HEPATI TI'S C VI RUS | NHI Bl TORS CROSS- REFERENCE TO RELATED APPLI CATI ONS

This application clainms the benefit of U S. Provisional Application Serial
No. 561/ 1W928109117i0ked March 30, 2009. FlIELD OF THE | NVERTI(0N2010/02899he
present disclosure is generally directed to antiviral conpounds, and nore
specifically directed to conpounds which can inhibit the function of the
NS5A protein 10encoded by BPALTHSE ViRds INHBMIORDposi ti ons conpri si ng
such conpounds, and nmethods for inhibiting the function of the NS5A
protein. BACKGROUND OF THE | NVENTI ON HCV is a maj or human pat hogen,

infecting an esti mat edROMS-REFERBN(EETORBELAPEDXPRIMCAG IONSoughl y five
times the nunber infected by human innmunodeficiency virus type 1. A

subst anti al fractlingharplicatipscdaipeihe bmett @ld) iSnBrovidensl drpbeasios peselrNous
progr essgve él?l‘éﬁf&?ﬁiﬂ%@l@ﬁr&{ﬁg?b’ﬁg ng cirrhosis and hepatocel | ul ar

car ci nona. e curren andard of care for I1CV, which enploys a
conbi nation of pegylated-interferon and ribavirin, has a non-opti mal
success rate in achieving 20sustai ned viral response and causes numerous
side effects. Thus, there is aF8ildAPTahdEYN ON need to devel op

effective therapies to address this er.ne di cal .need., iS a
bt i vee st ronand RS RF It Bttt AR e B A YR ouid asEndie: o
aci d sequenggedfichllytBreet @M SdiFousIdE Whathi day imHibik R fonctiontdrARSNSS £ ?)rdt@igi on,

HCV has been classified as a separate genus in the Flaviviridae famly. All
25menberl§ ofeneeiedbiyalapatitis dadrus SACVy, dempesisione toppising fuch ssmppandscort ai n a

positive strande eno ncodi ng..al #ovm.virus-specific proteins via
transl ati on r%%g%%ﬁ%ﬁhgqlg%nﬁﬁ?@cﬁﬁfwg&e% édﬂplfoéﬁai ng frame.
Consi derabl e heterogeneity is found within the nucl eotide and encoded am no

aci d sequence throughout the HCV genone due to the high error rate of the
encoded 30 RNA dependent RNPAPBIGRRUNSORAIBHINGERIIANDPr oof - r eadi ng

capability At le Si X_maj qr._geno es.have been .char er.i.zed, and nore
Chan 50 subt ypes HaYd® bauiqueBrPOLHEt et e SRR G MO PHU e othe

clini calissi gpbddvaaac enhiyt iR WeOahE fumb&tigiceameinhaafimMofargeyonst rat ed
a propensity for nutations to arise during nonofherapy treatnent,”thus

addi ti onal tvimatyment. Apubstandial Gactivpef threse HEST mdektedlindivpbwlsi dsivelopsehiduat or
ef fect of genotypes ,on pat hogenesi s and t her renains el usive. The single
Strand Hov RRPEEERGHE S BR85S BRARESIsionI TRt UBEEHOPY angth and has
a single open reafiNGrkheddafd¥caROPHIANG vhish 89bRy REGRLRYM Ot €I n of

about 3000 amino acids. In infected cells, this polyprotein is cleaved at
mul tipl e si tregylbieddetetfatcarandmibavirinahaspr wineggms! socoessodtede atlievisg r uct ur al

and non-gstructural roteipns. In the cas H th ener.ation of
mat ur e i SCPtE v TspBat i s murgsio s ade A ionas 1305 RBRTS SETR13) | s
ef fected by jbyoryi fok t&aatewé?ecm&&a?{e%&o 28088 thS RBELRY fRdkQ RRJ2

i netal |l oprotease and cl eaves at the NS2-NS3 junction; the second one is a
serine protease difiVakaedsitive-kiramded &N vensn Baskd oe gicompefisdiST tial so

referred to herein as NS3 protease), and nediates .all the subsequent
cl eavages At ToRo S3TU B e EXlensig StgriNgs. ey ABEPRIA) e site,
and in ”an%e%ifoﬂ,f HERS s HEB Qb AGdIAA MR HRERND rav VR Hanfy. SAhes. The

NS4A protein appears
25  members of the Flaviviridae family have enveloped virions that contain a positive

stranded RNA genome encoding all known virus-specific proteins via translation of a
single, uninterrupted, open reading frame.
Considerable heterogeneity is found within the nucleotide and encoded amino
acid sequence throughout the HCV genome due to the high error rate of the encoded
30  RNA dependent RNA polymerase which lacks a proof-reading capability. At least six
major genotypes have been characterized, and more than 50 subtypes have been

described with distribution worldwide. The clinical significance of the genetic

-1-



15to0 serve nultiple functions by both acting as a cofactor for the NS3
prot ease and assisting in the nenbrane | ocalization of NS3 and ot her viral
repli casewoanoniemds. The formati on of a NS3- NS4A conpl ELTIS2MO02898%ary f or
proper protease activity resulting in increased proteolytic efficiency of
t he cl eavage events. T 3 protein also exhjbits nucleoside |

tri phosphat gé@f%ﬁf?ﬂeiﬁf@{] Iﬁ@Vi 8 SemaRsiiatrdia EPCNRKSE BT (aFiaRPIs do pPseAWRE t o

herein as H ' 3 1 S€e i Lratrl. S
vl ved i n B et ARl 31 Rl RPRRARRh. MR R bR e T g nssa
in a replicpsssidompidaiator effect of Gnpypesctas: paslefoehesiandithaapy rerabiE\élusifeect ed

patients are desired which selectively inhibit HCV viral replication. In
particul ar, conpddsd®aihiteRdakeY Bout gerams s approximtely O5phaudleatides Bh of the

NS5A . . . Y o e,
nthe ror1 CE S Rlatheld g EaiAERBIORE) EndBnlgRREENPE L i GRRTT, T
K. -J. Park, oftbalt.3000 amBlooicidsChie mfect@Doelly; tR3 HbByrae 3} cledvedlat multiple

Tel I i nghui sen, et al., Nature, 435, 374 (2005); R A Love, et al., |
Tirol, 83, 45650y buby andvirglipeteasegio poduce thepiictianksnd nopgirucygd §NE»006) ;

L. Huang, 1. Bi . , 05).; e s
vwzooaogssai’?ak’%w}i%%@%g#@? 1\?{}%%#%\‘1?0% O@mﬁ%e" nﬁl&?‘e‘%@%‘ ﬁ%xoéer%{l? W3 ovi des
conpounds WNS3) NeseilAg NS48 NS 54N Bhd NS SBICM effet @b by ewb ivaral proftaseds Tab &ikAact eri zed

by Formula (1): . -Y R2 RLOOWO 5(1), or a pharmaceutically acceptable salt
t her eof 10whénginbeligvedtopeqy metallpprptpase and|cheavespdheNA2 NS jnaction; Hice

i ndependent | | ect: : i : or NH;
R L R U R L
from cycl oalrkfttred beh@Einas WS3 fieteaded 6 meliated B ItKObse Bk cﬁéa‘?ﬁ%&sSUbSt ituted
with one or nore substituents independently selected fromaryl, alkenyl,

cycl oal kyl , desteiressyef WE3, brsh &y Gaey fhe NGRENS4AGevegrsite, prbiRtTangfar the( 0) Nad,

wherein aryl nd. LN ubst it u with.one or nore
oNEest tuon] eeR AR AR VAn TRUERES RIASX WIS Mt Witk At bl iR
20het er geycliykervh alugtisle Yalcvibad kyboth BediRO8N, cofdcddtTor e INS, proehfd)LHR4, OR5,

(Nab) al kyl , and ( MEOQQ(SHO) P(0) 0-, and wherein cycl oal kyl and heterocyclyl
may opt i onalds§iste ikemenhtane dvrakivasiontaf N3 ang aiket vivalrepPedse penpgnepts.

St L el OS2y SR DRSO bRl o
resulting in increased proteolytic efficiency of the cleavage events. The NS3 protein
also exhibits nucleoside friphosphatase and RNA helicase activities. NS5B {also

20 referred to herein as HCV polymerase) is a RNA-dependent RNA polymerase that is
involved in the replication of HCV with other HCV proteins, including NS5A, in a
replicase complex.

Compounds useful for treating HCV-infected patients are desired which
selectively inhibit HCV viral replication. In particular, compounds which are

25  effective to inhibit the function of the NS5A protein are desired. The HCV NS5A
protein is described, for example, in the following references: S. L. Tan, et al.,
Virology, 284:1-12 (2001); K.-J. Park, etal.,J. Biol Chem., 30711-30718 (2003);
T. L. Tellinghuisen, et al., Nature, 435, 374 (2005); R. A. Love, etal, J. Virol, 83,
4395 (2009); N. Appel, etal,, J. Biol. Chem., 281, 9833 (2006); L. Huang, J. Biol.

30 Chem., 280, 36417 (2005); C. Rice, et al., WO2006093867.



25-C. (0O)OR4; 12.3 is hydrogen, alkyl, or arylalkyl; R4 is alkyl or

arylal kyl; R5 is hydrogen, alkyl, or arylalkyl; R and Rb are independently
sel ect ed WPeRiMy@0dgen, al kyl, cycl oal kyl, arylallcyl, RETAIS2&E04pr8992 C(0) R6,
-C(0)0OR7, -C(0)Nad, and (Nad)allcyl, or 5alternatively, |le and Rb, together
with the nitrogen atomto whjch they%are attached, forma five- or

si x-nmenbered ring or bri dgengWélRi OFiW@Y@é@E@@, wherein said five- or

SI x-menbered i “@th%ré%%ﬁtqg@&ﬁ%%&ﬁ&e chnﬁ%urﬁfsWﬁ&l‘r‘fe‘?ee@iQ%l ?ﬁ%i& YRRy contain

one or two addition eteroato i ndependently selecte rom nitrogen,
oxygen, and vidl feplicatiogd, asahamontiacdboPemitan@): or three 10substituents

i ndependently selected fromCl to C6 alkyl, Cl to hal oal kyl , aryl,
hydroxyl, ClL to C6 al koxy, c hal oal koxy hal ogen; R6 is al kyl;
R7 is alkyl, arylallcyl, cyclo Qr haboal

ibd and R 11 are independently ed fry
and 15hal 0; Re and Rd are indepéndeW{¥y- sekett ed Hr om hydr ogen, al kyl,
aryl al kyl, and cycl oal kyl . The conpotyasls of i1:he present disclosure can be
effective to inhibit the function of ‘the HCY NS5A protein. In particular,

t he conpgunds of the present 20 disclosyse can be effective to inhibit the
HCV | b genotype or multiple genotypes of "HCV. Therefore, this invention

al so enconpassebarnfatputtelpesicpiablessali timpedfswherem: conpound of Formula (1), or
a pharmaceutical ly acceptable salt thereof, and a pharnmaceutically
acceptabl e carri ér'? Qﬁg’ (2) a nmethod of treating an HCV infection in a
patient, conpri S'L“x% i \%h@réinggoa?ﬁ 1Ph& RaLp BB seleelcanmemt: cal l'y

ef fective anmount of 25a conpoun Forrmula (1), or a pharnaceutically

accept abl e salt ereof (3)—use of a ound of Fegnula (lI), or a
phar maceut i @ Gept ab @ %th Lot -@. ?cture of a
medi canment f or \the' tTeatnent_of* HCV i tifon in \a=pati eptqy DETAI LED

DESCRI PTION OF THE | NVENTI ON 301 a first aspect of the’present disclosure

conpounds of Fo@i (I') are provided: Rl Y- LA-H R2 RlRua
10 E ; provided that at least one of L' and L? is other than ;

3

l7;
ydﬂogen, al kyl , cyanoal kyl

Y and Y’ are independently oxygen (O) or NH;
R' is hydrogen or —C(O)R;
R? is hydrogen or —C(O)R”;
R* and R are independently selected from cycloalkyl, heteroaryl, heterocyclyl,
15 alkoxy, and alkyl substituted with one or more substituents independently
selected from aryl, alkenyl, cycloalkyl, heterocyclyl, heteroaryl, -OR?,
-C(O)YOR*, -NR°R®, and -C(O)NR°RY,
wherein aryl and heteroaryl may optionally be substituted with one or more
substituents independently selected from alkyl, haloalkyl, arylalkyl,
20 heterocyclyl, heterocyclylalkyl, halogen, cyano, nitro, -C(O)OR*, OR®,
-NR*RP, (NR*R™alkyl, and (MeO)(HO)P(O)O-, and
wherein cycloalkyl and heterocyclyl may optionally be fused onto an aromatic
ring and may optionally be substituted with one or more substituents
independently selected from alkyl, hydroxyl, halogen, aryl, -NR®R®, oxo, and
25 C(O)ORY,
R®is hydrogen, alkyl, or arylalkyl;
-3 -



(D. I'n a first enbodinment of the first aspect, the present disclosure
provi des a conpound of Fornmula (1), or a pharnmaceutically acceptable
salt or solvate thereof, 5wherein: sis Oor |I; Lis -L"'-L2-, wherein LI
and L2 are independently selected from OY and Y' are independently oxygen
(0) or N, Rl is hydrogen or R2 is hydrogen or Ra and RY are independently
sel ect ed from cydt daplkyl or asglelkybaryl , heterocyclyl, al koxy, and al kyl
substituted wt h nor & ts i ndependent|y 15sel ected from
aryl. alkenyl  cyois Ly, ﬁé‘?’gtz%é})?}l heteroaryl, -OR3, -C(0)OR4,

-NRaRb, and - [ O)Itﬂrzﬁd Mm%@ayﬁtlmcmtfﬁmw&b syligntoyonaklly be

substituted with one or nore substlt ents m,dfg ently sel ect d from

al kyl, hal oal kyl ar}da&b’hhklytoar)ﬂefémi&yc@@)oﬂqe (AR Ry agd

wher o n Syt oal kERAIEE AT PR VOB E%g@%gn&té%@aﬁﬁtﬁ?%aémo e

aromati c ring andugEkedORinn - ¥r BiR-meabéred ﬁhgér bl dcm@ycﬁé iR kBucture,

substituents independently selected from al ky roxyl’, hal ogen, aryl,

-NRaRi a, 0xo0, anthealﬂ)sﬂﬂéﬁveQWXmmmfhgwor bridgyd buwhcanyg struojure R4 i s
al kyl or arylal kyl

k | el d Rh
i ndependent |y seIOQE‘P’éﬂRIg!fI 3 ‘ﬁ%?%@%ﬂr&’ﬂ {‘{ﬂm ﬁ?%rgﬁ{??{ lh% ef‘%ﬁ e
heteroaryl, -C(O)sHct d%ﬁ'ﬁ en kP2 MNBRAsul AR dnd MBY CBhton oneofwo or three

alternatively, Ra an t og ther wth the nitrogén atomto which they are
5attached, f or m aubstitesntoindependenslyiretcetbdrirang Corto B aﬂtgbdilbo €y bhlioalkyi, ng

structure, erein s fiv 0 nbeyr.e or ed bicyclic ring
structure optl ondfyl ﬁﬁ%ﬂoﬁtfﬁléf %]IFFE‘yo f‘b\é gﬂﬁ?lgg’% g‘fnoat oms
i ndependent | y selygqg g@( f.rom ni trogen, oxygen, and sulfur and may contain

u

one, two, or three s tituents independently selected fromCl to C6 al kyl,
C to C4 hal oal kyR,is alkst, ytfylalhyldcydgdlkylcarhah)a%ll,al koxy, C) to C4 hal oal koxy

and hal ogen; R6 isyal kyl ;o R7 i y Kk or hal
R116 are i ndependent®f Be| @gi Jéml}ﬁ?‘g ‘Ef@‘gh X’aﬂ genc%}]gﬁo 1@1&1 haI 0;
15l e angsle are |Haﬂ)ependent ly sel ected from hydrogen, alkyl, ar yI al kyl, and

cycl oal kyl .
R° and R? are independently selected from hydrogen, alkyl, arylalkyl, and

cycloalkyl.
The compounds of the present disclosure can be effective to inhibit the
function of the HCV NS5A protein. In particular, the compounds of the present
20  disclosure can be effective to inhibit the HCV 1b genotype or multiple genotypes of
HCV. Therefore, this invention also encompasses: (1) compositions comprising a
compound of Formula (I), or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier; and (2) a method of treating an HCV infection in
a patient, comprising administering to the patient a therapeutically effective amount of
25  acompound of Formula (I), or a pharmaceutically acceptable salt thereof (3) use of a
compound of Formula (), or a pharmaceutically acceptable salt thereof for the

manufacture of a medicament for the treatment of HCV infection in a patient.

DETAILED DESCRIPTION OF THE INVENTION
30 In a first aspect of the present disclosure compounds of Formula (I) are

provided:



In a first class of conpounds of the first enbodi ment, the present

di scl osure provides a conpound of Formula (1), or a pharnmaceutically
accept abl®02a1011g104s0l vat e t hereof, wherein s is 0. 20| RCA/S2e10/28989 ass of
conpounds of the first enbodi ment, the present disclosure provides a
conpound of Forrmula (1), or a pharnmaceutically acceptable salt or solvate
t hereof, wherein s is 1. ( n a second e dsrent of the first
aspect, the present disclosure s a conmppund of Fornmula (1), or a
pharmaceutical |y acceptabl e sal ) vat edéof 25wherein: s is 0 or
1, Lis selected from Y andrY' ar 7T4L wemdentd%y oxygen (0) or NH Rl is
hydrogen or 5R2 is hydrogen or Rx ang,,RY are,jndependently sel ected from
cycl oal kyl, heteroaryl, heterocyclyl, aIkox@ and al kyl substituted with
one or nore substituents independently | ected fromaryl, alkenyl,
cycl oal kyl, heterocyclyl, heteroaryl, 0) OR4, - NRaRb, and -C(0) Ni ne,
10wherein aryl aﬁdaIfeﬁterrﬂnadgmemraﬁﬂxedtrst@npdct,}thdtmesadbdtsbkoemueqbrtwiidds aone or
nore substituents jndependently selected fromalk hal o ryIaIkyI
het er ocycl y|09nnetl@r Paa@ytaph%rn@@eﬁwa@y%ﬁ%pw piplbor Sf%( of,0Rs5,

- NRaRb, gNRaRh)al kyl, and (Me0)(HO)P(0)0-, and wherein cycloalkyl and

het erocyclyl may optionally be fused onto an aromatic 15ring and may
optionally be sulstuted with one or nore substituents i ndependent |y

sel ected from al kyl, hydroxr % 0xo, and - C(0) OR4;
R3 i s hydrogen, &Ryl ~lor ¥ %rr«atlm I—R&Tfi%ld@eﬁﬁl?m@rselﬁﬁ‘?ﬁa’f%l 20125 i s
hydr ogen, aIkyI or aryIaIkyI Ra and Rb are |ndependently selected from

hydr ogen, é oaI IaI ero (0)R6, -C(0)01-e,

- C(0) Nne, 'Ite Y, together with the
ni trogen atontto |ch the ar e attach fornt e- oﬁﬂ i Xx-menbered ring
or bridged blcycllc rlng structure, 25mhere|n said five- si x- menber ed
ring or brid ed |c ring structure optionally may con |f or two
addi ti onal he oa o i ndependent | y sel ect.ed frontnltroge qmyae% and
sul fur and rray ai r Rspeded thet atdpast ppcel Is wpetli’ ivehesthamdeperdent | v

sel ected fromCl to C6 alkyl, Cl to C4 haloal kyl, aryl, hydroxyl, C to
al koxy, 101 to C4Y|ai1cb¥r mmydepamd:bnﬂaloomn;(O)RﬁNEﬁ al kyI; R7 is al kyI,

aryl al kyl, or bal
y y Ol is hydrogen or —-C{O)R%,
R? is hydrogen or —-C(O)R;
R* and R” are independently selected from cycloalkyl, heteroaryl, heterocyclyl,

alkoxy, and alkyl substituted with one or more substituents independently

15 selected from aryl, alkenyl, cycloalkyl, heterocyclyl, heteroaryl, -OR?,
-C(O)OR*, -NR*R®, and -C(O)NR°R,
wherein aryl and heteroaryl may optionally be substituted with one or more
substituents independently selected from alkyl, haloalkyl, arylalkyl,
heterocyclyl, heterocyclylalkyl, halogen, cyano, nitro, -C(O)OR?, OR’,

20 “NR*R®, (NR*RP)alkyl, and (MeO)(HO)P(0)O-, and
wherein cycloalkyl and heterocyclyl may optionally be fused onto an aromatic
ring and may optionally be substituted with one or more substituents
independently selected from alkyl, hydroxyl, halogen, aryl, “NR*R”, 0x0, and
-C(O)ORY,

25 R’ is hydrogen, alkyl, or arylalkyl;
R? is alkyl or arylalkyl;



Run" and W are independently selected from hydrogen, alkyl, cyanoal kyl,
and halo; 5It and Rd are independently sel ected from hydrogen, alkyl,

aryl al kylwoaaw/aywhoal kyl . In a first class of comP6EABM289PE second
enbodi ment, the present disclosure provides a conpound of Forrmula (I), or a
phat i naceutl cal | y ;acce table salt or solvate thereof, wherein L is 10In a
second cl ass of & npilkylher slebiylt enbodi ment , the present disclosure

id d of,F hal t bl | t

oVt ot her oop ¥ fnd R ¥ imderpdertty s 2B BOR RREME Skl cREGRBL D  ha ¢ O

second embodi mentyyidikg, RIGSERA, d:(@)gi@os@{moaf Qi @@NR&%WW wlikyasrmul a
ereo

(J), or a phar rraceutl cal l y accﬁg le sal't 150r Solvate t V\/nerel ni.
is In a fourth cleliswatifelyRipodRdstogéthereitls o miltogsnistsan tmwhwhtﬂltﬁe’apﬁ: esent

di scl d ynd of F t
Ccoeprable bart SRACBIvAE Sdg: Surx gt fine o idieB SRR u68hi
conpounds of the xﬁﬁ&%@a@m@%ﬂgﬁn;nenib%dm@sﬁ%dé&ﬂmydua&ﬁfg%tmmye des a

conpound of Fornula (1), or a pharmaceutically acceptable salt or solvate
t her eof , wher ei n optiomslly nhay @ngaix bie ¢ mddftlooddmmgm@ﬁndep@ldsaﬁjond

UMM =E I SR AR R T it R TICA
seventh class of sﬁ@s@@@ﬁ&diﬁdéﬂenaé}ﬁly%%fé%é ﬁ%ﬁb@@to@{%}kyﬂ bft@@ﬁ%ﬁ&ﬁlkﬁl scl osure
provi des a conpound of Formula (1), or a pharnaceutically acceptable salt
or sol vdfe ther eafyl, yidersi,rCiltoiG alkoxy, C; to C4 haloalkoxy, and halogen;
R®is alkyl;
R’ is alkyl, arylalkyl, or haloalky!;
R'% and R'? are independently selected from hydrogen, alkyl, cyanoalkyl, and
halo;
15 R® and RY are independently setected from hydrogen, alkyl, arylalkyl, and
cycloalkyl.
In a first class of compounds of the first embodiment, the present disclosure
provides a compound of Formula (), or a pharmaceutically acceptable salt or solvate
thereof, wherem s is 0.
20 In a second class of compounds of the first embodiment, the present disclosure
provides a compound of Formula (I), or a pharmaceutically acceptable salt or solvate
thereof, wherein s is 1.
In a second embodiment of the first aspect, the present disclosure provides a
compound of Formula (I), or a pharmaceutically acceptable salt or solvate thereof,
25  wherein:
sisOorl;

L is selected from:



In an eighth class of conpounds of the second enbodi nent, the present

5di scl osure provides a conpound of Fornula (I), or a pharmaceutically
accept abl®0281011g104s0l vat e t hereof, wherein L is I n a nPRTRAIS2018428989
conpounds of the second enbodi nent, the present disclosure provides a
conmpound of Formula (I or a pharnaceutlcally acceptable salt or solvate

t her eof , WneEe R Q g_ “?% aspect t he

present di sckoSurg d
pharnaceutlcally acceptabl e salt or solvate thereo mhereln’ 8% s 0 or |
1, is --1,", wherein LI and L2 arc independently selected from 15 , and

Y and Y are -@ r§| s hydrogen or R2 is hydrogen or 201V and RY are
i ndependent | 3 ctg om cycl oal kyl, heteroaryl, heterocyclyl, alkoxy,

and al kyl substituted with one or nore substituents independently sel ected
fromaryl, alken cl oa teroc eteroaryl, -OR1, -C(0)O0R4,
-Nab, and - C(0) Na a ?ﬁ%e?fSﬂ'h&(ﬁ?’%ﬂmﬁ%aW%ﬁ%SW >may optionally be
substituted with lﬁﬂ@h?dro%@{& eyRsti tuents independently selected from

al kyl , hal oal kyl, ,aryla heterocyclyl bet erocycl yl al kyl , hal ogen,
cyano, nbtro, - K?)ISMOEEREOI—C(O)RY

R* and R’ are independently selected from cycloalkyl, heteroaryl, heterocyclyl,
alkoxy, and alkyl substituted with one or more substituents independently
selected from aryl, alkenyl, cycloalkyl, heterocyclyl, heteroaryl, -OR%,
-C(O)OR?, -NR*R®, and -C(O)NR°RY,

