, 1H), 2.73 (td, J=7.8,
4.5 Hz, 2H), 2.25 (dd, J/=12.7, 6.9 Hz, 1H), 1.91 - 2.06 (m, 2H), 1.11 (d, /=6.8 Hz, 3H), 1.06
(d, J/=6.8 Hz, 3H).

Example 52
(28)-N-[(18,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-ethyl-4-0x0-2-buten-1-yl]|-2-

15 azetidinecarboxamide trifluoroacetate

//i/& e 5 F 8

F

To a solution of 1,1-dimethylethyl (25)-2-({[(1S,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-
ethyl-4-ox0-2-buten-1-yl]amino } carbonyl)-1-azetidinecarboxylate (900 mg, 2.176 mmol) in
CH,Cl, (30.0 mL) was added TFA (1.34 mL, 17.41 mmol). The reaction mixture was stirred

20  overnight at RT. The reaction mixture was then concentrated in vacuo and purified by
reverse phase HPLC (YMC C18 S-15 pm/12 nm 75 x 30 mm preparatory column), eluting
with a linear gradient running from 10% CH3;CN/H,0 (0.1% TFA) to 80% CH;CN/H,0O
(0.1% TFA) over 15 min. to afford the title compound (470 mg, 51%). LC-MS m/z 314
(M+H)", 0.61 min (ret time). "H NMR (400 MHz, MecOD) & ppm 8.56 (d, J=7.5 Hz, 1H),

25  8.17(d,J=7.8 Hz, 1H), 7.25 (d, /=7.0 Hz, 1H), 7.19 (t, /=7.7 Hz, 1H), 7.07 (t, J=7.7 Hz, 1H),
6.82 (dd, J=15.1, 6.5 Hz, 1H), 6.52 (d, J/=15.3 Hz, 1H), 5.07 (t, /=9.0 Hz, 1H), 4.51 - 4.60
(m, 1H), 4.23 (t, /=7.9 Hz, 2H), 4.15 (q, /=9.3 Hz, 1H), 3.99 (td, J=10.0, 6.1 Hz, 1H), 3.23 (t,
J=8.0 Hz, 2H), 2.80 - 2.97 (m, 1H), 2.46 - 2.63 (m, 1H), 1.63 - 1.85 (m, 2H), 1.02 (t, /=7.4
Hz, 3H).
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00---......... <H HO ( 2E, 4S) - N- (4- net hoxyphenyl)-6, 6- dinethyl-4- 1[3 -

(thi ophen-2-yl1)-L- alanyl] amno } hept-2- enamde trifl uoroacetate 430

0. 87 122 W0;200401984E-G C _A, FEr, 11)OLN 401 - - PCT,USRO 10164 H1GY

( 2E, 4S) - 4- (Lal anyl ani no) - N- (4- rret hoxypheny1) - 6, 6- di et hyl hept - 2- enani de

trifluoroacetate 348 0.79 123 P1; 94; A-E-GCA 0 0 HO/10.

N R2E, 45)-1- (1, 3- di hydro-2Hi soi ndol-2- yl)-6, 6-di nethyl-1-

oxohept - 2-en-4-yl]-L- alaninam de trifluoroacetate 344 0.82 124 Pl; 94;
Example 53

(28)-N-[(18,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-(2-methylpropyl)-4-oxo-2-buten-1-yl]-2-

azetidinecarboxamide trifluoroacetate

M
% YC:E

To a solution of 1,1-dimethylethyl (25)-2-({[(1S,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-

{....

(2-methylpropyl)-4-oxo-2-buten-1-yl]lamino } carbonyl)-1-azetidinecarboxylate (174 mg,
0.394 mmol) in CH,Cl; (4.0 mL) was added TFA (0.486 mL, 6.30 mmol). The reaction
mixture was stirred overnight at RT. The reaction mixture was then concentrated in vacuo

10 and purified by reverse phase HPLC (YMC C18 S-15 um/12 nm 75 x 30 mm preparatory
column), eluting with a linear gradient running from 10% CH3;CN/H,0 (0.1% TFA) to 80%
CH3;CN/H20 (0.1% TFA) over 15 min. to afford the title compound (57 mg, 32%). LC-MS
m/z 342 (M+H)", 0.81 min (ret time). 'H NMR (400 MHz, MeOD) & ppm 8.17 (d, J=8.0 Hz,
1H), 7.24 (d, J/=7.0 Hz, 1H), 7.19 (t, /=7.5 Hz, 1H), 7.10 - 7.02 (m, 1H), 6.82 (dd, J=6.5, 15.1

15  Hz 1H), 6.50 (d, J=15.1 Hz, 1H), 5.07 (dd, /=7.8, 9.3 Hz, 1H), 4.73 (d, /=8.0 Hz, 1H), 4.24 -
4.17 (m, 3H), 4.15 (s, 1H), 4.00 (br. s., 1H), 3.99 (d, /=6.0 Hz, 1H), 3.21 (t, J/=8.3 Hz, 2H),
2.88 (d, J/=2.5 Hz, 1H), 2.60 - 2.53 (m, 1H), 1.74 (br. s., 1H), 1.72 (d, J/=6.5 Hz, 1H), 1.59 -
1.51 (m, 2H), 0.99 (t, J/=6.3 Hz, 6H).

Example 54
20 (285)-NV-|(18,2E)-1-(cyclopropylmethyl)-4-(2,3-dihydro-1H-indol-1-yl)-4-0x0-2-buten-1-

vl]-2-azetidinecarboxamide trifluoroacetate

Prcty — Sk
% W

To a solution of 1,1-dimethylethyl (25)-2-({[(1S,2E)-1-(cyclopropylmethyl)-4-(2,3-
dihydro-1H-indol-1-yl)-4-ox0-2-buten-1-ylJamino } carbonyl)-1-azetidinecarboxylate (181
25  mg, 0.412 mmol) in CH,Cl, (4.0 mL) was added TFA (0.508 mL, 6.59 mmol). The reaction
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A-E-G C A ki N oo-' HO -H<F F F N-[(2E, 4S)-1-(2, 3-

di hydro- 1Hi ndol- 1- yl) 6 6 d| net hyl -1 - oxohept 2- en-4-y1]-L- al ani nam de
trifluorosoebarEaIdd 0.89 125 P1l; 94; A-E-G C A H2NN 0POT/US@010/045137
(2S)-2-am no-N (2E, 45)-1-(1, 3-di hydro2Hi soi ndol-2-y1)-6, 6-

2011/ 0108 DHPF USZOTOH STt 0T PERE sctioh TSI o (ay CpRpied in Sacito
and purified by reverse phase HPLC (YMC C18 S-15 pm/12 nm 75 x 30 mm preparatory
column), eluting with a linear gradient running from 10% CH3CN/H,O (0.1% TFA) to 80%
CH;CN/H,0 (0.1% TFA) over 15 min. to afford the title compound (97 mg, 52%). LC-MS
5 m/z 340 (M+H)", 0.74 min (ret time). 'H NMR (400 MHz, McOD) & ppm 8.00 (d, J=7.8 Hz,
1H), 7.08 (d, J/=7.0 Hz, 1H), 7.02 (t, /=7.7 Hz, 1H), 6.85 - 6.93 (m, 1H), 6.72 (dd, J=15.2, 6.4
Hz, 1H), 6.35 (d, J=15.1 Hz, 1H), 4.90 (dd, J=9.3, 7.8 Hz, 1H), 4.57 (q, /=6.4 Hz, 1H), 3.94 -
4.11 (m, 3H), 3.82 (td, /=10.0, 6.3 Hz, 1H), 3.05 (t, /=8.2 Hz, 2H), 2.69 - 2.75 (m, 1H), 2.38
-2.45 (m, 1H), 1.43 (td, J=7.0, 3.8 Hz, 2H), 0.57 - 0.71 (m, 1H), 0.31 - 0.38 (m, 2H), 0.00
10 (dt,/=8.7,4.5 Hz, 2H).

Example 55
(48)-N-[(18,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-ethyl-4-0x0-2-buten-1-yl]-4-fluoro-L-

prolinamide trifluoroacetate

F F
0 © /E 5 /; 5
F
F
F
15 To a solution of 1,1-dimethylethyl (25,45)-2-({[(1S,2E)-4-(2,3-dihydro-1H-indol-1-

yl)-1-ethyl-4-ox0-2-buten-1-yl]amino } carbonyl)-4-fluoro-1-pyrrolidinecarboxylate (60 mg,
0.135 mmol) in CH,Cl; (6.0 mL) was added TFA (0.083 mL, 1.077 mmol). The reaction
mixture was stirred overnight at RT. The reaction mixture was then concentrated in vacuo
and purified by reverse phase HPLC (YMC C18 S-15 pm/12 nm 75 x 30 mm preparatory

20 column), eluting with a linear gradient running from 10% CH3;CN/H,O (0.1% TFA) to 80%
CH3CN/H20 (0.1% TFA) over 15 min. to afford the title compound (30 mg, 58%). LC-MS
m/z 346 (M+H)", 0.70 min (ret time). 'H NMR (400 MHz, MeOD) & ppm 8.61 (d, J/=7.3 Hz,
1H), 8.17 (d, J/=7.8 Hz, 1H), 7.26 (d, J=7.3 Hz, 1H), 7.19 (t, J/=7.7 Hz, 1H), 7.07 (td, J=7 .4,
1.0 Hz, 1H), 6.85 (dd, J=15.1, 5.8 Hz, 1H), 6.47 (d, J/=15.1 Hz, 1H), 5.49 (br. d., /=51.9 Hz,

25 1H),4.52 -4.60 (m, 2H), 4.09 - 4.28 (m, 2H), 3.80 (ddd, J=19.3, 13.6, 1.8 Hz, 1H), 3.57
(ddd, J=35.6, 13.5, 3.5 Hz, 1H), 3.22 (t, /=8.2 Hz, 2H), 2.68 - 2.89 (m, 1H), 2.53 - 2.67 (m,
1H), 1.64 - 1.86 (m, 2H), 1.05 (t, J/=7.4 Hz, 3H).
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HOo---....,,, J.LI<FF F

(2S) - 2 am no- N ( 2E, 4S) - 1- (2 3-di hydrolHindol-1-y1)-6, 6-

di et hyl -Woaxralmapgo12- en- 4-yl ] but anam de trifl uoroacet alP€Ta58010/0951327 P1;
94; A-E-GCA | lel 2..... -.NHO0...1 HO (2E, 4S)-4- { [(29)-2-

am nobut agzo%%h‘gg%no{ - N-(4-met hoxyphenyl)- 6, 6-di met hyl hept-2- enam de
trifluoroad 62 0.83 128 P1; 33; A-E-GZ-A ENIJ)t N el H2H

00---. N1 1H-Brdo14-y IR TeARAUL SORY {2-
N- ( 4- met h?@phgnﬁmgﬁﬁnfhﬁf&dﬁ{épt Ry TR ST AL N0 | o

piperidinecarboxamide trifluoroacetate

I 5 5
5 To a solution of 1,1-dimethylethyl (25)-2-({[(1S,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-

ethyl-4-ox0-2-buten-1-yl]Jamino } carbonyl)-1-piperidinecarboxylate (200 mg, 0.453 mmol) in
CH,Cl; (5.0 mL) was added TFA (0.279 mL, 3.62 mmol). The reaction mixture was stirred

m . \...

overnight at RT. The reaction mixture was then concentrated in vacuo and purified by
reverse phase HPLC (YMC C18 S-15 pm/12 nm 75 x 30 mm preparatory column), eluting

10 with a linear gradient running from 10% CH3;CN/H,0 (0.1% TFA) to 80% CH3;CN/H,0O
(0.1% TFA) over 15 min. to afford the title compound (110 mg, 53%). LC-MS m/z 342
(M+H)", 0.70 min (ret time). '"H NMR (400 MHz, MeOD) & ppm 8.48 (d, J=7.8 Hz, 1H),
8.17 (d, J/=7.8 Hz, 1H), 7.26 (d, J=7.0 Hz, 1H), 7.20 (t, J/=7.7 Hz, 1H), 7.04 - 7.11 (m, 1H),
6.82 (dd, J=15.1, 6.3 Hz, 1H), 6.48 (d, J=15.3 Hz, 1H), 4.54 (t, /=6.9 Hz, 1H), 4.19 - 4.27

15  (m,2H), 3.84 (dd, /=11.7,2.9 Hz, 1H), 3.43 (br. d, J/=9.3 Hz, 1H), 3.21 - 3.28 (m, 2H), 3.02 -
3.10 (m, 1H), 2.23 - 2.31 (m, 1H), 1.88 - 2.02 (m, 2H), 1.63 - 1.82 (m, 5H), 1.03 (t, /=7.4 Hz,
3H).

Example 57

(28)-N-[(18,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-ethyl-4-0x0-2-buten-1-yl]|-2-

20  piperidinecarboxamide sulfate

Uy — /NB
/}\ HOSOH

To a solution of 1,1-dimethylethyl (25)-2-({[(1S,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-
ethyl-4-ox0-2-buten-1-yl]Jamino } carbonyl)-1-piperidinecarboxylate (330 mg, 0.747 mmol) in
1,4-dioxane (7.0 mL) at RT was added 10% aq. H,SO4 (3.98 mL, 7.47 mmol). The reaction
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129 P1; 33; AAE-GZ-A o H2Nl.1111111". EN1jwO .,..co 00------ Ho
(2E,4S)-N-(4- methoxyphenyl)-6- nmethyl-4- { [3 -(thiophen2-yl)-L- alanyl]
am no { hepteR/joiesam de trifluoroacetate 416 0.77 130 PPCTAB20100B16% C- A
ENIJ)tN o o Ho-1' 1<F F F N R2E, 45)-1-(2,3 - di hydro-1Hindol-1 -yl)-
6- met hyl - 1- oxohept - %)] - al anj n de trifluoroacetate 330 0.81 131
Pl 33" ANEXtE eov% then heated t0’5 overnig t e reaction mixture was then concentrated in

vacuo and purified by reverse phase HPLC (10-40% CH3;CN/H,0) to afford the title

compound (212 mg, 65%) as a brown solid. LC-MS n/z 342 (M+H)", 0.65 min (ret time).

'H NMR (400 MHz, MeOD) & ppm 8.17 (d, J/=6.3 Hz, 1H), 7.26 (d, J/=7.3 Hz, 1H), 7.19 (t,

5 J=7.7Hz, 1H), 7.07 (t, J/=7.7 Hz, 1H), 6.84 (dd, /=15.1, 6.3 Hz, 1H), 6.50 (d, J/=15.3 Hz,
1H), 4.49 - 4.55 (m, 1H), 4.15 - 4.32 (m, 2H), 3.86 - 3.98 (m, 1H), 3.39 - 3.44 (m, 1H), 3.19 -
3.30 (m, 2H), 3.05 - 3.19 (m, 1H), 2.24 (br d, /=12.8 Hz, 1H), 1.82 - 1.99 (m, 2H), 1.60 -

1.82 (m, 5H), 1.04 (t, J=7.4 Hz, 3H).

Example 58
10 (25)-NV-[{(18,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-(2-methylpropyl)-4-oxo-2-buten-1-yl]-2-

piperidinecarboxamide trifluoroacetate

Qi iy — SH

ot

%....

F
F

To a solution of 1,1-dimethylethyl (25)-2-({[(1S,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-
(2-methylpropyl)-4-oxo-2-buten-1-yl]amino } carbonyl)-1-piperidinecarboxylate (143 mg,

15  0.305 mmol) in CH,Cl, (5.0 mL) was added TFA (0.188 mL, 2.436 mmol). The reaction
mixture was stirred overnight at RT. The reaction mixture was then concentrated in vacuo
and purified by reverse phase HPLC (YMC C18 S-15 pm/12 nm 75 x 30 mm preparatory
column), eluting with a linear gradient running from 10% CH3CN/H,O (0.1% TFA) to 80%
CH;CN/H,0 (0.1% TFA) over 15 min. to afford the title compound (100 mg, 68%). LC-MS

20  m/z 370 (M+H)", 0.82 min (ret time). 'H NMR (400 MHz, MecOD) & ppm 8.47 (d, J=8.0 Hz,
1H), 8.17 (d, J/=7.8 Hz, 1H), 7.26 (d, J/=7.3 Hz, 1H), 7.20 (t, /=7.7 Hz, 1H), 7.07 (t, J=7.4
Hz, 1H), 6.81 (dd, /=15.1, 6.3 Hz, 1H), 6.47 (d, J/=15.1 Hz, 1H), 4.72 - 4.76 (m, 1H), 4.19 -
4.26 (m, 2H), 3.81 - 3.86 (m, 1H), 3.39 - 3.46 (m, 1H), 3.24 (t, /=8.3 Hz, 2H), 3.03 - 3.10 (m,
1H), 2.24 - 2.31 (m, 1H), 1.87 - 2.02 (m, 2H), 1.65 - 1.80 (m, 4H), 1.49 - 1.63 (m, 2H), 1.00

25  (t,J=6.8 Hz, 6H).
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EN1Lr,j H2 HO 00---,--- N-R2E, 4S)-1-(2,3 - di hydro-1Hindol-1 -y1)-

6- met hyl - | - oxohept-2- en-4-yl]-3-thi ophen-2-yl L-al ani nam de
trifluorosoebarmEIshi?2 0.86 132 P1l; 33; A-E-GCA " 00, - PCT/US2H0XIFA3T
(2S)-2-am no- N[ (2E, 45)-1-(2, 3-di hydrolHindol-1-yl)-6-nethyl 1l

- oxohept - 2- en- 4- yI ] but anam de trifl uoroacetate 344 0.8 133 P1; 33;
A-E-GCA ... .)0 Kij vJs-[,,,Ht HZNN 00-- HON—{

( 2E, 4S)-6E§§lt1@ye1591 0XO0- 1 [(1R 4S)-1, 2, 3, 4- tetrahydro-1, 4-

epi mi nonapht hal en-9- yl ] hept-2-en-4-y1{ -3 - thiophen-2-yl-Lal ani nam de
trifl uor o9t dSLID-HB(BHdihydro-1H-indol-1-yl)-1-(2-methylpropyl)-4-oxo-2-buten-1-yl]-2-

piperidinecarboxamide sulfate

\/\)J\

To a solution of 1,1-dimethylethyl (25)-2-({[(1S,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-

%....

(2-methylpropyl)-4-oxo-2-buten-1-yl]amino } carbonyl)-1-piperidinecarboxylate (3.07 g, 6.54
mmol) in 1,4-dioxane (30.0 mL) was added concentrated H,SO4 (3.48 mL, 65.4 mmol). The
reaction mixture was stirred for 1 h at RT. The reaction mixture was then concentrated in

10 wvacuo and purified by reverse phase HPLC (10-50% CH;CN/H,0) to afford the title
compound (0.600 g, 20%) as a white solid. LC-MS m/z 370 (M+H)", 0.81 min (ret time). 'H
NMR (400 MHz, MeOD) 6 ppm 8.17 (d, J=8.0 Hz ,1H), 7.26 (d, /=7.4 Hz ,1H), 7.07(t, J=7.4
Hz, 1H), 7.04 - 7.10 (m, 1H), 6.83 (dd, J=15.2, 6.1 Hz, 1H), 6.51 (d, J/=15.2 Hz, 1H), 4.67 -
4.74 (m, 1H), 4.20 - 4.26 (m, 2H), 3.90 - 3.97 (m, 1H), 3.43 (d, /=13.1 Hz, 1H), 3.20 - 3.28

15  (m,2H),3.09-3.17 (m, 1H), 2.22 - 2.29 (m, 1H), 1.88 - 1.95 (m, 2H), 1.82 - 1.69 (m, 4H),
1.58 - 1.64 (m, 1H), 1.51 - 1.57 (m, 1H), 1.00 (t, /=6.9 Hz, 6H).

Example 60
(28)-N-[(18,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-(2-methylpropyl)-4-oxo-2-buten-1-yl]-2-

piperidinecarboxamide hydrochloride
QY - OY

O Y
To a solution of 1,1-dimethylethyl (25)-2-({[(1S,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-

(2-methylpropyl)-4-oxo-2-buten-1-yl]amino } carbonyl)-1-piperidinecarboxylate (650 mg,
1.384 mmol) in THF (20.0 mL) was added 12 M aq. HC1 (0.461 mL, 5.54 mmol). The

"'é

20

reaction mixture was heated to 50 °C under nitrogen for 4 h and then allowed to cool to RT.
25  The resulting solid was collected by filtration, washed with THF (5.0 mL), and dried in vacuo
at 40 °C to afford the title compound (483 mg, 86%) as a white solid. LC-MS m/z 370
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WO 2011/ 019801PCT/ US2010/ 045137 134 P1; 33; A-E-GCA 0 H H2NNHN I L.
0----- ,-- HO (2S)-2-am no-N1(2E, 4S)-6-nethyl-1 - oxo | R R 4S)-1, 2, 3, 4-

t et r ahydrwoXodi/o1eg9ii mi nonapht hal en- 9- yl ] hept - 2- en- 4- yl| Poutusp@wiods 37
trifluoroacetate 370 0.79 135 P1; 33; A-E-G CA ONN (2E, 4S)-N45-tert-butyl

nept - 2. ehiliae Oy i Gl SR Spsid DYEBGRTS phals 15 (A, TR
00-7,..". 860 -0 (brs, 2H), 8.12 (d, J=7.0 Hz, 1H), 7.25 (d, J=7.3 Hz, 1H), 7.16 (t, /=7.7 Hz, 1H),
7.01 (t,J=7.7 Hz, 1H), 6.77 (dd, J=15.2, 5.6 Hz, 1H), 6.40 (d, J=15.3 Hz, 1H), 4.52 - 4.65
(m, 1H), 4.12 - 4.19 (m, 2H), 3.82 (d, /=11.5 Hz, 1H), 3.13 - 3.24 (m, 3H), 2.87 - 2.96 (m,
5 1H),2.17 -2.24 (m, 1H), 1.76 - 1.83 (m, 1H), 1.58 - 1.73 (m, 3H), 1.42 - 1.56 (m, 4H), 0.91
(t, J=7.0 Hz, 6H).

Example 61
(28)-N-((18,2E)-1-(2-methylpropyl)-4-0x0-4-{[5-(trifluoromethyl)-1,3,4-thiadiazol-2-

yl]amino}-2-buten-1-yl)-2-azetidinecarboxamide trifluoroacetate
N—N

10
To a solution of 1,1-dimethylethyl (25)-2-{[((1S,2E)-1-(2-methylpropyl)-4-oxo-4-{[5-

(trifluoromethyl)-1,3,4-thiadiazol-2-yl]Jamino } -2-buten-1-yl)amino]carbonyl } -1-
azetidinecarboxylate (656 mg, 1.335 mmol) in CH,Cl; (4.0 mL) was added TFA (1.645 mL,
21.35 mmol). The reaction mixture was stirred overnight at RT. The reaction mixture was

15  then concentrated in vacuo and purified by reverse phase HPLC (YMC C18 S-15 pm/12 nm
75 x 30 mm preparatory column), eluting with a linear gradient running from 10%
CH;CN/H;0 (0.1% TFA) to 80% CH3CN/H,0 (0.1% TFA) over 15 min. to afford the title
compound (309 mg, 46%). LC-MS m/z 392 (M+H)", 0.83 min (ret time). "H NMR (400
MHz, MeOD) 6 ppm 7.09 (dd, J=15.4, 5.9 Hz, 1H), 6.33 (dd, J=15.6, 1.5 Hz, 1H), 5.06 (dd,

20 J=9.4,7.7Hz, 1H), 4.70 - 4.77 (m, 1H), 4.13 - 4.19 (m, 1H), 4.00 (td, /=10.0, 6.1 Hz, 1H),
2.87-2.96 (m, 1H), 2.60 - 2.66 (m, 1H), 1.67 - 1.75 (m, 1H), 1.51 - 1.59 (m, 2H), 0.96 - 1.06
(m, 1H), 0.99 (t, /=6.8 Hz, 6H).
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136 P1; 25; AE-GCGA , , o0 HONR2E ,4S ,5 S)- 142, 3- di hydro-1Hindol-1

-yl)- 5-nethyl -1-oxohept-2- en-4-yl]-L-alaninamde trifluoroacetate 330
0.76 137 WO020B8A199HE-G C A ON-NAM ,..... c.,D\ FilLi ecT/uSkép/okiad7 1
00-,..,H HOFlI (2E,4S)-N [544- fluorophenyl)-1,3,4- thiadiazol-2-yl] -6-
met hyl -4- _1[3 - (thi ophen- 2-yl1)-L- alanyl] am no } hept-2- enam de

trifi uorogeémee&ﬁss 0.99 138 PI;

(28)-N-((18,2E)-1-(2-methylpropyl)-4-{methyl[5-(trifluoromethyl)-1,3,4-thiadiazol-2-

yl]amino}-4-0x0-2-buten-1-yl)-2-azetidinecarboxamide trifluoroacetate

5 To a solution of 1,1-dimethylethyl (25)-2-{[((1S,2E)-1-(2-methylpropyl)-4-

{methyl[5-(trifluoromethyl)-1,3,4-thiadiazol-2-yl]amino } -4-oxo-2-buten-1-
yl)amino]carbonyl}-1-azetidinecarboxylate (516 mg, 1.021 mmol) in CH,Cl, (4.0 mL) was
added TFA (1.258 mL, 16.33 mmol). The reaction mixture was stirred overnight at RT. The
reaction mixture was then concentrated in vacuo and purified by reverse phase HPLC (YMC

10 C18 S-15 um/12 nm 75 x 30 mm preparatory column), eluting with a linear gradient running
from 10% CH3CN/H;0 (0.1% TFA) to 80% CH3;CN/H,O (0.1% TFA) over 15 min. to afford
the title compound (267 mg, 50%). LC-MS m/z 406 (M+H)", 0.89 min (ret time). 'H NMR
(400 MHz, MeOD) 6 ppm 7.07 (dd, J=15.2, 6.4 Hz, 1H), 6.82 (dd, /=15.1, 1.3 Hz, 1H), 5.06
(dd, J=9.5, 7.8 Hz, 1H), 4.75 - 4.81 (m, 1H), 4.12 - 4.18 (m, 1H), 3.97 - 4.02 (m, 1H), 3.94 (s,

15  3H),2.86-2.92 (m, 1H), 2.55-2.61 (m, 1H), 1.78 - 1.68 (m, 1H), 1.53 - 1.64 (m, 2H), 1.00
(t, /=6.5 Hz, 6H).