10 wherein aryl and heteroaryl may optionally be substituted with one or more
substituents independently selected from alkyl, haloalkyl, arylalkyl,
heterocyclyl, heterocyclylalkyl, halogen, cyano, nitro, —C(O)OR4, OR’,
“NR*RP, (NR*R")alkyl, and (MeO)(HO)P(0)O-, and
wherein cycloalkyl and heterocyclyl may optionally be fused onto an aromatic

15 ring and may optionally be substituted with one or more substituents
independently selected from alkyl, hydroxyl, halogen, aryl, -NR*R®, oxo, and
-C(O)ORY;

R? is hydrogen, alkyl, or arylalkyl;
R* is alky! or arylalkyl;

20 R’ is hydrogen, alkyl, or arylalkyl;

R* and R® are independently selected from hydrogen, alkyl, cycloalkyl,
arylalkyl, heteroaryl, -C(O)R®, -C(0)OR’, ~C(O)NRRY, and (NR°R%)alkyl, or
alternatively, R* and R, together with the nitrogen atom to which they are
attached, form a five- or six-membered ring or bridged bicyclic ting structure,

25 wherein said five- or six-membered ring or bridged bicyclic ring structure
optionally may contain one or two additional heteroatoms independently
selected from nitrogen, oxygen, and sulfur and may contain one, two, or three
substituents independently selected from C; to Cq alkyl, C; to C4 haloalkyl,
aryl, hydroxyl, C; to Cg alkoxy, C; to C4 haloalkoxy, and halogen;

-7-



-9- -Nab, (Nab)alkyl, and (ivle0O)(F10)P(0)0-, and wherein cycl oal kyl and
het erocycl yl may optionally be fused onto an aromatic ring and nmay

opti onal IYyOR81UPYHI t uted with one or nore substituent s PCHASpEAH2E0? y

sel ected from al kyl, hydroxyl, hal ogen, aryl, -Nab, oxo, 5-C(0)0OR4; R3 is
hydrogen, al kyl, or arylalkyl; Rd is alkyl or arylalkyl; R5 is hydrogen,
al kyl, or aryl al Rlisalayld |1 e are i ndependently sel ected from hydrogen,

al kyl, cycl oal kyl ».10aryl a l,, heteroaryl, -C(0)R6, -C(0)OR7, -C(0)NReRd,
and (Nad)al kyl , & lﬁﬁ&ﬁiﬁ%&v%ﬁﬁﬁﬂd le, together with the nitrogen
atom to whi ch t heyag rt%A¢ heperkiohtl Pselectddom B§drdber, ARFDRYAMbalkyIGn8T
bridged bicyclic ring structure, wherein said five- "or six-menbered ring or
bri dged bicyclichelopng structure optionally may contain one or two

addi ti ongl heteroqatons4i ndependent 5sel.ected fromnitrogen, oxygen, and
SUl T ur and rmy  cOREATR. BiReTOGHBIOLh SPEE TOub BV HEnT LY MRy Ly

sel ected from Clc%édloﬁk?fl@ al kyl, Cl1 to CA haloal kyl, aryl, hydroxyl, Cl to

C6 al koxy, Cl to al oal koxy, and halogen: R> is alkyl; R7 is alkyl,
aryl al kyl , or balloalfisticlas@ 6Rtongraing irdhe sécodé pmhddintehy tixapressnedisflosme

hydr ogen, al kyl,, cyanoal kyl ., _and halo; Ice and Rd are independent|

Ol eoted f r MY RBROuA Ry FOAR Ty ck i h S us SlIg e abte sel of Soivl
fourth enbodi ment of the firs he present disclosure provides a
25conmpound of Fol | oul a (I);g -Q{ically acceptabl e salt or

sol vat e t hertggtof, WhedeRi Dis S 1 & ‘ Is -L'-L2-, wherein LI and L2 are
i ndependently selected from Y is oxygen (0), and Y is NH, R is hydrogen
or R2 i 40hydr ogerinese®nd clagnaf mpauads atidp servad empodisreab teaiPrssin

cycloal kyl , cﬁ'sectloes{n%aﬂré;\lrideshae éoenrlggjocl%%lo\f lFbrmula (D), or a pharmaceutically acceptable salt

or solvate thereof, wherein L is % : : .

In a third class of compounds of the second embodiment, the present

disclosure provides a compound of Formula (I), or a pharmaceutically acceptable salt

15  or solvate thereof, wherein L is . . % .

In a fourth class of compounds of the second embodiment, the present

disclosure provides a compound of Formula (I), or a pharmaceutically acceptable salt

or solvate thereof, wherein L is . . .

In a fifth class of compounds of the second embodiment, the present

20 disclosure provides a compound of Formula (), or a pharmaceutically acceptable salt

s OO
or solvate thereof, wherein L is g % .

In a sixth class of compounds of the second embodiment, the present

disclosure provides a compound of Formula (1), or a pharmaceutically acceptable salt

OOt
or solvate thereof, wherein . is C E .



al koxy, and al kyl substituted with one or nore substituents independently
selected fromaryl, alkenyl, cycloal kyl, heterocyclyl, heteroaryl,

-C(0) OR4, WOt 11770dnd - C(0) NR6Rd, wherein aryl and het ePE6RSRO1GHIBI9
optionally be substituted with one or nore 10substituents independently

sel ected from al kyl, hal oal kyl, arylal kyl, heterocyclyl, heterocyclylal kyl,
hal ogen, cyano, i &peventhGlas@RaompRBIds oNReRBcondNREREiTag iy the present

(Me0) (HO) P(

Fused ont o ARl Hoe SRS el Fobt B BaRR TResBRb AR o or

nore substituents 15i ndependently se ed al kyl, hydroxyl, hal ogen,
aryl, -Nn, oxo, and -C(0)OR4; R3 t %tyl , or arylalkyl; R4 is
al kyl or ar yk selvkiglther&d, wherhipdr gen, , aryl al kyl ; 20124 and Rb are

yl
i ndependently sel ected frqom hydrogen, alkyl, cyclqalkyl, arylal kyl,
ot ef oaryl 2 Cf 0)REh SIS 9 COmBRBTRE I Ae T R Rk PreRersy
al ternat kveldyg i R&or Whiohuik 15, dHalghaBER BHQM, Lecpfibesafthey are
attached, forsrcﬁa eﬁj\?g‘flﬁ%raél -rrerrtg’erelgll“’}l5 i oraﬂt’)r?ﬁaggd bsﬂgyc?e%gbri r?g
structure, wherein said five- or sgx ing or bridged bicyclic ring
structure 25optionally mag contain itional heteroatons

i ndependent 19y selaptedhaseptf waereli It sogen,—oXyger—"and 'sul fur and may contain
one, two, or thr substjtuents j | 0 to C6 al kyl,
Cl to &4 hal oal kf}ﬁ,a ) yF!agﬁ?/%ognfﬁﬂgg%i%ﬁgQ%X%?I%%%&%%’ qu&;%ﬁhal oal koxy,
and hal ogen;diRfbsufe @biddbs a S@found ofiFlsithula @ ydral fitmadtitsilly@atdpydble saR109 and
R11 are i ndependently sel ected from hydrogen, al kyl, cyanoal kyl, and hal o;
12" and Rd are independently sel egg;pgen, al kyl, aryl al kyl, and
cycl oal kyl . plBivawelthdtdr abgd] mant ® O e st aspect, the present

di scl osure provides a conpound of Forrmula (1), or a pharmaceutically

accept alile salt dn agbird embodineneafthe filse ngient, the piresedt discidsurd prosidedal- L2-,

wherein L1 and L2 are_i ndependent selected fro 1 IS - le;. RR is
-C(O)RY; le capoRad oLFem) b@ﬁa@h%/wcalfwﬁy o<SGRePlecal QHSCB‘W%%R@F%». s
15char act eriggd.by Formula (A): on

sisOorl;

Lis -L'-L*-, wherein L' and L? are independently selected from:

E Q ; provided that at least one of L' and L% is other than 2 ;

>

Y and Y' are each NH,
R' is hydrogen or ~C(O)R%;
R? is hydrogen or ~C(O)R?;

20 R* and R” are independently selected from cycloalkyl, beteroaryl, heterocyelyl,
alkoxy, and alkyl substituted with one or more substituents independently
selected from aryl, alkenyl, cycloalkyl, heterocyclyl, heteroaryl, -OR?,
-C(O)OR’, -NR*R®, and -C(O)NR°R",
wherein aryl and heteroaryl may optionally be substituted with one or more

25 substituents independently selected from alkyl, haloalkyl, arylalkyl,
heterocyclyl, heterocyclylalkyl, halogen, cyano, nitro, ~C(O)OR4, OR’,

-9.



Ni eRb, (A, wherein: mis 0 or 1, 20R8 is hydrogen or alkyl; RO is
sel ected from hydrogen, cycloal kyl, aryl, heteroaryl, heterocyclyl, and
al kyl optwonralWy7®dbstituted with a substituent sel ect e@CTAGR1Q098999

al kenyl, cycloal kyl, heterocyclyl, heteroaryl, heterobicyclyl, -0R3,

C(O)Ole and -C(0) Nnb erein aryl and het eroaryl may opti onaIIy be
substituted with-BRERGENRER alkylband MH%H@@&%@M I y sel ected from

al kyl , hal oal kyl , .aryl al e het.er o a hal o
cyano, nitro, - 5%3 "@/?ékyi Wégﬁwr% %ll'«;{ﬁﬁl naﬁiﬁ%l Réﬁ%(tf) ﬁ@)algtr@“%
Swherein cycl oal ‘%Mﬂ aﬁa%éy%%ﬁlﬁweyéubﬁﬁmemﬂmldryn&@sdusﬁ@;@n@nto an
aromatic ring and may optionally be substituted with one or or e

substituents i ndépdapdedently ssedted frenh allesdriyalkdul, hatgen.axyll -NRR' ogpen ancar y | |

-\, OX 0, and - C(&é ﬁ{ 12111 and 1211 are independently
sel ected”from hyd and hal o; 1012.3 is hydrogen, alkyl, or arylalkyl;

R4 is al kyl or amligh¥sbgenRaiKis Opyg[aggﬁn al kyl, or arylalkyl; Ra and R are
i ndependent |y sel'ected from hydrogén, al kyl, cycloal kyl, arylal kyl,

heteroaryl, -C(O0)MR6s akg(@)@Ralkyk- C(0) NReRd, and (NReRdial kyl, or
15alternatively, t ther with the nitrogen atomto which they
i is P, 1o 6 Srentipd

are attached, fo red ring or bridged bicyclic ring

structure, wher eigp S ofd %@ep&ﬁe&w%e%f@a%@hy&regexpalkpr 'c?&é‘éikﬁ' cyclic ring
structure optionally may contain o or two additronal ~Reteroal ons

i ndependent | y selaeyialégl hewmwl,tm@m . @QQDQEH ~GEYNRIRY, and B Ribatkyoat ai n
oo N0, oL e AORS et LadepenEn i o) Set o R G h0,
hal oal koxy, and halog@NiorR 4 ﬁvealol‘ylkmmgzbé@d Bhi ¥t brided bRdyd rin@Stritakeal kyl
wherein said five- or six-membered ring or bridged bicyclic ring structure
optionally may contain one or two additional heteroatoms independently
15 selected from nitrogen, oxygen, and sulfur and may contain one, two, or three
substituents independently selected from C, to Cg alkyl, C, to C4 haloalkyl,
aryl, hydroxyl, C; fo C¢ alkoxy, C; to C4 haloalkoxy, and halogen;
R® is alkyl;
R is alkyl, arylalkyl, or haloalkyl;
20 R and R are independently selected from hydrogen, alkyl, cyanoalkyl, and
halo;
R® and RY are independently selected from hydrogen, alkyl, arylalkyl, and
cycloalkyl.
In a fourth embodiment of the first aspect, the present disclosure provides a
25  compound of Formula (I}, or a pharmaceutically acceptable salt or solvate thereof,
wherein:
sisOorl;

L is ~L'~L?~, wherein L' and L? are independently selected from:

-10-



R1 and R11 are independently selected from hydrogen, alkyl, cyanoal kyl, and
25hal 0; and Re and Rd are independently sel ected from hydrogen, alkyl,

aryl al kylwoaaw/aywhoal kyl . In a sixth enbodi neRCTAIS2Q100289P¢ st
aspect, the present disclosure provides a conpound of Forrmula (I), or a
pharmaceutically acceptable salt or solvate thereof, 30wherein: s is 0 or

1; Lis --ngiﬂr@% and L2 are independently selected frg WO

2010/ 117704PETRUS2@010/ 028999 -01 V-1F , and ,. R is -C(G)Y RZ i s
-C(0)R ; 5Rx and™RY ar@9H %}%FSP“&IQ@I agd hsisqthgrdbpnyy at Teast > one
-NRaRb, characterized by Formula (A): RRo aN, RO (A), wherein: 10mis O;

R8 is hydrogen orY SbxygenG), aldkylis NR) is sel ected, from hydrogen, 01 to C6
al kyl optionally

substjtuted w «-ORI2, C3to C6 cycloalkyl, allyl,
CH2C( 0) NReRd,  ( NRRdS EY&‘R%‘?H,‘”(\Q{Q% AN (R1)
R? is hydrogen or -C(O)R?;

5 R* and R” are independently selected from cycloalkyl, heteroaryl, heterocyclyl,
alkoxy, and alkyl substituted with one or more substituents independently
selected from aryl, alkenyl, cycloalkyl, heterocyclyl, heteroaryl, -OR?,
-C(0)OR*, -NR°R®, and -C(O)NR°R’,
wherein aryl and heteroaryl may optionally be substituted with one or more

10 substituents independently selected from alkyl, haloalkyl, arylalkyl,
heterocyclyl, heterocyclylalkyl, halogen, cyano, nitro, -C(OYOR®, OR®,
-NR°RP, (NR*R®)alkyl, and (MeOQ)HO)P(0)O-, and
wherein cycloalkyl and heterocyclyl may optionally be fused onto an aromatic
ring and may optionally be substituted with one or more substituents

15 independently selected from alkyl, hydroxyl, halogen, aryl, -NR*R®, ox0, and
-C(O)ORY;

R? is hydrogen, alkyl, or arylalkyt;
R* is alkyt or arylalkyl;
R? is hydrogen, alkyl, or arylalkyl;

20 R* and R” are independently selected from hydrogen, alkyl, cycloalkyl,
arylalkyl, heteroaryl, -C(O)R®, -C(O)OR’, ~C(O)NR°RY, and (NR°R%)alkyl, or
alternatively, R* and R®, together with the nitrogen atom to which they are
attached, form a five- or six-membered ring or bridged bicyclic ring structure,
wherein said five- or six-membered ring or bridged bicyclic ring structure

25 optionally may contain one or two additional heteroatoms independently
selected from nitrogen, oxygen, and sulfur and may contain one, two, or three
substituents independently selected from C; to Cg alkyl, C; to C4 haloalkyl,
aryl, hydroxyl, Cy to Cg alkoxy, C; to C4 haloalkoxy, and halogen;

RS is alkyl;
30 R’ is alkyl, arylalkyl, or haloalkyl;

211 -



- SNr- (R % r11Thif\ I Nc20ON( / (Rl)n Oll< wherein] is 0 or 1;
k is 1, 2, or 3; nis O or an integer selected from1 through 4; each Rl is
i ndependeNO2010ip@dgen, Cl to C4 alkyl, CI to C4 hal oal REIT/USAIOOZRIA? nitro,
-0Bn, or (MeO)(OH)P(0)O-; R11 is hydrogen, C to C4 alkyl, or benzyl; R12

I s hydrogen,

G to C4 alkyl, or benzyl;

Ra is hydrogen or Cl1 to 4 al kyl;

Rbis C to 4 aRland®3 tace BEemypdtsl delectedfem aydrogen pikyl, dymoatkybagd |

- C( 0) ORY?,

or -C(0)

| eRd; R7 is Cl to C4 al kyl

or C to &4 haloalkyl; Rd

and R11 are indep®fdently sel ected from hydrogen and halo; and Re is
hydrogen or C t @eGhq &k kM ind@Rfdently selected from hydrogen, alkyl, arylalkyl, and

cycloalkyl.

5 In a fifth embodiment of the first aspect, the present disclosure provides a

compound of Formula (I), or a pharmaceutically acceptable salt or solvate thereof,

wherein:

sisOor1;

L is —L'-L%, wherein L} and L? are independently selected from:

O O
% ; provided that at least one of L' and L? is other than g g ;

R} is ~C(O)RY;
R? is ~C(O)RY;

2

R* and RY are independently alkyl substituted by at least one NR°R®,

15 characterized by Formula (A):
b
ra, R
N
8 -
R
RQ
(A),
wherein:
misOorl;
20 R® is hydrogen or alkyl;

R’ is selected from hydrogen, cycloalkyl, aryl, heteroaryl, heterocyclyl, and

alkyl optionally substituted with a substituent selected from aryl, alkenyl,
cycloalkyl, heterocyclyl, heteroaryl, heterobicyclyl, -OR?, -C(O)OR?, -NR°R®,

and -C(O)NR°RY,

-12-



Rd is hydrogen, Cl to C4 alkyl, or C3 to C6 cycl oal kyl . In a seventh
enbodi nent of the first aspect, the present disclosure provides a conpound
of For mul\&O(2P}0/113104a phar maceuti cal |y acceptabl e salt oPCIRISREVO289P®r eof ,
wherein: s is O or 1; Lis -L1-L2-, wherein L1 and L2 are independently
selected from Rl is -C(0)1lle; R2 is -C(0)11Y; le and RY are

i ndependent |y al ksberesuibpyt anditetatodryl mey bptagllphe subiRaisl wghanaetaeiezed by
Fount}la (A): R N. Rs-A-1A- R9 (A, .wer m.js O; i s hydrogen;
10R9 is phenyl OE&SBH?PFS)}HQWQ‘?‘WEW@E %ﬁlfrﬂmo‘ﬂ lu]bai?%kﬁi %laE%bst ituents

i ndependent |y sekeei ol A8ifdey 10181 Bhtien, hnd, 4tk -Opd RALKYRS, hal ogen, &

to C6 al koxy, hydroxy oyano, AItro; IS a beterocycl yl or
het er obi cycl y1 griinRséﬂﬁ @jk}ﬂrmd(MeCD{I({le ~0R13)n NN> n 1- NN-R14- NO

V-1 k( RL3)n wjherem cycloalkyl and heterocyclyl may optionally be fused onto an aromatic
ring and may optionally be substituted with one or more substituents
independently selected from alkyl, hydroxyl, halogen, aryl, -NR*R”, oxo0, and
-C(O)ORY,
R'% and R''® are independently selected from hydrogen and halo;
10 R? is hydrogen, alkyl, or arylalkyl;
R* is alkyl or arylalkyl;
R’ is hydrogen, alkyl, or arylalkyl;
R® and R® are independently selected from hydrogen, alkyl, cycloalkyl,
arylalkyl, heteroaryl, -C(O)R®, -C(O)OR’, ~C(O)NR°R®, and (NR°R%)alkyl, or
15 alternatively, R* and R®, together with the nitrogen atom to which they are
attached, form a five- or six-membered ring or bridged bicyclic ring structure,
wherein said five- or six-membered ring or bridged bicyelic ring structure
optionally may contain one or two additional heteroatoms independently
selected from nitrogen, oxygen, and sulfur and may contain one, two, or three
20 substituents independently selected from C,; to Cs alkyl, C; to C4 haloalkyl,
aryl, hydroxyl, C, to Cg alkoxy, C; to C4 haloalkoxy, and halogen;
R® is alkyl;
R’ is alkyl, arylalkyl, or haloalkyl;
R and R'? are independently selected from hydrogen, alkyl, cyanoalkyl, and
25 halo; and
R® and RY are independently selected from hydrogen, alkyl, arylalkyl, and
cycloalkyl.
In a sixth embodiment of the first aspect, the present disclosure provides a
compound of Formula (I), or a pharmaceutically acceptable salt or solvate thereof,
30  wherein:
sisQorl;

L is ~L'~L*~, wherein L' and L? are independently selected from:

-13 -



wherein nis 0, 1, or 2; each R13 is independently selected fromCl to C6
al kyl, phenyl, trifluoronethyl, hal ogen, hydroxyl, nethoxy, and oxo;

R14 is CIWOQIWa1aI0kyl , phenyl, benzyl, or C(0)ORLl3 gr oupCTs10ip8o9R5 s Ct
to 204 al kyl, phenyl, or benzyl; and R10 and R11 are independently

sel ected fron1hydrogen and halo n an elghth enbodi nent of the

first aspect ese osure, a nd of Forrmula (1), or
a pharnaceut cce éalt mhereln sis 0 or
1; 5L ismhereln and L2 are |ndepeno- tlyaselec -d f 1R and ; provided

that at | east one of LI and L2 is other than Rl is -C(0)128; R2 is -C(O)R ;

10l e and RY I nge endent |y aI kyI substi tut ed by at | east a | nt h,
characterlze Forerul a (A): 15m|s "
hydr ogen; s to %Oﬁﬁﬁqhataéﬂ%ﬁﬁ%ﬂﬂ@ﬁfld @Fdi{retsé?t%rt?q”al ky 10 and R'

are |ndependently sel ected from hydrogen and halo; Ra is hydrogen, and 20Rb
is -C(0)0R2, whereiin—CENRS; G to C6 al kyl . In a ninth enbodi nent of
the first aspect,_,the sent disclosure provides a conpound of Fornula
(1), or a pharnaé%d§|€§$ﬁ§§acceptable salt or solvate thereof, wherein:

5 R" and R’ are independently alkyl substituted by at least one -NR°R®,
characterized by Formula (A):
b
Rre. R
N
8 -
R
RQ
(A),
wherein:
10 mis0;

R® is hydrogen or C; to Cy alkyl;
R’ is selected from hydrogen, C; to Cs alky! optionally substituted with ~OR?,
Cs to Cs cycloalkyl, allyl, -CH,C(O)NRRY, (NR°RYalkyl,

(R1), (R, ; 5
[\(j\M ’ Eé\ﬂ\é/f% A Aﬁ(Rw) ( ?0)"\“
Z TL‘ S SF \/N

? * )

(R1G)n

(R10), ( ?‘ (R,
il Qﬂf

o (R, (R

7
Q
3

- 14 -



sis Oor 1; 25L is -11-L2-, wherein Li and L2 are independently sel ected
from RLis -C(0)12"; R2is -C(O)R"; 5Rx and RY are heteroaryl or
het er ocycWQR010id&wendent | y sel ected from (WB)nR 3 n( RLBYH/UR20102§999

_711111q: 11

i nteger selected from1 through 4,

hydrogen, C, to

al koxy, C to C4 hal oal kOXé?‘ heteroc IyI d hydroxyl ,

arid oxo, wie'® Re ?ﬁ)ﬁ &n ently hydffo to 4 al kyI and

R14 is hydr ogen Z\ﬁf rr% benzyl 0)0R4 V\,her ein R4 is C
di

to C6 alkyl. B'h
di scl osure provi
accept abl e salt

"Go) 12y R

10

15

411" 11 i (R13)n f14 (R13)n41'w N wherein nis 0 or

an

each R13 is independently selected from

Cc, alkyl, ClL to C4 hal o&RW¥y] , phenyl benzyl, Cl to C6

N fenth e of t he f| rst pect he present
des a compound of Forrmula (1), or a phar‘fraceutical |l y

cyano

or solvate thereof; wherein: sis Oor 1; Lis -L1-L2-,
7 arerﬂfﬁadependently selected from Rl is -C(O)E;, R2 is

d{“RM are cycl oal kyl independently selected from

’

whereinjisQor 1,
kisti, 2, or3;
n1is 0 oran integer selected from 1 through 4;
each R is independently hydrogen, C, to C4 alkyl, C; to C4 haloalkyl,
halogen, nitro, -OBn, or (MeO)(OH)P(O)O-;
R is hydrogen, C; to C4 alkyl, or benzyl;
2 is hydrogen, C; to C4 alkyl, or benzyl;
R" is hydrogen or C; to Cy4 alkyl;
RPis C| to C4 alkyl, Cs to Cs cycloalkyl, benzyl, 3-pyridyl, pyrimidin-5-y,
acetyl, -C(O)YOR”, or -C(O)NR°RY,
R is C; to C4 alkyl or C, to C4 haloalkyl;
R!% and R' are independently selected from hydrogen and halo; and
R° is hydrogen or C; to Cq4 alkyl; and
R is hydrogen, Cy to Cy4 alkyl, or C3 to Cg cycloalkyl,

In a seventh embodiment of the first aspect, the present disclosure provides a

compound of Formula (I}, or a pharmaceutically acceptable salt or solvate thereof,

whereimn:

20

§ QE : provided that at least one of L' and L? is other than E z § ;

sisOorl;

L is —-L'-1%—, wherein L' and L* are independently selected from:

>

-15-



NRaRt' 15 (R13)f

nis O or an integer selected from1 through 4;

| NRBRb 9)k and wherein] is 0, 1, 2, or 3; kis 0, 1,

or

sel ect ed WPaMMy@0dgen, Cl to C6 al kyl, Cl1L to C4 20hal oZCKiUS2010(028989 C6
al koxy, hal ogen,
i ndependently hydrogen, Cl to C6 al kyl, or C(0)OR7, wherein R7 is G
alkyl. In an el
di scl osure provides a @E{r&ound of Formula (1), or a pharnaceutically

acceptabl e salt & 1o

wherein LI and L
-C(0)1le; R2is -

aryl

hydroxyl, cyano, and nitro: and Ra and |l e are each

& ent®(@RBodi ment of the first aspect, the present

é"g&%l{? Q%gﬁ@%ﬁ@érlt a?l%)l eetseehitdd lggit least @RANRRPRI 'S

e ‘and R% are 1 ndependently aryl al kyl, wherein

part of sai dhanytbatdddy Famula (A):
b
Ra. N'R
RE— gt
5 R®
(A),
wherein:
mis 0;
R? is hydrogen;
10 R? is phenyl optionally substituted with one up to five substituents

independently selected from C; to Cg alkyl, C, to C4 haloalkyl, halogen, C; to
Cs alkoxy, hydroxyl, cyano, and nitro; and
NR*R” is a heterocyclyl or heterobicyclyl group selected from:

(R™)n (R™),
13
5 \/\j (R13). _g_N/‘“}(R n ~§—N/—/\N—Rf4 "ngC/}O

20

|
E

e (R13) AN

N ROA
;@\7@?’3)” N

15 , and R™

whereinnis 0, I, or 2;

each R'? is independently selected from C, to Cg alkyl, phenyl,
trifluoromethyl, halogen, hydroxyl, methoxy, and oxo;

R is C; to Cs alkyl, phenyl, benzyl, or C(O)OR' group, wherein R" is C; to
C4 alkyl, phenyl, or benzyl; and

R!% and R'° are independently selected from hydrogen and halo.

- 16 -
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t hereof, wherein: s is O or 1; 5L is -LI L2-,

2,

each R13 is independently
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optionally be substituted with (Nlele)alkyl.; and R and |le are

i ndependently hydrogen, CI to C6 al kyl, or benzyl, or alternatively, Ra and
Rh, togetWeOr0WVtiA70the nitrogen atomto which they are PCT/US2010/028999
attached, forma five- or six-nmenbered ring selected fromc /Th 1

-NN- R15-NO 15\/, and\/ , wherein R15 is hydrogen, C to C6 al kyl, or

benzyl . It m aighthehfliodinab of ihvdist aspedttbe piesstt daspoute ,prdz\héesm esent

di scl osure provides a conpound of Formula (1), or .a pharnmaceu

accept abl e §ampoyK fdiopp (Dnek %B@armﬁ?ﬁhﬂ%‘iﬁé’ %?.Ce@al?lg S@t Qgysoqvaiq t @0 -L2-,
wherein LI Sﬂ‘%(cjn% are independently selected from R is --C(O)Rx R2 |s

-C(0)1le; an and RY are the sanme and are selected fromthe group

consi sting of Hs@s Qor CH wher ei n a squi ggl e bond) in the structure
indicates that a ster @ogenl center ich the bond is attached can
take either (R)- W%P’I'eﬁh ai“} 3§%3qd8ﬂ‘§1dﬁ’§ﬂ3ﬁ? &5 IR bondi ng

principles are not Vi oI at ed.

3

O O
% E ; provided that at least one of L' and L” is other than ;

H

R! is ~C(O)RY;
R? is —C(O)RY;
10 R* and R” are independently alkyl substituted by at least one NRR®,
characterized by Formula (A):
b
R N,R
8 —
R W’%
(A),
wherein:
15 mis 1;
R® is hydrogen;

R’ is C; to Cg alkyl, arylalkyl, or heteroarylalkyl;

R and RM? are independently selected from hydrogen and halo;

R? is hydrogen; and

20 R’ is ~C(O)OR’, wherein R” is C; to Cs alkyl.

In a ninth embodiment of the first aspect, the present disclosure provides a
compound of Formula (I), or a pharmaceutically acceptable salt or solvate thereof,
wherein:

sisQorl;

25 L is ~L'--L?—, wherein L' and L* are independently selected from:
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WO 2010/ 117704PCT/ US2010/ 028999 In a thirteenth enbodi nent of the first
aspect, the present disclosure provides a conpound of Forrmula (1), or a
phar macewWpPealWM7Wdcept abl e salt or sol vate thereof, whe&CEUS2018/028990 or 1;
5RI is -C(0)1le; RRis -C(O)R; and R' and RY are both t-butoxy. In a
fourteenth enbodi rrent of the first aspect the present disclosure provides
a corrpound 0 ) a phar cal table salt or solvate
t her eof , 10 ‘Q‘% % rgd g o? drogen. I n
a fiftheenth e d| ma-nt of e first aspect, the Pr esentﬁm i scl osure
provi des a corrpound of Formula (I1): NNN R 151 (Tl), or a pharmaceutically
acceptable s It t wherein: s is O or 1; L iswherein,L Nd L2 are
i ndependent I'y 'S¢l e d from. 20 and | ’. § @ %‘

; provided that at least one of L' and L* is other than X

H

R'is —C(O)R%;
R? is —C(O)RY,
5 R¥ and RY are heteroaryl or heterocyclyl independently selected from:
R'l
b R,

R13 I
( o
oct O T e
N , X8
J\}u{ 13
X 2R, (R19), A vy
Ly )@L'\ R
R4 X d N o/

R'IS)n

3

A

e NoR®), AR

: N (R™h
GI% & Oj Ay \‘:l‘\
R14 N\/

\ S R14 3 3
hn | f (R%)n
i (R‘IS) Sivhd (R‘IS) e
R14_N/—!:\)/(R13)n ns,’::'\ nézi:\ k )2
"N , N N N ,
(R13) R13
i - R?‘l
R‘13n Win, /‘?77_ p n
N -
T o & e
R4 , h1q and R14 ,

wherein n is 0 or an integer selected from 1 through 4;
each R" is independently selected from hydrogen, C, to C alkyl, C; to Cq
haloalkyl, phenyl, benzyl, C; to Cg alkoxy, C; to C4 haloalkoxy, heterocyclyl,
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Y and Y' are independently oxygen (0) or NHi Rl is hydrogen or R2 is
hydrogen or -C(0)R, IV and RY are independently sel ected from eyel oal kyl ,
het er oar YWO 2A¥ditwdycl yl , al koxy, and al kyl substit ut ed Par{Us2008028999 nor e
substituents independently selected fromaryl, alkenyl, cycloal kyl,

het erocycl yl, heteroaryl, -OR3 -C(0) OR4, -NRaRb and - C@O)NReIe, S5wherein
aryl and het er oahglogemyNBARY, bydrokyl, bséinsmmithpuwb@re\ﬂ whd Bnereor nor e
substituents i nde nde I ecte s hal oal kyl, aryl al kyl,
heterocyclyl, het 8%@P§¥B¥ Y8 Ha Hﬁgﬂ]ﬂgé nitro, -C(0)0R4, OR5,
-NRaRb, (NRal e) algky| shy@ffieh bﬁ?)c(lw@b%ﬁk)y%en@ndxmmw et RKY C prad

het erocyclyl may optionally bé fusecéj onto an aromatic 10ri ng and may
optional ly be sul§gtalltylit ed with one or nore substi tuent s i ndependently
selected_from al I - NRa 0X0 nd, - C( 0) OR4;

5 1<y ogen. 4tk enBafiient yRe By ofiett e diyiRgRT tes e 1 <

hydr ogen, alo@ﬁ}pou&foﬁdﬂn@i B? ﬁﬁﬂc&ﬁméﬂﬁadc@ﬂﬁlﬂ@@ﬂ@&tédlva‘i@{h%%?d from
hydr ogen, al k cycloal kyl,”arylal kyl, beteroaryl, - C(0)01le

- C(0) NRef e, wmm&nQNlnd)alkyl or alternatively, 1V and Rh together mnth t he
nitrogen atomto mhbch they are attached, forma five- or six-nenbered ring
or bridged bicyclSi®P®F by structure, 20wherein said five- or six-menbered
ring or bridged hi gygriG. I {ReRlr UG4S &BH%ﬁ%ﬂééﬂtb&sWteﬁ?M' n one or two
addi ti onal heteroatons 1ndepen ent y sefect fron1n|trogen oxygen, and

sul fur and may tain one , t e substi ts i ndependent |y
sel ected fr@g_@é% %@% gal kg T hydroxyl, C to C6
al koxy, g1 t al*oal | ;a7 i al kyl,

aryl al kyl’, or hal oal k¥l ; and and Ie ar e |ndependently sel ected from
hydr ogen, al kyl, yl al kyl, and cycl oal kyl . In a sixteenth
enbodi nent ofs.. é—_}_gst aspect, the present disclosure prowi @
30conpound, or %of

H,gﬁ@%ﬁé&ﬁﬂa{ % 1@&@9& 833 ts HherSBhy at

selected fromthe gro consistin

(1R)-24(29)- 2- (4& ﬁ‘éﬁé(ZS) 1- ((2R) 2- (di met hylam no) - 2- phenylacetyl) -
2-pyrrolidinyl ) 0l-5-y1) phenoxy) phenyly Him dazol-2-yl1)-1 -
pyrrolidinyl)- S )@y 2- 0x0- 1- phenyl et hanan ne;

(1IR)-2-((29)-2- (4 (4 ( 2-((2S)-142R) - 2- hydr oxy- 2- phenyl acetyl) - 2-
Spyrrolidinyl) - 1HR] anddﬁ’zamt eBigallyyp retepsnydeptie seiddtedi b dazol - 2-y1) - 1-
pyrrolidinyl)-2-oxo-1-phenyl et hanol ;

NR2RP (Rm)n NR2RY

@/ﬁ: \@9 X

15 ! and ,

wherein jis 0, 1, 2, or 3;

kisQ, 1, or2;

n is 0 or an integer selected from 1 through 4,

each R" is independently selected from hydrogen, C; to Cs alkyl, C; to C4
20 haloalkyl, C; to C4 alkoxy, halogen, hydroxyl, cyano, and nitro; and

R® and R® are each independently hydrogen, C; to C alkyl, or C(O)OR’,

wherein R’ is C; to Cg alkyl.
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di et hyl (oxybi s(4, 1-phenyl ene-1H i m dazol e-4, 2-diy1(2S)-2, 1-
pyrrolidinediyl((l R)-2-oxo-1-phenyl-2, 1-ethanedi yeDbi scarbanate;

(1R) - 2- ((WER20W/1127043- (4- (2- ((2S) - 142R) - 2- (di net hyl am noPCZASAEOOZOLL y- 1) -
102-pyrrolidinyl)-1Him dazol - 4-y1) phenoxy) phenyl) - 1Hi m dazol - 2-y1) - 1-
pyrrolidinyl)-N, N-di net hyl - 2- oxo- 1- phenyl et hanam ne;

(1R)-2429) - 2- (4- @13&1( dleyendif Qzﬁb@cﬁﬁ@@ ofzhé fivit QSWCQ’JTWHEWD%@QWSB)”@ provides a
B;:: :: 8: : g: 2;%%3111@0 f%a20| %%ﬂ&?f%ég%lgﬁép}ﬁ%e%%@(: sal OI‘ 30 va%e t¥lel)e()g.

R) - 24( 2S) - 2vfifbeeid- (4- (24( 28) 142R) 2-

( (et hoxycar bonyeam no) - 2- phenyl acet yl) 2-pyrrolidi nyl) -111-i m dazol - 4-
yOphenoxy) pbeny1y4d®oi bi dazol - 2-y1) - 1- pyrrol i di nyl) - 2- oxo- 1-

phenyl et hypear ba

(1R) - 24(2S) - 2- (4?&1&51( 24y BRE5In 14 3861 Lo 2redpdenendsndvisrissted SReny! acet y1) -

202-pyrrolidinyl)-1Him dazol 4-yl ) benz oxy)phen 1)-1Himda7ol -2-y1)-1-

pyrrolidinye i thy 1 951 Elanargl t hyl al
R) - 242S) - 2- (}
( (et hoxycar bony am no) enyl’acet y1)-2-pyrrolrdi nyl) 4 i ni dazol -

yl ) benzypoxy) phenyl) - 1FL|n1dazoI 2-yl1l)-1-pyrrolidinyl)-2-oxo-1-
25phenyl et hyl )c rb

E)ﬁs)nylzgc(:gtsill) 2- pyr?g,,péﬁ)‘ﬁé%ftg "J[‘?ﬁs nggh}é%‘gig%ttﬁ%‘?)pheny;) 1M m dazo

| -2-y1)-1-pyrrolidinyl)-N,_N-dinethyl-2- oxo 1 phenyl et hanar ni ne;

(IR 1'R-2,2"'-(1, -1&%6&(&?6‘1 yl bi s(4, 1- phenyl ene- 1Hi m dazol e- 4, 2-di y1(2S) -
302, 1-pyrrolidin 121, (2-oxo-1-phenyl et hanol ); di net hyl

(1, 2- et hanedi yl bi ( . nyl ene- 1Hi m dazol e- 4, 2-di y1(2S)-2, 1-
pyrrolidignedl y1( (R¥anBRY2rO%@e Aﬂe’nﬁ&ﬁ ajf?d%lkgﬂ %@%}@Q@yﬁa& bpszé&a&wm @da?

- N ,Nm (1, 2-ethanediy)bts(4,)-phenyl cno-1Him dazol o-4, 2-diy1(2S)-2, 1-
pyr rol i di ncdi yl ((opnoﬁz)llﬂaecmbstmquﬁe&nmﬂl\mk Jetkylinedi y1) ) ) bi s( 1-ct hyl ur oa)
1-cycl opentyl- 34 - 2-(2S (4-(

((cycl opentyl car rf’ﬁé d"ﬁ??ﬁlg?f?e%ﬁf)‘%bﬂé"l%éwpy )&Z&p%}lf ?‘X}i S 1H i mi dazol -
55-yephenyfl et hylyphaavdy- Ii""&ddrﬂbd hegwwﬁ)chelm%%élmtbﬂltawch%h@gxa}e 1-
phenyl et hyl )urea; (1R)-242S)-2-(4-(44(4-(242S)-142R)-2-(di met hyl ani no) - 2-
phenyl acetyl)-2-pyrrolidi nyl) 1H-| m dazol 5- yl) benzypoxy) )H hyDpbeny1l) -
1H i m dazol -2-y1)-1- ol i N, N- di pet byl - 2- 0x0: 1- phehylethanam ne;
10( 1R) - 2- ((29) - 2- 3{*&‘*% fo(f?‘ ftﬂ?’(){ %}mi‘ﬁg%fgén%%f’%%} henyl acet y1) - 2-
pyrrolidinyl)-1Him yeoenzyl )oxy) met h)y'r‘)\phenyl )-1H i m dazol- 2-yl)-
1-pyrrol i dinyl) - 23eno- | phénm et heari®P; di netHy

(oxybi s(iset hyl ene: 4,t—gheny| ewe~/1H | i, daz ol e- 34~—2/ dj wherai8)R'2isThydrogen,
pyrrolidinediyl((1 20 oxo | - phenyl 2, 1- et hanedi y1))) bi scar bamat e;

151- met hy1-3- ((1 R lesfl. o benzyla4( 4- (242S) - 142R) - 2-

( (ot hyl car banoyear ni no) 2-plienylacetyl)-2-pyrrolidinyl)-1Him dazol -5-
yl Thenzyl ) oxy) net hyl ) phcnyl) - 111-i m dazol-2-yl)-1-pyrrolidinyl)-2-oxo-1-
phonyl et hyl ) ur ca; Inbt@lehﬂﬂe;ﬁbc(cﬁrh&)t of 1l @S) asPedtdthe predsddt-diRids(RFrotid@d O- 2-

20( (et hyl car banoyl ) ani no) - henyl acetyl)-2-pyrrolidinyl)-1Him dazol - 5-
( y compo){m()i of Formula (IS) ora phannaceut)lcaﬂy Fffl)c:/ceptable salt%r )solvate thereoi}

20  wherein:
sisQorl;

L is -L.'-L?—, wherein L' and L? are independently selected from:

O O
% § - provided that at least one of L' and L* is other than E % ;

H
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y1l) benzypoxy) net hyl ) phenyl) - 1H-i m dazol - 2-y1) - 1- pyrrol i di nyl) - 2- oxo- 1-
phenyl et hyl )urea; 1-cyclopentyl-3-((IR)-2-((2

S) - 2- (4- (WO P4 ( ( 2S) - 142R) - 2- PCT/US2010/028999
((cycl opentyl car banbyeani no) - 2- phenyl acety1) - 2-pyrrol i dinyl)-1Hi m dazol -
255-yl ) benzyl )oxy) met hyl ) phenyl) - 1H-i m dazol - 2-y1) - 1- pyrrol i di nyl) - 2- oxo- 1-
phenyl et hyl ) ur e®' is -C(O)R%;

(1R -2-((29)-2-(4- S é&é 3(2-((2S) - 142R) - 2- (di et hyl am no) - 2-

phenyl acetyl) 2- -1H i m dazol - 4- yebenzyl ) oxy) net hyl ) pheny1) -
11 m dazol - 2-y1)x n@%& B thd kel d N D b AES B tie gesag%oﬂs!’@mglo?t hanani ne;
30(1R)-242S) - 2- (4- (34(4-(2425)-142R) - 2- hydr oxy- 2- phenyl acet y1) - 2-
pyrroliclinyl)-1H i m dazol - 4- yCbenzypoxy) et hyppheny1) - 1H i m dazol - 2-y1) -
1-PYrrolidi 2- Qxo- 1- phenyl et hanol ; - 25 - (nethyl ((1

R) - 24( 2S) - 2- 4- (24(2S)-14(2R) - 2- O
((nettioxycarbony; )a no) 2- ptppny cetyl)-2-pyrrglidinyl)- m dazol - 4-
yl ) benzypoxy) metHiy s‘i)xo 1-

phenyl et hyl ) car ba

zol - 2- y1ji- 1-pyrr ok
; hy % 34( 1R~ # (3 (445 (2429) e ((2R) -2-
((met hyl car ba no) 2 ghen cetyl) 2 pyr ol idinyl)-1Hi azol - 4-
yebenzyl ) oxy) | ) phenyl) - 1Hi m|dazol - 1) c pyrrolidinyl)-g oxo-1lphenyl
ethyl)urea; 1 -ethyl-3-((1R)-2-(( 8)32-(4 (3- 4-(2-((29)-1-((2R) - 2-

10( (et hyl car banoyl ) am no) - 2- phenyl acetyl) - 2- pyrrol i di nyl)-1Hi m dazol -

y1l) benzypoxy) net hyl ) phenyl)-11-1-i m dazol - 2 yq.) pyrrolidinyl)-2-oxo-1-
phenyl et hyl ) ur ea; "
1-cycl opentyl- 3419) 20((28) Z\y (3-(((4- (73/((28) 142R) - 2- O
((cycl opent y)- -R-p r}yl acet y@) - 2~pyrrol | ngl n)ql) I;Jxl m

i dazol -
154-yl ) ben2. . prxy) | ) pheny1k< i tni dazol - (:j) 1- pyy oI i nyl) - 2- oxo-
2-di y1(28)-20t

1- phenylethypurea met hyl
(1,1':4" g1"-terphenyl=2Br"-diyl bi siti1-i m dazol e
pyrrolldlnedlyl(( R) - 2-oxo- 1 -phenyl-2, 1- ethanedlyl)))blscarbanate
(1R)-24(2S)-2-(4-(4"-(24(25)-14(2R) - (dlnethylanlno) 2- phenylacetyl) - 2-
20pyrrolidinyl)-1Himdazol -5-y1)-1,1:4"',1"-terphenyl -4-yl1)-1H i m dazol -
y1)- 1-pyrrolidinyl)-N, N-dimet hyl -9y - phenyl et hanam ne; nethyl (O
S)-1-W2S)-2-(4-(4-(4-(24(2S)-142S) - 2- .
( (et hoxycar bonyeam no) - 3- net hyl but angy!l %yrrolidin-2-y1)-1FLin1idazoI-4-
yl ) phenyl ) cycl ohexyl) - 1Hyi m dazol - pyyrolidin-I-yl)carbonyl)-2-
25nethy|propy|)carbanate met hyl ((
S)-14(( 1R, 3S, 5R) 0- 5- (4-(
((2S)-2- ((netho§¥ ypqglno) 3-g@ret hyl but anoy
1) - 1Hi m dazol - 5Ny1 ) bi' cygl Of2. 2. 2]d§#3l-y1)ph
azabicyclo[BPﬁ ] hex- 2-ya) car bokgDj - @Hnethylp ) car banmat e; and
30correspondi ng stere0|soners t her eo n a. set aspect the
present disclosure provides a. conposition conprising a conpound. of
Formula (1), or a pha® ceutically accgptable salt thereof, and a
pharmaceutically accep He ier, ﬁgireln

o)

O.Q ©

wherein a squiggle bond (~ ) in the structure indicates that a stereogenic center fo

(I R,35, 5R) - 2-
z%abi cycl o[ 3. 1. 0] hex3-y
m dazol - 2-y1l) - 2-

which the bond is attached can take either (R)- or (S)- configuration so long as

10 chemical bonding principles are not violated.
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S is 0 or 1; 5L iswherein Li and L2 are independently selected from Y and
Y' are independently oxygen (0) or NHL R is hydrogen or -C(0)1le; 10R2 is
hydr ogen WP 20(0y10¢; K" and RY are independently sel ect @TfUSam0O9Pval kyl ,
het eroaryl, hetcrocyclyl, al koxy, and al kyl substituted with one or nore
substituents independently selected fromaryl, alkenyl, cycloal kyl,

het erocycl yl, hetes 0afrednth efbddimesi(d)XRElBrst adyBaRhe passent-d¥dd)siifeghreyidébaher ei n
aryl and heteroaryl nmay optionally be substituted with on? or m)rﬁ

substit uent gomp@é@aﬁ@ﬁnu@ (Depephoampseghirall naseertple st gyselvatg themgpky | |

het erocycl yl , heterocyclylal kyl, hal ogen, cyano, nitro, -C(0)011.4, OR5,
“Nab, (NRaRSSI. and (Me0) (HO) P(0)0-, and wherein cycl oal kyl and
heterocyclyl maysapbienal |y be fused onto an aromatic 20ring and may
optionally be substituted with one or nore substituents independently

sel ect ed5from al Bylis—GifPRoxyl , hal ogen, aryl, -N eRb, oxo, and -C(0)O0R4; R3
i s hydrogen, alkyl, o yl al kyl; R4 is alkyl or arylalkyl; 25R5 is

hydr ogen, al kyl ,X‘{)HSE{;@B k%ﬂd, | e and Rb are independently selected from
hydrogen, al kyl, el ®alaeboth abyoal kyl, heteroaryl, -C(0)R6, -C(0)Ole,
-C(O)NR' I e, and (Nne)al kyl, or alternatively, fe and BY, together with the
ni trogen at om t o Inhifeurtechiyensodinagnt 9€ Hedirstaspenthe present discloswepgoidssed ri ng

Fing or bri dgedrsey bt eI Pl b BrleeBety AePsbledn of Ty BT Bl

addi ti ongl Rglegsigat ons i ndependently sel ected from nitrogen, oxygen, and
sul fur and may contain one, two, or three substituents independently
selected from G stin0@6ladtkdyl, C to C4 hal oal kyl, 5awl, hydroxyl, ClL to C6

al koxy, Cl to C4 hal 2KOX nd hal ogen; R6 is alkyl; R7 is alkyl,
aryl al kyl, or haﬁgé1 Fﬂh%%é%xﬁaﬁﬁh are independently selected from

hydrogen and hal g; gaffheenth embodiment ofléhe @ir@ngpddd (B¢ Srebdhd aREDE@BHLvidRlaect ed
from hydrogen, alkyl, arylal kyl, and 10cycl oal kyl . In a first

enbodi nent afontpeend etberchuds@Bet t he conposition further conprises at |east
one addi tional conpound having anti-HCV activity. /\n a second enbodi nent of
the second aspect at |east on the addition 8ﬁpounds is an interferon
or aribavirin. 15Iln a third e \ept of \h ond aspect the interferon
is selected frominterferon al pha 213 )pegylat ed interferon al pha,
consensus i nterferon, interferdH al ¥hd 2 and | rRi phobl astoi d i nterferon

t au.
dn,
or a pharmaceutically acceptable salt thereof, wherein:
sisOorl;

L is —L'-L*-, wherein L' and 1.? are independently selected from:

MEMND'E— . provided that at least one of L' and L” is other than -EQE— ;

El

Y and Y’ are independently oxygen (O) or NH;
R! is hydrogen or -C(O)R%;
R? is hydrogen or ~C(O)R;
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In a fourth enbodi nent of the second aspect the present disclosure provides
a conposition conprising a conpound of Forrmula (1), or a pharmaceutically
accept abl®020u4l1f704 her eof , a pharmaceutical |y accept abl ECEAISE18/02899hd at

| east one additional conpound having anti-HCV activity, wherein at |east
one of the additional conpounds is selected frominterleukin 2, interleukin
6, interleul cin R2andReEerepodepanddnély selnttad fiom tyiekatiot dictepraeylt haséroaydyipe 1

hel T cell . interfer] ,_anti - LRNA, 1 ni qi
UGB LN TR I N TR )
amant adi ne, and ciigBad ARy, alkenyl, cytlafkyl, hblebosBHR Be@RAEy10JOR e second

aspect the present disclosure provides a’conposition conprising a conpound
of Fornula (1), e€(QQRIaiNREEndcaOWRR ept abl e salt thereof, a

pharmaceuytically acceptaple carrier, and.at.|east, one addjtional conpound
having aht | - HOV AUEIGH 891 ahiiapHyLinay gelianaliy B2 syos e uh opgpapore
30conpounds 1 s e‘éﬁ@s@ﬁlhe&g? ﬁsngelﬂeﬂt@nlﬂ?tseﬂs&@d [T ﬁ[‘lﬁ&%alﬁyﬂ aynaty sel ected from