Example 63
(48)-N-((18,2E)-1-ethyl-4-0x0-4-{[S-(trifluoromethyl)-1,3,4-thiadiazol-2-yl|amino}-2-

buten-1-yl)-4-fluoro-L-prolinamide trifluoroacetate
F F

H 0 N;/N\>§ H i h;/N\>\
N NNJ\HAS ek . N NNJ\HAS Fs

o/&o o _~ o _#=
i
HO
F
20 F
To a solution of 1,1-dimethylethyl (25,45)-2-{[((1S,2E)-1-cthyl-4-0x0-4-{[ 5-
(trifluoromethyl)-1,3,4-thiadiazol-2-ylJamino } -2-buten- 1-yl)amino]carbonyl } -4-fluoro-1-
pyrrolidinecarboxylate (460 mg, 0.928 mmol) in CH,Cl, (4.0 mL) was added TFA (1.144
mL, 14.85 mmol). The reaction mixture was stirred overnight at RT. The reaction mixture

25  was then concentrated in vacuo and purified by reverse phase HPLC (YMC C18 S-15 um/12
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33; ACGCHCA NHOO----",". HO (29 -NR2E ,4S)-1 -(1,3 -
di hydro- 2H-i soi ndol-2- y1)-6-nethyl -1- oxohept 2-en-4-yl ] azeti di ne- 2-
Car boxanmwio 2bri/dibseor oacet ate 342 0.79 139 Pl ; 33; A C HPCTAS2010/0ENBI) N HO
O Ho'ILi<F F F (25)-N-R2E ,4S)- 142,3 - dihydro-1Hindol-1 -y1)- 6-nethyl-1
Xt - A g Y B o B AT 1 L S 2208 2 £ 3450 77 140
CH;CN/H;0 (0.1% TFA) to 80% CH3CN/H,0 (0.1% TFA) over 15 min. to afford the title
compound (136 mg, 29%). LC-MS m/z 396 (M+H)", 0.69 min (ret time). "H NMR (400
MHz, MeOD) 6 ppm 7.11 (dd, /=15.4, 5.9 Hz, 1H), 6.33 (dd, /=15.6, 1.5 Hz, 1H), 5.48 (dt,
5 J=50.1,3.9 Hz, 1H), 4.58 (dt, J=6.2, 1.7 Hz, 1H), 4.54 (dd, J=10.5, 4.0 Hz, 1H), 3.80 (ddd,
J=18.9, 13.4, 1.9 Hz, 1H), 3.55 (ddd, J/=35.2, 13.5, 3.4 Hz, 1H), 2.71 - 2.92 (m, 1H), 2.50 -

2.68 (m, 1H), 1.64 - 1.87 (m, 2H), 1.04 (t, J=7.4 Hz, 3H).

Example 64
(28)-N-((18,2E)-1-(2-methylpropyl)-4-0x0-4-{[5-(trifluoromethyl)-1,3,4-thiadiazol-2-
10 ylJamino}-2-buten-1-yl)-2-piperidinecarboxamide trifluoroacetate

' PN . PN
N NNJ\H*S e N N\/\)J\H/I\s o

E—

@ !
T Je T

O
I
I

To a solution of 1,1-dimethylethyl (25)-2-{[((1S,2E)-1-(2-methylpropyl)-4-oxo-4-{[5-
(trifluoromethyl)-1,3,4-thiadiazol-2-yl]Jamino } -2-buten-1-yl)amino]carbonyl } -1-
piperidinecarboxylate (60 mg, 0.115 mmol) in CH,Cl, (6.0 mL) was added TFA (0.071 mL,

15 0.924 mmol). The reaction mixture was stirred overnight at RT. The reaction mixture was
then concentrated in vacuo and purified by reverse phase HPLC (YMC C18 S-15 pm/12 nm
75 x 30 mm preparatory column), eluting with a linear gradient running from 10%
CH;CN/H;0 (0.1% TFA) to 80% CH3CN/H,0 (0.1% TFA) over 15 min. to afford the title
compound (48 mg, 73%). LC-MS m/z 420 (M+H)", 0.88 min (ret time). 'H NMR (400

20 MHz, MeOD) 6 ppm 8.53 (d, /=8.0 Hz, 1H), 7.10 (dd, /=15.4, 5.6 Hz, 1H), 6.30 (dd, /=15.3,
1.5Hz, 1H), 4.70 - 4.78 (m, 1H), 3.86 (dd, /=11.8, 3.0 Hz, 1H), 3.39 - 3.46 (m, 1H), 3.01 -
3.10 (m, 1H), 2.34 (br. d, J/=13.8 Hz, 1H), 2.00 - 2.08 (m, 1H), 1.96 - 2.03 (m, 1H), 1.89 -
1.95 (m, 1H), 1.66 - 1.86 (m, 4H), 1.49 - 1.62 (m, 2H), 0.99 (t, /=6.8 Hz, 6H).
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AA-CHCA Fr\itNO HHOO0---.."2", HO (2S)-N1(2E, 4S)-1-[ (4-

nmet hoxyphenyl ) am no] - 6-nethyl - 1- oxohept-2- en-4-yl} azeti di ne-2-

Car boxamwie 20rivdibseor oacet ate 346 0.73 14l1le Pl; 33; A- C IFBCTAA2018M45137
ININ),, ?--CF, H 0----..... ---"" F HO (2S)-N[(2E, 4S)-6- nethyl -

| met hyl [ 5- é f% oronethyl)-1, 3,4- thiadiazol-2-yl] amno } - 1

- oxohept - Ex il ] pi peri di ne-2- carboxam de trifluoroacetate 434 0.88

2011/ 0198@ﬂﬁwf(éﬁ&%%%%%lﬂ%yﬁh-o?&a-{fs-G-rhth-r&nethyl)-l,3,4-thiadiazol-2-

yl]amino}-2-buten-1-yl)-2-piperidinecarboxamide sulfate

5 To a solution of 1,1-dimethylethyl (25)-2-{[((1S,2E)-1-(2-methylpropyl)-4-oxo-4-{[5-
(trifluoromethyl)-1,3,4-thiadiazol-2-yl]Jamino } -2-buten-1-yl)amino]carbonyl } -1-
piperidinecarboxylate (1.20 g, 2.310 mmol) in 1,4-dioxane (20.0 mL) at RT was added 10%
aq. HoSO4 (12.31 mL, 23.10 mmol). The reaction mixture was then heated to 50 °C
overnight. The reaction mixture was then concentrated in vacuo and purified by reverse

10 phase HPLC (10-50% CH3;CN/H;O) to afford the title compound (294 mg, 25%) as a white
solid. LC-MS m/z 420 (M+H)", 0.76 min (ret time). '"H NMR (400 MHz, DMSO-ds) & ppm
8.53 (d, J/=7.8 Hz, 1H), 6.90 (dd, /=15.1, 4.5 Hz, 1H), 6.15 (d, J/=15.6 Hz, 1H), 4.51 - 4.65
(m, 1H), 3.79 (dd, /=11.9, 2.1 Hz, 1H), 3.24 (br d, J=12.7 Hz, 1H), 2.94 (td, /=12.3, 2.3 Hz,
1H), 2.25 (d, J/=11.3 Hz, 1H), 1.86 (d, J/=11.8 Hz, 1H), 1.53 - 1.75 (m, 5H), 1.45 (t, /=7.2 Hz,
15 2H),091 (d, J=6.5 Hz, 3H), 0.93 (d, /=6.8 Hz, 3H).

Examples 66-187

General Experimental for Table 3

The compounds in Table 3 were prepared from the indicated enoate intermediates

(described above), commercially available Boc-protected a-amino acids, and amines
20  (commercially available or prepared as described above) according to either Scheme P1

or Scheme P2 as indicated:
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ONN NN """ mmmmmmeae e - "HS o-,v, HO (2S)-N 1 (2S,3E)-5- [(5-
tert-butyl-1,3,4- thiadiazol-2-yl)amno] - 1 -cyclopropyl-5- oxopent-3
-en- 2- ylwoaa#stiigdome- 2- car boxam de trifl uoroacetate 378CO/USE0104851P1;

58; A—C—H—C—A‘ ONHOO--...,..v, ao. [I (29)-NR2S ,3 E)- 1 -

cycl oprop ?5 3- di hydro OH- i soi ndol-2- yl)-5- oxopent 3 -en-2- yl]
azetidi ne e"&%{ Boxam de trifluoroacetate 340 0.71 144 P1; 96; A-E-GCA

FNIJ)D.LN H O O--.

B,C,D,EF X orZ
oy M BTNy S >LO)LN)\(OH
E3 IS
R R O

enoate mtermed iate”

| = =
R® R® O R
R* y 0
B,C,D.E F, X orZ ﬂ\ J\ )\’( R' A RS\N N\/\)I\N,R1 o
= H =3 2
R® O R R
Scheme P2
H 9 H 9
o N\/\)J\ G,H, I orY o N\/\)J\ R' BCDEFXorz
D XNl ——— DI X-N0H + HN
E3 E3 |2
O R O R R
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w
P
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Representative examples of the reaction conditions A, A’, B, C,D,E,F, G, H, [, X, Y,

and Z are described in the following experimental procedures (vide supra):

10  A: Intermediate 34; B: Intermediate 37; C: Intermediate 53; D: Intermediate 50;
E: Intermediate 27; F: Intermediate 48; G; Intermediate 45; H: Intermediate 61;
I: Intermediate 72; Z: Intermediate 43; A’: Example 53.

Reaction condition X: A solution of the carboxylic acid (1.833 mmol), HATU (1.833
15  mmol), and DIPEA (6.42 mmol) in CH,Cl; (10.0 mL) and DMF (5.0 mL) was stirred at
RT for 30 min. A solution of the amine (1.833 mmol) in DMF (5.0 mL) was then added

and stirring continued for approximately 1h. Water was added (100 mL) with stirring.
The reaction mixture was transferred to a separatory funnel and extracted with ethyl

acetate (100 mL). The organic layer was washed with water (5 x 100 mL) followed by
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N-R2E ,4S)-1 -(1,3 - di hydro-2H1isoindol-2- yl)-1 -oxohept-2-en-4- yl]

-L-alaninam de trifluoroacetate 316 0.73 145 P1; 96; A-E-G CA
F H o- 11)w0D 2p11P1gdoani nam de N- R2E, 4S)-1-(2,3 - di hydr o- PETiUSd@2/04513y 1) -
trifluoroacetate 316 0.78 146 P1l; 96; A-E-G C A

- oxohept - 2-en-4-yl] -L-

E.O LN N ﬂrh'l_le

10

product.

-,..1 H : :
8%O’rnL), dried over Na,SQO4, and concentrated in vacuo to afford the desired amide

Reaction condition Y: The ester (11.27 mmol) was diluted in THF (60 mL) and water (12

mL). 4 M aq. LiOH (45.1 mmol) was added and the reaction mixture was stirred at RT

for 15 h. An additional 1 equivalent of LiOH was added as a solution in water (5 mL),

and stirring was continued at RT for an additional 5.5 h. The reaction mixture was

acidified with 1M aq. HCI to pH ~3 (pH paper) and then partitioned between water and

EtOAc. The aqueous layer was extracted with EtOAc and the organic layer was washed

with water followed by brine. The combined organic layers were filtered and

concentrated in vacuo to afford the desired acid product.

Table 3
Scheme; LC-MS
Enoate -
Example Intermediate; Structure Name n/z _ | rettime
Procedures (M+H) (min)
(25 N(1S2B)-4-{[5-
o NN (1-methyl-1-
PI: (N)\'(“\/\)J\N)’\S\ phenylethyl)-1,3,4-
B H z H . A H . _
66 3; ° thiadiazol-2-yl]amino} 518 0.93
A-C-H-Z-A' o 4-o0x0-1-(2-phenylethyl)-
Hokﬂi 2-buten-1-yl]-2-
F piperidinecarboxamide
trifluoroacetate
o (28)-N-[(3S,4E)-6+(2,3-
H
PI- WN\MN dihydro-1H-indol-1-y1)-
o | O e | | o
' F - -L=
AFLE-A HO)%F carboxamide
trifluoroacetate
)
% (28)-N-[(3S,4E)-6~(1,3-
N
Pl h \/\)J\% dihydro-2 H-isoindol-2-
68 3; yl)-6-0x0-1 -phepylhex- 390 0.8
A-F-I-F-A’ o 4-en-3-yl]azetidine-2-
HO)KKF carboxamide
£ F trifluoroacetate
H\/\)OJ\ /©/O\ (2E,45)-4-{[(25)-2-
P2: HN N H = H amino-2-
.’ ° 7 o cyclopropylacetyl]lamino
69 3; 408 0.79
Y-7Z-A-F-A' " O&F }-N-(4-methoxyphenyl)-
£ F 6-phenylhex-2-enamide
trifluoroacetate
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(2E, 45) - 4- (Lal anyl am no) - N- (4- et hoxyphenyl ) hept-2- enam de
trifluoroacetate 320 0.74 147 P1; 96; A-E-GCA ...co H2ZNEr\I)CLN O 0O HO
N R2E , 4Syo2ot(ai9®1- di hydro-2H i soi ndol-2- yl)-1 - oxoheprAR2@n4513yl] -3

-thi ophen 2-yl -Lal ani nam de trifluoroacetate 398 0. 89 148 Pl; 96;
A-E- G CA—\—oH-o6—o0HoHglF11 NIH<F—F LD’)I: /IQ\ .._\,_,u
di hydro-|1Hindgl-1 -y1)- |1 - oxQhept - 2- en- 4 aﬁyl_ "
t hi ophen- 2-yl - Lal anjnam de tr| fI um)\xgjgt at e g\ét ljlgllg?ﬂP.L;
70 3; o 0 1 yl) 6-0x0-1- 432 0.97
A-F-I-F-A &F phenylhex-4-en-3-
HO F yl]ethanamide
F trifluoroacetate
(25)-2-amino-2-
o cyclopentyl-N-[(3S,4E)-
H
P1; H N N\/\)J\N 6-(1,3-dihydro-2H-
71 3; o % isoindol-2-y1)-6-oxo-1- 432 0.93
A-F-I-F-A’ o phenylhex-4-en-3-
HO&F yl]ethanamide
£ trifluoroacetate
9y o (25)-2-amino-N-
Pl N P W [(3S,4E)-6-(2,3-dihydro-
7 3; o o i 1H-indol-1-yl)-6-oxo0-1- 392 0.9
A-E-H-C-A' . phenylhex-4-en-3-
HO o yl]butanamide
F trifluoroacetate
S
9 ] N-[(3S,4E)-6-(2,3-
. H dihydro-1H-indol-1-yl)-
7 P31, HN N\é/\)J\N 5 6-0x0-1-phenylhex-4-en- 460 0.97
’ , o © 7 3-yl]-3-thiophen-2-yl-L- :
ABG-C-A HO&F alaninamide
r trifluoroacetate
o o N-[(3S5,4E)-6-(1,3-
Po- N \/\)l\ dihydro-2H-isoindol-2-
; H,N . N N )
74 3 oz % y1)-6-0x0-1-phenylhex 490 0.85
H-Z-A-F-A' o 4-en-3-yl]-L-
. isoleucinamide
HO&F trifluoroacetate
F
o N-[(3S,4F)-6-(1,3-
Po- N M dihydro-2 H-isoindol-2-
; H,N N N )
75 3; Iz % yl)-6-ox0-1-phenylhex 420 0.84
H-Z-A-B-A’ 0 4-en-3-yl-L-
. alloisoleucinamide
HO&F trifluoroacetate
F
o) N-[(3S,4F)-6-(1,3-
Po. NG NP W dihydro-2 H-isoindol-2-
’ ? E y1)-6-0x0-1-phenylhex-
76 3; © 420 0.84
H-Z-A-F-A' o 4-en-3-yl]-3-methyl-L-
)k’<p valinamide
Ho r trifluoroacetate
: (25)-N-(BSAE)-6-(1.3-
. NG NP W dihydro-2 H-isoindol-2-
s H =z
mol s FOTRD [t | s | on
H-Z-A-B-A HO)KKF carboxamide
£ F trifluoroacetate
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96; AE-GCA ..... c.0 ENIN O H2N o0o0--,i H HO (2E, 45)-N-(4-
nmet hoxyphenyl)-4- { [3 - (thiophen-2-yl)-L- alanyl] am no} hept-2- enam de
trifl uorosoebarEIshd2 0.81 150 Pl; 96; A-E-G C A ii, LN PkYASkh0/0@13HO

(2E,4S)-4- { [(2S)-2- am nobutanoyl] am no} - N-(4- nethoxyphenyl) hept - 2-
enam de tr-H-ugreacetate334-0-—+74—WO-2011/019804RPCH-US2010/-045137—151 P1,
96; PPN N-[(3S,4E)-6-(1,3-
P2; N % dihydro-2H-isoindol-2-
78 3; o yl)-6-ox0-1-phenylhex- 404 0.81
H-Z-A-E-A' &F 4-en-3-yl]-L-prolinamide
Ho N trifluoroacetate
o (28)-N-[(3S,4E)-6~(1,3-
H
NN P W dihydro-2H-isoindol-2-
P2; H H
79 3. 0 % yl)-6-ox0-1-phenylhex- 406 0.82
H-Z-A,-E-A' o 4-en-3-yl]-2- ’
HO&F (methylamino)butanamid
£ e trifluoroacetate
o N \ (ZS%I-N-[1(3S,{4E)-6-0X0-
H M D—cr, | 1-phenyl-6-{[5-
N
Pl MH (trifluoromethyl)-1,3,4-
20 i~ © thiadiazol-2- 468 0.89
A C_H’_Z_ A i . yl]Jamino} hex-4-en-3- )
Ho F yl]piperidine-2-
F carboxamide
trifluoroacetate
o N’N\>_\ (25)1;]\;-{(35,4?-3-[(5-1
H P methyl-1,3,4-thiadiazol-
N Pg)
P1; N \_/\)J\H s 2-yl)amino]-6-0xo-1-
81° 3; © phenylhex-4-en-3- 414 0.67
A-C-H-Z-A' f . yl}piperidine-2-
HO F carboxamide
F trifluoroacetate
oy | QINIGSADEI
N P& ethyl-1,3,4-thiadiazol-2-
N -
P1; N \:/\)J\H S>\\ yl)amino]-6-oxo-1-
82° 3; © phenylhex-4-en-3- 428 0.72
A-C-H-Z-A' i . yl}piperidine-2-
HO r carboxamide
F trifluoroacetate
g NN (25)-N-{(3S.,4E)-6-[(5-
H N ’
N N\:/\)J\NJ'\S: < tert-butyl-1,3 ,4-
P1; oo 2 H thiadiazol-2-yl)amino]-
83 3; o 6-0x0-1-phenylhex-4-en- 456 0.85
A-C-H-Z-A' HO)KKF 3-yl}piperidine-2-
£ F carboxamide
trifluoroacetate
N [ o
H M D~s | (methylsulfanyl)-1,3,4-
N -
P1; N \:/\)J\H s A thiadiazol-2-yl]amino} -
84 3; © 6-0x0-1-phenylhex-4-en- 446 0.77
A-C-H-Z-A' 1. 3-yl]piperidine-2-
HOJKKF carboxamide
F trifluoroacetate
o NN (25)-N-{(38,4E)-6-0x0-
%HMNJ’\ S\>\© 1-phenyl-6-[(5-phenyl-
Pl; Hos 2 H 1,3,4-thiadiazol-2-
85 3; o yl)amino]hex-4-en-3- 476 0.88
A-C-H-Z-A’ Hokﬂi yl}piperidine-2-
F carboxamide
trifluoroacetate
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A-E-GCA o HHON 00--,"1 afr HO (2S)-2-am no-N (2E, 45)-1

- (1, 3-di hydro2Hi soi ndol-2-yl)-1- oxohept-2-en-4- yl]butanam de

trifluorosoepar@I®l0 0. 74 152 P1; 96; A-E-G CA o H N P2RNUSe1bloyHsFFl F

(2S) - 2-am no- N[ ( 2E, 45) - 1- (2, 3-di hydr olH-i ndol-1- yl) 1 - oxohept 2-en-4-
tr

yl]butar da |'F|||nrn::r-a+ ate QQ('\ n Q ’IIZQ Pl Al I:r\|+|\| n
Mlllu\, qgr 1 1 1 Ogur ogag o’ T

86

Q(HNNJ’\S%@\B

1@
(5 :
L
HO
:

F

(29)- Af[(ss 7 ¥ATISA
(4-bromophenyl)-1,3,4-
thiadiazol-2-yl]amino}-
6-0x0-1-phenylhex-4-en-
3-yl]piperidine-2-
carboxamide
trifluoroacetate

554

0.98

&7

P1;

A-C-H-Z-A'

o NN
H 1\
T

[o]
i
HO
i
!