4tk
HCV net al | opr ot ease, i ne pfotease, HCV polymerase; FEI'CV _helicase,
HCV NS413 pr ot eihstercbydlgl hetetacyclykiRyl, dakenis) oyano, 1BV -E¢PEHRS, OREV NS5A

protein, and | MPDl- ar reat ment _ of HCV infection. In a third
g;p;act t the presenNRéRJs@JBgr&S@{‘. r@\}{@@@&{ﬁ@&’cﬂﬂgt redagti ng an HCV
infection in a # [ ;

her apeut i cal 1y SPFLat LS Ehahogr gL nst BRI B hiF b o

phaunaceéati cal | y rageefhelyl wptioad]ly Yehmbsdfted whthr @ieror nsore sut@titients; L i s
-LI-L2-, wherein Li and L2 are independently | ected fr Y and Y' are
i ndependent | y oxyfshepdsntly selggied from qﬂgrlﬂgyalf@@iﬁm eﬁ?"ﬂs“]}%a&bo a
-C.(0O)R3"; 1 Smm@@gﬁg, are independently sel ected from eyel oal kyl

het eroaryl, heterocyclyl, al koxy, and al kyl substituted with one or nore
substituents i ndeantadibien, skeot egidikydm aryl, al kenyl, cycl oal kyl,
heterocyclyl, hetgroaryl, -C(0)OR4, -NRaRb, and -C(0)NR Rd, wherein aryl
and heteroaryl ndy ®pkyoerayylke substituted with one or nore

2osubstuerts, gspRnteghl KusebegRachrom alkyl . haloal gttt
RaRb) al kyl, and (RVe&)R0OrPHAYndehchelected from hydrogen, alkyl, cycloalkyl,
arylalkyl, heteroaryl, -C(O)R®, -C(OYOR”, ~C(O)NR°RY, and (NR*R%)alkyl, or
alternatively, R* and R®, together with the nitrogen atom to which they are
attached, form a five- or six-membered ring or bridged bicyclic ring structure,
20 wherein said five- or six-membered ring or bridged bicyclic ring structure
optionally may contain one or two additional heteroatoms independently
selected from nitrogen, oxygen, and sulfur and may contain one, two, or three
substituents independently selected from C; to Cs alkyl, C; to C4 haloalkyl,
aryl, hydroxyl, C; to Cg alkoxy, Ci to C4 haloalkoxy, and halogen;
25 RCis alkyl;
R’ is alkyl, arylalkyl, or haloalkyl; and
R® and RY are independently selected from hydrogen, alkyl, arylalkyl, and
cycloalkyl.
In a sixteenth embodiment of the first aspect, the present disclosure provides a

30  compound, or a pharmaceutically acceptable salt or solvate thereof, selected from the

group consisting of:
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wherein cycl oal kyl and heterocyclyl may optionally be fused onto an
aromatic ring and may optionally be substituted wth one or nore

substi t ueNOLWBIIAWependent | y sel ected from al kyl, hydr oR¢II/USREDO2RINY aryl ,
-Nab, oxo, and -C(0)OR4; 123 is hydrogen, alkyl, or arylal kyI R4 is al kyl
or arylalkyl; R5 is hydrogen, alkyl, or arylalkyl; Ra and are

i ndependent | y seK&}MZSB@ffﬂﬂ?dﬂéé‘é@S)ér(k%) -2~ @me&arlmm) %Pmré/ﬂﬂ@?ﬂy})

glet 3; (r)IZ{ |y{/el Y, RélZG 1%1%’8)% w&%gﬁ%%qleﬁgxﬂg?e&‘% 5%@%%02 %ﬁr ch they are

attached, forma SdrMEdmﬁ'j m&zﬁseafgﬁ%ﬁorprg&n9retmhmﬂl@d bi cyclic ring
structure, 5mhere|n said five- or six-me ring or bridged bicyclic

ri gg st Ei uct Iure olrﬁlRbMQZIS))—erﬂ;(fidéﬁﬂ-é‘i%)dd@%}Z%lmoaﬂdmhebﬁa%éﬁk@eroat oms
one.  twos or "t r SR eEY T R R SR B Bt ST 0“5  al ky!

Cl to C4 hal oaI k IWTOH&M%?) ZW%Ményle@Haan C6 al koxy, Cl to C4 hal oal koxy,
and hal ogen; is al R7 is al kyl, "arylal kyl, or hal oal kyl; and 126

andI RdI Erle i lndepd:cndethy]l (pxslns(édtlétbn&hmﬂlﬁymmd@@b 4,a+d{)ﬂ[28r)]a%§f| alhkél : anﬂ

cycl oa nafir ntof i a .t he method further
cgrrprr seg 15 admpﬁﬂgfé‘PF‘ﬁgﬁak{ 8h ééglr tﬂ?}?@ﬁ’?ﬁﬁrﬁﬁaﬁﬁ@ avi ng anti - HCV
activity prior t?in‘ﬁt(gJS Qr(45@3rml(gﬁngqsq(mmk@lﬂ&%,}ﬁﬁﬁgpglﬂeﬂﬁadé gyl a

(I'), or a pharnmaceu y accept sal't the second
enbodi maAt of thé-pynahdiua&)pH&nmadazbiefa—st)phnmexp)pheﬁyé) Hddinidagplal-ygdrpounds i s

e | nter  er on' 1 $YEBlEYSaV-GA G bRV R OB hogy | at ed I i er fer on
al pha, consensus & Rier %%’*90(4@%@(2'@,?@“ _ghRrha. %@oxﬁ%ﬂ%%@&ﬁb@st oid

interferon tau. di‘ment hitd aspect the
present di scl osurpgnpiidinyledi-anidezdiedylyfhehopaphengl)dii-tiMdazalfzegd)-len in a
patient, conprising admnisteri n h{ne 25patient a therapeutically
ef fective anount RYFTOHIEZhroRHY L erﬁ’g?t % (1), or a phar maceutical ly

accept Ot}l e sal t trﬂ@cﬁ hR)@él&a?E'z'@@g@“@ zgsjqie(gﬂ?l ? corrpound havi ng

anti - activity pr r sr tan with the conpound of
Formula (1), or g(mbaonpeathehihahing)-agbeptladetyd)-2-alytrolidiaylpdt]-imbeédn at

| east one of the additional co ounds i el ected fr i nt erI eukin 2,
interleukin 6, int@bpuRiRheng)-1 Wdﬁkb‘wﬁ%dl@ﬁ]ﬁgﬁ‘é’s the devel oprrent

of a type 1 help se, interfering RNA anti-sense RNA,
I rniginod, ri bavﬁirhle;rgylgﬁk E%%%?%% 5' - nonophospat e dehydngenase i nhi bitor,

ar nant adi ne, and (ﬁRDrar((zﬁ)Lmel (4 d(m—(a-(@lsbilL‘((mﬂdlmﬂiylamﬁmb]qbphmyﬂaﬂze%)peCt

t he present drsclosure’ﬁorovr of treating an EICV infection in a
pati ent,20conpri sr%@ylﬁ‘él Dsﬂ@rlrrﬁgazpb%ﬂﬂéewbpéwph@ B-apubeelcany-

ef fective anount aunaceutically
acceptable salt t r Igikngltﬁ%t}@gstg%gngpg%aad?@%nﬁa ntPéc?orrpound havi ng
Santi-HCV activi tmetmyl (QIR) D((QSB-QE(P-L (@H((BULSRNEARIIy with the conpound of

Formita (1), ((methoxycarbonyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)- 1H-imidazol-4-
yhbenzyl)oxy)phenyl)-1H-imidazol-2-y1)-1-pyrrolidiny!)-2-oxo-1-

25 phenylethyl)carbamate;
(IR)-2-((28)-2-(4-(4-(2-(4-(2-((28)-1-((2R)-2-(dimethylamino)-2-
phenylacetyl)-2-pyrrolidinyl)-1H-imidazol-5-yl)phenyl)ethyl)phenyl)-1H-
imidazol-2-yl)-1-pyrrolidinyl)-N,N-dimethyl-2-oxo-1-phenylethanamine;
(1R,1R)-2,2"-(1,2-ethanediylbis(4,1-phenylene-1H-imidazole-4,2-diyl(25)-

30 2,1-pyrrolidinediyl))bis(2-0x0-1-phenylethanol);
dimethyl (1,2-ethanediylbis(4,1-phenylene- 1 H-imidazole-4,2-diyl(25)-2,1-
pyrrolidinediyl((1R)-2-oxo-1-phenyl-2,1-ethanediyl)))biscarbamate;
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or a phaimaceutically acceptable salt thereof, wherein at | east one of the
addi tional conpounds is effective to inhibit the function of a target

sel ect ed WPARMOHTV/0det al | opr ot ease, HCV seri ne prot ease, PHOUSpOOPRIPAse, HCV
hel i case, HCV NS4B protein, HCV entry, HCV assenbly, HCV egress, HCV NSHA
protein, and I MPDH 10for the treatnent of an HCV infection. O her
aspects of the pﬁ\é&éhﬂ ebenaskylbe(drhyhénybangdél- inld@%fmé%@mﬁ?ﬁai tons of

nmbodi di scl b
Found 1 the dosElTELtBHGHIB AGtEonPErHT 20 SIS TIORGOS t e pr esent
di scl osure herein. @%Eﬁypg(gm@t@@dz{m(@@g —@Liys i {ry e | avvs and

principals of chem'c bonding. In sone instances it dy be necessary to
renove a hydr ogerﬁ(oaclomntﬁcarb@teoylﬁmza@)ebﬂhw&cetyé) B el llﬂhﬂﬂamlfkﬂyi—gl ven

st rabed_ bel oury bty e by B o anL U YR B s ety
20( Left) (R ght) (pha:nylethyl ured;n Formula (1), as depicted above t he
pyrrol i di ne noi ety" ? ‘left side of the "linker" is independent from

the "pyrrolidine (hﬁ] %{@S)@F{4t(l4d((l4r@k({2%+ld&ZRhE{éiﬁFﬂelmﬁammo) é g., (1)
t aut omer form of azole rin i.S . NH ol ut e
2530nfi guration ert‘ %Czeg’il)e? @%@8&%&2&%{@@”&% SfW?eW'l(l)‘% )Lf:’lthlc%)" and (3)

substituents on ltff‘ﬁmBQi&Jz'—ﬂb A&y RolERAYBIN, N-difhethyRb- @a&dlua?er@%anaﬁ%endent
from each other, ‘although in some circunstances they are preferably the

sarme. 19 As fQiR):M(‘E@O{Q}-(dF(4k(é(t4v@e((12&)He((BR)}Rdrydi‘dx'y Qapitbnyheetplyﬁr ol i di ne
noi eties, Formula (O.. e foll ow G i ons:
wherein Y and Y' P 8115 ﬁg@ﬁ%ﬁ%ﬁ EFVQ%?')IB‘?“H%NQ emsd %'Iemg%?objgrbﬁbl i di ne

ring, the stereoge ﬁlﬁ{ 0 _Oggqt o §r19th‘éﬂél‘3h a five-menbered heterocycle is
attached can take 51 configuration as depicted bel ow. NY
1R 10(R-)(S-) dlmethymemy}as(mmlhydmee@wlahem}rlgwkH—Iﬁm&tadoleﬁitbdar](ﬁs) -2Aki di ne

Lok oi her e omsoBImdsl RO Par SRS ol RSO RE R g, ag
depi cteqsbel OW. 1 _yethyl-3-((1R)-2-((2S)-2-(4-(4-(((4-(2-((28)-1-((2R)-2-
((methylcarbamoyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-imidazol-5-
yhbenzyl)oxy)methyl)phenyl)-1 H-imidazol-2-yl)-1-pyrrolidinyl}-2-ox0-1-
phenylethyl)urea;
1-ethyl-3-((1R)-2-((28)-2-(4-(4-(((4-(2-((28)-1-((2R)-2-

20 ((ethylcarbamoyl)amino)-2-phenylacetyl}-2-pyrrolidinyl)- 1 H-imidazol-5-
yhbenzyl)oxy)methyl)phenyl)- 1 H-imidazol-2-yl)- 1 -pyrrolidinyl)-2-oxo-1-
phenylethyljurea;
1-cyclopentyl-3-((1R)-2~((2S)-2-(4-(4-(((4-(2-((2S)-1-((2R)-2-
((cyclopentylcarbamoyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-imidazol-

25 5-yl)benzyl)oxy)ymethyl)phenyl)-1H-imidazol-2-y1)- I -pyrrolidinyl)}-2-oxo-1-
phenylethyl)urea;
(1R)-2-((28)-2-(4-(3-(((4-(2-((28)-1~((2R)-2~(dimethylamino)-2-
phenylacetyl)-2-pyrrolidinyl)-1H-imidazol-4-yl)benzyl)oxy)methyl)phenyl)-
1H-imidazol-2-y1}-1-pyrrolidiny!)-N,N-dimethyl-2-oxo-1-phenylethanamine;

30 (1R)-2-((28)-2-(4-(3-({((4-(2-((2S)-1-((2R)-2-hydroxy-2-phenylacetyl)-2-
pyrrolidinyl)-1H-imidazol-4-yl)benzylyoxy)methyl)phenyl)-1H-imidazol-2-y1)-
I-pyrrolidinyl)-2-oxo-1-phenylethanol;
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.9 NY 113-)(a-). 15In Formula (1), when either Y or Y is NH, the |inkage
between the linker "L" and the resultant imdazole ring can take place in
ei t her tORIW/1AF70the C-5 position (see bel ow) of the i RCAAB2018/02890¢. As a
person of ordinary skill in the art would understand, due to
tautoneri zation of the imdazole ring, a bonding of the linker "L" to the
C-4 position may (ethglf(l RBE-€ES) a4 3HAARAR 11 - - P-4 nker to the C5

iti , 20 foll ) .. .
D07 10700 mcey RSt st e e PhetteetyD oy i) Eimidagpledy osure i s
|t ended o covexy Bl BN BohiRkAaEImRUE- AEN ArRlESI Bxslapi ot s onl y

one of them Mthi's di suré |'oat i ng bond floating
substituent (e. gphenyﬂ&@l)cxarbaﬁaxta;tructure i ndi cates that the bond or

substituent can atta structure by
renoval of a hydr o‘ﬁ@%ylf mﬁﬁﬁ%ﬁg @P‘gé?s" (?é‘soh?leb Shoul d be under st ood
that in a bicycli ly

defi ned ot herw se (&n&ﬁ%@%%%ﬂﬁ%@oégﬁg@' @%h 3’.1 %Ig&ocﬁl%g 1? Hggt“?dﬁggh
substituent does yl?btnziyi)nsz)rrteﬂgdpb&tyﬂ) hfﬁ zmtdaxulchybdnpyrmhdsmb)sitottudﬂt to a

specific ring. Th the follow ng two 10substituent groups should be
construed to be & ﬁ‘?%h@?ﬂre& p\p, ( RL 3)ri and It should be

understood that the;, W@R?g%gﬁpg%g{m@zﬁgg@tg#g)hp (QR sent di sclosure are

those that are suitably sta arrra Ical agent. 151t is
i nt endedot hat t hQ(eﬂe,,ﬂwmtnetm&rh)aﬁﬁn@w;)mmlyhbetyl)énpymﬂzdmmi}b]ﬁhmcﬁtzolaﬁi-part| cul ar

' ocation yl)benzyl)oxy)methyl)phenyl)-1 H-imidazol-2-yl)-1-pyrrolidinyl)-2-oxo-1-
phenylethyl)urea;
1-cyclopentyl-3-({1R)-2-((25)-2-(4-(3~(((4-(2-((2S)-1-((2R)-2-
((cyclopentylcarbamoyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)- 1 H-imidazol-
15 4-yl)benzyl)oxy)methyl)phenyl)-1H-imidazol-2-y1)-1-pyrrolidinyl)-2-oxo-1-
phenylethyl)urea;
dimethyl (1,1":4',1"-terphenyl-4,4"-diylbis(1 H-imidazole-4,2-diyl(25)-2,1-
pyrrolidinediyi({1R)-2-0x0-1-phenyl-2,1-ethanediyl)))biscarbamate,
(1R)-2-((28)-2-(4-(4"-(2-((28)-1-((2R)-2-(dimethylamino)-2-phenylacetyl)-2-
20 pyrrolidinyl)-1H-imidazol-5-y1)-1,1":4",1"-terphenyl-4-yl)- 1 H-imidazol-2-y1)-
1-pyrrolidinyl)-N,N-dimethyl-2-oxo-1-phenylethanamine;
methyl ((18)-1-(((25)-2-(4-(4-(4-(2-((2S)-1-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)pyrrolidin-2-yl)-1H-imidazol-4

yl)phenyheyclohexyl)-1H-imidazol-2-yl)pyrrolidin-1-yl)carbonyl)-2-

25 methylpropyl)carbamate;
methyl ((18)-1-(((1R,38,5R)-3-(4-chloro-5-(4-(4-(4-chloro-2-({1R,3S,5R)-2-
((28)-2-((methoxycarbonyl Jamino)-3-methylbutanoyl)-2-azabicyclo[3.1.0]hex-
3-y1)-1H-imidazol-5-yl)bicyclo{2.2.2]oct-1-yl)phenyl)-1 H-imidazol-2-yl)-2-
azabicyclo[3.1.0Thex-2-yl)carbonyl)-2-methylpropyl)carbamate; and

30 corresponding stereoisomers thereof.
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in a nol ecul e be i ndependent of its definitions el sewhere in that nol ecul e.
For exanple, for substituent (121)n, when n is 2, each of the two Rl groups
may be tWOQamWel1p04di fferent. Al patents, patent appli ®&TIUSAEL0/025989
literature references cited in the 20specification are herein incorporated
by reference in their entirety. In the case of inconsistencies, the present
di scl osure, incl Gk sgpodébsprcct the psesentididclgsnevmovideDEFINMIORItONSomprising a
Definitions have been provi ded above for. each of the grou defined. In
25addi t i on, CPREO¥RS| ‘Pfg:\iﬁr’ﬁﬁlacfgﬁ Phit P#’W"@‘I‘i‘ﬁiﬁfy IEeRidg .Salgthere%iﬂggﬁs ed herein,

the singul a?h{n‘i’f{ag&t'i'cﬁflyaé ?'ébieaéaﬁié'r}»bﬁéreihf‘d ude plural reference unless the
context clearly dictates ot herw se. Unl ess stated ot herw se, all
aryl, cycl oal kyl sibebetparyl, and heterocyclyl groups of the present

di scl osure may be substituted as de i bed . in each of their respective
definitiéns. For Iel)?a'ﬁ%rlé? thge@flyl|anai?@redpd%ngqryyyépkggtpgg;omjp may be
substituted as described in the definition of the term"aryl." 5The term
"acetyl," as.ug rein, ers t o - O ) Yhe term "al kenyl ," as
used herei n,“gr fo % éren%q&ﬁt "g)rng"ﬁed hydr ocar bon chain
havi ng one or nbre doubl e bonds therein. The doubl& bond™ " an al kenyl
group can be unconjugated or conjugated to another unsaturated group.

Sui tabl e al k nK! g ogps i nclude, but are not limted to, C2 to Cl0O al kenyl
10gr oups, su“gh“ s yiayl, allyl, butenyl, pentenyl, hexenyl, butadienyl,
pent adi enyl , hexadi enyl , 2-ethyl hexenyl, 2-propyl-2-butenyl,

4- (2-nmet hyl - 3- but ene) - pentenyl . An al kenyl group can be unsubstituted or
substituted with Yaed ¥ arewndependeably exgaeb{O) bubibks. The term "al koxy," as
used herein, ref ﬁ{ls, o,an al kyé@g pup attached to the 15parent nol ecul ar
nmoi ety through a o‘ﬁ%@ﬂgeﬁ?ﬁﬁ %r’esent ative exanpl es of al koxy group

i ncl ude,jpbut are [Way 1 t hoxy (CH30-), el boxy (CH3Cl-120-), and
t - but oxylo(((113) 3%%%&%%&%er%{»gﬁkyl ," as used herein, refers to a group
derived from a stRangiR” aoe indepancihety shatad fsab aydoakylhyderosai, beterdoyclybnoval

of a hydrogen from one o e 20 saturated carbons. .The al kyl group
preferably contai Xﬁ’r%‘ﬁi%{ﬁg SPé‘“’t{t‘étﬁ e\ OQPM?uﬁﬁéW%@@H{%W‘géﬁ%xanpl es
of alkyl group i %ie@@ﬁ%@%@?%&e&% )c/#rdl@a}a%ﬁfjhét&pcﬁ%ﬁm’éwroﬁgﬂY¢)R3,' sopropyl ,

and tert-butyl. carbonyl , " "as used hérein, refers to
an al kyl group at{#OMeR’ tNRFREaphr@E)NRSRECuUl ar noi ety through a carbonyl
group. Representatjve exaI 5al kyl car bonyl i.ncl ude, but are

not |inlded to, a¥ergnary g%;%ﬁg;a}“ﬁﬂﬂ 9‘?1%(123@_(“@%%3%%%% R BRSF v
(,00)020050)  anhu oy iy prapney gl BB, A1 010 T

term"allyl," as used herern, group. The term
"aryl," as used hettebeyclylceterocyicbylalkel balpgabe cyanenitrop1a(@NHOR LR ¢ 30

Group ban be’ monoRVeR MR arg B RO L rei n i n bieyel o of

Pour = o oi x. renbufitin ORI PIRLAGARRIRUE BaGAM IR ALKAOR ofARL e

Repr esert(at i ve exanphebmeyf optionallg be wistitual wille pndot mareesubstituents
independently selected from alkyl, hydroxyl, halogen, aryl, -NR®R®, 0x0, and
-C(O)ORY

R? is hydrogen, alkyl, or arylalkyl;

R* is alkyl or arylalkyl;

25 R? is hydrogen, alkyl, or arylalkyl;
R® and R” are independently selected from hydrogen, alkyl, cycloalkyl,
arylalkyl, heteroaryl, -C(O)R®, -C(OYOR”, =C(O)NR'R?, and (NR°R%)alkyl, or
alternatively, R* and RP, together with the nitrogen atom to which they are

attached, form a five- or six-membered ring or bridged bicyclic ring structure,
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limted to, phenyl, indanyl, indenyl, naphthyl, and

1, 2,3, 4-tetrahydronapht b-5-yl . The term "aryl al kyl," as used herein,
refers t oVArROHVKY104gr oup substituted with one, two, or PRTABS2@0PP8IYT oups,
wherein aryl part of the arylal kyl group may optionally 5be substituted by
one to five substituents independently selected fromCl to C6 alkyl, C to
C4 hal oal kyl, Cl where@bsad ﬁw—yqr shamgénzedcmnm bridgel bicyalio rypgotrpsture
Repr esent ed exarrpl e i ncl ud ut,.a not

2- phenyl Thet hy! P%Qﬂﬂg’ ﬂizy on a‘ ?Fa?mi“’ﬁ aﬁdg}‘l")lﬂéﬁﬁ‘?a OIEﬁH’dePen%e“ﬁY
(napht h- 2-yl') met Rybeted A8l Gir enbgf';@éh’andasﬁiiﬁlsﬁﬁl 1{35"} Edrfain bRE, 84S, &rQhReMEL MY
group on which one of 10 the hydrogen atoms is replaced by a phenyl group,
wherei n said phemyibst@rentspndmn@whyanlabﬂe# filoe € utostq Alkiled, twycdﬂéoa‘llth‘l ve
substitu ntsmde entl dfr t.h tr|fI met hyl (-CF3),

met hoxy ¢-O0CH3), 2hai ﬁtaﬁ?? (1?@?)[}? @éﬁ?@gﬁ“ﬁ “Bxanpl es of
benzyl group mclRQq@alk t are not I|mted to, PhO- 12- 4 MeO- C6H4CH2-, and
2,4,6-tri-rnethyl - 12-. 15The terns "Cap" and "cap," as used her ei n,
refer to the ar oﬂﬁamﬁikyhany@lkﬂlaméﬂlcaﬂmhe n| trogen atom of the pyrrol i di ne

rlnglnthe conp ormul a (| unde od t hat Cap or
'cap" can al so r%fq anfﬁ{IEth"é e ey P\t\}gwei BV@@&?%@FFI? OHE final "cap"
in conpounds of fi@ h terials in
the reaction to appen?agﬁébgﬂ;&g%ﬁlt*%%g??%)@ |dr¥é %%&g%gﬁadiﬁgi@m esults

in the filbnal proayclbalkgl. conpound whi ch contains the funetional | zed

pyrroI|d| ne that wl] be present in the corrpound of forrr%gwg§ . The term
‘carbonyl ," as uded fﬁ@ﬁ&hﬁ’dll?@ﬁéfg‘etsﬁcm’é(@?@ thﬂg:@mtp@ﬁlpon F BORPIISOE g5

used her ei n, Yang. s used herein, refers to
-CN. 25The taégeghgt'%rnﬁ afi&nfjgg%%m%ggﬂ-&ugae £eHrt1effin rg?/ ef's to a group der| ved
froma satun atsecd)nd&rrmmmdrﬁ pf ﬂﬁ\semdmﬁce&tabisy ohdothe hadisbgh tompoliai

atons, by renoval of a hydrogen atomfromthe saturated carbocycle, wherein
the sat ur at é8jag BYGEEQEPeA BVt i onal |y be fused onto one or two ot her
aroups. 1ol ude, - G0t arEeRBRARRHE ERe dSBRLERED AL NGLRAFREREC iy ! o2l 1
cycl ohexyl, 1ﬁﬂaﬁ{’erbn21lﬁla@-ﬂ, pbgdiyd IrQé‘r&ﬁhﬁ hipha, wonse'ﬁble; iherfarorf Qltef’rﬁdron alpha used
herein, ref ezas tg@;m bl TPedtn%rg%ns ibal e and "hal ogen," as used herein,
refer to F, an pigoigstold 1 eron tau The term "hal oal koxy," as used
e Lorer s 9ud PR LU ARG ek Ond R R TR o1t
al kyl' group @uﬁmmbﬂt: %)thgh cbe sanmdﬂ@hmqe)oom piarmabeartibaloakckythblgr oup
can be an al kﬁ group of which a édro gen atons are substituted by

hal ogeng0 Respltdcsentat pl@@émes‘miﬁa@sa@ﬁptﬁ P 6aiiey|ang pelegd one pdditienad not 1inited
to, trifluor D epﬁ‘h pévgsm%‘)\?Q(J.H%rl@e\;vﬂé/remha?ge%g_‘%'f )dj.e a%faﬂmnal

2,2, 2-trifl o term eroary used herein,
refers to groiipoddd ¥ eéledte® fofk interleukin 2, interleukin 6, mterleukm 12, a compound

benzyl ,

that enhances the development of a type 1 helper T cell response, interfering RNA,
anti-sense RNA, Imigimod, ribavirin, an inosine 5'-monophospate dehydrogenase
25  inhibitor, amantadine, and rimantadine.