(28)-N-[(3SAE)-6-{[>-
(4-fluorophenyl)-1,3,4-
thiadiazol-2-yl]amino}-
6-0x0-1-phenylhex-4-en-
3-yl]piperidine-2-
carboxamide
trifluoroacetate

494

0.9

88

P1

A-C-H-Z-A'

o NN
\
LA A

5 H
(0]
(o]
F
Ao
F

F

(28)-N-{(3SAE)-6-[(5-
cyclopropyl-1,3,4-
thiadiazol-2-yl)amino]-
6-0x0-1-phenylhex-4-en-
3-yl}piperidine-2-
carboxamide
trifluoroacetate

440

0.75

&9

P1;

A-C-H-Z-A'

o NN
H | \>\<
%N\MN*S
H z H
o)
o)
L
HO
F

F

(285)-N-[(3S,4E)-6-0x0-
1-phenyl-6-{[5-(propan-
2-y1)-1,3,4-thiadiazol-2-
yl]Jamino} hex-4-en-3-
yl]piperidine-2-
carboxamide
trifluoroacetate

442

0.79

90

P1;

A-C-H-Z-A'

o] N’N\

ENj\’(n\;/\)l\N/ms

H 5 H H
o)

HO&E

F

(28)-N-{(3SAE)-6-[(>-
benzyl-1,3,4-thiadiazol-
2-yl)amino]-6-oxo-1-
phenylhex-4-en-3-
yl}piperidine-2-
carboxamide
trifluoroacetate

490

0.86

91

P1;
3;
A-C-H-Z-A’

(285)-N-[(3S,4E)-6-0x0-
1-phenyl-6-{[5-(2-
phenylethyl)-1,3,4-
thiadiazol-2-

yl]Jamino} hex-4-en-3-
yl]piperidine-2-
carboxamide
trifluoroacetate

504

0.9

92

P1;

A-C-H-Z-A'

(28)-N-{(3SAE)-6-[(5-
cyclohexyl-1,3,4-
thiadiazol-2-yl)amino]-
6-0x0-1-phenylhex-4-en-
3-yl}piperidine-2-
carboxamide
trifluoroacetate

482

0.93

93

P1;

A-F-I-F-A

(25)-2-amino-2-
cyclopropyl-N-[(3S,4E)-
6-(2,3-dihydro-1H-indol-
1-y])-6-oxo0-1-
phenylhex-4-en-3-
yl]ethanamide
trifluoroacetate

404

0.94

132




H oA HF (2E, 4S)-4-(Lal anyl ani no) - 4-

enam' de trifluoroacetate 318 0.68 154 Pl ;

"L*- - - 'WO0-20) 17019401 N OAaf r
d| hydro 2H-i soi ndol- 2- y1l)-4-oxobut-2-en-1-y1]-

HO N- R1S, 2E) - 1-

95; A-X-HCA o
cycl opr opy 1- #€[TAIS3010/045137

H N

L- al an| nam de

cycl opropyl - N-(4- nmet hoxyphenyl ) but - 2-

trifluoreacetate314 074155 P14 95— A xH C A —oNH o H <A+
A - ' (28)=2~amino-2- 7
N-RLS , 2E) - 1- o
y \/\)J\ cycloprqpyl -N-[(3S,4E)-
P1; HN YN 6-(1,3-dihydro-2H-
94 3; ° - % isoindol-2-yl)-6-oxo-1- 404 0.9
A-F-1-F-A' f phenylhex-4-en-3-
HO&E yl]ethanamide
F trifluoroacetate
o)
N N-[(3S,4F)-6-(1,3-
Pl; HthQ(NNN dihydro-2H-isoindol-2-
95 3; © yl)-6-ox0-1-phenylhex- 406 0.88
A-F-I-F-A’ i . 4-en-3-yl]-L-valinamide
HOJKKF trifluoroacetate
E
y (1R,28,55)-N-[(3S,4E)-6-
Y ancia 9 (2,3-dihydro-1H-indol-1-
P2; N N\i/\)J\N yl)-6-0x0-1-phenylhex-
96 3; 0 o~ 4-en-3-yl]-3- 416 0.87
I-F-A-F-A o )KKF 8 azabicyclo[3.1.0]hexane-
LF 2-carboxamide
trifluoroacetate
y (1S,2R,5R)-N-[(3S,4E)-
Ho O 6-(2,3-dihydro-1H-indol-
P2; ?‘/N\/\)J\N 1-yD)-6-0xo0-1-
97 3; 0 o A phenylhex-4-en-3-yl]-3- 416 091
I-F-A-F-A o )KKF <S 8 azabicyclo[3.1.0]hexane-
LF 2-carboxamide
trifluoroacetate
H f N-[(3S,4E)-6-(2,3-
P1; H»I( NNN dihydro-1H-indol-1-yl)-
98 3; o © 7 6-0x0-1-phenylhex-4-en- 406 0.96
A-X-H-C-A' HO)KKF 3-yl]-L-valinamide
£ F trifluoroacetate
o nN-N
N | Y—cr, | (2E,45)-N-methyl-6-
PL: HeN I N\MT*S phenyl-N-[5-
99 3; 5 (trifluoromethyl)-1,3,4- 470 1.04
AX-H-C-A' &F thladlazgl-Z-yl]-4-(L-
HO F valylamino)hex-2-
F enamide trifluoroacetate
H i ’\f -
R x AN ™ | (2,45)-6-phenyl-N-[5-
P1; o s . (trifluoromethyl)-1,3,4-
100 3; o thiadiazol-2-yl]-4-(L- 456 1.04
A-X-H-C-A’ HO)KKF valylamino)hex-2-
£ F enamide trifluoroacetate
(285)-N-[(3S,4E)-6-0x0-
H 9 N7 1-phenyl-6-{[5-
P1. %N\/%)J\H/l Dor (trifluoromethyl)-1,3,4-
101 3; © . ﬂ?adliaz"l'ﬁ' hen3 440 | 091
A-C-H-C-A' yl]Jamino} hex-4-en-3-

yl]azetidine-2-
carboxamide
trifluoroacetate
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cycl opropyl-4-(2,3- dihydro-1Hindol-1 -yl)-

4- oxobut - 2-en- | -yl1] -

met hoxyphenyl ) am no]

Lal ani nam de trifl uoroacetate 314 0.78 156 Pl; 95;
A- X- H C- AvoBpiiiesol 40 HO- F AHN 1 (1S, 2E)-1-
- 4-oxobut-2-en-1 -yl} -Lvalinam de trifluoroacetate

cycl opcoapre10/04(147

346 0.743157 P95 A X-H CA HPNN-A4L HO N-RIS 2E) 1
cycl oprapyl-4-(1, 3- di hycro 2H i soi ndgl\ 2- )é?t ﬂ]z;[ ﬁ%%ﬁt 2-en-1-y1] -
L-val i nam de tr]i fl uI())lr oace ﬁhg(wm 158 Uhifluoromethyl)-1.3.4-
102 3; thiadiazol-2-yl]amino}- 454 0.87
A-C-H-C-A' 6-0x0-1-phenylhex-4-en-
HO&F 3-yllazetidine-2-
Fo carboxamide
trifluoroacetate
y o) (25)-N-[(3S,4E)-6-(2,3-
N dihydro-1H-indol-1-yl)-
Pl i H 6-0x0-1-phenylhex-4-en-
103 3; q = © 3_y1]pip§i v 418 0.87
-C-H-C-A' F
A-C-H-C-A HO&F carboxamide
F trifluoroacetate
(4S)-N-(3SAE)-6-(2,3-
dihydro-1H-indol-1-yl)-
P2; 6-0x0-1-phenylhex-4-en-
104 3; o 3-y1]-4-fluoro-L- 422 0.86
I-F-A-F-A' kﬂ v
HO prolinamide
F trifluoroacetate
o N-[(2S,3F)-1-
H
P S | s i
105 93; o0 = 1)-%- ‘)’( ms‘; n(fZ- 370 0.91
A-E-H-C-A" HO&F\O yl)->-oxopent-3-¢
F yl]-L-alaninamide
trifluoroacetate
] o N-[(2S,3E)-1-
ne | el [omesties
106 93; 00 3 ‘ Y 370 0.97
, F 5-oxopent-3-en-2-yl]-L-
A-E-H-C-A HO N
N alaninamide
trifluoroacetate
(25)-2-amino-N-
0 [(2S,3E)-1-cyclohexyl-5-
P1; NN PN (1,3-dihydro-2H-
107 93; 0o & % isoindol-2-y1)-5- 384 0.82
A-E-H-C-A' HO&F \O oxopent-3-en-2-
£ F yl]butanamide
trifluoroacetate
o (285)-2-amino-N-
PI; . “MN [(2S,3E)-l-cyclohexyl-5-
2 H (2,3-dihydro-1H-indol-1-
108 93; oo & 384 0.9
A-L-H-C-A" . \O y1)-5-oxopent-3-en-2-
HO E yl]butanamide
F trifluoroacetate
57\ N-[(2S,3F)-1-
x o cyclohexyl-5-(1,3-
PI1; N dihydro-2H-isoindol-2-
109 93; Y NLQD y1)-5-oxopent-3-en-2- 452 0.92
A-E-H-C-A' . &F \O y1]-3-thiophen-2-yl-L-

alaninamide

trifluoroacetate
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95: A-X-

HCA

o HN H2N ,

"kk*,*x***%x

] 1"1

.LN o HO

cycl opropyl-4-(2,3- dihydro-1Hindol-1 -yl)-
4- oxobut -woent110198bji- Lval i nam de trifl uoroacetate 342 0. 82TAB01PD45195;
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dihydro-1H-indol-1-yl)-
5-oxopent-3-en-2-yl]-3-
thiophen-2-yl-L-
alaninamide
trifluoroacetate

an-1
==

452

DA

15137

0.96

111

P1;
93;
A-E-H-C-A’

(25)-N-[(2S,3F)-1-
cyclohexyl-5-(1,3-
dihydro-2H-isoindol-2-
yl)-5-oxopent-3-en-2-
yl]azetidine-2-
carboxamide
trifluoroacetate

382

0.86

112

P1;
93,
A-E-H-C-A’

(28)-N-[(2S,3E)-1-
cyclohexyl-5-(2,3-
dihydro-1H-indol-1-yl)-
5-oxopent-3-en-2-
yl]azetidine-2-
carboxamide
trifluoroacetate

382

0.9

113

P1;
93;
A-E-H-C-A’

(285)-N-[(2S,3E)-1-
cyclohexyl-5-{methyl[5-
(trifluoromethyl)-1,3,4-
thiadiazol-2-yl]amino}-
5-oxopent-3-en-2-
yl]azetidine-2-
carboxamide
trifluoroacetate

446

114

P1;
93;
A-E-H-C-A’

(285)-N-[(2S,3E)-1-
cyclohexyl-5-oxo-5-{[5-
(trifluoromethyl)-1,3,4-
thiadiazol-2-

yl]amino} pent-3-en-2-
yl]azetidine-2-
carboxamide
trifluoroacetate

432

0.94

115

P1;
93;
A-E-H-C-A’

(25)-N-{(28,3E)-5-[(5-
tert-butyl-1,3 ,4-
thiadiazol-2-yl)amino]-
1-cyclohexyl-5-oxopent-
3-en-2-yl}azetidine-2-
carboxamide
trifluoroacetate

420

091

116

P1;
88;
A-C-H-C-A’

(28)-N-[(2S,3E)-1-
cyclobutyl-5-(2,3-
dihydro-1H-indol-1-yl)-
5-oxopent-3-en-2-
yl]azetidine-2-
carboxamide
trifluoroacetate

354

0.79

117°

P1;
88;
A-C-H-C-A’

(28)-N-[(2S,3E)-1-
cyclobutyl-5-(2,3-
dihydro-1H-indol-1-yl)-
5-oxopent-3-en-2-
yl]piperidine-2-
carboxamide
trifluoroacetate

382

0.77




160 P1; 95; AX-HCA OoH2NF-I |I"--- - Nox HO )F/ \ FF
(2S) - 2-am no-2- cyclopentyl-N [(1S,2E)- 1 -cyclopropyl-4-(2,3 -
di hydr o- IWwoi2odan98b1- y1) - 4- oxobut - 2- en- 1yl ] et hanan de t PCTiuserioaeaBat e 368
0.96 161 P1; 95, ACHCA oNHOFAI H(2S-NRLS, 2E)-1-
1 1 A ovaohut n-1 vl ]
A 1

|
cycl opr opyd—4—-3—di-hygro-2H+setrdet-—2—v 1 bpt—2-—en—t |
azeti di ne-2- carboxam de |t rkf | uor oagetal e 32(%?6;'[{%?@62 FS’L ;
H\/\)j\ By S, | CYClO utyl-5-0x0-5-{[5-
H Né N 3

\L

PL: s (trifluoromethyl)-1,3,4-
118¢ 88', o © t}ﬁadiazoi-Z- s
S F yl]amino} pent-3-en-2-

A-C-H-C-A HO&F yl]piperidine-2-

carboxamide

trifluoroacetate

N-[(2E,45)-1-(1,3-

N dihydro-2H-isoindol-2-

PL; NMN y1)-6,6-dimethyl-1-

432 0.87

119 94; HN : oxohept-2-en-4-y1]-3- 426 091
A-E-G-C-A' e X thiophen-2-yl-L-
HO)KKF alaninamide
trifluoroacetate
TN N-[(2E 48)-1-(2,3-
0 dihydro-1H-indol-1-yl)-

: H
120 19)411’ HN NY\)J\N 6,6-dimethyl-1-oxohept-

2 2-en-4-yl]-3-thiophen-2-
A-E-G-C-A’ e
HO F \K

426 0.95

yl-L-alaninamide
£ F trifluoroacetate

=~ o | (QE,45)-N-(4-
y i /O/ methoxyphenyl)-6,6-
P1; BN N\/\)J\H ’

dimethyl-4-{[3-

121 94; 0 b f ; 430 | 0.87
A-E-G-C-A’ HOJKKF < (thiophen-2-y1)-L-
F

alanyl]amino}hept-2-
enamide trifluoroacetate

0]
o) ~
H 2E,48)-4~(L-
AHAI T | ama
o o0 X

Pl; alanylamino)-N-(4-

122 94; . X methoxyphenyl)-6,6- 348 0.79
A-E-G-C-A' | HO dimethylhept-2-enamide

trifluoroacetate

o N-[(2EAS)-1-(1,3-
dihydro-2H-isoindol-2-

H\/\)J\
. N
PIL; Hz"‘%( H = Q} y1)-6,6-dimethyl-1-

123 94 o O
FCLCAY F oxohept-2-en-4-yl]-L-
A-BE-G-C-A HO&F \K alaninamide

trifluoroacetate
o N-[(2E,45)-1-(2,3-
dihydro-1H-indol-1-yl)-

H
P1; HZN%‘/ \/\)J\N .
H 6,6-dimethyl-1-oxohept-
124 94; § o X 2 en-4-yl]-L-
AE-G-C-A' HO&F Y
F alaninamide
trifluoroacetate
(25)-2-amino-N-
pL: . N/Q(N PN [(2F,45)-1-(1,3-dihydro-
2 H 2H-isoindol-2-y1)-6,6-
125 2% M° _\K dimethyl-1-oxohept-2-
A-EGCA HO&E en-4-yl]butanamide
trifluoroacetate

344 0.82

344 0.89

358 0.85
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95; AACGCHCA ONH :)j HOF AF F (2S5)-NRLS, 2E)-1- cycl opropyl-4-(2, 3-
di hydro-1Hindol-1 -yl1l)- 4-oxobut-2-en-1 - yl]azetidine-2- carboxam de
trifluorosoebarE@I®26 0. 74 163 P1 ; 95, A-X-H CGA FN1WiPCcNUS2eiB/ 04833 H 0= H

(25)-N-R1S, 2E) - 1- cyclopropyl 4-o0x0-4- { [5-(trifluoronethyl)-
1, 3, 4- t hiadiazel—2—yH—gmno— hut 2—en—1 v —azetdi-re2—earboxam de
T 4 (28)-2 amino-N-
trifl uorloacet atle 371?1 0 7 164 o [(2F.45)-1-(2.3-dihydro-
126 94f 1H-indol-1-y1)-6,6- 358 0.9
AE-G.C-A’ * dimethyl-1-oxohept-2- :
HOJ\K en-4-yl]butanamide
trifluoroacetate
)
L
8 (2E,45)-4-{[(25)-2-
N
P1; H N/q\/ EV\)J\H aminobutanoyl]amino}-
127 94; i OF \K N-(4-methoxyphenyl)- 362 0.83
A-E-G-C-A' | HO 6,6-dimethylhept-2-
F enamide trifluoroacetate
L 1| erasaqes-
H -4- -
N ’
PI1; EV\)J\H aminobutanoyl]amino}-
128 33; © . Y N-(4-methoxyphenyl)-6- 348 0.68
A-E-G-Z-A' | HO methylhept-2-enamide
F trifluoroacetate
N
S o /©/O\ (2E,4S)-N—(4-
y methoxyphenyl)-6-
Pl FeN N\E/VJ\N meth 1—?-){[3-}(/&110 hen-
129 33; o & = H Y P 416 0.77
A-E-G-Z-A' F Y 2-yh-L-
Ho alanyl]amino}hept-2-
F enamide trifluoroacetate
2 N-[(2E,45)-1-(2,3-
H » ’
P1; HN NNN dihydro-1H-indol-1-yl)-
130 33; 2 0 Y 6-methyl-1-oxohept-2- 330 0.81
A-E-G-C-A’ HO F en-4-yl]-L-alaninamide
F trifluoroacetate
S\\ N-[(2E 48)-1-(2,3-
Q dihydro-1H-indol-1-yl)-
P1; N
131 3 3f HN NY\)J\N 6-methyl-1-oxohept-2- 412 0.86
A-E-G-,C- A oo % en-4-yl]-3-thiophen-2-yl- )
Ho F Y L-alaninamide
E trifluoroacetate
o (285)-2-amino-N-
H -1-(2.3-di -
Pl WSS indon iy ety
132 33; o & & Y YU 344 0.8
AL G-,C- A . Y 1-oxohept-2-en-4-
HO yl]butanamide
F trifluoroacetate
s N-{(2E,45)-6-methyl-1-
\ oxo-1-[(1R,45)-1,2,3,4-
= o H tetrahydro-1,4
. H H., - L,
Plf HN N\i/\)j\N epiminonaphthalen-9-
133 33; 2 H 438 0.86
A-E-G-C-A' o O yl]hept-2-en-4-yl}-3-
o )K’<F Y thiophen-2-yl-L-
LF alaninamide
trifluoroacetate
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95; AGHCA
t hi adi azol - 2-yl )am no] -

ONN (2S)-N-1(1S,2E)-4-[(5- tert-butyl-1,3
1 -cycl opropyl-4-oxobut- 2-en-1 -yl} azetidi ne-2-

car boxamwe 20ri/dibseor oacet ate 364 0. 76 N,Q( HIHO FrEANUS20106%1P1 ; 18;
A-E-GZ-A o N H2NN oo-, . . . .. ,,. HO
(2S) - 2- gm-ne-NH{3S4E—6-{13-di-hydro2H-is ig.és*%l 2 ‘,]'\71) oxehex—4—en—3-
. ! (28)-2 amino?N-
yl ] but anjam de t{ri f | uor oag 316 0.6 {(2E.48)-6-methyl-1-
Pl oxo-1-[(1R,45)-1,2,3,4-
134 33; tetrahydro-1,4- 370 0.79
A-E-G-C-A' epiminonaphthalen-9-
yl]hept-2-en-4-
yl}butanamide
trifluoroacetate
(2E,4S5)-N-(5-tert-butyl-
PI- 1,3,4-thiadiazol-2-yl)-6-
135 33; rzrf‘;tll;fylf'_“'{[}(thmphen' 450 | 093
AE-G-C-A alanyl]amino}hept-2-
enamide trifluoroacetate
N-[(2EAS,55)-1-(2,3-
PI1; dihydro-1H-indol-1-yl)-
136 25; 5-methyl-1-oxohept-2- 330 0.76
A-E-G-C-A’ en-4-yl]-L-alaninamide
trifluoroacetate
(2E,45)-N-[5-(4-
fluorophenyl)-1,3,4-
PI1; thiadiazol-2-yl]-6-
137 33; methyl-4-{[3-(thiophen- 488 0.99
A-E-G-C-A' 2-yD-L-
alanyl]amino}hept-2-
enamide trifluoroacetate
(25)-N-[(2E,45)-1-(1,3-
Pl dihydro-2H-isoindol-2-
138 33; Sy letidnes, | 42| 07
A-C-H-C-A carboxamide
trifluoroacetate
(25)-N-[(2E,45)-1-(2,3-
Pl dihydro-1H-indol-1-yl)-
139 33; gn“f%;;et?é‘lﬁegtz 342 0.77
A-C-H-C-A carboxamide
trifluoroacetate
2 (25)-N-{(2E,45)-1-[(4-
Pl M methoxyphenyl)amino]-
’ g 6-methyl-1-oxohept-2-
140 33; )KKF Y en-4-yl}azetidine-2- 346 0.73
-C-H-C-A' | HoO
A-C-H-C-A £ F carboxamide
trifluoroacetate
(25)-N-(2E45)-6-
o - methyl-1-{methyl[5-
H | ; _ _
PI; . N NJ\N Py Dcr (tr.lﬂl.loromethyl) 1.,3,4
R ’ H H | thiadiazol-2-yl]lamino}-
141 33; g © Loxohent-2-cn-4 434 0.88
F yl]piperidine-2-
F carboxamide
trifluoroacetate

138



166 P1; 18; A-E-G Z-A
N- R3S, 4E) - 6- (1, 3- di hyd

coo H2Nr

El n

IIIL

Yo- 2H i soi ndol- 2- y1)- 6- oxohex- 4-en-3-y1]- 3

-t hi opherw@-291t7aagd0ani nam de trifluoroacetate 384 0.71 1@CTREB2010845137

am nobut
trifluor
A-E-G Z-

A-E-G Z-A, ENlIJoa 2N 11 11 P F Hook..,,, HO(2E 4S)-4- { [(29)-2-
aheyH—am-ho—} N4 net“oxyp“eny!%hﬂv 2 nggﬁ;dh
oacet atle 320 0. 66 2011/019801 crﬁe%f%_ 37|168 P1; 18;
! CF3 . . 7 .
A PL: N NNJ\N/I\S thiadiazol-2-yl)amino]-
; 0 © 1-cyclopropyl-5-
142 A-C-SP%C-A' HO&F oxopent-3-en-2- 378 0.66
£ yl}azetidine-2-
carboxamide
trifluoroacetate
o (28)-N-[(2S,3E)-1-
WHMN cyclopropyl-.S-(.l,3-
P1; Hy U 2 % dihydro-2 H-isoindol-2-
143 58; &F w yl)-5-oxopent-3-en-2- 340 0.71
A-C-H-C-A" | MO E yl]azetidine-2-
F carboxamide
trifluoroacetate
fl N-[(2E,45)-1-(1,3-
H ’ ’
P1; HZNJﬁ( N\E/\)J\N dihydro-2 H-isoindol-2-
144 96; 2 0 zﬁ yl)-1-oxohept-2-en-4- 316 0.73
A-E-G-C-A’ HO&F yl]-L-alaninamide
P trifluoroacetate
q N-[(2E,45)-1-(2,3-
H ’ ’
P1; HW/LW(N\;”\«JkN dihydro-1H-indol-1-yl)-
145 96; o 0 3 1-oxohept-2-en-4-yl]-L- 316 0.78
A-E-G-C-A' HO&F alaninamide
P trifluoroacetate
WO
H
PI; Wy Sy clanylamino) V-
’ oo & alanylamino)-N-(4-
146 AE9(?,C A HO&F W methoxyphenyl)hept-2- 320 0.74
i F ide trifluoroacetat
£ enamide trifluoroacetate
) N-[(2E,48)-1-(1,3-
PI- M \/\)Oj\ dihydro-2H-isoindol-2-
147 96', HN N yl)-1-oxohept-2-en-4- 398 0.89
A-E-G-,C- A o o & yl]-3-thiophen-2-yl-L- ’
HO&F \ alaninamide
L trifluoroacetate
S
~ 0 gﬁ%fAi;L%ﬁ} 1)
. " ihydro-1H-indol-1-yl)-
148 gé’ HN NY\)J\N 1-oxohept-2-en-4-yl]-3- 308 0.81
P oo =& thiophen-2-yl-L- ‘
A-E-G-C-A F ﬁ alaninamide
HO .
LF trifluoroacetate
S\\ o}
Q ~ | (2E,45)-N-(4-
P1; H N H\/\)]\N/Q/ methoxyphenyl)-4-{[3-
149 96; oo % " (thiophen-2-yl)-L- 402 0.81
A-E-G-C-A' | o F W alanyl]amino}hept-2-
F enamide trifluoroacetate
L
K (2E,45)-4-{[(25)-2-
N
P1; HN \z/\)J\H aminobutanoyl]amino}-
150 96; i OF ﬁ N-(4- 334 0.74
A-E-G-C-A' | HO methoxyphenyl)hept-2-

enamide trifluoroacetate
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FNI JN111 H, Ir
- tetrahydro-1, 4-

H2N 0 0 HO (2[ 1((:)3Rs-:

244s) E) -

arl11:161n_200, x3-Nc: 4- -
epi m nonapht hal en-9- yl ] hex- 4-en-3- vyl }but anani de

trifluorosoevarE®42 0.7 169 Pl; 18, A-E-GZ-A " C POTRBYG 0/M137

HONN. 11. 111r. 00--..."H Ho (2E, 4S)-N-(4- nethoxypheny1)-4- |P -
(thi ophea—=2—yHr—+ _alanyl amneo——hex—2—-af (E‘S)"z‘%}'nmb' HHueroacetate—388
. . o _ ] n O
170 P1; |18; A-E G—ZPlA COO [(2E.48)-1-(1.3-dihydro-
» N EN
151 96; % ZH'LS"mel'Z'yl)'l' 330 0.74
A-L-G-C-A" ﬁ oxohept-2-en-4-
yl]butanamide
trifluoroacetate
o (25)-2-amino-N-
H “1-(2.3-dj ;
PI; N NNLN [(ZE,4S) 1-(2,3-dihydro
2 H 1H-indol-1-yl)-1-
152 96; oo = 330 0.8
A-L-G-C-A" . W oxohept-2-en-4-
Ho yl]butanamide
F trifluoroacetate
)
L
H (2E,45)-4-(L-
N ’
P1; H,N \:/\)J\M alanylamino)-4-
153 95; i OF AN cyclopropyl-N-(4- 318 0.68
A-X-H-C-A' | HO E methoxyphenyl)but-2-
F enamide trifluoroacetate
y o N-[(1S,2E)-1-
T R cyclopropyl4-(1.3-
154 95; 90 A QD e e | 314 | om
AX-H.C-A' F y )-4-qxobqt-2-en-l-y 1-
Ho F L-alaninamide
F trifluoroacetate
y 0 N-[(1S,2E)-1-
P wp s Ay avclopropyla0.-
155 95; 00 A Hyeno- L 0'1'”' 314 0.78
A-X-H-C-A' E 4-0X.0but-.2-en-l-y ]-L-
HO F alaninamide
F trifluoroacetate
)
o) ~ | N-{(18,2F)-1-
H
Pl H N N\/\)J\H/@ cyclopropyl-4-[(4- .
156 95 o) oF A methoxyphenyl)amino]- 346 0.74
AX-H.C-A' | Ho 4-oxobut-2-en-1-yl}-L-
£ F valinamide
trifluoroacetate
P cyclopropyl--(1.3
Pl; N PN cyclopropyl-4-(1,3-
2 H dihydro-2H-isoindol-2-
157 95; 0 0 & 342 0.74
AXHLC-A' VAN yl)-4-oxobut-2-en-1-yl]-
HO E L-valinamide
F trifluoroacetate
o N-[(1S,2E)-1-
H _4- -
PI; N N NJ\N cyclopropyl-4-(2,3
2 H dihydro-1H-indol-1-yl)-
158 95; 00 3 342 0.82
AXHLC-A' . AN 4-oxobut-2-en-1-yl]-L-
HO . valinamide
F trifluoroacetate
(285)-2-amino-2-
o cyclopentyl-N-[(18,2E)-
P1; y 1-cyclopropyl-4-(1,3-
159 95, - MN dihydro-2H-isoindol-2- 368 | 0.89
A-X-H-C-A' A yl)-4-oxobut-2-en-1-
HO E yl]ethanamide
F trifluoroacetate
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FNI-1'" ilit H2N="it 00----", HO N R3S, 4E) - 6- 0x0- 6-
(1, 2,3,4-tetrahydro-1, 4- epi m nonapht hal en-9- yl)hex-4-en-3 -yl] -3 -
t hi ophen-woybtiabsami nam de trifluoroacetate 410 0.77 17PCPAS208/04A3E-G C A

0 HZNNN o o0 HO N R3S, 4E)-6- (2, 3- di hydro-1Hindol-1 -y1)-
6- oxohex—4—eA—3—yi}—t—alaninam-de—t+rifluor n(gv‘gf at-e 2302 0—+3172RL—18;
' ' ammo -
A- E-GC-HA. o] N NI oo-,|.. HO - | H<FF H ey Open 15215}(
(2S) - 2- gm no- NR3S, 4F) - 6- ( [ khydr o] Q—I- i ndgl, cloph (2 s0xohex- 4- gn- 3-
yl 1 butanamyge tiriflgioroad dlhydro 1H1nd01 1yl | 368 | 096
A-X-H-C-A’ 4-oxobut-2-en-1-
yl]ethanamide
trifluoroacetate
o (28)-N-[(1S,2E)-1-
WHMN cyclopropyl-4-(1,3-
P1; Hy 5 % dihydro-2 H-isoindol-2-
161 95; F A yl)-4-oxobut-2-en-1- 326 0.65
A-C-H-C-A" | MO E yl]azetidine-2-
F carboxamide
trifluoroacetate
(28)-N-[(1S,2E)-1-
H\/\i cyclopropyl-4-(2,3-
P1; N i dihydro-1H-indol-1-yl)-
162 95; o O A 4-oxobut-2-en-1- 326 0.74
A-C-H-C-A' HO&F 8 yl]azetidine-2-
£ F carboxamide
trifluoroacetate
. (28)-N-[(1S,2E)-1-
o R\ cyclopropyl-4-oxo0-4-
P1: N H\/\)J\H/L >or {[5-(trifluoromethyl)-
’ o 0 A 1,3,4-thiadiazol-2-
163 95; YA i 376 0.77
AXH.C-A' | Ho i y ]amlr.lo.}but-Z-en-l-
F yl]azetidine-2-
carboxamide
trifluoroacetate
| D
P1; HO I ST thiadiazol-2-yl)amino]-
164 95; VAN 1-cyclopropyl-4-oxobut- 364 0.76
A-C-H-C-A" | " F 2-en-1-yl}azetidine-2-
F carboxamide
trifluoroacetate
o (285)-2-amino-N-
PI; . H\/\)J\N [(3S,4E)-6-(1,3-dihydr0-
2 H 2H-isoindol-2-yl)-6-
165 18; 00 = Q} hexden 3 316 0.65
A-E-G-Z-A' F oroneR-aTen
HO E yl]butanamide
F trifluoroacetate
N N-[(3S,4E)-6-(1,3-
= * dihydro-2H-isoindol-2
Plf HN H\/\)LN yl)-6-oxohex-4-en-3-yl]-
166 A El(i}%,Z A 0 0 I % 3-thiophen-2-yl-L- 384 0.71
i HO&F alaninamide
£ F trifluoroacetate
" Q QO\ (QE,45)-4-{[(25)-2
P1; HaN N\z/\)J\H aminobutanoyl]amino}-
167 18; i OF ~ N-(4- 320 0.66
A-E-G-Z-A' | HO F methoxyphenyl)hex-2-
F enamide trifluoroacetate
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316 0.72 173 P1;, 18; A-EEGCA

o Hr\l

N- R3S, 4E) - 6- (2, 3- di hydro-1Hindol-1 -yl)-
t hi ophen-woybtiabsami nam' de trifluoroacetate 384 0.79 172CPHS28/04A3TC- H B- A

0 FN - NHO O--

1
n

HO (25) - N- R3S, 4E) -
] 2

H2N oo-, ...,

Ho) H<
6- oxohex-4-en-3

flunrn

FF F
-yl]

-3 -

6- (1, 3- d| hydro 2H i soi ndo1l- 2-

214 ('\

=

Fal a l at 1 di Re car hovam tri cat at
{]7-)5 glol\ullbl\ Al J l_\rl. uarire [~ o AT ”UI\YQS{)\Q am'irllol LI ZA4 ! \Ja AV AN S & i = "
’ y {(35,4F)-6-0x0-6-
b, g( [(1RAS)-1,2,3.4-
168 18; £ tetrahydro-1,4- 342 0.7
A-FE-G-Z-A’ epiminonaphthalen-9-
HO&F yl]hex-4-en-3-
F yl}butanamide
trifluoroacetate
~ | (2E,45)-N-(4-
P1; HN \/\)J\ /©/ methoxyphenyl)-4-{[3-
169 18; o 5 (thiophen-2-yl)-L- 388 0.73
A-E-G-Z-A' | o F alanyl]amino}hex-2-
EF enamide trifluoroacetate
ST N-[(3S,4E)-6-0x0-6-
\ oL y (1,2,3,4-tetrahydro-1,4-
P1; N \/\)k epiminonaphthalen-9-
170 18; AN Iz i yl)hex-4-en-3-yl]-3- 410 0.77
A-E-G-Z-A' 0 ™~ thiophen-2-yl-L-
HO E alaninamide
F trifluoroacetate
0
H N-[(3S,4F)-6-(2,3-
P1; HN NNN dihydro-1H-indol-1-yl)-
171 18; 0 0 R 6-oxohex-4-en-3-yl]-L- 302 0.7
A-E-G-C-A HO&F alaninamide
Fr trifluoroacetate
o (25)-2-amino-N-
H -6-(2.3-di :
PI; - N\/\)J\N [(3S,4E') 6-(2,3-dihydro
2 H 1H-indol-1-yl)-6-
172 18; 0 o0 = 316 0.72
AE-G.C-A’ ™~ oxohex-4-en-3-
HO yl]butanamide
F trifluoroacetate
D N-[(3S,4E)-6-(2,3-
* dihydro-1H-indol-1-yl)-
P1; N
173 18 HoN NMN 6-oxohex-4-en-3-yl]-3- 384 0.79
A-E-G-C-A' 9 0 < thiophen-2-yl-L- )
" O&F alaninamide
£ F trifluoroacetate
0
H (285)-N-[(3S,4E)-6-(1,3-
P1- N NNN dihydro-2 H-isoindol-2-
’ 9 0 X yl)-6-oxohex-4-en-3-
174 A C-II?-;B- A HO&F yl]azetidine-2- 314 0.68
£ F carboxamide
trifluoroacetate
0 (25)-N-1(3S,4E)-6-(2,3-
H . .
PI; WNY\)J\N zhhydilo-llj -1nd§)1- 1-yD)-
175 18; "o o A ~OXOhEX-3-en-3- 314 0.61
A-C-H.C-A’ &F yl]azetidine-2-
HO F carboxamide
F trifluoroacetate
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18; ACHGCA o0 =NHO0-7,,, Fic)HF F F (2S)-N-R3S, 4E)-6-(2, 3-
di hydro-1Hindol-1 -yl)- 6-oxohex-4-en-3 - yl]azetidine-2- carboxam de
trifluorosocebarE@®id 0.61 WO 2011/ 019801PCT/ US2010/ 045P8T/UBZ@0M451318;

ACHGCA H HO FNII)tN -

H(ZS) N {(3S, 4E)-6-[(4-

met hoxyp
trifluor

fal
ey T )T 1TO

|
5 NSy N-{(3SAL)-6-[(a-
oacet at|e 318 0. 66 7 H\P/lx\’)LN

Vi an vl agat i At na 2 cat hoyvam da
7\ J LA ZAY A% ]

Ot

Pl- N y methoxyphenyl)amino]-
> H H H _ A A
176 18; o OF e 6]0X0h?§' 4 eZn 3 318 0.66
A-C-H-C-A' HO& yl}azeti ine-2-
Fr carboxamide

trifluoroacetate

H 0 N’N\ (ZS)'N'[(3S,4E)-6-OXO-
N\/\)J\N /QS%CFS 6-{[5-(trifluoromethyl)-

Pl; N M 1,3,4-thiadiazol-2-
177 18; TR yl]Jamino} hex-4-en-3- 392 0.79
A-C-H-C-A' HO&E yl]piperidine-2-
F carboxamide
trifluoroacetate

y i -fluorophenyl)-1,3,4-
P1; %NMﬁ /I\S%@F thiadiazol-2-yl]amino} -
178 18; i o~ 6-oxohex-4-en-3- 418 0.8
A-C-H-C-A" | " T+ yl]piperidine-2-
carboxamide
trifluoroacetate

(28)-N-[(35.,4E)-6-

o NN hyl[5-
. Y, | (methy
N\/\)]\N/kg‘w3 (trifluoromethyl)-1,3,4-

. N
PL; : 0 0 X ! thiadiazol-2-yl]lamino}-

179¢ 18;
o E 6-oxohex-4-en-3-
A-C-H-C-A HOJKFKF yl]piperidine-2-
carboxamide
trifluoroacetate

406 0.77

H 7 N-[(4E)-6-(2,3-dihydro-

P1; HZN%(NNN 1H-indol-1-y1)-1,1,1-

180 94; 6 o oF 6 trifluoro-6-oxohex-4-en- 356 0.77
A-E-H-C-A° HO&F ’ 3-yl]-L-alaninamide

£ F trifluoroacetate

10

15

20

*Example 81 'H NMR (MeOD) & ppm 7.13 - 7.35 (m, 5H), 7.03 (dd, J = 15.4, 5.9 Hz, 1H), 6.27 (dd, J = 15.3,
1.5 Hz, 1H), 4.60 - 4.66 (m, 1H), 3.85 (dd, J=11.9, 3.1 Hz, 1H), 3.41 - 3.47 (m, 1H), 3.03 - 3.11 (m, 1H), 2.72 -
2.82 (m, 2H), 2.69 (s, 3H), 2.31 - 2.38 (m, 1H), 1.81 - 2.09 (m, SH), 1.60 - 1.78 (m, 4H).

*Example 82 'H NMR (MeOD) & ppm 7.12 - 7.33 (m, 5H), 7.03 (dd, J=15.4, 5.9 Hz, 1H), 6.27 (dd, J = 15.6,
1.5 Hz, 1H), 4.54 - 4.69 (m, 1H), 3.86 (dd, J=11.9, 3.1 Hz, 1H), 3.38 - 3.54 (m, 1H), 3.07 (g, J = 7.5 Hz, 2H),
2.69 - 2.83 (m, 2H), 2.27 - 2.41 (m, 1H), 1.87 - 2.09 (m, SH), 1.63 - 1.85 (m, 4H), 1.41 (1, /= 7.5 Hz, 3H).

*Example 117 'H NMR (MeOD) & ppm 8.44 (d, J = 8.0 Hz, 1H), 8.17 (d, J= 7.8 Hz, 1H), 7.26 (d, /= 7.0 Hz,
1H), 7.19 (t, J="7.5 Hz, 1H), 7.07 (t, J = 7.4 Hz, 1H), 6.80 (dd, J = 15.2, 6.4 Hz, 1H), 6.44 (d, /= 15.1 Hz, 1H),
4.56 (1,J=7.2 Hz, 1H), 4.08 - 4.29 (m, 2H), 3.71 - 3.91 (m, 1H), 3.42 (d, /= 12.5 Hz, 1H), 3.24 (1, /= 7.9 Hz,
2H), 3.00 - 3.12 (m, 1H), 2.46 (q, /= 7.8 Hz, 1H), 2.27 (d, /= 11.0 Hz, 1H), 2.05 - 2.19 (m, 2H), 1.81 - 2.05 (m,
4H), 1.60 - 1.81 (m, 7H).

‘Example 118 "H NMR (MeOD) § ppm 8.50 (d, J = 8.0 Hz, 1H), 7.08 (dd, J = 15.3, 5.8 Hz, 1H), 6.28 (dd, J =
15.6, 1.5 Hz, 1H), 4.49 - 4.68 (m, 1H), 3.76 - 3.92 (m, 1H), 3.35 - 3.52 (m, 1H), 2.93 - 3.16 (m, 1H), 2.46 (q, J =
7.8 Hz, 1H), 2.33 (d, /= 13.3 Hz, 1H), 2.04 - 2.19 (m, 2H), 1.81 - 2.04 (m, 5H), 1.59 - 1.81 (m, 7H).

“Example 141 'H NMR (MeOD) & ppm 8.53 (d, J = 8.0 Hz, 1H), 7.08 (dd, J=15.2, 6.1 Hz, 1H), 6.76 (dd, J =
15.1, 1.3 Hz, 1H), 4.69 - 4.81 (m, 1H), 3.90 - 4.03 (m, 3H), 3.77 - 3.90 (m, 1H), 3.36 - 3.55 (m, 1H), 3.06 (td, J
=12.6,3.1 Hz, 1H), 2.30 (d, /= 12.0 Hz, 1H), 1.83 - 2.07 (m, 2H), 1.68 - 1.79 (m, 3H), 1.53 - 1.67 (m, 3H),
1.01(d, /=7.9 Hz, 3H), 1.00 (d, /=7.9 Hz, 3H).

‘Example 177 'H NMR (MeOD) & ppm 8.53 (d, J = 8.0 Hz, 1H), 7.11 (dd, J = 15.4, 5.6 Hz, 1H), 6.31 (dd, J=
15.3, 1.5 Hz, 1H), 4.49 - 4.65 (m, 1H), 3.87 (dd, J=11.7, 3.1 Hz, 1H), 3.40 - 3.52 (m, 1H), 2.98 - 3.13 (m, 1H),
2.27 - 2.40 (m, 1H), 1.87 - 2.10 (m, 2H), 1.66 - 1.87 (m, SH), 1.03 (t, /= 7.9 Hz, 3H).
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18; ACHCA Ho HO ---.., ONN H (2S)-N R3S, 4E) - 6- 0x06-
1[5-(trifluoronmethyl)- 1,3, 4-thiadiazol-2- yl]am no}hex-4-en- 3-

yl ] pi per i\dbmellz}wsﬂar boxam de trifluoroacetate 392 0.79 PT8/UBRO10DHS3137
A-CHCA = 0--, FON—--N\IipH(ZS) N R3S, 4E) - 6- 1] 5-

(4-fluoro 27yl } 0 e _
V11 pi por ?“ S Ryt h s ssal X Lo a0 Ber e i -

1H), 219 2.38 (m, 1H), 1.86 - 2.11 (m, 2H), 1.61 - 1.86 (m, SH), 1.04 (1, J= 7.9 Hz, 3H).

5 Example 181
(48)-N-[(18,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-(2-methylpropyl)-4-oxo-2-buten-1-yl|-4-

fluoro-L-prolinamide sulfate
F F

\/\)J\

«@
7

HOSOH

To a solution of 1,1-dimethylethyl (25,45)-2-({[(1S,2E)-4-(2,3-dihydro-1H-indol-1-
10 yl)-1-(2-methylpropyl)-4-oxo-2-buten-1-ylJamino } carbonyl)-4-fluoro-1-
pyrrolidinecarboxylate (52 mg, 0.110 mmol) in 1,4-dioxane (2.0 mL) was added concentrated
H,S04 (0.018 mL, 0.329 mmol). The reaction mixture was stirred overnight at RT. The
reaction mixture was then concentrated in vacuo and purified by reverse phase HPLC (10-
50% CH;CN/H,0) to afford the title compound (17 mg, 31%) as a white solid. LC-MS m/z
15 374 (M+H)", 0.83 min (ret time). "H NMR (400 MHz, MeOD) & ppm 8.17 (d, J = 8.0 Hz,
1H), 7.26 (d, J= 6.8 Hz, 1H), 7.13 - 7.22 (m, 1H), 6.97 - 7.09 (m, 1H), 6.84 (dd, /J=15.1,5.8
Hz, 1H), 6.46 (d, J=14.8 Hz, 1H), 5.46 (d, J=52.1 Hz, 1H), 4.70 - 4.76 (m, 1H), 4.59 (dd, J
=10.2,2.6 Hz, 1H), 4.07 - 4.29 (m, 2H), 3.71 - 3.91 (m, 1H), 3.52 - 3.69 (m, 1H), 3.23 (t,J
=8.0 Hz, 2H), 2.71 - 2.90 (m, 1H), 2.52 - 2.65 (m, 1H), 1.69 - 1.86 (m, 1H), 1.47 - 1.68 (m,
20 2H), 1.01 (d, J=8.0 Hz, 3H), 0.99 (d, J = 8.0 Hz, 3H).
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179g PI; 18; ACHCA HOHOFNL o. ----, -NWNS3 1 (25)-N R3S, 4E)-6-

| met hyl [5- (tnfluoronethyl)-1,3,4- thiadiazol-2-yl]am no}- 6-oxohex-4-en-3-
yl ] pi per ivwDrret121989ar boxam de trifluoroacetate 406 0.77 P8O/UR210045137
A-E-HCA HOo o Fr\io. cF3N N-R4E)-6-(2, 3-di hydrolHindol-1-y1)-1,1, 1-
trifl uoro-6-ox,ohi -4-en- 3-yl]-L-alaninamde trifluoroacetate

Biological Background:
Biological Assay(s)
The compounds according to Formula (I) are cathepsin C inhibitors, which

indirectly inhibit the activity of serine proteases that are activated by cathepsin C, such as
5  NE. The compounds according to Formula (I), therefore, are useful in the treatment of

COPD and other conditions involving cathepsin C and/or such serine proteases. The

biological activity of the compounds according to Formula (I) can be determined using

any suitable assay for determining the activity of a candidate compound as a cathepsin C

inhibitor or for determining the ability of a candidate compound to prevent the cathepsin

10 C mediated activation of certain serine proteases, as well as suitable tissue and in vivo

models. All examples were found to be cathepsin C inhibitors.

A. Transpeptidation of Leucine-Leucine-O-Methyl (LLOM) cell-based Luminescence
Viability Assay

15
Principle:

Cathepsin C has been shown to catalyze the transpeptidation of dipeptidyl methyl-
O —esters within the lysosomes of cells from the monocytic lineage such as HL60, U937
or THP1 causing a membranolytic effect that results in cell death (DL. Thiele, P. Lipsky

20  PNAS 1990 Vol. 87, pp. 83-87). This mechanism was used to assess Cathepsin C in cells
activity in the presence of the compounds of the invention.

Frozen HL-60 cells were resuspended at 1.25 x 10° cells/mL in fresh prewarmed
Iscove’s modified Dulbeccos’ medium (IMDM, contains 25 mM glutamine) with 20 %
FBS. This suspension was dispensed (8 uL) into white low volume 384 well plates.

25  Plates were previously stamped with 100 nL of compound at a top concentration of 2.5
mM and serially diluted 1:3. Control and blank wells contained 100 nL of DMSO. Each
well then received 2 pL of a fresh 1.25 mM solution of leucine-leucine-OMethyl (LLOM,
Bachem) in IMDM plus 25 mM HEPES (final concentration LLOM 250 uM). The plates
were covered and incubated for 4 h at 37 °C in a 5% CO; incubator, then removed and

30  equilibrated to room temperature for 10 min. Cell viability was determined with a
CellTiter-Glo luminescent assay (Promega) according to the manufacturer’s instructions.

Cell viability was compared to controls containing no LLOM (100 %).
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356 0.77 'Exanple 81 1H NVR (MeOD) 6 ppm 7.13 - 7.35 (m 5H), 7.03 (dd, J=

15.4, 5.9 Hz, 1H), 6.27 (dd, J = 15.3, 1.5 Hz, 1H), 4.60 - 4.66 (m 1H),

3.85 (dd,wo=20l10198013. 1 Hz, 1H), 3.41 -3.47 (m 1H), 3.02CIB2d1/045137 1H),

2.72 - 2.82 (m 2H), 2.69 (s, 3H), 2.31 - 2.38 (m 1H), 1.81 -2.09 (m 5H),

1.60 - 1.78 (m 4H). bExanple 82 1H NVR (MeOD) 6 ppm 7.12 - 7.33 (m

5H) 7.03 (dd, J= 15.4, 5.9 Hz, 1H), 6.27 (dd, J= 15.6, 51.5 Hz, 1H), 4.54
. 69 (”B ﬂl'ﬁ‘)nan:fie%@oﬁlqﬂCatﬂle sjrﬂ-CgAss%l Hz, 1H), 3.38 - 3.54 (m 1H), 3.07
J= 7. 2H). B L 2,27 - 2.41 (m 1H), 1.87 -2.09 (m
1. 63 - 1 BTBuKrcmhlksl@MM) wlere (Stolatclizfrdrn&umn p8tipheralblerduisenglstndard NVR

(a,

St

(7Ng D) 6 E§ ‘[Ho% t?r}éf mi‘tg %Wasﬂégrére obef lﬁstﬂle:lco;Pﬁq%PluiE%me7 %g Eg d, J J
15

~ 4.

7.

. 2, 5 4Bi‘d>7501eﬁ&’@s) Rl %tﬁfq%ed]aﬁ 409 -glat Ir‘Bom k'fﬂper&ul%ffof 30 mIt Threlibloobtdell 4. 08
29 (m 2H), 3.71 - 3 d, J=12.5 Hz, 1H), 3,24 (t, J=
9 Hz, 109Kfs wereaesuspudee iy Hmhos@amable re sating vgthapt CaHpr Me'27 (d,  J=

aexarpl o TR PR TPl § datiory I Pagdidisg b A e (3170

15.3, 5. 8nd'H3 tuﬁxdrsl)wetﬁ n&i&ec( biydmvéfsmh531ﬁi alﬂovﬁ:dl‘ﬂz ,Staﬂl&l)lt roénﬁtﬁmpeﬂlt&8 f((rrﬂ!O 1H),
3.76 - 3.92 n}l 35 - (m 2.46 (q, J=
7.8 Hz, 1pyn. Bt %@yzr&boyéthfse@cqi@ W%wpﬂeczemenm@lgfé a(%? a,rfan gfntési 2.04 (m

5 H) H%O 59?%5&513%}[% 30%1@ Red b]réoch;e%gg?e IS, %ﬁéﬂ_@)’_%(y}ﬁ)é‘( &@%Q}m @te?lﬁ)%%vgtep for g‘é J=

1H) 4 69sec, ﬂalﬁiwe(inmn&ﬂi)atelﬁb@@ddltldn 682 (rh 1BHPBS3 @steﬁe @0ol{artedlihl, 3.36 -

3.55 1 t = 2.30 (d, J= 12.0 Hz, 1H),
1.83 - m2 6‘% 5%4))(2 ’il%aceﬂs@l%v@l’(%%aio %%%ﬂ“n 1, 6(7 (m 3H), 1. Ol(dH)
J=7.9 Hz, 3H) C@)n@guﬁ&:we}eﬁre?aféﬁ:m §é’r’)al three-@i@ﬁﬁﬁﬁot%%?artlﬁé Ma(té\f?()[)) 6 ppm

853(d J=8.0 Hz dd, J=
2015. 3, 1C®centratmlﬂl)of 1@ i solm1065n PMS@HPMIS V\&Tfe v(hdmweﬂe:plmd‘m WSH&mHz 1H),

?m402}_6 ?g@gf?q&g%tt?z %gtl_ef)cu gtg% (?L),O?Bg Illen ]ép')}&)( %mpH?md s 87 - 2.10
2011/ 0198QdRGTA um&ﬁ)é&fk%ﬂt@ﬁlon) to the wells in triplicate, plates were mixed for 5 min on
a plate shaker and then incubated for 30 min at 37 °C, 5% CO,. Substrate (H-Gly-Arg),
R110 was added (5 pL of a 0.5 mM solution in PBS) and plates incubated for a further 3
h. The cleavage of substrate was measured at using an excitation wavelength of 485 nm
20  and an emission wavelength of 530 nm. Compounds were compared to controls
containing DMSO only and ICsy’s were determined using non-linear regression curve fit

analysis (GraphPad Prism).