In a fifth embodiment of the second aspect the present disclosure provides a
composition comprising a compound of Formula (I), or a pharmaceutically acceptable
salt thereof, a pharmaceutically acceptable carrier, and at least one additional
compound having anti-HCV activity, wherein at least one of the additional

30 compounds is effective to inhibit the function of a target selected from HCV

metalloprotease, HCV serine protease, HCV polymerase, HCV helicase, HCV NS4B
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nonocyclic, bicyclic, or polycyclic conpound conprising at |east one
aromatic ring 10conprising one or nore heteroatons, preferably, one to

t hr ee het\WPaatBNIIE704i ndependent |y sel ect ed from ni t r ogenPCEHUPIEH/0289A¢

sul fur, by removal of a hydrogen atomfroman aromatic ring thereof As is

wel | known to those skilled in the art, heteroaryl rings have |l ess aromatic
character t paeteinhBCV eitty, B&PbesseroblynHEMearess, HENUNS54 proteineansMid2ds of t he

i nvention, roar need..only have sone degree of 1baronatic
character. %?rltggf%tﬂ%t %ﬁ@vég ®§¥9het eroaryl groups include, but are not
limted to, pyridyl, pyridazinyl, pyrimdyl, pyrazyl, triazinyl, pyrrolyl,
pyrazolyl, im dazol yI', (1,2,3,)- and (1, 2, 4) triazol K gyr azi nyI
pyrimdinyl, tet riaz@lm;od aspf:@rtlw presduit élsyllosurwmvaciealaynet ochd tmltlyg an % azol yl,
oxazol yl UI nol.in i.sogyi .nol i i Soxazol
benot i Azof UL e it PRSI BT e o0 AP el
“heteroaryl glgyive’ an@&m%?@ccﬁlﬁﬁcﬁinﬁ of Fef:8418 (B %@biﬁhﬁé/deuﬁé%&o&é{;@ﬁlé ot ed

with one, two, or three heteroaryl groups. he term "heterobicyclyl,
as used herehcﬁ@ofswhe]em to a ring structure conpri SI ng two fused or bri dged
rings that include carbon and one or nore heteroatons independently

sel ected from mtr%é > oxygen, and sulfur as the ring aton(s). The

25het erobi cyclic Uisaalwuu\%a%mma Lglé%ﬁﬁeﬁhdé}ﬁiy%%éé@ﬂo% .ring and can be
saturated or unsaturated. Exanpl es of heterobicyclic ring structures

|nclude tropane U|nucI|d ne, and 7- |cyclo[ 1Theptane The
term’ heter asm @ ein 9-derived froma
PO I|c c s... g &4 | east one

nonocychbc
nonar omati c 30 rlng conpr|S|ng one or nDre heteroatons preferably, one to
t hree heteroatogz;>;hdependentIy sel ected fron1n|trogen oxygen, and

al

sul fur, by r a hydrogen atom!fromthe nonaromatie ring. The
heterocyclyl conpasses the beterobicyclyl group. The heteroeyelyi
groups of the present di scl osure can be attached to the parent nol ecul ar

et er byl y1 g ouband oM ade PRy sXBE ) i RB Lo, morphol inyl o
oxazolidinyl, pi qelrlggygﬁg en&l_qg((j)ﬁr -nyl, pyrroli d| nyI t et r ahydr of uryl :
St hi onor phol i nyl, an i ndol i nyl The tem "heterocycl yI al kyI as

used herein, refdislﬂl@dragelatt)ﬂ(—ﬂ(OgRﬁup substituted with one, or three

het yl t ! h
ot or td5 G “rndtiai e figenc S Bhohem IR ARY @et?raawk‘%@%r%%%% term
-NeRb, " ‘as us Edalltt%{yehr{ﬂ afkﬁfsﬁﬁf?tltét@d W cﬁﬂé%‘ Biore fbsAREnEhdepbidehtipr

attached to the parenf nolecular noiety through a nitrogen atom or
alternatively re sidteB¥ion egbtahenylcydoakd, mttroowsd, ketomyb -GR/,ch they are

attached, folio a or a fused- or bridged-bicyclic
ring structure opdg?ﬁ(gf{l’yN%?‘L%)g ’two, or three additional

het er oat om i ndep%ﬁ&&h'a?l%ﬁhﬁ%ﬁﬁrﬁ% ({Ptzbﬁﬁ%b suﬂa?tﬁiiﬁég%th &ﬁ%r%ﬂréur The
term"-NR'Rd" is defined simlarl term"(NR'Rb)al kyl ," as used
herein, Xefers tmwﬁzm¢Myind@mt§u®@ctmm amyi,rhaalmkkyl tawialkyi; three -NR'Rb

Dsed her ei n, - ref REAPYRD horEoibHFS s lF gy Pronogd s SAORRR LA r of r - T
Llﬁ(?gr st ggljnt Flgt? \(/:\/h(?qeﬁrl}ﬁg| S ag?)a%kﬁg a@%%ﬁ%@?@?% a I( tZ) Sgﬁgl/\ﬁ E:I ow is the
resul t: R1Y--Y' R2wherein cycloalkyl and heterocyclyl may optionally be fused onto an aromatic
ring and may optionally be substituted with one or more substituents
25 independently selected from alkyl, hydroxyl, halogen, aryl, ZNR*R®, o0x0, and
-C(O)ORY;
R’is hydrogen, alkyl, or arylalkyl;
R*is alkyl or arylalkyl;
R’ is hydrogen, alkyl, or arylalkyl;
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Ri ooR110 (Z) Asymetric centers exist in the conpounds of the present
di scl osure. These 25centers are designated by the synbols "R' or "S",
dependi ngvOnR0tMd7Wénf i gur ati on of substituents around t RETAISRE14/02898% bon
atom It should be understood that the disclosure enconpasses all

stereochem cal isoneric fornms, or mxtures thereof, which possess the
ability to inhi bR angBAare indépendandly ssleeted Giosomuirezest alsgapslenditylcan be

d t heti cal | i | ahl t] ial s which
Contai n ohirar contishRRaGT PR G OnOKT DR Shpd BiR Tl " ©
products fol | oweqByaRRAE QRO SHeSnASK P MERNSHRA atdin B Whith WieS 24

di astereoners foll oned by separation or recrystallization, chromatographic
t echni ques, or diattediedsopardticonr Bk-nemalrerédoring o oiiged bicatlictinpstatcoye.aphi c
columms. _Starting .conpou of particular.stereachen stry.5are either
commerci al |y avai%Yhfffﬁ1 S%E%Safshm Rit:1 e&ﬁ&%@&r@gﬁ‘?%y‘{h&}'% Sﬁfﬂﬁtélreknom_ in
the art. 1i8hdNyGRIPHRES o ol R RUARBALhHrSHLAS W RpSRMnA), SO exi st
in different stable conformational forns which may be separabl e.” Torsi onal
asymmet ry due t o selested fiotreaitrogena bk ygenadsiaul fanambypayreentiio osé rigbeolsbred, f or
exanpl e because of, steno hindrance or 1Qring_strAai y rm.t paration
of i fferent. confBPSHEE! Hf*ﬂ@%&%%@ﬁﬁfeaﬁegéﬁo 2t bo Cr iyl dchpon iyl

confor mati onal i%?}'?ielfi Rbxyi eSS GAMRYNA S 1cAOLhalatk iy nd s RAS - The
tell], "conpounds of 3{hex}]t})’r esent di sgi ogur etf'j},l and ggui val eg%t’ expr essi ons,
are neanb to enbrRfdealkghpounds of Fornula (1), and pharnaceutically

accept abl e enantioners, . di regners, .and salts thereof Simlarly,
references to int%rlﬁﬁﬁﬁ’hlﬁ@iﬁgga?reh ;49 enbrace their salts where the

context so perm tg. 4 pre i ' b, | 104dcl ude al |
i sot opes of at onsigoagg&{r r%renéa?%&?ﬁgwpgeleégteeﬁ%dggﬂ {ga%%ls’.hﬁk g%ﬁ%%%%’ I ncl ude

t hose atons havi ngclohkysame at om ¢ nunber but different nmass nunbers. By
way of general exanple and withouyt |jmtation, isotopes of hydrogen include
deut eri um and t rifpidHst snhodapey OB fhehird asbertih msdhof SAAPHAE

| sot opi gal | y;, - I ty] . : repar ed
by convent i oh ?%@ﬁf?%% Bﬂﬁéﬁﬁ?%iiﬁl&&@%&% *!#Pgi??ﬁi}ii‘%‘#b’%f?fé?
processes aruieogotismuttian sevithahe vo raarfdionmu nex amppeenpcilbt e

i sotopi cally-1abel ed reagent in place of the non-|abel ed reagent otherw se
enpl oyed. SHERRUHHEIHAETRBY have a variety of potential uses, for exanple
of stable 1 sof opdh Do alibd il Aol AR coleL Wk B Thd el 1Ty 2%
modi fy bi ol Qgﬁmﬁwhnéﬂbaﬁﬁ}iﬁ&@dzr@gbﬁaﬁbaﬂrinphar macoki neti c properties.

The conpounds of  the_ present disclosure can exist, as pggr maceutjcal ly
accept abile slalathird ymbodigient oifha itdasnest dhn inferigrqndp pelptted fgmyinterfgron, seq
herein, 30re ' i riQni - S t he
present di sclBEirs Fopy st S @it iRl el ihBRCRURRADACaR,

are, W thin lyhehssiepeidiftesforondayedi cal judgment, suitable for use in
contact with the tissues of patients without excessive toxicity

irritation, alleri@iafopslpehedmestoighe dlirdyspent din mescabdistlpre peyides a
commensur at e_\w [ . fit/risk |6, - f ive for
their intend® E@g%ﬁ%@%ﬂ?@ gér%%%gonpéleaﬁ%?gg’ %l%rg%nga %gmﬁ gsﬁeéﬁ%fgitgo “ation and
purificats ompaiknt NeRPoROANG SFTettive apRNAE & dcdMpoug@ef Fagnda Gidrabl e nitrogen

atomwith a suitable acid.
pharmaceutically acceptable salt thereof, and at least one additional compound having
anti-HCV activity prior to, after or simultaneously with the compound of Formula (1),
or a pharmaceutically acceptable salt thereof, wherein at least one of the additional
compounds is selected from interleukin 2, interleukin 6, interleukin 12, a compound
30  that enhances the development of a type 1 helper T cell response, interfering RNA,
anti-sense RNA, Imigimod, ribavirin, an inosine 5'-monophospate dehydrogenase

inhibitor, amantadine, and rimantadine.

- 30 -



5Representative acid addition sails include acetate, adipate, alginate,
citrate, aspartate, benzoate, benzenesul fonate, bisulfate, butyrate,
canphor at\0 20MdA®Asul f onat e; di gl uconate, gl ycer ophospRETAIS2018/428909 f at e,
hept anoat e, hexanoate, formate, fumarate, hydrochl oride, hydrobrom de,
hydr oi odi de, 2-hydroxyet hanesul fonate, |actate, nualeate,

mesi t yl enesul f ondt e fiftretrdtedesat bothatteird aspettt thy beses distmsaeerovidssiacot | nat e,
2- napht hal enesul fonate, oxal ate, pal noate, pectinate, .persul.fate, 3-

oy pr opr PERMCEST Grara ROy GroR I D Ao wg R Eng b ot e
trichl omacetatigy tihd b HAEARCEERL G aRbiAR RPRLEmpOlid G REGyIRCE Ponat e,
para-toluengg% tgﬁg%%%&%nﬂgﬁﬁﬁgcan%ate. Exaines of aéiggq&hich can be
enpl oyed t o phammcpitamiipaaiehiabkel shit tieecedpiraidt écaadatietaddnionall dosapionod baeng

i norgani ¢ aci ds_such as hydrochl ori g, drohrom.e, 15sul furi ¢, and
phosphor Pc, aﬁila@}fgawaf AT 4R 2GR sa@u%w@y Wikhepemp afﬁpe?&aﬁla,
citric. or, a?ﬁﬁhr?ac gdallkg&eﬁfihfe%aﬁ%rgﬁ, RLERA  kadlidong tidialddhal

i solation and purification of the conpounds by reacting a earboxy group

W th a suitabhpotadsds sfiediivaso inhébithd fimctide of ¢ srpanelbaed GomEICEr bonat e of a
metal cation or_,with anmonia or an organic primary econdary, or tertiary
amine. The ézafttﬂ&s-‘rﬁots@sepﬁ@?fn%eﬁpx%mﬁi%‘c’@@&%% E§§’ah<-t%§aﬁen§m§?§$ﬁ§t hi um

sodium POt 3RSk HMCSALGI T VRABRBIAIC ARG Q) HENINI Aol bndBMPSH! OX! C

quaternary anm ne’cations’such as anfroni u tramet hylFamonhi um
t et r aet hyl arfobth tntnreat byAreCWenfediioet hyl am ne, tri et hyl am ne,
triethylam ne, diethylamne, ethylanmne, tributylamne, pyriding,
N, N- di et hyl ani | iQfer aseatho the pesentidisslosneraniprivgs pisblefombinations of

di cycl ohexyl am Lne,..di.benzyl arni ne, 25N, N-di benzyl phenet hyl am ne,
and N,N'-di§%§%@ﬁ%?ﬂ§?§ﬁggﬁgﬁgﬁg. O her representative organi c am nes
useful for the foyérmtiepasmtbtshasemdddintdnemspbd Huhdl thdeeatipyibeprdidd ne,

et hanol am ne, di et hanol am ne, piperidine, and piperazine. When it is
possi bl e t hd®reifor use in therapy, therapeutically effective amunts of a
conpound .of For L ). I I salts
thereofﬂ530nay gghgﬁ%¥%ﬁggﬁfﬁ®h§¥&%H§%%§§§%§g%%%%%?%ﬁﬁgﬁgﬁ%ggé%BIe to
present the @akhive wittohe tiveind@sindippRITYBEEBItL] alingo Mpesht imtancAdeoadi ngl y,
t he di sclosure further provides pharmaceutical conpositions, which include
t her apeut i caieingcessaade rapeovgridiitages ptong shprdeiaaoemmpadate p gulpstijuest at any
pharnaceutical%ylaﬁceptable salts thereof, and one or nore pharnmaceutically
accept abl e AT EFE°Mi | uent's, or exci pients. The term "therapeutically
effective amount, Cerfién RaRAe AR Srucht 6f Borbuld [PateGh@heranmaieddkl@ach
active conmponent that is sufficient to show a neani ngful patient benefit,
e.g., a 5Ssustained reductiy in viral |oad. Wen applkdg@)d o an indivi dual
active ingredient, adm nisfered al one, the tem ref o that ingredient
al one. Wien applied to a c Fpat i@n, the ter my.ef Nt 0 conbi ned anount s
of the active ingredients tHat fEsult in the ther peutic effect, whether
adm ni stered in conbinati gg] sem Ay ogrskﬂﬂﬁidﬁeousRy. The conpounds of
Foimula (1) and pharnaceutically acceptald e salts 10t hereof, are as

descri bed above. The carrierts)—dil uen or—excihpientt's) must be
acceptable in the sense of being Qonpatﬁﬁﬁ%rmﬁth h e other ingredients of
the fornul ation and nofydeliging maieth o t he r eBYHP qu mYiey I'n accordance
wi t h anaotcher aspect of the B#%Qent di scl osure t her éRighth| so provi ded a
process for the preparation of a pharmaceutical foinutation including
adm xi ng a conpound of Forrmula (I), or 15pharmaceutically acceptable salt
thereof, wth on | Al “BAEARE : G2l f &k nts,
or excipi ents. Tﬁ%ﬂ%ggﬁFﬁgﬁar ceﬁ%?%§?1@Maccep?%%%gswﬁzé&Jgi%ﬁﬁ§¥g¥§,
refers to t hihsé&linker)oundspendsit &oivaths ;‘pporiplisd mbehs’, ongdhetight siesiagespkdr ns

whi ch are, within the sco of sound medi cal judgpen suitable for use in
contact wi t hio ﬁg-,ﬂ)st@ef@@eg%r%fif@r@éowrtnﬁ en&eﬂﬁw@\&%@%@@%

irritation, rQhs : t . : i '
commens U At o on SRALSARRIR i SRR b P EIR e SATEDSFPULENS, (o
their intended use. Phar maceutical foinmulations may be presented in
unit dose forns containing a predeterm ned anount of active ingredient per
unit dose. Dosage | evels of between about 0.01 and about 250 m |l igram per
kil ogram ("ng/ kg") body wei ght per day,-2b-preferably between about 0.05
and about 100 ny/ kg body wei ght per day of the conpounds of the present

di scl osure are typical in a nonotherapy for the prevention and treatnent of
FI CV nedi at ed di sease. Typically, the pharnmaceutical conpositions




of this disclosure will be adm nistered fromabout to about 5 tinmes per day
or alternatively, as a continuous infusion. Such adm nistration can be used
as a chr oNP@0BOLIgI4acut e t herapy. The anount of active PAFASA1OM280Nhat nay
be combined with the carrier materials to produce a single dosage formwl|
vary depending on the condition bejng treated, the severity of the

condi tion, ®©héhapyreoliginegdvgenst ¢ ol | ol Rt ave indspendent frewwpeh atheraaitisnight he
rate of excr.et(; Oé]ciogu tSI@aemcSot ourndr%ph%ytﬁg tehe duration of treatnent, and
t he age, geﬁ%%?? mélg ({0 R O TaT (RA R SIL RS f%%‘patient. Preferred unit

dosage fornul at i gRSfoRE@mMERRIEG AL [ifligkr 2T dahd }hedRE0liGhe MdktiéOSE, as
herein above recited, or an appropriate fraction thereof, of an active

i ngr edi ent . Foaneleal)iepcompaseastatiehe fillowikg posaibbaicambinationgl | dosages
substantially | ess than the opti num dose of the conpound. Thereafter, the
dosage is increagled by small ingrenments untRl the optimum gffect under the

ci rcunst ances s re ed. general , the gonp i symgst Kesirably
adm ni st er ed <At 2 ntrat I |t i erlal ff %
antivirably effettive résulfs out, causifg any Har nilui el’et eri ous

side effects. 10Wien the conpositions of this disclosure conprise a
conmbi nation of giconpound of theg present disclgsure and one @¢ nore

addi ti onal ther gpeutN Kophyl acti c agent, ybot Q Yfpoud and the
addi ti onal qg%@igar%~Egugliﬁkpqziigx at dosgge ells ;EéEEL{SEEb bout 10
to 150% and préf er ablYy be k,amdut nd 80% of Nt he age

normal |y adm ni stered in a nonot herapy regi nen. 15Pharnaceuti cal

forHU|atiOn%ﬁgg%ﬁQﬁ%?ng%§9“EﬂﬁP%§“b%§§g§@5j5FN y any appropriate route,

for exanple e o0 I ncl or sublingual), rectal, nasal
topi cal (i ncludi buccal.. sublingual, or transder nal vagi nal , . or
parenteral (i nol UAPRSEABEG PHRCBE o P BTRacP I EOTE o R et Sred
intra-arti cyleffocycRls ftRUBEYiAhke sifef ABL %Fgég cofHdupid8 68 lepik@l balesi onal ,
i ntravenous, or intradermal injections or i nfusi ons) route. Such

foimul ati ons may be prepar by Nn* t hod kno il1tNKh rt of pharmacy,
for exanpl e by bringing ¥it 0 a&{é;gpgfon th cti ngr%dient with the
carrier(s) or excipient al mnistrati ra mfﬁistration by
injection are preferred. Phataceutical fornulatwgps adapted for oral
adm ni strati on may be presenRed 25as discrete units such as capsul es or
tabl ets; powders or granul es; QaLutions or susp §%ions i n aqueous or
non- aqud8us |iquids; edible f&a or whips; or orl’-in-water liquid
enmul sions or water-in-oil enulsions. For instance, for ora
adm ni stration i nwhiea t@isprepyl dingabhigtd ofitoeasdlidine rivg, AL Wi ik Ugthe
conponent can be conbined with an oral, non-toxic pharmaceutically 30
accept abl e Gy grospef therfussd ehiclagropylhranmtan tefieidendl- onfatpesitioanedativeetol i ke.
Powder s are prepar.ed by comm nuti t he conpound to a suitable fine size
(e RS o o Ay Tutied Rele

and m xi ng &d pharnaceutical carrier such as an

edi bl e carbohydrate, as, for -NA% - exanple, starchyor mannitol.

Fl avoring, preservativ } g, and col e edt-s€an al so be
present. Capsul e e/ madeg-Dy prepari ng-. owd Xture, as described
above, and filling forned | atin sheaths. @idants and | ubricants such as
colloidal silica, talc, 5 nesi um gfear ate, cal®Rium steafabe, or solid

pol yet hyl ene gl ycol can be added to the powder m xture before the filling

operatiqs. A di Simtr%%aiagngwﬁén St B &l 21D RIS MnI@YE Bet@ReRER RSP
cal ci um carbonate, or sodi'um carbonate can al'so be added to I nprove the

avai | abi | i t yandfthe tesultend incaaeri¢ rinhem tehe phapswdithel iciGidos thed.-5Sosidioner, when
desired or necessary,._suitable hinders, lubricants, 10di sintegrating
agents. and GG BHORLO LB HYEARTBE & BETRESE Ferar el BeHONTHIt ure.