C. Recombinant Cathepsin C in vitro assay:

25 The activity of recombinant human cathepsin C was measured by the cleavage of
a fluorogenic substrate, H-Ser-Tyr-AMC. Briefly, 24 pM cathepsin C was incubated with
test compound (e.g. inhibitor) in a buffer consisting of 50 mM sodium acetate, 30 mM
sodium chloride, 1 mM CHAPS, 1 mM dithiothreitol, 1 mM EDTA, pH 5.5 at room
temperature for one hour. After one hour of incubating test compound with cathepsin C,

30  the activity assay was initiated by the addition of an equal volume of 0.010 mM H-Ser-
Tyr-AMC in the same buffer. After one hour, the activity assay was stopped by the

addition of 1/5 volume of 100 pM E-64. The reaction product was measured on a

146



Exanple 179 1H NVR (MeOD) 6 ppm 8.56 (d, J= 8.0 Hz, 1H), 7.09 (dd, J= 15. 2,
6.1 Hz, 1H), 6.78 (dd, J= 15.1, 1.5 Hz, 1H), 4.51 -4.67 (m 1H), 3.92 (s,
3H), 3.82w02811909%0m 1H), 3.37 - 3.53 (m 1H), 2.98 - 3PCE/USA10DKHI37 2. 19 -
2.38 (m 1H), 1.86 - 2.11 (m 2H), 1.61 - 1.86 (m 5H), 1.04 (t, J= 7.9 Hz,
3H). 5 Exanple 181 L .
(45)-N 1 BUbRyecq maderaiety P Sxdttion g pngtyef 269 DA B IbY 1Yl oRedko- 2- but
1-y1]- 6f4éd Mﬁraﬁd'e lﬁﬁ%dﬂﬁlﬁth@O i didtrSic mirror. To a sol ution of
11d|rrethy et hyl % ) ({[(1S, 2E)-4-(2, 3-di hydro- 1Hi ndol- 1-

10y1)-1-( 2- rret )11 ﬁ:lkwyllg Elqaropd@nznibaltsenpr@seylt preéariadgompoandsaryhiy imchtioor o- 1-

pyrrolid| yl.a 5 1 2

added con ent ?g(&é‘H;gé% f%qglé(?r%]f 9%)%@ r%r?o%gl 3A}’l'gie' 4ée£§tslg)o?£r’?1gt%bre was
stirregl oyergy, l5‘t683176% 791, DRt 1o 1M XL W, €24a85] 118 120NGENtIAL £6l i N
vacuo and ur| Ilvé‘rever se hase HPLC 10- 50% CH3CN/ H20) to afford the

title coml) rlél(ll@ 1§1%74aé 2 afilve @Mfﬂlow@mrmlznwa@Hrm , 0.83

(. 5=°6, lepdre phfetbitsien e R EBEL Y 871 fidoy I 33 b4y 32
15,1, 5, Bams 34, 05,05, 68, 6076316k 86447, T0H), 73, 7674 05, 9% 0251, Sz 8304), 4. 70

- 4.76

© 40 (M 08 (b Qs st nod s e ok tiiigd et 3 73
(m 1 6 1 ( : 1 202

(m . %‘@d %1@@18 B %ﬁ %901%)9 %1 61%2 13]5' g§4 175 %@ 13%61?, 1421188 141 145202H) ,
2011/ 0198(D4PG¥F8LB®015H 45132, |BS43I16@; ), lﬁadlég;mmam&%ej b, ¢al, 1A8sEA(S) The
conmpounds ?fﬁ%di gt orrmula (1) are cathepsin Cinhibitors, which
indirectl;lz b@’f‘ tivity of serine proteases that are activated by

cathepsin C, sggh c&ﬁPémHEof %@%&%ﬁ@@p@%@&cpﬁ g nGnivd 098 H&{hﬂols(d ¢

therefore, are useful in the treatnment of COPD and other conditions
i nvol vi nginbétitielpkis deCraingd osing tismbore methad) et waseyrativheofbi@hogi cal activity

of the. conpounds rdi t o For.nmu et erm ned using any

oui t ab o BRERHR SODHRRIA RerEHdHB 0 bl off Frdied FhPE edRieta s a
cat hepsi nEGarhpidi3ixh®ite@50¢0fatit@tiararinhiviGor it @AbdrtiaioRbf @ppraxiiatdy €
conmpound to grevent the cathepsin 10C nedi ated activation of certain serine

pr ot eases 1,088 ni\k| Prefpsred gpomppiedstdf dlaqiaverrgn; o hipit 4 “mrindiétigon g donespaigieess wer e
found to QP frgﬁtarﬂs%%('nﬂatglf 1?)'6 MR t$ gﬁproxnnately 0.01 nM. For instance, the compound of
Example 1 exhibited 50% cathepsin C inhibition at a concentration of approximately 100
20  nM. More preferred compounds of the invention exhibit 50% inhibition at concentrations

of from approximately 10 nM to approximately 0.01 nM.

The compounds of the invention are believed to be useful in therapy as defined
above and to not have unacceptable or untoward effects when used in compliance with a
25  permitted therapeutic regime.
The foregoing examples and assay have been set forth to illustrate the invention,
not limit it. What is reserved to the inventors is to be determined by reference to the

claims.
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A. Transpeptidation of Leucine-Leucine-O Methyl (LLOVW cell-based

Lum nescence Viability Assay 15 Principle: Cat hepsin C has been shown
to cat al ywe 20hie1vsoanspepti dati on of di peptidyl nethyl () PCeatseos/owdBhi n t he
| ysosonmes of cells fromthe nonocytic |ineage such as HL60, W937 or THP1
causi ng a_nenbr anol Xti'c effect that results in cell death (DL. Thiele, P.

Li psky 20 844865Vl . 87, pp. 83-87). This mechani smwas used to assess
Cathepsin C injcellssagh dfdﬁdYacb&ng% PoEm&L¢H o?h p@lﬁ'ﬁna%@ﬁf%ﬂg‘déce?fabwe

i nvention. Frozen HL-60 cells were resuspended at 1.25 x 105 cells/nL
in fresh paletharcnfd | scove' s nodifi ed Dul beccos' nedium (1 MDM contains 25
mM gl utam ne) with 20 % FBS. Thi s, suspensi on_was di spensed (8 [iL) into
white | ow vol une 384 well platefR 25,Pl ates re %r\/levi ously stanmped with
100 nL of conpound at a toRkondent Nt i of 2. 5DRMM and serially diluted
1:3. Control and blank wells i}l)nt ned? 100"nL Nf DVSO. Each well then
received 2 1AL of a fresh 1.258 mM@ol gl on of %ucige-l euci ne- Qvet hyl

(LLOM Bachem) in I MM plus 25 nM HEPES (final concé€ntration LLOM 250 [tM.
The plateghaeie covered and incubated for 4 h at 37 Cin a 5% CO2

i ncubator, then renoyed and 30 equilibrated to roomtenperature for 10 mn.
Cel | vi abilityRwesd Betsregtihimdepdndantly scddereri frem L@ gronppensissiog of hydregan,

Corpar od {9 CautybRe EohPantl R GV R Lo ope i te - (RbolhRyl 1Y vas
2011/ 0198 RCHBiSAM D AetcddcyBloatymait ; Neydyc Ryl (CCathelpai n C Assay
Neut rophi |l s MN) were isolated from human &(jrl pheral bl ood using standard

P
net hods. (@ﬁ'é@Fié‘flO,al@fBlYKE11963?@@’1V\1ﬁ‘éerp‘éxﬁé‘?aélﬂ’l dro)alkylppryEibetsrogpglque Pl us

(Amrer gha FOS€H e ri at 400 g at roomtenperature for 30

m n. wemﬁm%ﬁ%@eﬁd%E%P%?gbﬁgﬁ%ﬂ%suspended in 35 nL

phosphat e- buf f er ed saékicieany (Chalyhallcd2(@FCHIREny( RBBYL ;-(Driityhghis Dphdally

(Pharmacia, 6 %salutjon in PBS) was added to each tube 2 . tupes were

m xed by i nver $YSHULHRICAP (G HMEY 189cRR e&flyflzyo-%cﬁse%@?,aﬁbz@%@r)aﬁs@fm n.

The | ayer above 1 s _ . ri | 0 g, and
SCORBILRE, R SRR AENRE.CHRRLE %@%gﬂg?ag%

gently 10 resuspended m..” Red bl ood cells were |ys ition of 18
nL sterile wat SOMN(GBE38kyl, £56).NeGe€ s jatayb(@l «i.¢dllyyl bymmd di: i Gnalbylamingl, 10X

PBS. l1's wer |1 ect ed esuspended 't o 5 cells/m in PBS with
0.1 %gel ati n.?@%MXE%@Q‘%V@H&P&EX‘%O’%‘?fa&}ﬁ#_ ¥Pol d di | utions
starting with a tOpa&P{%}ﬁ@f@{nrﬁEﬂc?lﬁloQﬂ(yﬂ,Q ARSI LH SRt IdaNyPNGRO. PMN were then
were plated in wells in 1596-well flat-%ottomtlssue culture plates in

(20, 000 cel | s heterpgpeloalkyl stonpiowptionly sabisiddted oneto theegdimesondepandantiyon) to

th I1s in t{iphi i xed i Kk d
then' 1 noubat ea?t fr-Ea kTG CSB Mg, TES et TR TER o IURIES Tas
added (5 ut, ofC@NOCSCHMKSICWA,RIkyilNSPBR),-@nakpl, B@NHEGubadled, for a

further 3 h. The cl eavag;e of substrate was neasured at using an excitation

wavel ghgt h of 2N f-40)dnd(GrCatiels pamontvet opllylnBno.530 nm  Conmpounds
d LA | ' det 1 ned
isi g non i nedE GBI cenbRy DAoL AT, & Ak T E deLsTm e

Reconbi nant Catdydi5+Gy)dkylnwhertmahasisayioip dheidetyl vt dryl(6f-Cyptdoiid nant human
cat hepsin C was neasured by the cleavage of .a fluorogeni c substrate,

H- Ser - Tyr - AMC. OEﬂ‘?f@ﬁVWbS?H“ifkﬂ“}?atPﬁ]érﬁgﬁ ot D aR - st conpound
(e g inhibitor)cia)abuhlghxcossictd paKkedy:50 MM sodi um acetate, 30 mM
Sodum chi or§ ! 14)n1\/PCI—IgP§,X§i Tdi PR athrei tol . 1 mM EDTA. pH 5.5 at room
t enpeRat ure for oneambwherelfangrargre hhiwurargdfgroupcisloatidpmadlytsebstitaiodpoatod wi t h

cqual vol ume oftrts 20" A-PEGERTS e b TR i B or “one hour
the activity agsay)dodkaRped, oy)hhalgddvhincol(cliG)apyiume of 100 uM

E-64. The reaction@?roduct was nmeasured on a WO

2011/ 019801 PCT+UINbH 01-04B1ky T, -CON(6n € sidlnd €C ireadlbyl, s¥@(at-Calalkekci t at i on

wavel ength of 369 \icand s ION PR AIHC ClufiOuRitoad. CoHPRRH th 2
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The foll ow ng Exanpl e nunbers represent preferred conpounds of this

i nvention: 5 10 The conpounds of the invention (Exanples 1-181)
exhi bit 58@20uattiespsi n C i nhibition (as determ ned usi ngPChaSaiowes1aet hod)
at concentrations of from 15 appr oxi rrately 5,000 nMto approxinmately 0.01

i bi L onat - GCe SR R o AP RoRar -1 D06 P SR U RBR
conmpounds of t |Hgye@5gd,pWld%bglk}ﬁ%@ﬂe@}b%f(cgmmkﬁoncentratl ons of from

approxi mately 100 nMt o  approxi nat €l or’ i nstance, the conpound
of Exanple 1 exhibited SQ%EmMme'ylmr(hetmrbhmomydtsaei aryinb@nltoaafd,l on of

approxi mately 100 20 re .pref rred s of t i nven xhi bi t
505 t i bi t1on at cORMETCFARE HsRerpSlE SRR PHR Rty M il e B
approxs mately 0.01 fe times, mdepéfri&nﬁ%ra@qmmg%nofcpgW@llamyaﬂmu Rytiretye, del i eved

to be useful in ther apé as defined ove and to not have unaccept abl e or
untoward effects wh&m-boalioxyi conpliance with a 25perm tted therapeutic

regime. The foregoi ng exaipl.s. andassey HaveI0eSh a8l QLbll@a bhl st rate

the invention, not limt ors I s

det ermi ned by ref er éneetithes, indkpeldhtl®, by mmat4)a115ylpdr§tl oEbete®aryl;, A conpound
according to Formula (1) or a pharnmaceutically acceptable salt .thereof:

Swher ei n: R and R2 are@“&‘éﬁnlsﬁéélﬁér‘?ﬂéﬁtﬁ%ﬁ%é@ erttosally pubstituted Yrcoup
i f hyd k | |,
((:(C):g.SI ng gal kzl rogen q??%ﬁo k}eﬁnyﬁ)&g%%?é?h)%@gcyc ggl% @?&M’ny
?(ca:gegg;:ycl f)al Ik)izl I(C3 C8)15zq,rokyiad)ﬂ<(ﬁ] (@)almyal I k?/lk (G- CB) al kyl I
cycl oal ke e cl oal kyl.(C,- C8) a ,,aryl,
hereronryl . 1081 B1 Hd R EaRa g horin ferairoeany (e cpameathed it  ei n
any (G - %)Sa{d@’ hlen{b@?ed%‘?lﬂ?‘itg&Wﬁnsaﬁ?até@n%%@dﬂﬁ}wlél)nthﬁn%%de%l?ér| y

substituted one to three tines, independe cyano

- 02( G - Chjtatokipin whiChNIHO X 2eTA) it g, OF smu(@er@n)sandmg@@pmaaymed toa

- 020 - A oyt dptaprton i s 5 BRI ot art o

15( (G - C4) al kybp R Sd ARk} @B Wk tHEYHr 630 to waiicH Bhy &é)athKi@dYepresent  and

wherein any cycl oal kyl, cycl oal kenyl, bicycl oal kyl, or heterocyc oaIkyI
group is Bft lolkmembaied drideed bigydiseringsysisreeptionais fusphepEndeneicoalipy,

G- al 02( Cl1-4) al kyl CO\IHClC4IkI,
(CO\I( 01) aF&F‘i?C f@%?@:‘ %?:[‘létg"é&g{%%oc;al) al k3(/l -S)OZINH{Ci C4) al f<y| yalky
2(()0802 CT§ Cllkclztg (a( oty dfbgelﬁﬁ()(?l)-ﬂigydlkyla(ﬁ1¢%g)h£(lﬁ?|llkﬁ?%égl—d§§)hlalﬁit(y‘lO(Cz-Cg)alllqynyl

a am no r oX - a oxy, ar or
aryl (8 AR ballod) G Wél%#lgﬂnyh%%gy%mlo%illéca&g)ﬁlkéﬂfyary| G -y al kyl

i's optlon t | ogen,
- CF3, 6%4? J?}t@?&lk%ﬂxy or (a@l?@@)eaﬁ%g%( 9/)& H%geglgﬁ%dﬁedr@élle tr%/b&f r%leeaar yl or
het er oar yhryglcm(p)al]sylopbptmmally yulstibsdd dnette throngnics induperddntlygsy halogen,

i ndepende hal ogen, (G -GC6)al kyl, (C3-C6)cycl oal kyl,
(C5- C6) cy ¢loé‘f)ﬂlg&g7 (?% C6) hal oal kyl, cyano, -C 02(C 1 -C4)al kyl,

CONH( Gi - C4) al kgt is hﬁ%ﬁ% (G40 A1yl (EGe GAkah VG, -C ARSI -(EH@)¥loelkyl,
25  (C;3-Cy)eycloalkyl(Cy-Cy)alkyl, cyano(C,-C,)alkyl, hydroxy(C,-C;)alkyl,
methoxy(C;-Cy)alkyl, aryl(C,-Cy)alkyl, or heteroaryl(C,-C,)alkyl, wherein the heteroaryl
moiety of said heteroaryl(C;-C,)alkyl is a 5S-membered aromatic ring containing one
heteroatom which is oxygen or sulfur and optionally containing one or two nitrogen
atoms; and
30 R’ is hydrogen or methyl;
or R* and R’ taken together with atoms through which they are connected form a

4- to 6-membered saturated ring optionally substituted one or two times, independently,
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SO2NH( C1- C4) al kyl, -SO2N(Ci -4) al kyl (G -C4) al kyl, ami no, (G -C4)al kyl am no,
WD 2011/ 019801PCT/ US2010/ 045137 ((Ci -C4)al kyl) (( G -C4)al kyl ) am no,

hydr oxyl ,wOChti@¥ysh koxy, (Cl-C4)al kylthio-, aryl, heter@amryis2010/045137

aryl (G -C4)al kyl, or heteroaryl (C -C4)al kyl ; wherein any aryl or

het i et i d h , (Ci.-C4)al kyl
et or oar o Py Brioga) aftky £5416: Bt ol grainlti-CartiaGHET b 5t hr ee i mes,
i ndependepid, \,)dny 1 Cg@ 0995!11( r)&}ﬁﬁm hfdrofsA) @, kc'4:)a1k&ag%pmc4 )Ry kiish=; C4) al koxy;

and wherern any ( oa kyl 1s optionally substltuted one’to three
times, indbpendsend fiyg lsmptlpally(fmyai tloyal (Csﬁsydycloalrkyhengr oaryl; wherein said
aryl or heteroaryl is optionally substituted one 10to three tines,

i ndependently, by hal ogen, -CF3, (G -C4)alkyl, hydroxyl, or (G -C4)al koxy;

or R snd R2 taken tragesdpsunddrRalk ReoRdihg ROERIrh Q, Whkeh Rh@)éeléét@d%hﬁChEd
represent a 5- to 7-nenbered saturated or unsaturated r | ng optionally

\(/:\ﬁnt ai ni nQlecﬁii@lmfﬁlél&lh@tb%&MW(@Wﬂ@@@}]@érﬂCnﬁ@bl@Wlﬁ(}Erl sul fur,
hete rerelocr:]yiﬁ%)tg K {]Qalkfl ﬁf) C-ﬁ@;ﬂéh% er%?ly@)algﬁﬁpﬁél&%egg %y‘%&?akgn t oget her

with the phéﬂyt(@@mzbabkydbwﬁéremmy cqtlealayl @dfwsilocryewaﬁ@@gtoupas éptidnallst0- nenber ed
bridged bicyclic ring systemoptionally fused to a ) cycl oal kyl ,

het er ocycﬁ%tlmd ongrty FWO HmeﬁéP@?P@5¢ler b -Raalkyl, ré/]a%r BE)@HXY (25 Ca8) al kyl

?%i)j@ | kyl,
%@ Cny‘O é{{%g G%} %h%ﬁ??yc y(i) g @?r @MQX{(W%%QS&MN& di 8! Ky
(C5 C6) c%/c/v@ajnleeng{de@@deﬁayfbgmdlggem (@F@J)@lﬁll— @Eggqunb G/(Dué(d ?eCm)aﬂdyéharyl
noi ety of t - a ona substituted one to three

ti rresy B%‘%Bﬁ@e& ,>a1§§l’)‘>h8rgéléﬁ5a\?<§§fthlea) al iyl or -CF3; R4 is hydrogen,
(G-cA4) aI kyl, (C2-05)al kenyl, (C2-05)alkynyl, (CS 05) cycl oal kyl ,

25(C3-¢4) cycl oal kyl (G -C2) al kyI cyano( G - CZ) al kyl, hydroxy(Gi - CZ) al kyl ,
met hoxy(Ci - CZ) al kyl Thacgmp(@nd@)salt kgdording tohather oﬁ@&air(lﬂicwjlenekylk iswher ei n

oot o Pray! elReg R BRke sl PR A A e h S by bRodsr LFE RN
opti onal I &CﬁoﬂﬁaalanG@z(QPQ Tkyl, W9 dfix I, QO £.0 , RIKORS,; ord 0L (3 RIRG Iihso-hy dr ogen or

nmet hyl ; and R5 taken together with atons through which they are
connect ed forma 4- to 6-nmenbered saturated ring optionally substituted one

or Lo Ui mes, | ndepgpdeith dng YO POLH AOROIECTLUSRAAANGT LN el oven,

-C F3, cyano, am no,

((G -C4) ahydkbﬁdd@m@ﬁylal kyl)am no, hydroxyl, (C-C4)alkoxy, or (C1
-C4)al kylthio-; wherein said ring is optlonally fused to a

(C3- 0%9 cycl oal kyI ring. 52. The conmpound or salt accordi ng to Caimil,

wherein R is sel ectgd c&{lﬁéﬂnd or salt according to Claim 1, wherein R' and R? taken
together with the nitrogen to which they are attached represent a 5- to 7-membered
saturated or unsaturated ring optionally containing one other heteroatom which is oxygen,
nitrogen, or sulfur; wherein said ring is optionally fused to a (Cs-Cs)cycloalkyl,

25  heterocycloalkyl, aryl, or heteroaryl ring.

6. The compound or salt according to Claim 1, wherein R' and R? taken
together with the nitrogen to which they are attached represent a 5- to 6-membered
saturated or unsaturated ring optionally fused to a phenyl moiety.

30
7. The compound or salt according to any one of Claims 1-6, wherein R? is

hydrogen, (C;-Ce)alkyl, (C;-Ce)haloalkyl, (Cs-Ce)cycloalkyl, (C3-Ce)cycloalkyl(C;-
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the group consisting of (G -C6)al kyl, (C3-C7)cycloal kyl,

(C7-C9) bi cycl oal kyl, heterocycl oal kyl, (C3-C7)cycl oal kyl (C -C2) al kyl ,
phenyl , h&0epoanydol and phenyl (G - C2)al kyl ; wherei n anyPcyaiSe@ioloy313or

het er ocycl oal kyl group is optionally substituted one to two tines,

i ndependently, by (G -C4) |, -CF3, hydroxyl, or (Cl- 1 ) al koxy, and
wher ei n aﬁyaﬁ%&yﬂ)f‘a}ﬂ@f@baﬁgwywhaﬁ%%eip c Em%ﬁapf e@&ﬁ%ﬁ?f‘fu@@i& to two
ti mes, i ndERGRAETEHbYiwEYoRAbIREB infel in@ealidnl; by FiGecrCY@NO, alkyl

L 0R( G - CAp e Suptiuef oA TS tnd d|1ﬁ§§p§7, or b’( oy e YT Tk or 3.
The conpotliltt. or salt according to either of Clains 1-2, wherein R is
15phenyl optionally substituted one to two tines, independently, by

hal ogen, (G -C4)al kyl, -CF3, cyano, -C 02(C 1 -C4)al kyl, hydroxyl,

(G - CH al koxy, gor ( @he C4hpdidldrRhl@according to a%on}%‘?@ﬂﬁi@@@d@% sal t
according to a%one of ainms 1-3, wherein i s hydrogen or nethyl. 20

5. The coffpoundlkylord&lCoyeloetkivH§ 11o)atkdi m 1, wherein R and R2 taken
together with the nitrogen to which they are attached represent a 5- to
7-menbered saturated or unsaturated ring optionally containing one other
het er oat om whi 8h i sThxy@apoundidriselgestording sldryne ofli4igis N -&aitbrdin RY id S

optional | % fused to a ](kC?,- C8)§g)ycl oal klxl , 25heteroLc%ZcI oal kﬁl ,.aryl, or

het er oar yhygpggy (Ci-Caalkyg (Cyieicrelaplbuihgr bitcroam(CGalodblnghesindhgi m 1,

wher ej . : bt Qi tar i ey are

att acL@dR%leet%?)g entotlg& @ Sa{lgggt%%g%glegz)ggﬁulrg gtse@g%rge%gg%arqgtre ring

opt i onal | yorftusexg dno hatepdatory whiai 8 byygcdr sulfur andoptidhedlycawmpaning one osal t
according to any one of Clainms 1-6, wherein R3 is hydrogen, (G -C6)alkyl,
(Gi - C8) haf%° alitfwé?l} aPBs. o) cycl o al kyl, (C3-C6)cycloal kyl (G- C4)al kyl, or
phenyl (G -C4) al kyl ; wherein the phenyl noiety of the phenyl (G -C4)al kyl is
optionally substituted one to three tines, independently, by hal ogen,
(Ci-C4)al kyl, &9. - CFBe ca8paing oz ontb eenedling tosaiytonsof 6iainsd -&,ovhengin Bnés of

d ai 1- i s j - | kyl, or . (C3; | oal kyl (Ci - C2) al kyl . 9.
The gg oﬁ%gé?ﬁggﬁ@-gg@s@a?ﬁg, %thgewl(gg'@%ﬁ(y% ains 1-8, wherein R4 is
hydr ogen, (G -C4)al kyl, (C3-05)cycloal kyl, or heteroaryl (G -C2)al kyl;
wherein the 10heteroaryl noiety of said heteroaryl (G -C2)alkyl is,a

5- menber ed ar ohht i c Th¢ pempeHdair il accordEng i ayaare meH-8.9vhsxsig En ior

sul fur an i | .l tal ni . | L rogen atons. 10. The
conpound %lreﬂg'qa’le?tﬂg’cltszgrrgﬁg‘%{cgdpgﬁtyggﬁg%&eh%%ﬁé' 1-8, wherein R4 is

15(C -C4) al kyl, (C3-05)cycloal kyl, or thienyl (G -C2)alkyl. 11. The
conpound or salt according to any one of Clainms 1-8, wherein R4 is.nethyl,
ethyl 20§ sopropy?, cyBf epyapeupd or salt sccopdingin ytangiof Gams Ithe WhsHRENS or
salt accof .ngT&.O any one of dains 1-11, wherein RS is hydrogen. 13.The
conmpound or salt according to any one of Clains 1-8, wherein R4 and R5
taken together with atons through which they are connected forma 4- to

6- member ed 25sqtur ated 140g, 9RLI APALL Y Sy BRI ST RSO R ¥
R’ taken together with atoms through which they are connected form a 4- to 6-membered
25  saturated ring optionally substituted one or two times, independently, by halogen, -CF3,
cyano, (Ci-Cy)alkyl, amino, (C;-Cs)alkylamino, ((C;-Cs)alkyl)((C;-Cy)alkyl)amino,
hydroxyl, (C;-Cs)alkoxy, or (C;-Cy)alkylthio-; wherein said ring is optionally fused to a

(Cs-Cs)cycloalkyl ring.