Sui tabl e bi ndghidiaChitds Bk ahEatBE bRl ImiABbY e, # 46RliRe SR 1ARaOYUCOSE OF
bet a-l actose, corn sweeteners, natural and synthefic gun® such as acacia,

t ragacant h oo tsoGidyositiog mast ' equavalbo e btrydicgdf tht dsker tp dieyeSipokigioe, @l ycol ,
and the ]ike. Lubric%ghs used in these dosage forns include sodi um ol eat e,
sodi um ¥ or§PgEn 18 foHewingeguation:
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15Di sintegrators include, without limtation, starch, nethyl cellul ose,
agar, betonite, xanthan gum and the |like. Tablets are formul ated, for
exanpl e, WO 2pr083a10HNg a powder m xture, granul ating or ECTFHRMG0289UI ng a
| ubricant and disintegrant, and pressing into tablets. A powder m xture is
prepared by m xi ng the conpound, suitable conm nuted, with a diluent or
base as descrlFﬁed above, and opti onahi y, awi th a 20bi nder sych as

car boxynet hyl| el I3 e, MEcamrgatwat eN [o]=} #ng, or poly-vinyl? i done,
a solution ret ntisuch & paraf {i \rgso trmﬂ—accw luch as a
guaternary s ahﬁ/“brl- d absor pt| h as betonife, 1Kadlin, or

di eal ci um phosphate. The povvder mxture can be granul ated by VBt t | ng -Wth a

bi nder such as s star ast di a r, sol uti Qns

cel lul osic or po@ﬁg g dt?ﬁﬁ’é‘r“%é*f@%gﬁ ?Oa’FgF‘?ﬁtbPP%le%ﬁg‘H‘“ageéé‘Fe&e en&s an
alternati veStrgctggeaiggicastdﬂygmgmh&gv\der m xture can be run through the
tabl et machine and the result is inperfectly forned sl ugs broken into

granul es. es c cated-to t cki ishe t abl et
formng di eE“Bg %Qﬂ%ﬂf%aa@%gnébat eo’??t of Qtoégﬂ%g{e f’u?? %eléttrtggr’a?es]%lt
talc, orsm nefdbued ihdmm@zﬂaumelb%ﬁ& 8fsuBstituehtcah tthdIED 269 AP RSRGDsitioh @f
tablets The conpounds of the 30present disclosure can al so be conbi ned

with a free thd gwmichge bnesmtovehef 4 eydrogen fmﬁr@ees@é@bit‘: pesitieraplk ghoaldibg ect | y

wi t hout going,thro t he nul at or.s cl ear. o opaque
protective 6‘39‘? ﬁqaclf%@ﬁ Pt%tﬁ"gl"o‘tf PR Ygg%}}ﬁrﬁb% %fungeﬁgmegﬁwagy W&t ng of
sugar or poloyeise, MBhLEsitich ofaaﬂs'atﬁlg%hu%tta@%@ﬁﬁ@@b@ﬁm&ﬁﬂo@@m%@ﬁ@w ded.
Dyestuffs can be added to these coatings to distinguish different unit

dosages. O aglositibniofisuchuimhd as s@utitmenton,a spyeifipsingantius thedolewgriwibe prepared
in dosagg unllt_) formso tg@{}‘} cgi ven ant i té. c%n ains a predetenni ned
anount PG BTRYPS ‘ﬁ‘B cqusiu "03? 8"by di ssol ving the conpound

in a sui tabI y fI avored agueous sol ution, whi I lixirs are prepared through
the use of a non-toxic cleN Soltslblllzers an ifiers such as

et hoxyl ated i sost earyl s-afitf “pol yoxyet hyle e ‘tol ethers,
preservatives, flavor a ithe éuch as pepperm r&?@% nat ur al

sweet eners, or saccharin otBer artifiandal sweeténer and the |ike can
al so 10 be added. Wher e appropri ate, dosage unit fornulations for

oral adm nistration can be m croencapsul ated. The formul ati on can al so be
prepared to prol qvaldatdmdwo&dnﬁaﬁﬁé @aﬁsolﬁastﬁéon?ﬁsmlb? thypre@at i ng or
enbeddi ng particul ate materi al pol ymer's or the lik 15The
conpounds ofdisedosud @e (Hose ttmndrepshaah’fastahle|folath3e3asabmpttcabio@l @hts t her eof ,
can al so be admin ered. i he form of osone d ver . such as
smal | urt®l ankHs 13?"“3‘?%&1@ the Hef};“&?%‘éo ytsalh%tl %tt“}%@’i‘a?’# %ﬁﬁ%f?ﬁ??qa 9%l | ar
vesicl es. Li;paspmes,easidiep én%ﬁtltﬁ { 5T RThi% }@asawex@tn tﬁ%@t@&hé pPEgs, such as
chol esterol, stearylam ne, hop i ati1dyl cholines 0The conpounds of
Formul a (1) mmpmmmbauuemam *y., abeeptsbleacisaf the tme} embupsayapbsie be
delivered by the us f%iimc nonocl onal anti bodi es as individual carriers to
whi ch the corpsidifiErdcul es are coupl ed. The conpounds may al so be coupl ed
wih solube polyARLSis a%&ﬂ%%@maeoﬂw S BRI R BforcbG iRy M S can

i ncl ude ponV|nyIpy ran cop mer,

pol yhyerypgp@aﬁbﬁﬁirMEhmtemmdﬁpmmthy rEﬁapamlcy hyﬂtammymtenyllaﬂma’sanf dephenol ,

or pol yet hyl eneoxi depol yl ysi ne supstituted, w alito resi dues.

Fur t her nor e, mf"l’f@‘%ﬁﬁédﬁ%“ﬁ%ﬁf dbsé{)%‘éﬁ?ptnéﬁgl% ‘g%@ﬁ&?é "(‘Sﬁ1 WF¥degr adabl e
pol ymers useful in achieving controlled rel ease of a drug, for exanple,
pol yl actic acid, polepsilon caprol actone, polyhydroxy butyric acid,

pol yort hoesters, polyacetal s, pol ydily@NipioEss, pol ycyanoacryl ates, and

cross-|linked or anphipathic 30 block copol ymers_of hydroge|s.
Phar maceut i cal fopﬁﬁllpigt’il%l?t’é’ea’ﬁﬁb@r@éﬂdﬁg? ?Mﬁ%%?éhr?élthea%ﬁt‘i?ﬁ@tl%é'i]&n may he

ﬂ]esent eg- asaé?ftt?oq{ %@%oﬁ@&rﬁt%%ﬁhﬁfi}ﬁ?%@l geqlsg)&rral ninintimte contact with
e

LI L 11

As used herein, the singular forms “a”, “an”, and “the” include plural

reference unless the context clearly dictates otherwise.
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- 43 - epiderm s of the recipient for a prolonged period of tinme. For
exanpl e, the active ingredient rnay be delivered fromthe patch by

i ont ophorwi2810ad7Wéneral | y described in Pharm Res., 3(8YT3B30100ZH6Y .
Pharmaceutical fornulations adapted for topical adnministration nay be
5foiniul ated as ointnments, creans, suspensions, |otions, powders,

sol utions, past eynl@esfeﬁedsaﬂiwa\ym Alkaryk oydoalloyl, it¢rearyl, and heteroeyelyleat ment s of

th t h t | th t h
ol ot ondtaapsof P am IR e BB R s e MR b el wihen
formul at ed 'réépé‘d?w@'d@ﬁfﬁ%%s Fé}%x%f)levﬁm'aﬂgrpﬁﬂ'o?ﬂﬁ aﬂ}‘?a\lk}h%r&%ﬁh with

either a 10paraffinic or a water-m scibl’e oint ment base ternatively, the
active ingreubsenﬁedrwdebmﬁednmheaieédltlmﬁtmfe am “wivkh an oil -in-water cream

base or wat er - base Phar e rmul ati ons adapted for
t opi cal gdm’ ni st b hes wyd hess g%‘érsg 8&:))&162’ wherein the active

i ngredient is di %@'té{-ﬁfj‘ a%@mm@@ﬂeﬂeﬁl FefBiitd §Prlcﬁio€fﬁéﬂt' Qfal%}ﬁ%PeC' ally an
aqueous sol vent. 15Phar macelUti cal formulations adapted for topical

admi ni st r at ibeamcher hyleodmumichizindlayihg dmmn@e@dommndse’@relanﬁhmnbh washes,
Phar naceut i ons adapted for ct al .ad stration e

e ont o nobd ket Bbvaaabe Shemmigated or 2onREMed foio ek Bke R

formul ati Onénﬁgva%ﬁﬂ)lé ler{}@g?cluﬁéﬂmdﬂesﬁﬁt%é AT ”C} e EQH(@MI' er is a
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the parent molecular moiety through a carbonyl group. Representative examples of
25  alkylcarbonyl group include, but are not limited to, acetyl (-C(O)CHj3), propanoyl
(-C(OYCH,CH3), n-butyryl (-C(O)CH,CH,CH3), and 2,2-dimethylpropanoyl or
pivaloyl (-C(O)C({CHz3)s).
The term “allyl,” as used herein, refers to the -CH;CH=CH; group.
The term “aryl,” as used herein, refers to a group derived from an aromatic
30  carbocycle by removal of a hydrogen atom from an aromatic ring. The aryl group can
be monocyclic, bicyclic or polycyclie, wherein in bicyelic or polycyclic aryl group, the

aromatic carbocycle can be fused onto another four- to six-membered aromatic or
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optionally be substituted by one to five substituents independently selected from
methyl, trifluoromethyl (-CF3), methoxy (-OCH3), halogen, and nitro (-NO,).
Representative examples of benzyl group include, but are not limited to, PhCH;-, 4-
MeO-CegHsCH;-, and 2,4,6-tri-methyl-CsHsCHs-.

15 The terms “Cap” and “cap,” as used herein, refer to the group which is placed
on the nitrogen atom of the pyrrolidine ring in the compounds of formula (I). It
should be understood that “Cap” or “cap” can also refer to the reagent which is a
precursor to the final “cap” in compounds of formula (I) and is used as one of the
starting materials in the reaction to append a group on the pyrrolidine nitrogen that

20 results in the final product, a compound which contains the functionalized pyrrolidine
that will be present in the compound of formula (I).

The term “carbonyl,” as used herein, refers to -C(O)-.
The term “carboxyl,” as used herein, refers to -CO;H.
The term “cyano,” as used herein, refers to -CN.

25 The term “cycloalkyl,” as used herein, refers to a group derived from a
saturated carbocycle, having preferably three to eight carbon atoms, by removal of a
hydrogen atom from the saturated carbocycle, wherein the saturated carbocycle can
optionally be fused onto one or two other aromatic or nonaromatic carbocycles.
Representative examples of cycloalkyl groups include, but are not limited to,

30 cyclopropyl, cyclopentyl, cyclohexyl, and 1,2,3 4-tetrahydronaphth-1-yl.

The term “formyl,” as used herein, refers to -CHO.

The terms “halo” and “halogen,” as used herein, refer to F, Cl, Br, or I,
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The term “haloalkoxy,” as used herein, refers to a haloalkyl group attached to
the parent molecular moiety through an oxygen atom.

The term “haloalkyl,” as used herein, refers to an alkyl group substituted by at
least one halogen atom. The haloalkyl group can be an alkyl group of which all

5  hydrogen atoms are substituted by halogens. Representative examples of haloalkyl
include, but are not limited to, trifluoromethyl (CFs-), 1-chloroethyl (CICH,CH,-),
and 2,2,2-trifluoroethyl (CF;CH;-).

The term “heteroaryl,” as used herein, refers to group derived from a
monocyclic, bicyclic, or polycyclic compound comprising at least one aromatic ring

10 comprising one or more heteroatoms, preferably, one to three heteroatoms,
independently selected from nitrogen, oxygen, and sulfur, by removal of a hydrogen
atom from an aromatic ring thereof. As is well known to those skilled in the art,
heteroaryl rings have less aromatic character than their all-carbon counterparts. Thus,
for the purposes of the invention, a heteroaryl group need only have some degree of

15  aromatic character. Illustrative examples of heteroaryl groups include, but are not
limited to, pyridyl, pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyrrolyl, pyrazolyl,
imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl, pyrimidinyl, tetrazolyl, furyl,
thienyl, isoxazolyl, thiazolyl, isoxazolyl, oxazolyl, indolyl, quinolinyl, isoquinolinyl,
benzisoxazolyl, benzothiazolyl, benzothienyl, and pyrrolopyridinyl.

20 The term “heteroarylalkyl,” as used herein, refers to an alkyl group substituted
with one, two, or three heteroaryl groups.

The term “heterobicyclyl,” as used herein, refers to a ring structure comprising
two fused or bridged rings that include carbon and one or more heteroatoms
independently selected from nitrogen, oxygen, and sulfur as the ring atom(s). The

25  heterobicyclic ring structure is a subset of heterocyclic ring and can be saturated or
unsaturated. Examples of heterobicyclic ring structures include tropane, quinuclidine,
and 7-azabicyclo[2.2.1]heptane.

The term “heterocyclyl,” as used herein, refers to a group derived from a
monocyclic, bicyclic, or polyeyclic compound comprising at least one nonaromatic

30 ring comprising one or more heteroatoms, preferably, one to three heteroatoms,
independently selected from nitrogen, oxygen, and sulfur, by removal of a hydrogen

atom from the nonaromatic ring. The heterocyclyl group encompasses the
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the group. Examples of heterocyclyl groups include, but are not limited to,
morpholinyl, oxazolidinyl, piperazinyl, piperidinyl, pyrrolidinyl, tetrahydrofuryl,
5 thiomorpholinyl, and indolinyl.
The term “heterocyclylalkyl,” as used herein, refers to an alkyl group
substituted with one, two, or three heterocyclyl groups.
The terms “hydroxy” or “hydroxyl,” as used herein, refer to -OH.
The term “nitro,” as used herein, refers to -NO,.
10 The term “-NR*R®,” as used herein, refers to two groups, R* and R®, which are
attached to the parent molecular moiety through a nitrogen atom, or alternatively R*
and R®, together with the nitrogen atom to which they are attached, form a 5- or 6-
membered ring or a fused- or bridged-bicyclic ring structure optionally containing
one, two, or three additional heteroatom independently selected from nitrogen,
15  oxygen, and sulfur. The term “NR°R® is defined similarly.
The term “(N R*R®)alkyl,” as used herein, refers to an alkyl group substituted
with one, two, or three ~NR*R” groups. The term “(NR°R%alkyl” is defined similarly.
The term “oxo,” as used herein, refers to =0.
The term “sulfonyl,” as used herein, refers to -SO;-.
20 In the compounds of the present disclosure, it should be understood that when

s is 0, the compound of formula (Z) shown below is the result:

! ~>\ & \ R

R? Yo~ Y
R100 R110

@
Asymmetric centers exist in the compounds of the present disclosure. These
25  centers are designated by the symbols “R” or “S”, depending on the configuration of
substituents around the chiral carbon atom. It should be understood that the
disclosure encompasses all stereochemical isomeric forms, or mixtures thereof, which
possess the ability to inhibit NS5A. Individual stereoisomers of compounds can be

prepared synthetically from commercially available starting materials which contain
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Monocl onal anti body XTL Bi opharmaceuticals Ltd., Rehovot, |srael Telaprevir
(VX-950, LY-570310) Antiviral NS3 serine protease inhibitor Vertex
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recrystallization, chromatographic techniques, or direct separation of enantiomers on

chiral chromatographic columns. Starting compounds of particular stereochemistry

5  are either commercially available or can be made and resolved by techniques known

in the art.

Certain compounds of the present disclosure may also exist in different stable
conformational forms which may be separable. Torsional asymmetry due to restricted
rotation about an asymmetric single bond, for example because of steric hindrance or

10 ring strain, may permit separation of different conformers. The present disclosure
includes each conformational isomer of these compounds and mixtures thereof.

The term “compounds of the present disclosure”, and equivalent expressions,
are meant to embrace compounds of Formula (I), and pharmaceutically acceptable
enantiomers, diastereomers, and salts thereof. Similarly, references to intermediates

15  are meant to embrace their salts where the context so permifs.

The present disclosure is intended to include all isotopes of atoms occurring in
the present compounds. Isotopes include those atoms having the same atomic number
but different mass numbers. By way of general example and without limitation,
isotopes of hydrogen include deuterium and tritium. Isotopes of carbon include Be

20 and “C. Isotopi'caliy-labeled compounds of the invention can generally be prepared
by conventional techniques known to those skilled in the art or by processes
analogous to those described herein, using an appropriate isotopically-labeled reagent
in place of the non-labeled reagent otherwise employed. Such compounds may have a
variety of potential uses, for example as standards and reagents in determining

25  biological activity. In the case of stable isotopes, such compounds may have the
potential to favorably modify biological, pharmacological, or pharmacokinetic
properties.

The compounds of the present disclosure can exist as pharmaceutically
acceptable salts. The term “pharmaceutically acceptable salt,” as used herein,

30  represents salts or zwitterionic forms of the compounds of the present disclosure

which are water or oil-soluble or dispersible, which are, within the scope of sound

medical judgment, suitable for use in contact with the tissues of patients without
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excessive toxicity, 1rritation, allergic response, or other problem or complication

commensurate with a reasonable benefit/risk ratio, and are effective for their intended
use The salts can be prepared during the final isolation and purification of the
compounds or separately by reacting a suitable nitrogen atom with a suitable acid.

5  Representative acid addition salts include acetate, adipate, alginate, citrate, aspartate,
benzoate, benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate;
digluconate, glycerophosphate, hemisulfate, heptanoate, hexanoate, formate,
fumarate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesul fonate,
lactate, maleate, mesitylenesulfonate, methanesulfonate, naphthylenesulfonate,

10 nicotinate, 2-naphthalenesulfonate, oxalate, palmoate, pectinate, persulfate, 3-
phenylproprionate, picrate, pivalate, propionate, succinate, tartrate, trichloroacetate,
trifluoroacetate, j;)hosphate, glutamate, bicarbonate, para-toluenesulfonate, and
undecanoate. Examples of acids which can be employed to form pharmaceutically
acceptable addition salts include inorganic acids such as hydrochloric, hydrobromic,

15 sulfuric, and phosphoric, and organic acids such as oxalic, maleic, succinic, and citric.

Basic addition salts can be prepared during the final isolation and purification
of the compounds by reacting a carboxy group with a suitable base such as the
hydroxide, carbonate, or bicarbonate of a metal cation or with ammonia or an organic
primary, secondary, or tertiary amine. The cations of pharmaceutically acceptable

20  salts include lithium, sodium, potassium, calcium, magnesium, and aluminum, as well
as nontoxic quaternary amine cations such as ammonium, tetramethylammonium,
tetraethylammonium, methylamine, dimethylamine, trimethylamine, triethylamine,
diethylamine, ethylamine, tributylamine, pyridine, N,N-dimethylaniline, N-
methylpiperidine, N-methylmorpholine, dicyclohexylamine, procaine, dibenzylamine,

25  N,N-dibenzylphenethylamine, and N,N-dibenzylethylenediamine. Other
representative organic amines useful for the formation of base addition salts include
ethylenediamine, ethanolamine, diethanolamine, piperidine, and piperazine.

When it is possible that, for use in therapy, therapeutically effective amounts
ofa compound of Formula (1), as well as pharmaceutically acceptable salts thereof,

30 maybe administered as the raw chemical, it is possible to present the active ingredient
as a pharmaceutical composition. Accordingly, the disclosure further provides

pharmaceutical compositions, which include therapeutically effective amounts of
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Scri ne pr ot easpounslsiofFownulBde br pliyrpceutically acceptable salts thereof, and one or

more pharmaceutically acceptable carriers, diluents, or excipients. The term
“therapeutically effective amount,” as used herein, refers to the total amount of each
active component that is sufficient to show a meaningful patient benefit, eg., a

5  sustained reduction in viral load. When applied to an individual active ingredient,
administered alone, the term refers to that ingredient alone. When applied to a
combination, the term refers to combined amounts of the active ingredients that result
in the therapeutic effect, whether administered in combination, serially, or
simultaneously. The compounds of Formula (I) and pharmaceutically acceptable salts

10  thereof, are as described above. The carrier(s), diluent(s), or excipient(s) must be
acceptable in the sense of being compatible with the other ingredients of the
formulation and not deleterious to the recipient thereof. In accordance with another
aspect of the present disclosure there is also provided a process for the preparation of
a pharmaceutical formulation including admixing a compound of Formula (I), or a

15  pharmaceutically acceptable salt thereof, with one or more pharmaceutically
acceptable carriers, diluents, or excipients. The term “pharmaceutically acceptable,”
as used herein, refers to those compounds, materials, compositions, and/or dosage
forms which are, within the scope of sound medical judgment, suitable for use in
contact with the tissues of patients without excessive toxicity, irritation, allergic

20 response, or other problem or complication commensurate with a reasonable
benefit/risk ratio, and are effective for their intended use.

Pharmaceutical formulations may be presented in unit dose forms containing a
predetermined amount of active ingredient per unit dose. Dosage levels of between
about 0.01 and about 250 milligram per kilogram (“mg/kg’”) body weight per day,

25  preferably between about 0.05 and about 100 mg/kg body weight per day of the
compounds of the present disclosure are typical in a monotherapy for the prevention
and treatment of HCV mediated disease. Typically, the pharmaceutical compositions
of this disclosure will be administered from about | to about 5 times per day or
alternatively, as a continuous infusion. Such administration can be used as a chronic

30  oracute therapy. The amount of active ingredient that may be combined with the
carrier materials to produce a single dosage form will vary depending on the condition

being treated, the severity of the condition, the time of administration, the route of
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dosage formulations are those containing a daily dose or sub-dose, as herein above
recited, or an appropriate fraction thereof, of an active ingredient. Generally,

5  ftreatment is initiated with small dosages substantially less than the optimum dose of
the compound. Thereafter, the dosage is increased by small increments until the
optimum effect under the circumstances is reached. In general, the compound is most
desirably administered at a concentration level that will generally afford antivirally
effective results without causing any harmful or deleterious side effects.

10 When the compositions of this disclosure comprise a combination of a
compound of the present disclosure and one or more additional therapeutic or
prophylactic agent, both the compound and the additional agent are usually present at
dosage levels of between about 10 fo 150%, and more preferably between about 10
and 80% of the dosage normally administered in a monotherapy regimen.

15 Pharmaceutical formulations may be adapted for administration by any
appropriate route, for example by the oral (including buccal or sublingual), rectal,
nasal, topical (including buccal, sublingual, or transdermal), vaginal, or parenteral
(including subcutaneous, intracutaneous, intramuscular, intra-articular, intrasynovial,
intrasternal, intrathecal, intralesional, intravenous, or intradermal injections or

20  infusions) route. Such formulations may be prepared by any method known in the art
of pharmacy, for example by bringing into association the active ingredient with the
carrier(s) or excipient(s). Oral administration or administration by injection are
preferred.

Pharmaceutical formulations adapted for oral administration may be presented

25  as discrete units such as capsules or tablets; powders or granules; solutions or
suspensions in aqueous or non-aqueous liquids; edible foams or whips; or oil-in-water
liquid emulsions or water-in-oil emulsions.

For instance, for oral administration in the form of a fablet or capsule, the
active drug component can be combined with an oral, non-toxic pharmaceutically

30  acceptable inert carrier such as ethanol, glycerol, water, and the like. Powders are
prepared by comminuting the compound to a suitable fine size and mixing with a

similarly comminuted pharmaceutical carrier such as an edible carbohydrate, as, for
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can also be present.
Capsules are made by preparing a powder mixture, as described above, and
filling formed gelatin sheaths. Glidants and lubricants such as colloidal silice, talc,

5  magnesium stearate, calcium stearate, or solid polyethylene glycol can be added to the
powder mixture before the filling operation. A disintegrating or solubilizing agent
such as agar-agar, calcium carbonate, or sodium carbonate can also be added to
improve the availability of the medicament when the capsule is ingested.

Moreover, when desired or necessary, suitable binders, lubricants,

10  disintegrating agents, and coloring agents can also be incorporated into the mixture.
Suitable binders include starch, gelatin, natural sugars such as glucose or beta-lactose,
corn sweeteners, natural and synthetic gums such as acacia, tragacanth or sodium
alginate, carboxymethylcellulose, polyethylene glycol, and the like. Lubricants used
in these dosage forms include sodium oleate, sodium chloride, and the like.

15  Disintegrators include, without limitation, starch, methyl cellulose, agar, betonite,
xanthan gum, and the like. Tablets are formulated, for example, by preparing a
powder mixture, granulating or slugging, adding a lubricant and disintegrant, and
pressing into tablets. A powder mixture is prepared by mixing the compound,
suitable comminuted, with a diluent or base as described above, and optionally, with a

20  binder such as carboxymethylcellulose, an aliginate, gelating, or polyvinyl
pyrrolidone, a solution retardant such as paraffin, a resorption accelerator such as a
quaternary salt and/or and absorption agent such as betonite, kaolin, or dicalcium
phosphate. The powder mixture can be granulated by wetting with a binder such as
syrup, starch paste, acadia mucilage, or solutions of cellulosic or polymeric materials

25  and forcing through a screen. As an alternative to granulating, the powder mixture
can be run through the tablet machine and the result is imperfectly formed slugs
broken into grénules. The granules can be lubricated to prevent sticking to the tablet
forming dies by means of the addition of stearic acid, a stearate salt, talc, or mineral
oil. The lubricated mixture is then compressed into tablets. The compounds of the

30  present disclosure can also be combined with a free flowing inert carrier and
compressed into tablets directly without going through the granulating or slugging

steps. A clear or opaque protective coating consisting of a sealing coat of shellac, a
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Oral fluids such as solution, syrups, and elixirs can be prepared in dosage unit
form so that a given quantity contains a predetermined amount of the compound.

5  Syrups can be prepared by dissolving the compound in a suitably flavored aqueous
solution, while elixirs are prepared through the use of a non-toxic vehicle.
Solubilizers and emulsifiers such as ethoxylated isostearyl alcohols and
polyoxyethylene sorbitol ethers, preservatives, flavor additive such as peppermint oil
or natural sweeteners, or saccharin or other artificial sweeteners, and the like can also

10 be added.

Where appropriate, dosage unit formulations for oral administration can be
microehcapsulated. The formulation can also be prepared to prolong or sustain the
release as for example by coating or embedding particulate material in polymers, wax,
or the like.

15 The compounds of Formula (I), and pharmaceutically acceptable salts thereof,
can also be administered in the form of liposome delivery systems, such as small
unilamellar vesicles, large unilamellar vesicles, and multilamellar vesicles.

Liposomes can be formed from a variety of phospholipids, such as cholesterol,
stearylamine, or phophatidylcholines.

20 The compounds of Formula (I) and pharmaceutically acceptable salts thereof
may also be delivered by the use of monoclonal antibodies as individual carriers to
which the compound molecules are coupled. The compounds may also be coupled
with soluble polymers as targetable drug carriers. Such polymers can include
polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamidephenol,

25  polyhydroxyethylaspartamidephenol, or polyethyleneoxidepolylysine substituted with
palitoyl residues. Furthermore, the compounds may be coupled to a class of
biodegradable polymers useful in achieving controlled release of a drug, for example,
polylactic acid, polepsilon caprolactone, polyhydroxy butyric acid, polyorthoesters,
polyacetals, polydihydropyrans, polycyanoacrylates, and cross-linked or amphipathic

30 block copolymers of hydrogels.