30 14, The compound or salt according to any one of Claims 1-8, wherein R* and
R’ taken together with atoms through which they are connected form a 4- to 6-membered

saturated ring optionally substituted one or two times, independently, by halogen, -CF3,
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cyano, (C1 -C)alkyl, amno, (C1 -C4)alkyl am no,

((G-C4)alkyl) ((G -C4)al kyl)am no, hydroxyl, (G -C4)alkoxy, or

(G - C4) alwglzotimogoiwherein said ring is optionally fuse@#CTasa010/045137

(C3-05) cycl oal kyI ring. 3014. The conpound or salt according to any one of
Clains 1-8, wher R4 and R5 akento ether with atons hro whi ch t hey
are conne8¥aé‘8 ] 4mino, DXk Asdr ey SapebHHe P”i’lﬁbel%ﬁl SREHT tgoaﬁlixi t ut ed

one or twy, @gg@q@ ntIy, by hal ogen, - CF3,
2011/019801PCT/ U§’20 451 7 cyano, nethyl, amno, hydroxyl, met hoxy, or
met hyl t hi o-; wherein said ring is optional I y fused to a cyclopropyl ring.

15. The conpou or ¢ alt accardi ei n R4 and
L IR N IR O 0 G B T S T
to 6- nenber edes @dgéfhetr Wi'thraltd'iﬁls ORSuBRAlitY the{ Bt dohHE@EH RYmPa 4-C 6-m&fiBere€yano,
met hyl , met hoxy, or hi o-. 16. The compound or salt

accor di ngS%tha&ﬁylﬂgrm?UQflalél wibpEUEdDyY Falkdr£iFn, manaymacthy). methoskea t oget her
with ato *ﬁ’ﬁ h which they are connected forma 4- to 6-nenbered
saturated ring optionally substituted by F. 17. The conpound or
salt according to Caim1l1, wherein: R and R2 are each independently

sel ected fromthe group consistin g of hydrogen, @ -Co) al ky

(C3- C7) cycI oal k§1 , ~ by caropeynghypssal Pwrdln&&w&y‘@ﬁ 41R1§I1 -8, whercin R* and
(C3-CGcy (o) \V

(o 10 YR AL PR el SEARE e PRG£S
optional | yatsnatmltmtgmpeldnait}esmostlmtmdéueftl mes, independently, by

(C3-C6) cycl oal kyl, -CF3, cyano, -0Q2(C -C4) al kyl , 20hydroxyl, or

(G -A) al koxy; and wherein any cycl oal kyl, bicycloal kyl, or
het er ocycl oal ky¥ gr QH@cbrﬁp&Md'd?@@llt hé’co%di9§¥d @Mﬁrﬁq Q/H@rehp three tines,
i ndependent |y, by (G-CA)a CF3, cyano, -0Q2(Cl-C4)alkyl, hydroxyl

(Gi - C4) al koxy, RphehRf arecﬂaclphenmn@@ntlm)@tddy&om\bhmgreumcwmetlpeeﬁwdrnmtet y of

st SR -l Tl Bl P R RSBy e O TS
(G- al t‘@?‘&)eycloaﬂ(ylé(ﬂldcy)ﬁﬂkyppﬁe@mmewﬂ&}yﬂ pRényNEt, &7 RAky| ar@¥f OUp i s

optlonallﬁ substituted one to three tines, i1ndependently, by hal ogen,
(Ci - C6) al yproa(sdf&eéwyzlpom kyl, -CF3, cyano, -002(Cl-cC4)alkyl,

: ﬁgﬁ §/ |C'( 004)551') g%"kyl neyr(gc ﬁé?léﬁ g@%i%ﬁ kgﬁ@ﬂ%uﬁ’s(?ﬂ&&?&?@{o%ree

2011/ 019801PCT. hhi‘e‘zﬁﬂ,&b’p@ﬂ&ehﬁiz bhET el cyaiyalipheay:, gandeCen@arg)alkyl ety of
sai d Ehenyl het(ier ryI phenlyI(O C2)al kyl, or heteroaryl (C -C2)al kyl is

opti offll Iy sub&y En kPt ee ti mes, | ndependent |y, by hal ogen, -CF3,
or (G -C4)alkyl; angn RER]H }Sfbla heteRc9ab) IR?I% é(
substituted one to 5t(¥:®ee ti rrgr&x’c g%gpen ent P@ i&é eﬂf 09 P gh enyl, or
het eroaryl ; optionalip enlsstinitehornet tphleny Himes, 1hda¢pendramlyl by éCle@i)alhth(Elyg,
substi t ut ed one to t by hal o
(Cl-C4) al kyl ; GYangy MSR@%MYQWQF Rgr %\Maﬁ?‘?xﬁ@eﬁ?‘r 86@51@&5 Skl hey
are attached r gpeRSEME pﬂi@ﬂﬁ n%letyefealaeﬁaen eepAl HCACSrhIgN idbpiRhkilyt ed ring
optionally fused to a phenyl noiety;
25 substituted one to three times, 1ndependently, by halogen, -CF3, (C;-Cy)alkyl,
hydroxyl, or (C;-Cj)alkoxy;
and wherein any phenyl or heteroaryl group is optionally substituted one to
three times, independently, by halogen, (C;-Ce)alkyl, (Cs-Ce)cycloalkyl, -CF3,
cyano, -CO,(C;-Cy)alkyl, -SO,(C,-Cy)alkyl, hydroxyl, (C,-C4)alkoxy, phenyl,

30 heteroaryl, phenyl(C,;-C,)alkyl, or heteroaryl(C,-C;)alkyl;
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or R and R2 taken together with the nitrogen to which they are attached
represent a 7- to 9-nenbered bridged bicyclic ring systemoptionally fused
to a pherwybD 208801 R3 i s phenyl (G - C4)al kyl; wherein tireTpiseouplo4smi ety is
optionally substituted one to two tinmes, independently, by hal ogen,

G -C4)al kyl , -CF3; 15K4 i G - C4) al kyl t hi g -C2 kvl : d RS
i(s hydz gge%. 1§.r The conpd ﬁ”c?hgﬁ‘n(l’%efly';%éﬁ%&?%j mw'e%ncﬁji%gﬁhevﬁ%grﬁm ] is
sel ected from the gpRURIEQRS)LING Hafte;l&@r((%p@am is dpEBn k) Qpstigaliont

20( C7- ©9) bi cycl oal kyl , “het erocycl oal k 7) cycl oal kyl'(G - C2) al kyl ,
phenyl , heteroaryl, teathtcephnaery indgpendenthy, by lhaloghmr-€Fn cafi-Cyelkodl kyl or

het er ocycl oal kyl i I | | tit . to t ti
ndepentient 1y, by (ot - cafaf RS R BB RSP 3 Fed Moy ik Snciog
whereifn any phenyl ﬂfre&ﬁh@g,@ﬁreyén@?%y,mgdsell k§dﬂ®]%ﬁeﬁy§ﬁp§étbtbhlﬁyﬂ},d one to two

times, independently, by halogen, (G al kyl,” -CF3, cyano, .
-02(C -C4)al kyl, 25hydroxyl, vdergimsaidpheni ox heterarylés onfpnaldesubstituted

(G-CA)alkyl; R3 is phen l; R4.|S | t L.Sop, , or
2-thienyl nethyl; and R5 ?éyﬁyt ?683%6.%’ %g&%éheﬁ]t@ E%Er}%l(ggerﬁnd g?gégu accordi ng
to daiml, wherein: R (@nd)HRyl;aken together with the nitrogen to which
they are attached regrgsent a 5- to 6-nmenbered saturated or unsaturated

ring optional | §f RuaehRt @ken tosethen wibthsjtrogen tp sviaeh thes g akigehedgppicsent and R5
t aken1(5 Og§t5hf‘or(g-h%pr{b%isegvr%tﬂ%%saﬁ?atﬂ%&%%{lgﬁ&egQo aI Eft?%n I H% d or salt

according to daim1, ereln: en tog tn the
ni trogen to whbcR' smikR’ mken wigtthchedh thepriesgmtto 3etdthby dreartithddndmtsche y1; R3

is (G-Co6)alk or .(C3-Cp)cyel oal kyl (G -C2)al ky] ; .and 10R4 and R5 taken
L ogether T 17 SEBAECIHHSUURY RIS ate AHey SO FBA0 fof At hnol g
6- menber ed sat gf &t @dn{ i OYCORIKYE A rdin SHEIRhIUhE-OY oftiorfdlly suldiButeFYRNO.
met hyl , met hoxy, or nethylthio-.
to two times, independently, by halogen, (C;-Cs)alkyl, or -CF3;
15 R" is (C1-Cq)alkyl or thienyl(C;-C5)alkyl; and

R’ is hydrogen.

18.  The compound or salt according to Claim 1, wherein:
R' is selected from the group consisting of (C-Cs)alkyl, (C3-C7)cycloalkyl,

20  (Cy-Co)bicycloalkyl, heterocycloalkyl, (Cs-C7)cycloalkyl(C;-C;)alkyl, phenyl, heteroaryl,
and phenyl(C;-C,)alkyl; wherein any cycloalkyl or heterocycloalkyl group is optionally
substituted one to two times, independently, by (C;-Cs)alkyl, -CFs, hydroxyl, or
(C1-Cy)alkoxy, and wherein any phenyl or heteroaryl group is optionally substituted one
to two times, independently, by halogen, (C;-Cj)alkyl, -CF3, cyano, -CO,(C;-Cs)alkyl,

25  hydroxyl, or (C,-C,)alkoxy;

R” is hydrogen or (C;-Cy)alkyl;
R’ is phenethyl;
R* is methyl, ethyl, isopropyl, or 2-thienylmethyl; and
R’ is hydrogen.
30

19.  The compound or salt according to Claim 1, wherein:
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21. The conpound or salt according to Caim1, wherein: 15R is heteroaryl
optionally substituted one to two tines, independently, by hal ogen,

(G -CA4) alwgl2p11/00p®1 cyano, -0Q2(Ci -C4)al kyl, hydroxyl, @®CT(USze1@4yaBkoxy;
wherei n said het eroaryl is selected fromthe group consisting of furanyl,
thienyl, pyrroly azoly zolyl, triazolyl, tetrazo] thlazolyl
oxazolyl, isox aﬂ,k mga%‘r‘%ﬁ Hii ag%f&@vchéﬁ& aresaataaﬁ%iz%wﬁentéom i s
hydrogen er torﬁiﬁllaiﬂbereg%aﬂu%té&r L%ﬁtﬁlra!fé’d mng"‘&%o‘ﬁﬂll Aed® 51"5‘1‘&% | B8y her
represent -CH2CH2- or - CH2- he corrpound or salt accordl ng to
Claim1, wher eRnlS (%@a)albylt mdadl azol yI opt| onal Iy substituted by hal ogen,

G - C4) al kyl Kk |, -Q2( G - C4) al kyl
ECi - 043 gl k)(;xy R\/\/ﬁléq Bi F%iglécfgcgetf]&%&%s%v&c@g%r of %E‘g@%ﬁ%ﬁ?ﬁ subs% ?t u%/ed g;
(G -CHalkyl; R2is hydrogen or nethyl; R3 is (G -C6)al kyl or

(C3-Co6) cycl oal kal (G -C)al kyl; and 30R4 and R5 taken together with atons
t hrough whi ch 2hey Ahecompeisdiasdalf asoerdingto €lsing Iywhtyeined sat urated ring

et byl thi b- o é%%%%%&%m&%&r@é%w%ﬁ R ep My |

accordi ng2B€d1@c&bmHLlndme-r}$I n: is net hyI et hyI n- propyl ,
i sopropyl, s-butyl, t-butyl cyclopent rox yclopentyl,

cycl ohexyl, 2- ﬁ‘eﬂsf'@:l LC;/SMU@H@X)(I@ CWﬁQB?ng%ka)éﬁfé‘kﬁp cycl oheptyl,
bi cycl®l 2. 2. 1] RepLq R® Yalken Foegte{h%pmh%ao?%s{ N p w&ué%%ﬁ@é@oﬁ gc'fgda%hﬁ%@ yl,

t etrahydro-2H 5pyran-4-y yl 4-pi peri di nyI
phenyl , 3to 6- mehihemdcmmrdttycﬂ phe npﬂlqnallytsuwtﬂtule)d byrEI@y FpRenydno, methyl,

3- carboxyne | phen car boxynet hyl phenyl , 2-net hoxyphenyl ,

3- net hoxyBﬁg}?é Afn%hl’lﬁl‘}?yphenyl , 3-pyridinyl, 1H pyrazol-4-yl,

1, 3-thi azol - 2- yI cycl ohexyl net hyl , benzyl, 5-(1-

rret hyl cycl obut yl) -1,3,4-thiadiazol -2-yl, or

5-(trifluoromethyl) The gompaunidadisalz atcomdiyd to Glara 1i whérgdr ogen or net hyl ;

oL orebine o2 R 05 St Dol id 98 RS . o 2o
11709 7] ungean: E@Pc@d?ﬁ‘f 26, cyito mﬂ??%%%ﬁ'“"f.“E%*gﬁt";l(Cl'Eé)é‘lksa‘ty’yl
cycl opr opyhatsithsaid ﬁmm@wé tﬁeﬂemed’fmﬂleu goypianyistingphjiranyi.dbignppyrrolyl,

Chgecher Mg lbpy gAY R P bt byl MeBRR e

conpound wiadidvolyd, and isothiazolyl;
(2E, 45) - 4- (L-al gnyl am no) - 6- pheI'nyI -N- (phenyl net hyl ) - 2- hexenam de;
(2E, 45)-4-(L-a ah%/k}yéifﬁg’?B)orﬂleﬁé‘[ hyl - 6- phenyl - 2- hexenani de;

(2E, 45) - 4- (L- akany, r@ di met hy1- 6- phenyl - 2- hexenam de;
N1-[ (1S, 2E)- 4- 0X0- @a 5 %enyrf&et hyl)-4-(1-pi peridinyl)-2-buten-1-ylR-

25al ani nam de; R* andR taken together represent -CH,CH,— or —-CH,CH,CH;—.

22.  The compound or salt according to Claim 1, wherein:

25 R! is thiadiazolyl optionally substituted by halogen, (C,-C,)alkyl, -CFs,
(Cs-Cg)cycloalkyl, phenyl, cyano, -CO,(C;-Cy)alkyl, or (C;-Ca)alkoxy; wherein said
(Cs-Cg)cycloalkyl is optionally substituted by (C;-Ca)alkyl;

R’ is hydrogen or methyl;
R’ is (C1-Co)alkyl or (C3-Ce)cycloalkyl(C,-Cy)alkyl; and

30 R and R’ taken together with atoms through which they are connected form a 4-
to 6-membered saturated ring optionally substituted by F, Cl, -CF3, cyano, methyl,
methoxy, or methylthio-.
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met hyl 3- {[(2E, 45)-4-(L-al anyl am no) - 6- pheny1l- 2- hexenoyl ] am no} benzoat e;
(2E, 45) - 4- (L- al anyl am no) - N-[ 2- ( et hyl oxy) pheny1] - 6- phenyl- 2- hexenam de;
( 2E, 45) - aw0Lonl@pspl am no) - 6- phenyl - N- 1, 3-t hi azol - 2- y1- 2 PhEssSe@0ioga 37
(2E,45)-4-(L alanylanino) 6- phenyl - N[ 3-(trifluoronethyl)phenyl]-2- 30

hexenam de; 45)-4-(L-al anyl a N, 6- di phenyl-2- hexenam de;
(2E, 45) - 4 (L- aE%myI %@3@@ Wéﬁwa@ﬁ\% &é‘%ro}‘f@?rﬁ ') pheny1] - 2-
hexenam de; meRhyd mémyl, ethyl, 1, 1, s-butyl, -butyl, cyclopentyl, 3-

{[(2E, 45) - 4- (L- a|Sarﬁy|meen8 L R g T L B L D N T

( 2E, 45) - 4hydroaycafngopamtvhoyclbhe;<y'bI2€ma>hylCyNOh@whwlhﬁirpmylbh%ﬂhﬂWemmtdb;
S(2E, 45) - e ( Lo Bl A3 00X e Ml AR AR hngt, (A R S R Y Tl e S ARE At - 2-

hexenani dé

ﬁ, 2E, 495 - 3p§ﬂanaﬂ LANY @ty 1 O)-pide iy 14 Rimdhpyrehpbadidy L bt -2- y 1] - 6- pheny1- 2-
exenam de;

N1-[ (1S, 2E)ﬂqurmﬂhylmh@myl H-{ifjuonorastby lphgyl phedihoemppylplengliten- 1- y1R-
10al ani na

(2E, 45) - 4° Eg’fa}imetwghen NG R RISERy P S BHRRS - BTSSR N hexenani de;
( 2E, 45) - 43(ﬁynai@nmhtapym@ol 4\Iyl<;yGLthfaeaﬂylyﬁcplclehmdyhaethgab( baady, del -

(2E, 45) - 4- alahélanlno - 6- y1l- 2- hexenam de;

( 2E, 45) 4m(eLhYéﬂya - héy= ‘élaﬂﬁiéﬁi]/? -yNO1 ﬁp(é}ﬂ%)%mthyw DA HuadiAzi2qd;

15(2E;¢5) - 4- (L - 6= phenyl - N- pr opy1- 2- hexenam de;
(2E, a5 -a-(L- aFanﬂpﬂM%h%? e?’fpl di met hyl et hyl ) - 6- pheny1- 2- hexenani de:
( 2E, 45) - 4- (L- abaR amm%mkewogymbmamtmmlﬁemeuwmcﬂ}ﬂhey( erantced represent

(5E. 42) - anperdmaliyh JARgY- @LYE pile b Gk BN e S el A 2 A
hexenani dgs 11- azatrlcyclo[6 2.1.0*"Jundeca-2,4,6-trien-11-yl;
(2E, 45) - 4- (L-al anylanlno)- (cycl ohexyl met Kyl ) - 6- pheny1- 2- hexenani de;

( 2E, 45) - 4- (L- aRalrwdﬂaYh nohutyl, €¢-bmy1h9y€é¢myﬂ>})lnﬁthwh®mph@®h}’éxenam de;
2E, 4 4-(L- 2-h d
(oE 4B 4 EL SRR AR h R kbR et et P o ReRanegene o

25( 2E, 45) - 4- ( LrAisak@denno) - N- RLR, 45) - bi cycl o[ 2. 2. 1] hept - 2-y1] - 6- pheny1- 2-

hexenam de;

( 2E, 45) - 4- (L- aplaRymahRn@)cemrogq_ﬂlﬂ@@hwchz?%-,ph@Hy@HECHexe@ram de:

(2E, 45) - 4- buéhé i n%no) N ( 2- net hyl cycl ohexyl ) - 6- pheny1- 2- hexenam de;
nyta

( 2E, 45) - 4- no) - N-(4 hydr oxycycl ohexyl ) - 6- phenyl- 2- hexenam de;
30(2E 45) - 4- (L- al anyl am no) - 6- phenyl - N- (t et rahydr o- 3- f ur any1l) - 2- hexenami de;
(2E, 4 4 (L alanylanlno) 6- phenyl - N- (t et rahydr o- 2H pyran- 3-y1) - 2-

hexe n%l . 7 A compound Wthh i8:

G (L g kA g 7 o
hexenam de ; NRE4DIB(12E)andaming-N-methyl-6-phenyl-2-hexenamide;
-dihydro- 2k | S?ﬂﬁ?ﬂ%k-&%ﬂgﬁrl{dﬁlﬁo@y]\} Nl-ldlgl)égly% 6- plfltenﬁ 21' hgxenarmde
N'-[(1S,2E)-4-0x0-1-(2-phenylethyl)-4-(1-piperidinyl)-2-buten-1-yl]-L-
25  alaninamide;
methyl 3-{[(2E,45)-4-(L-alanylamino)-6-phenyl-2-hexenoyl]amino } benzoate;
(2E,485)-4-(L-alanylamino)-N-[2-(methyloxy)phenyl]-6-phenyl-2-hexenamide;
(2E,48)-4-(L-alanylamino)-6-phenyl-N-1,3-thiazol-2-yl-2-hexenamide;
(2E,48)-4-(L-alanylamino)-6-phenyl-N-[3-(trifluoromethyl)phenyl]-2-
30 hexenamide;

(2E,45)-4-(L-alanylamino)-N-methyl-N,6-diphenyl-2-hexenamide;
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5al aninamde; N- {(1 S,2E)-4-[(1R 8 5)-11 -azatricyclo
[6.2.1.02"' 7]undeca-2,4,6-trien-11-y1]-1- [(1 5)-
1- net hyl pwopyﬂl}'olqsomxo- 2-buten-1-yl} -L-al ani nam de; PCTNIS2010/045137
{(1S, 2E)-4- (1, 3-di hydro-2Hi soi ndol-2-y1)-1-[(15)- 1- net hyl propyl ] - 4- oxo- 2-
buten-1-y1}
d0(2E 453 (L §§y$&r%ﬁayla@1wténwenw Pl GRS MY 2- hept enar de:
NL- [ (1S, RB)enfmidb; 3

- di hydr o- 2H1 soil ndol- 2-y1) - 1- ( 2- et hyl pr opy1) - 4- oxo- 2- but enl- y1R- al ani nami d
e, ( 2E, 48)thyl El-’l{-[@lﬁe%h;ﬂl @xyl)lpﬁ@myio]) 6-18mphleirybxemoylﬂarp®0}benzoate

(2225‘ enyL)- Lot s b SO0 g s DDA TN SR P S ety

enagi de; (ARES AR @l‘aﬁ?l@ﬂﬁ(ﬁc Nv’ IP('lQHﬁS;—34hyd{ro>{£@yclo entyl] 6-phenyl-2-
2-thi enyl)-L-al anyl ] am no hexenam de;
29) - 2- agnchamisicanoyl ] am no} N-[5 (1 -net hyI cycl obutyl) 1,3, 4-

i adi azol - 2-y h

ety oy} HeR TP OSBRSS % %c&&%? PRy Pp 356 Phetyl-2

ten-1- y&éxeaalazcml di necar boxam de; 4S) 4-

(2S) - 2-am no- 2 cycl opentyl acetyl ] am no} net h IOX){)phenyl]

- phenyl - 2- hex& &’7@ -4-(1H-1ndol-1-yl)-4-ox0-1-(2 phenylet yl) 2-buten-1-yl]-L

(2E, 4§y - Ng,ﬁll ggﬁ(fyl oxy) pheny1] - 6- phenyl - 4- (L- val yl am no) - 2- hexenam de;

25( 2E, 4S) - anyl am no) - N-[ 4- (net hyl oxy) pheny1] - 6- pheny1- 2- hexenani de;
Nl [(1S 2E) 4- [ZAH5)88] - m]hﬂylaanmo)d\}ﬁ-Qh&hiloiy)@ﬁéﬂ;]lhﬁdﬁemylz -HexGngmiden- 11-y1] -

(29 ~2- am o, NA{AS: ot Ay Pty Y b Pombgitop Boenamigs: 7] undecas 2, 4, 6- 1

r3:)((:)28) 1&_ QS g% @5)34 F@aﬁhﬁaﬁﬁﬁ)fw#ﬁen%m )ﬁ/fhc%ﬂ%’ll-j Bé&eﬁ%’iﬂede

, 4- t hi adi azol - Ql@‘IL}')aﬁIﬁIn@la}lylaztunQ)ﬁapllenylszHémytaeolhﬂf-bf) 2zmebmaend¢ yl]-2-pip

i di b

o e DO 080 el P9 A4 Wby ho 4. . 2
yl]azeti di ne- Z(M%%ﬁfﬂaﬁﬁylamlno) -N-(1,1- dlrnethyleth 1)-6-phenyl-2-hexenamide;
(25)-N-R3S, 4E) - 6 3- di hydr o- 2Hi soi ndol- 2 f 6- 0x0- 1- phenyl hex- 4- en- 3-
yl ] azeti di ne- 2(%4$®oéc€wﬂk9@yla57(1@ -Msyclapentyl- 6 phenyl 2-hexenamide;
Lﬁiﬁ% ﬁeimzngngzac)é@' LR IRK RGN Ao TR M- 5ips da TR b R ANE ANt ha Ride;
(25) - 2- ami no- 2¢1B48)opantlahydinifad B - ﬂl&)nyﬁ%\l((i’et&hgdrhyzﬂ-@yﬂahkéi pigQl- 1-y1) - 6- oxo- 1
phenyi(g)exbé(e%gl@%% eyI ] et hanam de; (25)-2-am no-2-cyclop entyl-N
[(3S

- di hydro-2Hi SKZLE“Q%LI %-\iﬂa}l lgm%]i@%cy%tb%ﬁlylﬁ%y‘ﬂ) &Bndiy L liRkBARATE de;

(25)-2-am no
-di hydro- 1Hi ndlﬂ4S) Ay-QI)—aﬁﬂp]}anmha)ﬁ%éhyieﬂa&ethyléﬁa)heyyl}bhtmammhbe

N [(3S, 4E) - 6-( dr a lllz_li-mln?oc;% cyclgl}e?ptyq 601))(h nyl- B he;rilé/narmde 4-en-3 -yl] -3 -
t hi ophen- 2-yl - f g¥"
15N-[ (3S, 4E) - 6(1514@ 41(Lhmhwaﬁhd)sweﬂgpé-p%eﬂﬂ)z.ﬁe&mﬁﬂerephenyI hex- 4-en-3-yl] -

L-
25 (2E,485)-4-(L-alanylamino)-N-[(1R,4S5)-bicyclo[2.2.1]hept-2-yl]-6-phenyl-2-

—_—

hexenamide;
(2E,485)-4-(L-alanylamino)-N-(1-methylpropyl)-6-phenyl-2-hexenamide;
(2E,45)-4-(L-alanylamino)-N-(2-methylcyclohexyl)-6-phenyl-2-hexenamide;
(2E,485)-4-(L-alanylamino)-N-(4-hydroxycyclohexyl)-6-phenyl-2-hexenamide;
30 (2E,45)-4-(L-alanylamino)-6-phenyl-N-(tetrahydro-3-furanyl)-2-hexenamide;
(2E,45)-4-(L-alanylamino)-6-phenyl-N-(tetrahydro-2 H-pyran-3-yl)-2-

hexenamide;
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i sol euci nam de;

N-[(3S,4E) - 6- (1, 3-di hydro-2Hi soi ndol- 2-y1) - 6- oxo- 1- phenyl hex- 4-en-3-yl]-La
| I oi sol eswwOnrandesoiN-[ (3 S, 4E)-6-(1, 3 PCT/US2010/045137

-di hydro- 2H i soi ndol- 2-y1) - 6- oxo- 1- phenyl hex-4-en-3 -y1]-3 - 20
rrethyI-L-vaIin?%rg'%ji; ) Ny L

(25) - N- R3S, 4E) SBlapkpueaiseY-shmetiyl-Spiparydigysephenmshyicnaridg: en- 3-

yl ] pi peri di ne- 2rasboxanid -N-[(15.3 3hd lopentyl]-6-phenyl-2-
N-[ (3S, 4E) - 6- (§Z A o S amine 3 droxy el ey - 3-y1] - Lp
rol i nam de¢xenamide;

3?}(2 5)2- E\L neRfﬁyﬁgm[ﬂgg taﬂaﬂﬁ@%gm%lso%%%lﬁf%@y)% %ﬁgtphel p%li o g: e?-f’é

-(trifg uog@ﬁﬁhﬂ,yde) , 3 ,4-thiadiazol - 2 yl'] am no
hex- 4- en- 3-yl ] |1per|d| ne 2- carboxam d ( 5) - { (3S,4E)-6-[(5
- met hyl - 1, 3 , AMH( R AbIAR, S,S'D)léﬁzﬁﬁ}:ycéo[&@olﬂ nslega-Rex6- mensldeyﬂé -y1}

d 6-[(5 -ethyl-1,3
P e S SR o bk b B 57 ((3, e
pi peri di ne- 2- cal Hoxsmd)de(1,3 \MWhyAesl 2 HAIS R PG WS2 08)0V- 0k Bl Btopyl]-4-0x625) - N {

(3S,4E)-6-[ (5 -tert-butyl-1,3
, 4- t hi adi 312"611'12511%1)%1%“%1}11(’8 0X0- 1- phenyl hex4-en-3 -yl1} pip

di pg- 2- b 1)-1,3
ezl ¢ Ihl 2 di agglr 12 yﬁq’)d‘?% %IC?‘F lgrnn(%%) m ﬁ%ne@l?lé#)ghenglpﬁ-ﬂ%}téﬁhﬁ@@y ) -
eri di ne- 2- car bdxHMSE)-45(1 253l hiyerof 2+ 3@,1141;5) 261 p 42 4m g pyody B-4-¢:6-2 pheeny | -

, 4- t hi adi ﬁE 2%3/ r}am no] hex-4- en-3 yl} pi peri di ne- 2- car boxam de;
(25) N- R3 NIAnPEe: " 4_phr omopheny1) - 1, 3 , 4-t hi adi azol -2-yl] amino 1

- 6- oxo-1 hen I - X e Al -
(55" RBS. b e R %m%}'pugﬁ%%ﬁ%% e ﬁﬁszp%a{%ﬁ%&ygzLoalﬁ P S ho 1

- 6- oxo0- 1- h@ﬁph@n&@t hex 4-en- 3-yl ] pi peri d| ne- 2- car boxani de; (25)-N {

3S,4R)-6-[(5 - opr, |51, 3 ,4-thiadia I i nal-6- -1-

bhonyl Do 4 a2 9 R Srmiicndi Oy s P S BT Apa G Spneny 12
(25) - N R3fedmmfite@x 0- 1- phenyl 6- { [5 -(prop an-2-y1)-1,3 ,4- th| adi azol - 2-
yl] amino 1 hex-4-en-3-yl peri di ne- 2- car boxam de; 15(25)-N

(3S,4E)-6-[ (5 A éﬂz@pheﬁy N—mropﬂr%d[%(z?oﬂhlezyg)ﬂa-amyﬂdﬂmme}éxl@xinq@ﬁéﬁy| hex- 4-

3 -yl heny1- 6-
o3 YD P el e g by ise YRR AR g gasheny
hex- 4- en- ﬂnadlzlzpll peyl]-Giphenyd-Chxboaanicde; (25)-N { (3S,4E)-6-[(5

-cycl ohexyl - t hi adj azol 0] -6-o0x0-1- 20phenyl hex-4-en-3 -yl
pi )F/) et9 di % e- 2- 52%11\6-31,23@ ée{[4 (me%ly?oxy)phenyl]armno} -4-oxo-1- -phe){lylethyl) 2- -yl

(25) - 2- an,@;.4- }q}lgl Hé/clarﬂﬁ' 4E) 6- (2, 3-di hydro- 1H i ndol- 1-y1) - 6- oxo- 1-
phenyl hex- 4-en-"3- yﬁg anam

(25) - 2- ami no- 2(21@44;96@)1{@1&9)!—2 Mﬁ&&#ﬁ)lo@@a@{ﬁ]a@ﬁdwbAHHL(msadiyﬂotqﬂ)plibnyﬂ]) - 6- 0X0
- 1- phenyl6_h«?1 n}ﬁ ﬂexenXmJ et hanam de;

(2E,45)-N-[4-(methyloxy)phenyl]-6-phenyl-4-(L-valylamino)-2-hexenamide;
25 (2E,485)-4-(L-alanylamino)-N-[4-(methyloxy)phenyl]-6-phenyl-2-hexenamide;
N'-[(18,2E)-4-[(1R,8S)-11-azatricyclo[6.2.1.0> Jundeca-2,4,6-trien-11-yl]-4-oxo-
1-(2-phenylethyl)-2-buten-1-yl]-L-alaninamide;
(28)-2-amino-N-[(18,2E)-4-[(1R,8S)-11-azatricyclo[6.2.1.0%  Jundeca-2,4,6-trien-
11-yl]-4-0x0-1-(2-phenylethyl)-2-buten-1-yl[butanamide;
30 (25)-N-[(18,2E)-4-{[ 5-(1-methyl-1-phenylethyl)-1,3,4-thiadiazol-2-ylJamino } -4-
oxo-1-(2-phenylethyl)-2-buten-1-yl]-2-piperidinecarboxamide;
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25N-[ (3S, 4E) - 6- (1, 3-di hydro- 2H-i soi ndol- 2-y1) - 6- oxo- 1- phenyl hex- 4-en- 3-y1] -
L- valinam de; (1R 2S,55)-N[(3S,4E)-6-(2,3

- di hydr o-wbR2pndodsol- y1) - 6- oxo- | - phenyl hex-4-en-3 - y1] - BCTasamiooyzBp [ 3. 1.
0] hexane- 2- car boxam de; (1S, 2R 5R)-N-[(3

IR SR b1 e AW éh%%%eéfﬁﬁ@%d-ﬁ LN B 3 8OV -3

N[ (3S, 4E}r]§ze(18m% i HySaanddt | ndol- 1-y1) - 6- oxo- | - phenyl hex- 4-en- 3-y1] - L-
val i nam d

( 2E, 45) - N- et hymi)ﬁv-ﬁaéﬁgibém5r<41hydrb+2fbrsomph9+y)l)rd 0304 -hehpliieadedn-2- y1] - 4- (L
val yl am ng) hex- 2 n%
( 2E, 45) - 67 ‘Q?‘Fé’ﬁ?/ne%]f% ?’iaP}“Fff ’uor onet hyl ) -1, 3, 4-t hi adi azol - 2-y1] -4-(Lval yl am

no) hexs 2- enani g, 4@(42?0(2‘% muﬁ)@-cﬁcl@?@gﬁa I MAn6’}-M- (4 methoxyphenyl)-6-
ol -2-"y

[5(tr|fluororrete¥ 3 ,4-thiadiaz am no
hex- 4- en- Bhgay|hexek-prinide;2. car boxani de; (25) - N-RSS, 4E) - 6- {net hyl

5-(trifl I B - G/
E)xo(lr:ohelrjlglrﬁg?‘sﬁ Qm 0'3%'?;&1‘;2’3%‘%’@5\?@%4%%36&%érgrh%?ﬁfﬁ'%‘)d9kﬂ?@é6jﬁ’é‘3'}é-(2,3
- di hydr o- fb]rbﬂyﬂfé@élélrényly)l}eﬁraﬁmrdephenyl hex- 4- en- 3-
10yl ] pi peri di ne- 2- car boxam d

(45) - N- R3S, 4E) (B2 za%mar%wqpeméw\h%@f‘@ 01 Selibpydso2piverdpheyDAo-gre-3- y1] - 4

- Tl upg o- kel h8am A8 vijeth

I\LRZSP(%E)-@E@LP&{:efy% %]e an’gmédeﬁ dr o- 2H-i soi ndol- 2-y1) - 5- oxopent - 3-en- 2-y1
]- L-al ani nam CR&S‘) 2- am1n0-N—[(3S 4E)-6- (2 3-dihydro-1H-indol-1-yl)-6-0x0-1-phenylhex-4-en-

15N R2S, 3E) - 1- | ohexy1l-5-(2, 3-di hydro-1Hindol-1-yl)-5-oxopent-3-en-2-y1R
- al ani nan¥ uta amide;

(25) - 2- am no- Wﬁ)‘ 3B 612, @Xﬁrﬂﬂlﬂ@)iﬁlméol(- Ly B-alb iy e hd s @icRdod 3= Y1) - 5-

oxopent - 3-en- 2 ] but’anam de:
(25) - 2- amhﬂ@hﬁnﬁzﬂ B—E)anmlauyd:d ohexy1-5- (2, 3-di hydro- 1Hi ndol- 1-y1) - 5- oxopent

- 203;en-2-yl] i de: ., .. .

N RS S 1Y oy O bTORORE L 5y Rlsindel 3B e Py e et La- en- 2-y1
]- 3-thi ogbmc@amideL al ani nam de;

N-R2S, 3E) - 1- cycl ohexyl- 5- (2, 3-di hydro- 1Hindol-1- )h 5- oxopent - 3-en-2-y1] -3
-t hi ophen- 2- yN-3a#ano-hkAiddedro-2H-isoindol-2-yl)-6- oxo- enylhex-4-en-3-yl]-L-

25(25) - N—ﬁ%é%&%) Har@i@' ohexyl-5- (1, 3-di hydro- 2H i soi ndol- 2-y1) - 5- oxopent - 3-
en- 2-yl]aze I ne-2-Car boxam de;

(25)-N-R2S, 3E) NIHES4E b€ K3 Drdr@-2 B~ ﬂmln;idlmyﬂ)% ol 0-phdnyigx-SenBoydpat - 3- en- 2-
yl Jazeti di ne- 2-car boxam de; (25)-N R2S, 3E)-1-cycl ohexyl-5- {nethyl
[ 5- (t%‘?flaﬁﬁtyﬂférwnﬁmie 3 , 4-thi adi azol - 2-

(25)-N-[(3S.,4E)-6-(1,3-dihydro-2 H-isoindol-2-yl)-6-0x0-1-phenylhex-4-en-3-
yl]piperidine-2-carboxamide;
N-[(3S,4E)-6-(1,3-dihydro-2 H-isoindol-2-yl)-6-oxo-1-phenylhex-4-en-3-yl]-L-
prolinamide;
25 (25)-N-[(3S.,4E)-6-(1,3-dihydro-2 H-isoindol-2-yl)-6-0x0-1-phenylhex-4-en-3-yl]-
2-(methylamino)butanamide;
(25)-N-[(3S.,4E)-6-0x0-1-phenyl-6-{[ 5-(trifluoromethyl)-1,3,4-thiadiazol-2-
yl]amino } hex-4-en-3-yl]piperidine-2-carboxamide;
(25)-N-{(3S,4E)-6-[(5-methyl-1,3,4-thiadiazol-2-yl)amino]-6-0x0-1-phenylhex-4-
30  en-3-yl}piperidine-2-carboxamide;
(25)-N-{(3S,4E)-6-[(5-cthyl-1,3,4-thiadiazol-2-yl)amino]-6-0x0-1-phenylhex-4-

en-3-yl} piperidine-2-carboxamide;
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30yl] amno 1 -5-oxopent-3-en-2-yl]azetidine-2-carboxam de;

(25)-N-R2S, 3E) - 1- cycl ohexyl1l-5-0x0-5- { [5-(trifluoronethyl)-1,3

, 4-t hi adivs@abti2198plil] am no 1 pent-3-en-2-yl]azeti di ne- 2Pcanisoxamizia; WO
2011/ 019801PCT/ US2010/ 045137

5 bxopent -5 oSV IR SATNG B tbus T ok hitabl Byt amtnd Aot e,

(29)- N-R2§6%E3) B oo¥EHRPL et oXardide; 3 - di hydro-1Hindol-1-y1)-5 -oxop ent-3
-en-2- yl] aze¥| di ne- 2- car boxam dé ; 5(2S)-N R2S, 3E)-1-cycl obutyl-5 -(2,3

- di hydr o- 1H i n(AB-ML@IPES6- G- dpethyisuBanydnl 3,4 shllé]dfmpbﬁwd]am@-@amdxam de;
25)-N-R2 5 trifl thyl)-1,3

(4 %hl adi B %]Iy}hfxzﬁﬁ: gﬂé}%mflnﬁ%—garg ’éaﬁiﬂé vl ](plr Iper :ngrﬁgEZ Zaa boxani de;

N R2E, 45) - 1- ( 1(BpN- ba?actrL )%Aosmpﬁ@l@l_@[(%he@lﬁ Fi b diydol - AxRRiaeheR4en- 4-y 1

]- 103 -t hi ophen-2- al ani nam de;
N- R2E, 4S) 6113(32}1313@1 W?@aquarnwﬁa 1-y1) - 6, 6- di net hyl - 1- oxohept - 2- en- 4- y1] - 3

- thiophen- 2-

(25 49 N (4. MANORUERART D BE Commay A3 4 adiorol g Hune SR L anyi
am no 1 hepinytheRnBR60- G@l]plperldlne-2 carboxamide;

15( 2E, 4S) - 4- (L al an Iam no % thoxy hen i met hyl hept - 2 enam de;
N ROE, 49) - 1. ( 110a Ky arE)DHIb S WAoo b S ELashrel A IV AHOMER 1 2- o 4y 1

- L-aban - 1 .
N roe 50y PIEO UG BRSSO, 6- i ot hy! - 1- oxohept - 2- en- 4- y1Ral
ani nam de; (25)- N—{(3S 4E)-6-[(5-cyclopropyl-1,3,4-thiadiazol-2-yl)amino]-6-oxo0-1-

20(2S) - 2- a;mi ng- N- R2E, 48) - 1- 3d| dro 2H i soi ndol- 2-y1) -6, 6-di net hyl -
oxohept - 28@%{3’@‘%7‘?2 gi}ne-2 -car xarmde

295) - 2- K hyl - 1- h t
(59 s o ot Ui a1 ol ﬁé’
}o-N-(4- rmk]mmblmﬁ%mé&;lﬁnpezmmwpmmdez enamni de; (2E, 4S)-4- {

cham bo: (20, 45Nt aS TG ARy b SRS p S B RB s -

al anyl] agh-3 lﬂplﬁ@{ﬁln@i%@ﬂﬁkﬂﬁlde

30N- R2E, 4S) - 1 , 3-di hydro-1Hi ndol- 1- 1)-6-ne I-I oxohept - 2- en- 4- le-
al ani nani de; %ﬂ@ﬁé@émdfpmbﬁo%@@pswlet yD-IN-Rifgadiam)-21- (2, 3

- di hyd 2- 4-yl] -3 -

th: O%h;g %mm@%ﬁéﬁg rfgﬂ?érﬂﬂﬁe- 980G 2- en-4-yl ]

(25) - 2- am no- NeRIA-4Q)S;4E) (62 ( 3-celeIblekyd- B -thigthidzol-2yyl )anfineied-byd-11- oxohept - 2-
en-4- g(l) ] bg ; glr;lﬁlrgxdfen 3-yl}piperidine-2-carboxamide;
(2S5)-2-amino-2-cyclopropyl-N-[(3S5,4E)-6-(2,3-dihydro-1H-indol-1-yl)-6-0xo-1-
phenylhex-4-en-3-yl]ethanamide;
(2S5)-2-amino-2-cyclopropyl-N-[(3S5,4E)-6-(1,3-dihydro-2 H-isoindol-2-yl)-6-0xo0-
I-phenylhex-4-en-3-yl]ethanamide;
25 N-[(3S,4E)-6-(1,3-dihydro-2 H-isoindol-2-yl)-6-oxo-1-phenylhex-4-en-3-yl]-L-
valinamide;
(1R,28,55)-N-[(3S8,4F)-6-(2,3-dihydro-1H-indol-1-yl)-6-oxo-1-phenylhex-4-en-3-
yl]-3-azabicyclo[3.1.0]hexane-2-carboxamide;
(1S,2R,5R)-N-[(38,4E)-6-(2,3-dihydro-1H-indol-1-yl)-6-oxo-1-phenylhex-4-en-3-
30  yl]-3-azabicyclo[3.1.0]hexane-2-carboxamide;
N-[(3S,4E)-6-(2,3-dihydro-1H-indol-1-yl)-6-0x0-1-phenylhex-4-en-3-yl]-L-

valinamide;
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5N-{(2E, 4S)-6-net hyl -1 -oxo0-1-[ (1R 4S)-1, 2, 3, 4-tetrahydro- 1, 4- epi m nonapht ha
| en- 9-yl]hept-2-en-4-yl1l} -3 -thiophen-2-yl-L-alaninamde ; (25)-2-am no-N
{ ( 2E, 45) -worretinbsol- oxo- 1-[ (1R, 45) -1, 2, 3, 4-t et r ahydr 0- 1 PET/US2010/045137

epi m nonapht hal en- 9-yl ] hept - 2- en- 4-yl } but anam de;

(2E, 45)-N-(5-tert-putyl-1, 3, 4-t hj adi_azol - 2- y1) - 6- met hyl - 4-

- (t hi ophen- 2- y%ﬁtf‘g)W@%ﬂt@Hﬁ?he&% C 51(%rhgé‘b)(‘9‘}é9%ﬁ§'rﬁ?§%';t%adlazoliz'i’ﬁ""(L'

N- R2E, 4S, 53} tadiihAhSz-didAydfR; 1H i ndol- 1-y1) - 5- net hyl - 1- oxohept - 2- en- 4- y1R-

al ani nam de;

( 2E, 45) - N45- ( 4¢3, 49 pheny)- Ny 1t luerometho alzbH-tRiaginyol -4t - 4- { [ 3

- (t hi ophen- 21- Hélg - L- ?I anyl]am no } hept-2-enam de;

15(25) - N- YEAHEIORCH-{-c8arfidSe 4 o~ 2H- i soi ndol- 2- y1) - 6- met hyl - 1- oxohept - 2- en- 4
- ylTagetidi ne(%ﬁ%[(@@,&gﬂ%f&b-l- henyl-6-{[5-(trifluoromethyl)-1,3,4-thiadiazol-2-

(25) - N-R2E, 45)-1- (2, 3-di hydro- 1H i ndol-1-y1)-6-net hyl - 1- oxohept - 2- en- 4-

yl | azet i dylemmo¢hexobrasid ,zetldlne-2-carboxa@zé) *N- {(2E 45)-1-

hoetdl ne- 3t calBouam ek & AR ISR S P A sk viamingio s
- (trifl uobodretphyhylhdx-3-end-yiizadiiazalcaZboxyhfideam no 1

- 1- oxohept - 2- en- 4- Iégi peri di ne- 2- car boxam de;

(25)- N-{ (25, SR8 {BSAEN 6B §adroa hinoRi-dai bsoro A-iiepuherdrerticycl opr opy|
-5-  ox®peptiaida e 2-Y. : 1. di ne- 2- car boxam de;

25( 25 -N%@?%@fl%?c%%ﬁo%éﬂ%yl-5 -(1, 3 -di hydro- 2H i soi ndol-2-y1)-5 -oxop
ent-3 -en- 2-yl(4S82e{Baxae-642Sadibpdanifaidol-1-yl)-6-oxo-1-phenylhex-4-en-3-yl]-4-

N R2E, 45) - 1%0;: S-ﬁi hydr o- 2H-i soi ndol- 2-y1) - 1- oxohept - 2- en- 4- y1Ral ani nam de;
N- R2E, 45) 14010l Brofimgidss. 11 i ndol- 1- y1) - 1- oxohept - 2- en- 4- y1R- al ani nami de;

30( 2E, 45) - 4- ( Lyal 20yLRcpayndty( 4-BLAR¥ABheNKbIASRL 25 SBRHI RS- cn-2-yi]-
N- R2E. 45)-1-(1@(_-di€)§drg-2Hiygoi(n’dol%(¥y1)-1S- oxoheg%?)- 5 ORI en- 2yl
-t hi ophenLalanjhartidel ani nani de; WO 2011/ 019801PCT/ US2010/ 045137

N-[(2E. , 4S)-1- =di hydr.o- 1H: i 1-.1-y1).-1- eptz2-en-4-vyl], -

"t bt ophen- 2. y1 (AR Bn SN R RSB R By e i 5

- (t hi opheRpkgmyh)dd - al anyl ] ami no} hept - 2- enam de; 5( 2E, 45)-4- {

[ (25) - 2- am nobut anoyl ] am no} - N- (]4- met hoxyphenyl ) hept - 2- enam de;