Pharmaceutical formulations adapted for transdermal administration may be

presented as discrete patches intended to remain in intimate contact with the
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Multiferon Interferon Long lasting IFN Viragen / Valentis Wellferon
Interferon Lynphoblastoid I FN-anl d axoSmthKline plc, Uxbridge, UK
Omi f er orWORPWY1&10dn natural | FN-a Viragen Inc., Plant aPC&AIS2H0/O0PRIGASYS
Interferon PEGyl ated 117N- a2a F. Hoffinann-La Roche L' CD, Basel,

Swtzerland _,........ Pcgasys and Cepl ene Interferon PEGyI at ed TN
a2a |/ |mmnep1|¢91dmlsaf the ThéRient foha prederastliperipd of tie., Fgaaramipiy Bic aCCAvPegasys

gggheRl E-?-\[/)i ' %%(Le gﬁ%{bozegc}ef é{%d %.:tomdthle ';:)thh %%?014‘{0}5}{09&\{3 as generall;lr_igesc%é] 1nLa
Phawn.Re&,3(6)318(1986)
Pharmaceutical formulations adapted for topical administration may be
5 fbrmulated as ointments, creams, suspensions, lotions, powders, solutions, pastes,
gels, sprays, aerosols, or oils.

For treatments of the eye or other external tissues, for example mouth and
skin, the formulations are preferably applied as a topical ointment or cream. When
formulated in an ointment, the active ingredient may be employed with either a

10 paraffinic or a water-miscible ointment base. Alternatively, the active ingredient may
be formulated in a cream with an oil-in-water cream base or a water-in oil base.

Pharmaceutical formulations adapted for topical administrations to the eye
include eye drops wherein the active ingredient is dissolved or suspended in a suitable
carrier, especially an aqueous solvent.

15 Pharmaceutical formulations adapted for topical administration in the mouth
include lozenges, pastilles, and mouth washes,

Pharmaceutical formulations adapted for rectal administration may be
presented as suppositories or as enemas.

Pharmaceutical formulations adapted for nasal administration wherein the

20 carrier is a solid include a course powder having a particle size for example in the
range 20 to 500 microns which is administered in the manner in which snuff is taken,
i.e., by rapid inhalation through the nasal passage from a container of the powder held
close up to the nose. Suitable formulations wherein the carrier is a liquid, for
administration as a nasal spray or nasal drops, include aqueous or oil solutions of the
25  active ingredient.

Pharmaceutical formulations adapted for administration by inhalation include
fine particle dusts or mists, which may be generated by means of various types of
metered, dose pressurized aerosols, nebulizers, or insufflators.

Pharmaceutical formulations adapted for vaginal administration may be

30  presented as pessaries, tampons, creams, gels, pastes, foams, or spray formulations.

Pharmaceutical formulations adapted for parenteral administration include

aqueous and non-aqueous sterile injection solutions which may contain anti-oxidants,
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PEG Intron Interferon PEGyl ated | FN- a2b Scheri ng- Pl ough Cor porati on,

Kenilworth, NJ PEGIntron / Ribavirin Interferon PEGylated | FN- a2b /

ri baviri rv@ehBYI1AW4 Pl ough Cor poration, Kenilworth, NPCIIRS3@U/0289%9®r

protection Antifibrotic Indevus Phatmaceuticals Inc., Lexington, MA WO

2010/ 117704PCT/ US2010/ 028999 Brand Name Physi ol ogi cal C ass Type of

bi hi bi t or obuffersgleacteBostatsearCoraptos DN 8568 the feemulstion @@mrmwtzéﬁpdﬁeod

' nhi bi tor | %¥ the intended recipient; and aqueous and non-aqueous sterile suspensions which
may include suspending agents and thickening agents. The formulations may be
presented in unit-dose or multi-dose containers, for example sealed ampoules and

5  wvials, and may be stored in a freeze-dried (lyophilized) condition requiring only the
addition of the sterile liquid carrier, for example water for injections, immediately
prior to use. Extemporaneous injection solutions and suspensions may be prepared
from sterile powders, granules, and tablets.

It should be understood that in addition to the ingredients particularly

10 mentioned above, the formulations may include other agents conventional in the art
having regard to the type of formulation in question, for example those suitable for
oral administration may include flavoring agents,

The term “patient” includes both human and other mammals.
The term “treating” refers to: (i) preventing a disease, disorder or condition

15 from occurring in a patient that may be predisposed to the disease, disorder, and/or
condition but has not yet been diagnosed as having it; (ii) inhibiting the disease,
disorder, or condition, i.e., arresting its development; and (iii) relieving the disease,
disorder, or condition, i.e., causing regression of the disease, disorder, and/or
condition.

20 The compounds of the present disclosure can also be administered with a
cyclosporin, for example, cyclosporin A. Cyclosporin A has been shown to be active
against HCV in clinical trials (Hepatology, 38:1282 (2003); Biochem. Biophys. Res.
Commun., 313:42 (2004); J. Gastroenterol., 38:567 (2003)).

Table 1 below lists some illustrative examples of compounds that can be

25  administered with the compounds of this disclosure. The compounds of the
disclosure can be administered with other anti-HCV activity compounds in
combination therapy, either jointly or separately, or by combining the compounds into

a composition.

30
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Phar maceuticals Inc., San D ego, CA ITM\-191 (R-7227) Antiviral Serine
protease inhibitor hiterMine Pharmaceuticals Inc., Brisbane, CA G.-59728
AntiviralWRSEB/MEWKki case i nhi bitor Genel abs ANA- 971 Ant PCITABROTTIORITY agoni st
Anadys Boceprevir Antiviral Serine protease inhibitor Schering Plough
TMS-435 Antiviral Serino protease inhibitor Serino protease inhibitor

Ti bot ce BVBA, ©Mechel en,

Bel gi um 1 Boelmbrger ingel bei m Pbarma KG

' ngel beini, E%édﬂﬁgge Physiological Class |Type of Inhibitor |Source Company
or Target
NIMS811 Cyclophilin Novartis
inhibitor
Zadaxin Immuno- Sciclone
modulator
Suvus Methylene blue  |Bioenvision
Actilon (CPG10101) TLRY agonist Coley
Batabulin (T67) Anticancer B-Tubulin Tularik Inc., South
inhibitor San Francisco, CA
ISIS 14803 Antiviral Antisense ISIS Pharmaceuticals
Inc, Carlsbad, CA /
Elan
Pharmaceuticals
Inc., New York, NY
Summetrel Antiviral Antiviral Endo
Pharmaceuticals
Holdings Inc.,
Chadds Ford, PA
GS-9132 (ACH-806) |Antiviral HCYV inhibitor Achillion / Gilead
Pyrazolopyrimidine  |Antiviral HCYV inhibitors  !Arrow Therapeutics
compounds and salts Ltd.
From
WO2005/047288
26 May 2005
Levovirin Antiviral IMPDH inhibitor |Ribapharm Inc.,
Costa Mesa, CA
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B1- 201335 Antiviral

MK- 7009 Antiviral Serine protease inhibitor Merck
PF- 00868554 Antiviral Replicase inhibitor Pfizer ANA598 Antiviral
Non- Nucl e¥0i2d¥/INEBB pol yner ase i nhi bitor Anadys Phar mac®@GTiuSa019/02898¢. , San
Di ego, CA, USA I DX375 Antiviral Non-Nucl eoside |denix Pharnmaceutical s,
Canbridge, MA, USA replicase_inhibitor WD 2010/ 117704PCT/ US2010/ 028999
Brand Name Physiological Class ;Type of Inhibitor |Source Company
or Target
Merimepodib Antiviral IMPDH inhibitor |Vertex
(VX-497) Pharmaceuticals
Inc., Cambridge,
MA
XTL-6865 (XTL-002) { Antiviral Monoclonal XTL
antibody Biopharmaceuticals
Lid., Rehovot, Israel
Telaprevir Antiviral NS3 serine Vertex
(VX-950, LY-570310) protease inhibitor jPharmaceuticals
Inc., Cambridge,
MA / Eli Lilly and
Co. Inc.,
Indianapolis, IN
HCV-796 Antiviral NS5B replicase  |Wyeth / Viropharma
inhibitor
NM-283 Antiviral NS5B replicase  |Idenix / Novartis
inhibitor
GL-59728 Antiviral NS5B replicase  |Gene Labs / Novartis
inhibitor
GL-60667 Antiviral NS5B replicase  |Gene Labs / Novartis
inhibitor
2'C MeA Antiviral NS5B replicase  |Gilead
inhibitor
PSI 6130 Antiviral NS5B replicase  {Roche
inhibitor
R1626 Antiviral NS5B replicase  |Roche
inhibitor
2'C Methyl adenosine |Antiviral NS5B replicase | Merck
inhibitor
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Brand Name Physi ol ogi cal C ass Type of Inhibitor or Target Source Conpany
BI LB 1941 Antiviral NS5B pol ynerase inhibitor Boehrinaer Ingel heirn Canada
Ltd R&D, Wevalo/11Qgu4 Canada PSI-7851 Antiviral Nucl eosi d&CHaISgeme(023989

i nhi bitor Phannasset, Princeton,J. USA VCH 759 Antiviral NS5B pol ynerase

I nhibitor ViroChem Pharma VCH 916 Antiviral

NSSB polynerase_inhibitor
Vi r oChem Phig@rami 1Gm&190 Ant|Piidiabgid8aBago| e baimibithi [Mdudte Company
or Target
JTK-003 Antiviral RdRp inhibitor  iJapan Tobacco Inc.,
Tokyo, Japan
Levovirin Antiviral Ribavirin ICN
Pharmaceuticals,
Costa Mesa, CA
Ribavirin Antiviral Ribavirin Schering-Plough
Corporation,
Kenilworth, NJ
Viramidine Antiviral Ribavirin prodrug |Ribapharm Inc.,
Costa Mesa, CA
Heptazyme Antiviral Ribozyme Ribozyme
Pharmaceuticals
Inc., Boulder, CO
BILN-2061 Antiviral Serine protease  {Bochringer
inhibitor Ingelheim Pharma
K@G, Ingelheim,
Germany
SCH 503034 Antiviral Serine protease | Schering Plough
inhibitor
Zadazim Immune modulator |Ilmmune SciClone
modulator Pharmaceuticals
Inc., San Mateo, CA
Ceplene Immunomodulator Immune Maxim
modulator Pharmaceuticals
Inc., San Diego, CA
CellCept Immunosuppressant |HCV IgG F. Hoffmann-La
mmuno- Roche LTD, Basel,
suppressant Switzerland
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G lead Peg-interferon laincla Antiviral
-Myers Squi bb
al so be WOQIHELIFAWOr at ory reagents.
provi ding research tools for designing of viral

Bri st ol

Interferon ZyrnoCGeneties /

The conpounds of the present disclosure may

Conmpounds may be i RETABAEN023999 n
replication assays,

validation of animal assay systens and structural biology 5Sstudies to
further enhgmel Knowl edge oPhidicoficM Casse d5pe wé aihdisitos nESoukeer Cdrepanyt he
conmpounds the present dilscl osure are useful in establishing or
det er mi ni ng; the binding site of other ant‘VﬂP&Wtconpou1ds, for exanplie, by
conpeti ti vel AT brtT O TE=TO L h S arsgosur e may arso be
used to treé% Vastt pr event V|ngmggﬁFgﬁfﬁgki@%vggénaterigﬁéﬁand therefore
reduce the risk of viral infection of 10l ghefiaicory or mﬁ@?gghmgﬁﬁﬁgﬁnel or
patients whp conme in contact with such materials, e.g.,| blood, tissue
surgi cal instrunents and garnents, Iaboraﬁ@pgﬁ$$m&runedﬁgaBﬁdiﬁﬁpnéﬁts, and
bl ood col |l e transtusi-ot paratrus atrcl tetials: s
di scl osure fgbVﬁﬁehd%d to eﬂﬁerﬁg s conpou%@§HWéU§%ﬁhh Hra SePy™Ginen
prepar edby synthetic processes or by metabolic processeseibmied 4@ ng thpse
occurring ip the human or ani mal body (injvivo) or prog¢gesses occurrlng in
vitro. The abbrevi ations used in the present apRbdkadtd, &) i nc| udi ng
parti cul ar | p——n—the ui!!uot.mivc exanptes . “ . Ilo' af-g—weH—knoeln to
those skill éafeif%?nti%e art. SIMETHON he abbiB TR usellEMESs f ol | of:
Et t-Bu 10iPr min ethyl; tert-butyl; |sopropyl, n1nute<PmHﬁ@£&%w5groon
tenperature{or retention tipe (context wlfl dictate); TFA trifluoroacetic
acid; h or hr hours; 15 DVSQi et hyl sul f oxi de; DVE di nelnky Brisbdrer CA
WAdi i sopr opy-ami-de; , -
Omega IFN Interferon IFN-®» Intarcia Therapeutics
IFN-B and EMZ701  interferon IFN-B and Transition
EMZ701 Therapeutics Inc.,
Ontario, Canada
Rebif Interferon IFN-Bla Serono, Geneva,
Switzerland
Roferon A Interferon IFN-o2a F. Hoffmann-La
Roche LTD, Basel,
Switzerland
Intron A Interferon IFN-02b Schering-Plough
Corporation,
Kenilworth, NJ
Intron A and Zadaxin |Interferon IEN-02b/oul - RegeneRx
thymosin Biopharma. Inc.,
Bethesda, MD /
SciClone
Pharmaceuticals Inc,
San Mateo, CA
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o2a Roche L'TD, Basel,
Switzerland
Pegasys and Ceplene |Interferon PEGylated IFN- |Maxim
o2a / immune Pharmaceuticals
modulator Inc., San Diego, CA
Pegasys and Ribavirin |Interferon PEGylated IFN- {F. Hoffmann-La
o2a / ribavirin Roche LTD, Basel,
Switzerland
PEG-Intron Interferon PEGylated JFN-  |Schering-Plough
oZb Corporation,
Kenilworth, NJ
PEG-Intron / Ribavirin{Interferon PEGylated IFN-  |{Schering-Plough
o2b / ribavirin Corporation,
Kenilworth, NJ
IP-501 Liver protection Antifibrotic Indevus
Pharmaceuticals

Inc., Lexington, MA
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MK-7009 Antiviral Serine protease | Merck
inhibitor

PE-00868554 Antiviral Replicase inhibitor|Pfizer

ANAS598 Antiviral Non-Nucleoside |Anadys
NS5B polymerase |Pharmaceuticals,
inhibitor Inc., San Diego, CA,

USA

1IDX375 Antiviral Non-Nucleoside |Idenix

replicase inhibitor |Pharmaceuticals,

Cambridge, MA,
USA
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Derivatives |In another enbodi nent of the present disclosure,

Phenyl gl yei

acyl at ed
phenyl gl yci ne 5derijvatives may be prepared as illustrated bel ow
BRaiENamat | ves Wikye@dlbgical Class |Type of Inhibitor |Source Company
or Target
BILB 1941 Antiviral NSS5B polymerase |Boehringer
inhibitor Ingelheim Canada
Ltd R&D, Laval,
QC, Canada
PSI-7851 Antiviral Nucleoside Pharmasset,
polymerase Princeton, NJ, USA
inhibitor
VCH-759 Antiviral NSSB polymerase |ViroChem Pharma
inhibitor
VCH-916 Antiviral NS5B polymerase |ViroChem Pharma
inhibitor
GS-9190 Antiviral NS5B polymerase |Gilead
inhibitor
Peg-interferon lamda | Antiviral Interferon ZymoGenetics /

10

Bristol-Myers
Squibb

The compounds of the present disclosure may also be used as laboratory

reagents. Compounds may be instrumental in providing research tools for designing

of viral replication assays, validation of animal assay systems and structural biology

studies to further enhance knowledge of the HCV disease mechanisms. Further, the

compounds of the present disclosure are useful in establishing or determining the

binding site of other antiviral compounds, for example, by competitive inhibition.

The compounds of this disclosure may also be used to treat or prevent viral

contamination of materials and therefore reduce the risk of viral infection of

laboratory or medical personnel or patients who come in contact with such materials,

e.g., blood, tissue, surgical instruments and garments, laboratory instruments and

garments, and blood collection or transfusion apparatuses and materials.
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the carboxylic acid is protected as an easily renoved ester, nmay be
acylated with an acid chloride in the presence of a base such as

triethyl avVOI2AW/t18708r ovi de t he correspondi ng am des (pat BOEEUSA)10/0E80Nhway 13
illustrates the acylation of the starting phenyl glycine derivative with an
appropriate chloroformate while pathway C shows 10reaction with an
appropri at e i socYamatiscleureiain Ito edopriageconmaamdphavingel ermudae(l) when

i ntelinediat ' th A.- C . be d t d.b t hods k
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Am no-substituted phenyl acetic acids may be prepared by treatnent of a
chl or onet hyl phenylhaebbrieviatienscised irhtha pressateppliestionninglyilmg parkgolariyiin A1\ 1- R4 H

?::;)Th H. - nt hesi s, .of nmon ¢ Co d_anal ysi s

Cond ¢ ofe: ITIRL Y CRCELSHENED S B VBT I RcR e P e
conduct ed 0Rf & eAhFRIEBnd el ¥isd &Mo0oWPl ed With Waters M cromass 10 ZQ MS
system It should be noted that retention tinmes may vary slightly between

machi nes. Additional LC conditions applicable to the current section,

unl ess not e%ot herwi se. Cond.-M5-W 15 Col um= XTERRA 3.0 X 50 nmm S7 Start
98=0 Fi nal = 168\ 2010/ 117704PCT/ US2010/ 028999 Gradi ent time- 2 min
Stop tirne3 gy RLowfRate= 5 ml/mn Wavel ength= 220 tun

10 iPr  isopropyl;
min  minutes;
rtor RT room temperature or retention time (context will dictate);
TEA  trifluoroacetic acid;
h or hr hours;
15 DMSO dimethylsulfoxide;
DME dimethyl ether;
LDA lithium diisopropylamide;
NBS N-bromosuccinimide;
SEM-C1 2-(trimethylsilyl)ethoxymethy! chloride;
20 TBAF tetrabutylammonium fluoride;
HATU O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluroniom
hexafluorophosphate;
iPr,EtN diisopropylethylamine;
DIEA diisopropylethylamine;
25 DIPEA diisopropylethylamine;
Hunig’s diisopropylethylamine;
Boc or BOC  fert-butoxycarbonyl;

DMAP 4-dimethylaminopyridine;
HCl  hydrochloric acid;

30 NapSO4 sodium sulfate;
MgS0O4 magnesium sulfate,
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5 Solvent A= 0.1% TFA in 10% met hanol / 90%120 Sol vent B= 0. 1% TFA in 90%

met hanol / 10% H20 Cond. - M5- W2 Col umm= XTERRA 3.0 X 50 mm 57 10 Start %B=0

Fi nal 9B8W0Q01031&Witent time= 3 mn Stop tine= 4 mn Fl oRCRAISRHH0A2§9PI mi n 15
Wavel engt h-220 nrn. Solvent A- 0.1% TFA in 10% net hanol / 90%J- 120 Sol vent B=
0.1% TFA in. 90% net hanol/1 0% H20 TV5 20 Col umm= XTERRA 3.0 X 50 mm S7
Start 9B=0 BdRh(PBBE30 b@(mhémlphqsn@ﬂemaH&damsleéidllwﬁ, MG prrtslgE| ow Rat e=

Sol vent 5= O 4GRS Sibok RERHERh6%H80 30 Cond. - D0’ Col umme: XTERRA C18
3.0 X 50 mm S7 StraktcofBohds 288 processes of the present disclosure will be better
understood in connection with the following synthetic schemes which illustrate the
5  methods by which the compounds of the present disclosure may be prepared. Starting
materials can be obtained from commercial sources or prepared by well-established
literature methods known to those of ordinary skill in the art. It will be readily
apparent to one of ordinary skill in the art that the compounds defined above can be
synthesized by substitution of the appropriate reactants and agents in the syntheses
10  shown below. It will also be readily apparent to one skilled in the art that the
selective protection and deprotection steps, as well as the order of the steps
themselves, can be carried out in varying order, depending on the nature of the
variables to successfully complete the syntheses below. The variables are as defined
above unless otherwise noted below.
15
Scheme 1: Substituted Phenylglycine Derivatives
Substituted phenylglycine derivatives can be prepared by a number of methods
shown below. Phenylglycine t-butyl ester can be reductively alkylated (pathyway A)
with an appropriate aldehyde and a reductant such as sodium cyanoborohydride in
20  acidic medium. Hydrolysis of the t-butyl ester can be accomplished with strong acid
such as HCI or trifluoroacetic acid. Alternatively, phenylglycine can be alkylated with
~ an alkyl halide such as ethyl iodide and a base such as sodium bicarbonate or
potassium carbonate (pathway B). Pathway C illustrates reductive alkylation of
phenylglycine as in pathway A followed by a second reductive alkylation with an
25  alternate aldehyde such as formaldehyde in the presence of a reducing agent and acid.
Pathway D iilustrates the synthesis of substituted phenylglycines viag the
corresponding mandelic acid analogs. Conversion of the secondary alcohol to a
competent leaving group can be accomplished with p-toluensulfonyl chloride.
Displacement of the tosylate group with an appropriate amine followed by reductive
30  removal of the benzyl ester can provide substituted phenylglycine derivatives. In
pathway E a racemic substituted phenylglycine derivative is resolved by esterification

with an enantiomerically pure chiral auxiliary such as but not limited to (+)-1-
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WO 2010/ 117704PCT/ US2010/ 028999 Final 9%8B= 100 G adient tinme- 3 min Stop
time= 4 mn Flow Rate= 4 nL/mn 5 Wavel ength= 220 nm Sol vent A= 0.1% TFA in
10% net hawoI20B80eF#@® Sol vent B= 0. 1% TFA i n 90% net hanol PCOX%SRRO/0Z9AY. - D2 10
Col um= Phenonenex-Luna 4.6 X 50 nm S10 Start %8=0 Final %B= 100 G adi ent
time= 3 min Stop time= 4 min IS Flow Rate= 4 MJrin Wavel engt h220 rim

Sol vent A- Ohdmderkmol,{(-)10phenytdtizanol, 29 Ghyam’s 2eamdidinete, @enantmmeTicAlly n 90%

o e 100 R P, CHLUTLE R 8.0 R S0 Sart 980
Vavel engt h= R Ae8ratMSiica 461, BPLYS dipétallRatl /e h TR/ of the
chiral auxiliary providing enantiomerically pure phenylglycine derivatives. Pathway
5 Hillustrates a synthetic sequence which intersects with pathway E wherein the
aforementioned chiral auxiliary is installed prior to amine addition. Alternatively, an
ester of an arylacetic acid can be brominated with a source of bromonium ion such as
bromine, N-bromosuccinimide, or CBry. The resultant benzylic bromide can be
displaced with a variety of mono- or disubstituted amines in the presence of a tertiary
10  amine base such as triethylamine or Hunig’s base. Hydrolysis of the methyl ester via
treatment with lithium hydroxide at low temperature or 6N HCl at elevated
temperature provides the substituted phenylglycine derivatives. Another method is
shown in pathway G. Glycine analogs can be derivatized with a variety of aryl halides
in the presence of a source of palladium (0) such as palladium bis(tributylphosphine)
15  and base such as potassium phosphate. The resultant ester can then be hydrolyzed by
treatment with base or acid. It should be understood that other well known methods
to prepare phenylglycine derivatives exist in the art and can be amended to provide
the desired compounds in this description. It should also be understood that the final
phenylglycine derivatives can be purified to enantiomeric purity greater than 98%ee

20 via preparative HPLC.
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Solvent B= 0. 1% TFA in 90% net hanol / 13 H20 30 Cond. - M3 Col unmm= XTERRA.
Cl1.8 3.0 X 50 nun S7 WO 2010/ 117704PCT/ US2010/ 028999 Start 98= 0 9B- 40
Gradi ent WOBHW/R27WHn Stop time= 3 mn 5 Flow Rate= 5 nlLPETASYEHVORIAYt h= 220
nm Sol vent A= 0.1% TEA in 10% net hanol / 90%420 Sol vent B= 0. 1% TEA in 90%
nmet hanol / 10% H20 1OCondi tion OL | Col unm= Phenonenex-Luna 3.0 X 50 mm S10

Start %BOFin 100 NHﬁa;,&Bt ti fMBuE 4 mn. 15Stop tine= 5 mn
Fl ow Rate4 | nip veI engj, =" 20—mm--Sol, oHA-0. 1% TFA in 1. 0%
met hanol / 90(%11200 So| vent B= % TRRet N 90% t hanol/ 10% 1- 120 20 Condition
tart %B=0 oH
&b\\f‘,\'&\@a\‘@ Ar/-\ CO,Bn
l TsCl
28 27
R AL S FSNFT o QTs
CO,Bn Ar/-\COgBﬂ
Ar N o Smer RETR fication R R
& R R2T /H(Oﬂaz N esterification N
S / . N’ Ar /KWOR” )\WOH
Qb )\ O Ar Ar
BZT AT CO;Me (R = ghiral auxiiiary) 0 0
roaN--COREL H ?
TRZ*’NHR”
Br Br
bromination  BY Ar)YOR“ R /‘YOH
PN Ar
ArTTCOMe T AN e o O

Scheme 2: Acylated Amino Acid Derivatives
In another embodiment of the present disclosure, acylated phenylglycine

5  derivatives may be prepared as iliustrated below. Phenylglycine derivatives wherein
the carboxylic acid is protected as an easily removed ester, may be acylated with an
acid chloride in the presence of a base such as triethylamine to provide the
corresponding amides (pathway A). Pathway B illustrates the acylation of the starting
phenylglycine derivative with an appropriate chloroformate while pathway C shows

10 reaction with an appropriate isocyanate or carbamoyl chloride. Each of the three

intermediates shown in pathways A — C may be deprotected by methods known by
those skilled in the art (ie; treatment of the t-butyl ester with strong base such as HCl

or trifluoroacetic acid).
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Final %8=100 25 G adient tinme =4 mn Stop tine= 5 mn Flow Rate= 0.8
m./mn Oven Tenp = 40 C Wavel ength = 220 mm 30 Solvent A= 0.1% TFA in 10%
Acet oni t rwDeOBOFRd Sol vent B= 0. 1% TFA i n 90% Aeet oni t PCITAJS20940E$299
Condition 1 Col um- Phenonenex-Luna 3.0 X 50 nm 510 Start 9B= 0 Final %B-
100 5G adient tinme = 2 mn Stop tinme= 3 mn Flow Rate=4 nL/m n Wavel ength =
220 nm Solvent A- 0.1% TFA in 10% rret h ol /90%120 10 Sol vent 0.1% TFA in
90% net hanol / 10% H20 Condition || fhenomenex Luna R =P nm SI O

Start 9B- 0 15 Final %B= 100 G adi ent =2 medsStop tine rﬂn Fl ow
Rate- 5 nl/mn Wavel ength = 228 113§fv\rr \ﬁ /H(

Ch
o0
?/
O O

RY R ,U\ rar
NH 5 CICO,RY OR¥ _Add N™ “OR¥
0 Sl /'\m T oy
O s O
Qn %&?%
R = H, alkyl ,?NOO/ o
’?39 0
7y rez ML
% ¢ N”NR®R® Acid R AN s
R O\ﬁ )ﬁ(OH
1 R
6!
Scheme 3

Amino-substituted phenylacetic acids may be prepared by treatment of a

chloromethylphenylacetic acid with an excess of an amine.