(25) - 2- ani no- NCADE-aBnoN-((BS3Leh Wﬁhbﬁmfﬁéld-ddwﬂmﬂ?ﬁm&d%ﬁoﬂéét - 2-en- 4-

yl ] butanag de: . » . 5 Ao

(25) - 2- amg}r(fg)-%ﬁl‘E E?fﬁ,%%gtzuﬁn(a?}l%e-’di hydr o- 1H i ndol- 1-y1l) - 1- oxohept - 2- en- 4-

yl ] but anam de; (2S5)-2-amino-N-[(2S,3E)-1-cyclohexyl-5-(2,3-dihydro-1H-indol-1-yl)-5-oxopent-

10( 2E, 45) - 4- (L- al anyl ani no) - 4- cycl opr opyl - N- (4- net hoxyphenyl ) but - 2- enam de;
N- RLSZOE) 3ency@llpptsyde4- (1, 3- di hydr o- 2H i soi ndol- 2- y1) - 4- oxobut - 2-en-1 -y1

(18 58) 1 cy i Eh By A Ay e RS 2 TP 1y amn
| ani nam d@:thiophen-2-yl-L-alaninamide;
N-[(28,3E)-1-cyclohexyl-5-(2,3-dihydro-1H-indol-1-yl)-5-oxopent-3-en-2-yl]-3-
thiophen-2-yl-L-alaninamide;
25 (25)-N-[(28,3E)-1-cyclohexyl-5-(1,3-dihydro-2 H-isoindol-2-yl)-5-oxopent-3-en-
2-yl]azetidine-2-carboxamide;
(25)-N-[(2S,3E)-1-cyclohexyl-5-(2,3-dihydro-1H-indol-1-yl)-5-oxopent-3-en-2-
yl]azetidine-2-carboxamide;
(25)-N-[(2S8,3E)-1-cyclohexyl-5-{methyl[ 5-(trifluoromethyl)-1,3,4-thiadiazol-2-
30  yl]amino}-5-oxopent-3-en-2-yl]azetidine-2-carboxamide;
(25)-N-[(2S,3E)-1-cyclohexyl-5-0x0-5-{[ 5-(trifluoromethyl)-1,3,4-thiadiazol-2-

yl]amino } pent-3-en-2-yl]azetidine-2-carboxamide;
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15N- {(1S, 2E) - 1-cycl opropyl-4- [(4-net hoxyphenyl)am no]

- 4-oxobut-2-en-1-y1} -L- valinam de;

N R1S, 2E)w-20y1ai1og9n opy 1- 4- (1, 3- di hydr o- 2H i soi ndol- 2- y1pcFAszaboss137 en-1 -yl
]- L-valinam de; N- [(1S 2E) 1cyc|opropy14(2 3

-di hydro-1Hin o but n-| nam

(25) }12- ami no- 2%‘#6@&5)15 f?rigutig)l 314 w&yglﬁﬁ% a0 1l YAk S- 2H soi nd

01-2-y1)- &&ﬁéﬁpwen& ﬁ@aé‘e’nﬁhﬂee}-g@ﬂé’ﬁhﬁ

(25) - 2-am no- 2-cycl opentyl -N-[ (1S, 2E) - 1 cycl opropyl-4- (2, 3-di hydro- 1Hi ndol

-1- y1) - 4- oxob(BAS)N- E(ﬁS,BEyIl}cB'p}@bn‘arthe[é :3-dihydro-1H-indol-1-yl)-5-oxopent-3-en-2-

25(25)- N y1l-4-(1, 3-di hydro-2Hi soi ndol-2-y1l) - 4- oxobut - 2-

en-1- yl] gﬁﬁefg? ]ez %B&gm de;

(25) - Ns R1S, 2E) ¢ds)ov s Yol b (i81-3=(d130yi8y @ro LA iddd0 1-y1 ) ¥ bkopen@R Qlput - 2- en- 1y

I']azeti di ne- 2- S:;?bog(gmpgsem )-%I— Rl(S 2E)§ 1-cycl opr o;)yy)l 4- cc))li%l 4- { [5
-(trifl uoB’HW@PWﬂ?QicaQDOXm oadl azol - 2-

30yl | but
(25 (15, 28 R HesE e g T RSP msty s bbbz opr opy!
'26"11%2833?%‘-’?%%"%fé?“%ﬁ?”pmm Sstouid V0
(2S) - 2- ani no- NVESEE 4y 1-61.¢dildie-Rifdisoindel-3-¥Bi herd rogsbyl1h-oxehsRbPrer-4avldn- 3-
I1b 6-(1,3
Yd} h;}j(?ga?tgﬁ 1(%)elnn2 Ll\klil{lﬁa%éﬂgioheﬁ 4-en-3 -yl] -3 -thiophen-2-
yl - L- al ani nam de(2A42E] 453-dhydrd-(l 2Eindal- byl )robdimetbyll |-anohept-2-en-4-yl]-3-
-N-(4 met ho hezz&ll)e x2e am de; (25)-2-amno-N- { (3S, 4E) - 6- oxo- 6-
[ (1R, 4S)- %}1% le 'ta 1 4- epi m nonapht hal en-9-yl ] hex-4-en-3 -y1}
but anam de: ng 4&)21&(4@& xgrﬂh Yoy xRyl - {ﬁ3 (tfno ﬁen 2-yl)-L-
- (thi ophen-2-yl)-L-al anyl ] am no hex-2- ehami de;
[(38 4E) alapyldanging Thept-3-ecndmidst r ahydr o- 1, 4- epi mi nonapht hal en- 9-yl ) hex- 4-en-3
=3 -thi I :

N (58 25 - o ( R SR st sohopsRes S Airms i GRY2 ER i nam de:
(|2]S%) t2 am ng NAL[(BB49E) « 63 (nyirelpyidsiaddibk-y Nand-dim oty ﬁo@i&bﬁ%eﬁ =4ey1]3-

ut anami de;
>1/5N-[(38 heylarane(nzldgr di hydro- 1H i ndol- 1-y1) - 6- oxohex-4-en-3-yl] -3

-t hi ophen-2 3

(25) - N- R3S, 4E) Nf){'(%€4gj‘ :e%gqéﬁ@{di?—l-lﬁslgfi%ld%Xl)f & J‘Bm%h%xo é?(heﬂt A W ]Lazetl din
e2- car boxalahi#eiide; (25) - N- R3S, 4E) 6- (2 3

-di hydro- 1Hi ndol- 1-y1) - 6- gxohex- 4- en- 3 n%‘} azetidi ne- r boxam de;

(25) 80 °( (35, 4G ion WU assor- 6ol ahibo b-iogs Ty 1)
azeti di negZshe ?ﬂﬁ_tégpgaﬂglg{ﬁana ide; . (25)-N-R3S, 4E) - 6-0x0-6- { [5

-(trifluorome | adi azol -2-ylJam no } hex-4- en-3 -yl]pip
eri di ne- 2- car b@&&uaeino-N-[(2E,45)-1-(2,3-dihydro-1H-indol-1-yl)-6,6-dimethyl-1-oxohept-
2-en-4-yl]butanamide;

(2E,485)-4-{[(25)-2-aminobutanoyl]amino } -N-(4-methoxyphenyl)-6,6-

25  dimethylhept-2-enamide;
(2E,45)-4-{[(25)-2-aminobutanoylJamino } -N-(4-methoxyphenyl)-6-methylhept-2-
enamide;
(2E,4S5)-N-(4-methoxyphenyl)-6-methyl-4- {[3-(thiophen-2-yl)-L-
alanyl]amino } hept-2-enamide;
30 N-[(2E 485)-1-(2,3-dihydro-1H-indol-1-yl)-6-methyl-1-oxohept-2-en-4-yl]-L-

alaninamide;

161



25(2S)-N-R3S,4E)-6- { [5 -(4-fluorophenyl)-1,3 ,4-thiadiazol-2-yl] amno 1
- 6- oxohex-4- en-3 -yl ]pip eridine-2-carboxam de; (2S) - N- R3S, 4E) - 6-

{ met hyl [\EIO-ZQIlvdlﬁSOmor onet hyl)-1, 3 , 4-thiadi azol - 2- yl | amPo®/Us2618/045137
oxohex- 4- en- 3-yl ] pi peri di ne- 2- car boxam de; or N-

4E) - 6- (2, 3-d dol- 1- fl 0- 6- hex-4-en-3-yl1l] -1,
g(()al Zinl ngam de; k&(gég‘&nm#rg@gw‘#r%ﬁylyé%E@Btéﬁe lg’gél‘ocm?gé%éex YM vl
2011/0198%@%%(8{%%@{&%;@& 25. A conpound which is (2S)-N
[ (1S, 2E) - 4- (2, 3-di hydro- 1Hi ndo1-1 -y1)-1- ethyl-4-oxo -2-buten- 1 -yl]

-2-az etidi nec@Mxmmd&ﬂﬂ%ﬂ%a(ﬂrﬁa@budnoebfﬂm%de}é}aﬁamtbylslabzoltep&eof
526. A co i C s (25)-NRLS, 2E) - 4- (2, 3-di hydro-1Hindol-1-y1l)-1-
B g

(2- nmet hyl 2-buten-1-yl]-2-azetidi necar boxam de or a

phar megeut i cal hy(@gaspbahdiByISEbko- JerRas)-1,2,3,4-tetrahy’ifo- 1 A4-§ARRBAEshtHAERN 1S
(25)-N-R1S, 2E) - {((cyc oprog}gll m::tohytlj(er S) 3- ctrahylfo- fh

10di hydro9j}’|1-]h|@]?fcﬂ7§nf %} 1P=thiophen-2- ytb&r@lnmnamip 2- azeti di necar boxani de or a
h t | h
(a8 "N RS, om PRGN G Mo BT Vorgs  ( RasF T2 S SAMROUAG 4! €N 18

et hyl - 4- ox@ﬂﬁnmpbﬂhallenwlﬁlﬂfbpf ]Z-H:ﬁﬂbyll}bﬁlﬁ@dﬂllﬂa,m de or a phar maceutical |y
accept abl e sal t 15t he

(2S) - N RLS, 2E) (449 %(Sﬁrhpww §|4 EWWDM Y§/)1§ HFIhYét“hili (Etu%vls@a 2¥inkren- 1

-yl] 1 i a{nqllln fboxamigle or a pharnaceutical ly acceptabl e salt
thereo(? 28'6‘Rﬂ Qe %)él o(%nd which is (2S)-NRLS, 2E)-4-(2, 3

-di hydro- 1H i nde12A,4Sp3)1 12 3-dihydro-1H-indol- l-yl) 5-methyl-1-oxohept-2-en-4-yl]-L-
(2- et hylg ],3% 1) - 4 0X0- 2- but en-| -y1] - 2- pi peri di necar boxam de or a
phar maceu accept able salt thereof. 2531. A conpound which is

(2S) -N-41S, 2E) ¢z 4 UnRbRPYdyI 1 8XQthkdidzet-2-y1 hyl-4- {[3-(thiophen-2-
(trifluoronet h§/| y- %]g#zja{hpglg)?a%%y )flzgy arﬁi‘l ng - 3’] 6u{nee;1-y 1l-y [)3-(t -l%ng}tll di necar

boxani de mb-laalohgiameioelitcptatenymids ept abI e salt t hereof 32. A conmpound whi ch

4 thihai asol - P 1G5 PFERRORH el 1) Snet B ETE R ' o

a phar nacggazeﬁainbyg @@B@ﬁhﬁ@é e salt thereof WD 2011/019801PCT/ US2010/ 045137
33. A conmpound which is (45)-N((1S, 2E)-1-ethyl-4-oxo-4- {hé
(trifluoronet hBP-M[EE, 11r(ﬂé &p=1F1ndpl- éﬂyil)n@H}ethXi 1- pi-2-en-4-

-yl)-4-fl %je or a pharmaceutically acceptable salt thereof
534. A congﬁgé%th%&rﬁa&w?‘% N- ( (1S, 2E) - 1- ( 2- met hyl propy1) - 4- oxo- 4- {[5-

(trifluoromnet hYZLS))-]\ZL {QEUAINI- ddlinastiodxyPhatlyl amiimed-6Lmethyl-1-oxohept-2-en-4-
-2-but en-1-y1) - 2-pi peri di necarboxam de or a pharnmaceutically acceptable
salt ther é]&flzetldlne& -carboxamide;
(25)-N-[(2E AS)-6-methyl-1-{methyl[5-(trifluoromethyl)-1,3,4-thiadiazol-2-
yl]amino}-1-oxohept-2-en-4-yl]piperidine-2-carboxamide;
(28)-N-{(2S,3E)-5-[(5-tert-butyl-1,3,4-thiadiazol-2-yl)amino]-1-cyclopropyl-5-
oxopent-3-en-2-yl}azetidine-2-carboxamide;
25 (28)-N-[(28,3E)-1-cyclopropyl-5-(1,3-dihydro-2 H-isoindol-2-yl)-5-oxopent-3-en-
2-yl]azetidine-2-carboxamide;
N-[(2E.485)-1-(1,3-dihydro-2 H-isoindol-2-yl)-1-oxohept-2-en-4-yl]-L-
alaninamide;
N-[(2E485)-1-(2,3-dihydro-1H-indol-1-yl)-1-oxohept-2-en-4-yl]-L-alaninamide;
30 (2E,45)-4-(L-alanylamino)-N-(4-methoxyphenyl)hept-2-enamide;
N-[(2E.485)-1-(1,3-dihydro-2 H-isoindol-2-yl)-1-oxohept-2-en-4-yl]-3-thiophen-2-

yl-L-alaninamide;
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35. A pharnmaceutical conposition which conprises the conmpound or salt
10according to any one of Cains 1-34, and a pharmaceutically acceptable
exci pi entwo0 2011/019896. A process for preparing the conposiPCirars2@as/o¢ad’ ned in
claim 35, the process conprising mxing the corrpound or salt accordi ng to

ggy Xnﬁe?];]og ?W%éééf ﬁ%&%ﬁy&%i%é@rtgﬁﬂvg P' 'ﬁﬁ lﬁ’ﬁstglé?g c g 'r| SI ng

adm ni st ey ifihihfnidepati ent in need thereof an effecti ve amount of the
conpound or salt according to any one of Oains 1-34. 2038. A nethod for
treating chroni(2E,6HsV(radtheyphdnybrd |3-dhispbee?-yOrprlagy gniadihapt-2t eri ng to
a patient |n geed t hereof the pharmaceutical conposition according to Claim
35. 39. A PLEEs for the preparation of the conmpound or salt according to

G ai m 251, vvhl ¢, m%%&%mmﬁﬂo%ﬁ&noﬂ]anﬁlﬁa}lw mm%o%&@ﬁylﬁl{e% -2Cdn@khid; am no

al dehyde of thefollowls(\?forrrua wherein is as defined in
claim1, wth &)animdiao HBEHSiécﬂWMlV@rOr?e%gS@mebQ -thé-oxehapiiZaen-4-
Ph:%PCI—IC(O%,QIE;gtg%a ereln Rl and R2 are as defined in claim1, to forman

N- Boc pro Am’no enani de having the follow ng fornul a: OH
>C) NN, R1 0 R(R)-2-amino-N-[(2E,45)-1-(2,3-dihydro-1H-indol-1-yl)-1-oxohept-2-en-4-
yl]butanamide;
10 (2E,48)-4-(L-alanylamino)-4-cyclopropyl-N-(4-methoxyphenyl)but-2-enamide;

N-[(18,2E)-1-cyclopropyl-4-(1,3-dihydro-2 H-isoindol-2-yl)-4-oxobut-2-en-1-yl]-
L-alaninamide;
N-[(18,2E)-1-cyclopropyl-4-(2,3-dihydro-1H-indol-1-yl)-4-oxobut-2-en-1-yl]-L-
alaninamide;
15 N-{(18,2E)-1-cyclopropyl-4-[ (4-methoxyphenyl)amino]-4-oxobut-2-en-1-yl } -L-
valinamide;
N-[(18,2E)-1-cyclopropyl-4-(1,3-dihydro-2 H-isoindol-2-yl)-4-oxobut-2-en-1-yl]-
L-valinamide;
N-[(18,2E)-1-cyclopropyl-4-(2,3-dihydro-1H-indol-1-yl)-4-oxobut-2-en-1-yl]-L-
20  valinamide;
(285)-2-amino-2-cyclopentyl-N-[(1S,2E)-1-cyclopropyl-4-(1,3-dihydro-2 H-
isoindol-2-yl)-4-oxobut-2-en-1-yl]ethanamide;
(2S5)-2-amino-2-cyclopentyl-N-[(18,2E)-1-cyclopropyl-4-(2,3-dihydro-1H-indol-1-
yl)-4-oxobut-2-en-1-yl]ethanamide;
25 (28)-N-[(18,2E)-1-cyclopropyl-4-(1,3-dihydro-2 H-isoindol-2-yl)-4-oxobut-2-en-1-
yl]azetidine-2-carboxamide;
(25)-N-[(1S,2E)-1-cyclopropyl-4-(2,3-dihydro-1H-indol-1-yl)-4-oxobut-2-en-1-
yl]azetidine-2-carboxamide;
(25)-N-[(1S8,2E)-1-cyclopropyl-4-oxo-4- {[ 5-(trifluoromethyl)-1,3,4-thiadiazol-2-
30  yl]amino }but-2-en-1-yl]azetidine-2-carboxamide;
(28)-N-{(1S,2E)-4-[(5-tert-butyl-1,3,4-thiadiazol-2-yl)amino]-1-cyclopropyl-4-

oxobut-2-en-1-yl}azetidine-2-carboxamide;
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52) deprotecting the N-Boc protected am no enam de by renoval of the Boc
protecting group to forman am no enam de having the followng fornmula: O
FI 2N1\ ( R wB1211RR9I801 3) coupling of the am no enam #€TMiSzé10ans1BF Boc
protected a-am no acid of the for mul a BocNRSCHR4002H wherei n R4 and R5 are

L TR P e I s B R S5 R A e o

N, ..., .. ylbutanamide; - - -« - - - - ., I 2R3R 4) deprotecting
the N Boc prot ected acyl am no enam de by removal of the Boc protecting
group. 15 N-[(38,4E)-6-(1,3-dihydro-2H-isoindol-2-yl)-6-oxohex-4-en-3-yl]-3-thiophen-2-

yl-L-alaninamide;
5 (2E,485)-4-{[(25)-2-aminobutanoyl]amino } -N-(4-methoxyphenyl)hex-2-enamide;
(25)-2-amino-N-{(3S,4E)-6-0x0-6-[(1R,45)-1,2,3 4-tetrahydro-1,4-
epiminonaphthalen-9-yl]hex-4-en-3-yl} butanamide;
(2E,485)-N-(4-methoxyphenyl)-4-{[3-(thiophen-2-yl)-L-alanyl]amino } hex-2-
enamide;
10 N-[(3S,4E)-6-0x0-6-(1,2,3,4-tetrahydro-1,4-epiminonaphthalen-9-yl)hex-4-en-3-
yl]-3-thiophen-2-yl-L-alaninamide;
N-[(3S,4E)-6-(2,3-dihydro-1H-indol-1-yl)-6-oxohex-4-en-3-yl]-L-alaninamide;
(285)-2-amino-N-[(3S,4E)-6-(2,3-dihydro-1H-indol-1-yl)-6-oxohex-4-en-3-
yl]butanamide;
15 N-[(3S,4E)-6-(2,3-dihydro-1H-indol-1-yl)-6-oxohex-4-en-3-yl]-3-thiophen-2-yl-
L-alaninamide;
(25)-N-[(3S.,4E)-6-(1,3-dihydro-2 H-isoindol-2-yl)-6-oxohex-4-en-3-yl]azetidine-
2-carboxamide;
(25)-N-[(38,4E)-6-(2,3-dihydro-1H-indol-1-yl)-6-oxohex-4-en-3-yl]azetidine-2-
20  carboxamide;
(28)-N-{(3S,4E)-6-[(4-methoxyphenyl)amino]-6-oxohex-4-en-3-yl} azetidine-2-
carboxamide;
(25)-N-[(3S.,4E)-6-0x0-6-{[ 5-(trifluoromethyl)-1,3,4-thiadiazol-2-yl Jamino } hex-4-
en-3-yl]piperidine-2-carboxamide;
25 (25)-N-[(3S.,4E)-6-{[ 5-(4-fluorophenyl)-1,3,4-thiadiazol-2-yl]Jamino } -6-oxohex-4-
en-3-yl]piperidine-2-carboxamide;
(28)-N-[(38.,4E)-6-{methyl[5-(trifluoromethyl)-1,3,4-thiadiazol-2-yl]Jamino } -6-
oxohex-4-en-3-ylpiperidine-2-carboxamide; or
N-[(4E)-6-(2,3-dihydro-1H-indol-1-yl)-1,1,1-trifluoro-6-oxohex-4-en-3-yl]-L-
30 alaninamide;

or a pharmaceutically acceptable salt thereof.
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25. A compound which is (25)-N-[(1S,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-
cthyl-4-ox0-2-buten-1-yl]-2-azetidinecarboxamide or a pharmaceutically acceptable salt

thereof.

26. A compound which is (25)-N-[(1S,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-
(2-methylpropyl)-4-oxo-2-buten-1-yl]-2-azetidinecarboxamide or a pharmaceutically

acceptable salt thereof.

27. A compound which is (25)-N-[(1S,2E)-1-(cyclopropylmethyl)-4-(2,3-
dihydro-1H-indol-1-yl)-4-ox0-2-buten-1-yl]-2-azetidinecarboxamide or a

pharmaceutically acceptable salt thereof.

28. A compound which is (45)-N-[(1S,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-
ethyl-4-ox0-2-buten-1-yl]-4-fluoro-L-prolinamide or a pharmaceutically acceptable salt

thereof.

29. A compound which is (25)-N-[(1S,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-
ethyl-4-ox0-2-buten-1-yl]-2-piperidinecarboxamide or a pharmaceutically acceptable salt

thereof.

30. A compound which is (25)-N-[(18,2E)-4-(2,3-dihydro-1H-indol-1-yl)-1-
(2-methylpropyl)-4-oxo-2-buten-1-yl]-2-piperidinecarboxamide or a pharmaceutically

acceptable salt thereof.

31. A compound which is (25)-N-((1S5,2E)-1-(2-methylpropyl)-4-oxo-4-{[5-
(trifluoromethyl)-1,3,4-thiadiazol-2-yl]amino } -2-buten-1-yl)-2-azetidinecarboxamide or a

pharmaceutically acceptable salt thereof.
32. A compound which is (25)-N-((18,2E)-1-(2-methylpropyl)-4- {methyl[5-

(trifluoromethyl)-1,3,4-thiadiazol-2-ylJamino } -4-oxo-2-buten-1-yl)-2-

azetidinecarboxamide or a pharmaceutically acceptable salt thereof.
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A compound which is (45)-N-((1S,2E)-1-ethyl-4-ox0-4-{[5-
(trifluoromethyl)-1,3,4-thiadiazol-2-yl]amino } -2-buten- 1-yl)-4-fluoro-L-prolinamide or a

33.

pharmaceutically acceptable salt thereof.
A compound which is (25)-N-((1S5,2E)-1-(2-methylpropyl)-4-oxo-4-{[5-

34.
(trifluoromethyl)-1,3,4-thiadiazol-2-yl]Jamino } -2-buten-1-yl)-2-piperidinecarboxamide or

a pharmaceutically acceptable salt thereof.
A pharmaceutical composition which comprises the compound or salt

35.
according to any one of Claims 1-34, and a pharmaceutically acceptable excipient.

10
A process for preparing the composition as defined in claim 35, the

36.
process comprising mixing the compound or salt according to any one of Claims 1-34

with a pharmaceutically acceptable excipient.
A method for treating chronic obstructive pulmonary disease comprising

15
37.
administering to a patient in need thereof an effective amount of the compound or salt

according to any one of Claims 1-34.
A method for treating chronic obstructive pulmonary disease comprising

administering to a patient in need thereof the pharmaceutical composition according to

20 38.
Claim 35.
39. A process for the preparation of the compound or salt according to Claim
25 1, which process comprises:
1) reacting an N-Boc protected a-amino aldehyde of the following formula:
O
H
YN
x H
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wherein R is as defined in claim 1, with an amide stabilized Wittig reagent of the

formula PhsPCHC(O)NR'R?, wherein R' and R? are as defined in claim 1, to form an

N-Boc protected amino enamide having the following formula:

5

10

15

2) deprotecting the N-Boc protected amino enamide by removal of the Boc

protecting group to form an amino enamide having the following formula:

3) coupling of the amino enamide with an N-Boc protected a-amino acid of the

formula BocNR’CHR'CO,H, wherein R? and R’ are as defined in claim 1, to form an

N-Boc protected acylamino enamide having the following formula:

= |
R’ R® .

o R 0
0 ITI <7 N N~
R O

4) deprotecting the N-Boc protected acylamino enamide by removal of the Boc

protecting group.
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