RSQ
{
i RSQN R40 N”R“D
[ b
PYRRN ““““““\
5 # COH CO,H

Synthesis of common caps
Compound analysis conditions: Purity assessment and low resolution mass
analysis were conducted on a Shimadzu LC system coupled with Waters Micromass
10 ZQ MS system. It should be noted that retention times may vary slightly between

machines. Additional L.C conditions applicable to the current section, unless noted

otherwise.
Cond.-MS-W1
15 Column = XTERRA 3.0 X 50 mm S7
Start %B =0
Final %B =100
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20 Sol vent A= 0.1% TFA in 10% net hanol/ 90%l- 120 Sol vent B= 0.1% TFA in 90%
met hanol / 10% H20 Condition |1l Col umm= XTERRA C18 3.0 x 50mm 57 25 Start
YB=0 Fi naWOZBW/1IOM4G adient tine = 3 min Stop tinme= 4 nPATRIS2HOM2R98E: 4
m./mn 30 Wavel ength = 220 nm Sol vent A= 0.1% TFA in 10% net hanol / 90%20
Solvent B= 0.1% TFA in 90% net hanol / 10% H20 -61 - A suspension of 10% Pd/ C
(2.0g) in mébrhdiemltingel0 nl) was added toc=amixture of (R)-2-phenyl glycine
(10g, 66.2 ﬁm)l m f or mal dehyde (33 ni of337% . in 5 water), 1IN HCl (30
nL) and met KaBot™f30 nL), and exposed to’B"(60 psi) for 3 hours. The
reaction m s @aas filtered through=ti gfapgrceous earth (Celite), and the
filtrate was concentrated in vacuo. The resulting crude nmaterial was
recrystal | i Mavelangth i sopropanol to prowvi2d8@mthe HClL salt of Cap-1 as a white

needle (4.0 : tical rotatio 17 |n H20 X=589 nn .

| F1 NMVR ?Dl\/ég 8&8 2.5 10 ppr%la/sérgw%/[@?%ﬁégﬁd@/ 4.14 (s, 1H),
2.43 (s, 6ldilyentf (Cond. 1) omf@ggangbwahamﬁb%%cd Nor [mn

Cl OF114NO2 180.10; found 180.17: HRVS: Anal lcd. for [MF-H Cl101114NO2
180. 1025; found 180.1017. 15 O—I NaBHBCN (6.22g, 94 mvol) was added
in portions Qv rpﬁ%w mnutes to a cooled (ice/water) m xture of

(R) - 2- Phenylfgﬂ”gc 27¢6.02 g, 39.8 mol) and nethanol (100 nL), and stirred
for 5 m nutgg;,Aszet al dehyde (10 bigrpiass addedodraew se over 10 minutes and
stirring was continued at the sane cooled tenperature for 45 mnutes 20 and
at anbi dAt tSeapletature for -6.5 hours. Thelreaction m xture was cool ed back
with ice-water bath, treated with water f m.) and then quenched with a

dr opwi se ad(f“tlzilo/ﬁBof concentrat ed HO ovelPl_-45 ninutes until the pH of

t he mxture%@ - 2.0. The coolingshath was renoved and the stirring
was conti nue V\}n e add| ng concentrat ed HCI in order to maintain the pH of
the m xture Saoptimd 1. 5-2.0. The 25react+dmin xture was stirred overnight,
filtered to rempve the white suspension, and the filtrate was concentrated
in vacuo. THdO¥Rdfe material was recrys‘i‘&’rlr’infbd horn ethanol to affbrd the

HC1 sal t;50f \9@%‘1&@% a shining white salj ) two crops (crop-1:

Solvent A = (.1% TFA in 10% methanol/90%H,0
Solvent B = (.1% TFA in 90% methanol/10% H,O
Cond.-MS-W5
20 Column = XTERRA 3.0 X 50 mam S7
Start %B =0
Final %B =30
Gradient time =2 tnin
Stop time = 3 min
25  Flow Rate =5 mL/min
Wavelength =220 nm
Solvent A =0.1% TFA in 10% methanol/90%H,0
Solvent B = (.1% TFA in 90% methanol/10% H,O
30 Cond.-DI
Column = XTERRA C18 3.0 X 50 mm S7
Start %B =0
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4.16 g; crop-2: 2.19 g). HNWR (DVsO d6, (5-2.5 ppm 400 WMHz): 10.44 (1.00,
hr s, 111), 7.66 (m 2H, 7.51 (in, 3El), 5,30 (s, | H, 3.15 (br m 211),
2.98 (br WO 20Hy117D420 (app hr s, 614). Crop-1: [a] 25 - 1@CTAB2¢I9HERIIE7,
H20); crop-2: [a]25 -99.7 (c=0.357, H20). LC (Cond. 1): RT=0.43 mn; LC M
Anal . Calcd. for [MrH 5C12F118NO2: 208.13; found 208. 26. Acet al dehyde
(5.0 nL, 89Finahfdt) and a suspension of =18 Pd/ C (720 ng) in 10
met hanoI/HZ(%Hé{ﬁl /.1 nmL) was sequentially,added to a cooled (- 15 C m xture
of (R)-2- phelytisiiPfe (3. 096g, 20.48 moM™ 1IN HCL (30 ni) and met hanol
(40 nmL) The S@@pﬂﬁiﬂgg bath was renoved andathig reaction m xture was stirred
under a balloon of H2 for 17 hours. An additional acetal dehyde (10 inL,
178. 2 mol ) Rew Rattded and stirring corit4 mhédinunder H2 at nosphere for 24
hours [ Note:,,the sypply of 112 was 15re ni shed as needed throughout the
aveleaity P

reaction?. ion mxture was filtérd® through di at onaceous earth

(Coble), andihgehiltrate was conaen mateesd rethdndamng,Jhe resul ting crude
material was recrystallized fromisopropanol to provide the EICL salt of
(R) - 2- (et hylSainenoB- 2- phenyl aeétli%e THA id 98%0 mekbhnael{ 180 WaDt e solid (2.846g). H
WAR (DWVSO- (16, 8=2.5 ppm 400 MHz): 8 14.15 (hr s, 1H), 9.55 (br s, 211),
7.55-7.48 (in, 20 5H), 2.88 (br m 1H), 2.73 (br m 114), 1.20 (app t,
J=7.2, 3H). &G pond. 1): RT=0.39 mm >95 % honpbgeneity index; LC/ M5: Anal.
Calcd. for [N +H + CLOH14NCO2: 180.10; found 180.18. A suspension of 10%
Pd/ C (536 ntf)olumnnet hanol / H26= Pignomdener-).unvab 6 Zd8eoint 814 m xt ure of
(R)-2-(et hyLsam' nQ) - 2- phenyl acetic acid/ HCL (1.492g, 6.918 25 mmol),

f or mal dehyd t‘("?@f" of 37% w. in water), 1IN HCL (20 nL) and nethanol (23
m.) The reagljan, @i xture was stirred undefg@ bal l oon of H2 for -72 hours,
where the H2 supply was repl eni shed as needed. The reaction m xture was
filtered thr@uadikndimeonmaceous earth (Cekidtrein and the filtrate was
concentrated, in vacua The resulting crude nmaterial was recrystallized from
i sopr opanol Y'8OHME ) to provide the NC 4™ Mf Cap-3 as a white solid (985
ng). 11-kN dé, 6-2.5 ppm 400 Miz)y: 10.48 (hr s, H), 7.59-7.51
(m SW,I%Sy?é&‘?s@%Lll), 3.08 (app hr s, 21}:7/%11?} 2.65 (hr s, 3H), 1.24 (hr m
3H). LC (ConWavdidangtiRT=0.39 nmm >95 % heniitfenei ty i ndex; LC/ MS: Anal. Cal cd.
for [MHH' Cl I H 6NO2: 194.12; found. 194, 18;: FIRVS. Anal Calcd. 5for [ MHH t
Cl | FI 16Noe:Solet£180; f ound ﬁ‘bi%lﬁ%‘i?ﬂ °ﬁl@t@nﬁf>¢%ﬂ@ ecv ClCO2Me (3.2 ni,
41. 4 mol) d dropwi.sg (b ' ' S 10THF (410 nl)

sem -sol uti \(I)%ﬁ‘é%q%el?) -tert- bu?'&l/ggfl%ﬁnggg%g?%h%%)ﬁg@%?e/ FIC (9.877 g,
40.52 mmol ) and diisopropyl ethylamne (14.2 nL, 81.52 mml) over 6 mn, and
stirred at sim]ar _tenperature for 5.5 hours, The vol atile conponent was
removed 4th va@uErMEhd the residue was partitioned between water (100 rnlL)

and et hyl ac (200 inL). The_ b& A shed with IN BC] (25
tnL) and satﬁgrﬂg{ngld Nal -1 CU-2 15 nguél on 4(%@%‘?@58ri ed (MpS¥), filtered,
and concentr@&ed:Bn vacua. The resultant €0lorless oil was triturated from

hexanes, filtered and washed w th hexanes éloo rnL) to provide
(R -tert- butliﬂpalﬂﬂ?net hoxycar bonyl am no) -2 'P\enyl acetate as a white solid

(7.7 g). |F|§M§ﬁ§1p{y§9d6, 8=2.5 ppm 40(_1;(\)51;@: 7.98 (d, J=8.0, 111),
7.37-7.29 (m ,"5:09 (d, J=8, 1H), 3. s, 3H), 1.33 (s, 9H). LC (Cond.

1) RT=12%53 $ioptime =4 min
Flow Rate =4 mL/min
Wavelength =220 nm
Solvent A = (0.1% TFA in 10% methanol/90%H,0
Solvent B - =0.1% TFA in 90% methanol/10% H,O
30
Cond.-M3
Column = XTERRA C18 3.0 X 50 mm S7
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20 -90 % honogeneity index; LC MS: Anal. Calcd. for [M:Nar Cl41119NNaO4:
288.12; found 288. 15. TFA (16 nL) was added dropwi se to a cool ed

(1 cel/ wat eV 20H2TIP4( 160 L) sol ution of the above produ®CTaBae10/p289hut es,
and the cooling bath was renoved and the reaction mxture was stirred for
20 hours. Since the deprotection was still not 25conplete, an additional
TFA (1.0 mLStasa¥Badded and stirring contifdued for an additional 2 hours.
The vol ati | & ca?%%nent was removed in vacg& and the resulting oil residue
was treated W iethyl ether (15 nL) and hexanes (12 nL) to provide a
preci pi t at eGrliignigei pitate was filteredpgnd washed with diethyl

et heri hexanes (-1:3 ratio; 30 nL) and dried in vacua to provide Cap-4 as a
fluffy whit&teplimd (5.57 g). WO 2010/ 13 P04PCT/ US2010/ 028999 Opt i cal
rotation; 6.9" [e-3.7 mg/nL in 1120Q; 89 rim.NWR (DVMSO d6, 82.5
pinri, 400 @&‘Y%ﬂ 12.84 (br s, 111),‘75.6’? ® j=8.3, 1H), 7.41-7.29 (m
514), 5.14 (Waveler@ir3. 111), 3.55 (s, 3Holm (Cond. 1): RT=1.01 nin; >95%
honogeneity index;” LG MS: Anal. Calcd. for [MH G OH 2N04 210.08; found
210. 17; HRI\/Soi\E:nAAaI. Cal cd. =flok% [T7AHIN-H 024 et anolP (48 ®766; found 210. 0756.

i:ag gl br om) V&Héﬁlgz 1(5R)7 g, 0?@9‘;—&}’%?@' ne‘ﬁﬁaﬁfﬁg% % iomgml )19 8 mml) in

et hanol (40 nlL) was heated at 100 C for 21 hours. The reaction m xture was
cooled to anbient tenperature and filtered, and the filtrate was

concent dét echnn'irimdi%l The residue was dissolved in ethanol and acidified
wi th 1IN 11C#90t1 E 3-4,. and the VO'?H){@O corrgﬂ?ent was renoved in vacua.
The resul ti ndWPlide mat Bhergmepeslyes 1P e B2 8% ever se phase 15 HPLC

(wat er / met hapgk . HA) togprovide the TFA salt of Cap-5 as a sem -viscous
white foam (1.0 g). NWR (DVMSO d6, 8-2.5, 500 MHz) 8 10.68 (br s, 11-1),
7.51 (m 5I—|)Finzﬁ°/2]3 (swm}@, 3.34 (app br s, 214), 3.05 (app br s, 2H), 1.95
(app hr s, 30 m.nutes (Cond. 1); >98% honpgeneity index; LC MS:
Anal . Cal cd rfaé&em[ff\mm‘f“@l%m 6NC2: 206.12; found 206.25. 20 Cap-6

The TFAsal tStQigm) p- 64/\§§rh§ynt hesi zed from (R) - 2- phenyl gl yci ne and 1-

br ono- 2- ( 2- br onoet hoxy) et hane by using the nethod of preparation of Cap-5.
1H 25NVR ( DNBOwdGte 8=2= HmlFMh MHz) 8 12,20 (br s, 1H), 7.50 (m 511), 4.92
(s, 111), 3.78 (app hr_ s 4H), 3.08 (app hr s, 211), 2.81 (app hr s, 2H);
RT=0. 32" mi nuVa¥elengthy =230Unmogoy Lo/ Ms: Anal. Cal.cd. for [MH O 2HL6NCB:
222.11; four%fge’/_[‘l@AZO, HRYE; TARa) 1058h&Handi RV - HI C121416NGB: 222. 1130;

found 222. 112

Solvent B = 0.1% TFA in 90% methanol/10% H,O
20

Condition OL2

Column = Phenomenex-Luna 50X 2 mm 3 u

Start %B =0

Final %B =100
25  QGradient time =4 min

Stoptime -~ =5min

Flow Rate = 0.8 mL/min

Oven Temp =40°C
Wavelength = 220 nm

30 Solvent A = (}.1% TFA in 10% Acetonitrile/90%H,0
Solvent B =0.1% TFA in 90% Acetonitrile/10% H,O
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5Cap-7 Cap- 7a: enantionmer-1 Cap-7b: enantioner-2 1 A CH2C12 (200 nl)

sol ution of p-toluenesul fonyl chloride (8.65 g, 45.4 mmol) was added

dr opwi se WO 2810¢13810¢d (-5 C) CH2C1l2 (200 nlL) sol ution of PCHUS20J8/4289P9

2- hydr oxy- 2- phenyl acetate (10.0 g, 41.3 mmol), triethylamne (5.75 nm, 41.3
10 mmol ) and 4-di net hyl am nopyridine (0.504 g, 4.13 nmol ), while

mai nt ai ni ng @dmaliticeniper at ure between -5 'V and 0 ' C. The reaction was

stirred at 0.C. for 9 hqurs, and.the ed i.n.a freezer (-25 " for 14
hours. It wagoqﬁ?’?lomed ngﬁﬁqqgwn?’ﬁLﬁ%?'gﬁgémgﬁlgture and wgshed v\\//i)th wat er

(200 nL), INgdad(d (1QO0gnL) nmid brine (100 nL), dried (MySA4), filtered,
and concentrated in vacua to provide benzyl 2-phenyl-2- 15(tosyl oxy)acetate
as a vi scousFioall%Rhi chF$@t i di fi ed upon standing (16.5 g). the chiral
integrity of %ge Pr.odu_c was not checked and that product was used for the
next step wi PRI ¥RFtHEM Burification. 1H NVR (DVSO-d6, 8=2.5, 500 M)
7.78 (d, i= &oBtineH) . 43435729 (m 10H), 7.20 (m 2H), 6.12 (s, 1H), 5.16
(d, J=12.5, 111), 5.10 (d, J=12.5, 1H), 2.39 (s, 3H). RT=3.00 (Cond. I11);
>90% honogendowRdtadexs 4nfl/MB2 20Anal . Cal cd. for [MrHt C22H20NaO5S:
419.09; fou 419. 04. A THE (75 nlL) solution of benzyl

2-phenyl - 2- (VEESFRY) a6é24P® (6.0 g, 15.1 mmol), 1-nethyl pi perazine (3.36
m, 30.3 mmoggivanih N, NedilbsePAARY DSOS ¥aRiiReYH,® 2 nL, 75.8 mmol) was
heated at 65 C for 7 hours. The reaction was allowed to cool to anbient

t enper atlir e Solderittie vok &tlh EFAdmPONentthamd/I08HEY@d i n vacua. The 25resi due
was partitioned between ethylacetate and water, and the organic |ayer was
washed with water and brine, dried (MgSO4), filtered, and concentrated in
vacua. The I‘ééﬁ{ﬁﬁ{)l{lﬁ crude material was purified by flash chromat ography
(silica gel, ethyl acetate) to provide benzyl 2-(4-nethylpiperazin-1

-yl) - 2- phenyCalmetnat e as Phenomawgilsina 4.40X GdmmisHoous oil (4.56 g). Chiral
HPLC anal ysis (Chiralcel OD 1-1) indicated that the sanple is a m xture of
enantiomers P#ta°8g. 2 ¥d 583 ratio. The separation of the enantioners were
ef fect edidsas fﬁ%f‘%gﬂ t he 1?60duct was di ssolved in 120 nL of ethanol/heptane
(1:1) and injected (5 nL/Injection) on chiral HPLC colum (Chiracel 5QJ, 5
cm | D x 50 c@rddien@ndend- 2ehiat i ng wi th 85: 15 Hept ane/ et hanol at 75 inLimn,
and nonitored at, 220 rim Enantionmer-1 (1.474 g) and enantioner-2 (2.2149
g) were retrP®pdiias viFddBils oil. 1H NVR (CDC13, 8=7.26, 500 MHz) 7.44-7.40
(m 211), 7.33- (m £.21-7.16 (m 2H), 5.13 (d, J=12.5, 1H), 5.08
(d, 1=12 5, %&3"‘,73{%‘.%02 (SS,QKQZ“@BI,K 2. 65.2.38 (app br s, 8H). 2.25 (s, 3H).
RT=2. 10 ( Con®Wavkleh}th >98% hth honogeneity index; LC/ MS: Anal. Calcd. for

[ MEH] + C20H25N202: 325.19; found 325. 20. A et hanol (10 mL) sol ution
of eithetl endplvEdinkr oF UbdnZyiA p 104 metengY %74 zi n-1 - y1) - 2- phenyl acet at e
(1.0 g, 3.1 | s a Y I % Pd/ C (120 ng) in

met hanol (5. ggﬁf%t.g\?'he g)g%g%nﬁn@x/fsﬁggﬁag@“gég%ged to a 15 bal | oon of
hydr ogen, under a careful nonitoring, for <50 mnutes. Imediately after
the conpletion of the reaction, the catalyst was filtered through

di at omaceousCeaditinnfiEef 1 te(r)) and the filtrate was concentrated in vactio

to provide 7. conta f@égg ' %@?%l etic acid as a tan foam (867.6
ng; nass iscg%%%nthe thrﬁeore .c‘gé%P% : $ﬁe product was ttsed for the

next stepsw sheukBf urther purification. 111 NVR 20(DVSO d6, 8=2.5, 500 MHz)

87.44-7. 37 2H), 7.37-7.24 (m 3H), 3.92 (s, 1H),
Ry TR TY S (s 19

Gradient time =3 min

Stop time = 4 min
Flow Rate =4 mL/min
30 Wavelength =220nm
Solvent A =0.1% TFA in 10% methanol/90%H,O
Solvent B~ =0.1% TFA in 90% methanol/10% H;O
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2.63-2.48 (app. br s, 2H), 2.48-2.32 (m 6H), 2.19 (s, 3H); RT=0.31 (Cond.
I1); >90% honogeneity index; LC MS: Anal. Calcd. for [Ww CL3HL6N202:

235. 14; fwWOnrd102357045; HRMS: Anal . Cal cd. for [M11l] + Cl BHIAN20D/0283%. 1447,
found 235. 1440. 25The synthesis of Cap-8 and Cap-9 was conducted according
to the synthesis of Cap-? by using appropriate am nes for the SN2

di spl acenent step (i.e., 4- hydroxypi pérpel ne for Cap-8 and
(S)-3-fluoropyrrolidine for Cap-9) ang m)dlfled conditions for the
separation of the respective stereo ‘e ~intermedites; as described
below. 30 Cap-8 8a: enantioner-1 8 BN r-2 oH The
enantioneri c separation of the internedi gte benzyl

2- (4- hydr oxypi peri di nl-yl)-2-phenyl acetate was effected by enpl oying the

et hanol / hept ane. (5 o onE; FRREANEE, TR g Rkt R R B Rugymprgure
/i njectionyf(® 2—23)1@ﬁy1@!3)cmb"ﬂ-@ Gelzuﬁm@()cfmmamehyc@m ihmmﬂ’/@o wt2fm cm L, 10
gnm eluting wit hept anel et hanol at 10 ni/nin, nonitored at 220 nm

to provi de 18&e0, hy HH (6o oy icpdietipnah@0200), iﬂd@ip@ﬁedetﬁéht(ﬁ@ﬂ?@ﬂ o Bs

)
| i ght |1 | T b st d di
to the 10 prisplis abbeo sise ig® HIEH 4E0bel PRt oRATR e, BEES 5 "
500 MHz) 7. 48 (lkratd Whs c&i&nﬁr&e@ﬁz %zc%) TH& re§z‘iﬁmg éﬁ@e ﬁ%aténa'l‘l%v’as {%c taﬁl’i@edlll)
293 (in, 114), 2.62 (m 1H. 2.20 (i 0 (m 2H), (m 21-1).

RT=0. 28 (Conﬂomlis;c)p;ropaﬁap/ﬁnipmmdj@thell‘f@l sah@éﬂapﬂ@sMSVh1Mmbdle@jﬁD$) Ofptical] MrJJ] t
Cl3H18NCB: 236.13: f 236, 07; HVOS: _Cal
236. 1287: o@%lﬁséiﬁgggc 91%51@5{511%1“&@3; 5%g| OEHM@%‘J =k

di astereﬁ)ms ] Cs f 4t e benzyl
24(S) - 3- u‘%ﬁ%p%/-ﬂrbﬁ\gﬁzgﬁﬂifi%g@’ pﬁZ’ny g@égﬁ 243 (geﬁl?)nect@‘éﬂgyberrpl oyi ng
the foll ow NRT20.2610C M NSl L Ualcasmf[Mmp (ITS[)IMWQE 133.@@;@&@@1@@11"@ chiral
HPLC col um (diiracel 0.1- 0.46 cmID x 25 cmL, 5 eluting with 95%
Coo/” 5% ot RIS, 671eds REAVPAEL CoTbaNOp 80458 Fowel T AIA 11 ow 1 o
and a tenperature of 35 'C. The HPLC elute for the respective stereoi soners
was concentrated, and the residue was dissolved in CH2C12 (20 nL) and
washed with an aqueous nmedium (10 ini wagep fa/ saturated NaHCOS
solution). The organi c phase was dried (MgSO), Meted, and

O

OH

y ™

NaBH;CN (6.22g, 94 mmol) was added in portions over a few minutes to a

cooled (ice/water) mixture of (R)-2-Phenylglycine (6.02 g, 39.8 mmol) and methanol
(100 mL), and stirred for 5 minutes. Acetaldehyde (10 mL) was added dropwise over
10 minutes and stirring was continued at the same cooled temperature for 45 minutes

20  and at ambient temperature for ~6.5 hours. The reaction mixture was cooled back
with ice-water bath, treated with water (3 mL) and then quenched with a dropwise
addition of concentrated HC1 over ~ 45 minutes until the pH of the mixture was ~ 1.5
~2.0. The cooling bath was removed and the stirring was continued while adding
concentrated HCI in order to maintain the pH of the mixture around 1.5-2.0. The

25  reaction mixture was stirred overnight, filtered to remove the white suspension, and
the filtrate was concentrated in vacuo. The crude material was recrystallized from

ethanol to afford the HCI salt of Cap-2 as a shining white solid in two crops (crop-1:
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concentrated in vacuo to provide 92,5 ng of fraction-1 and 59.6 ng of
fraction-2. These benzyl esters were hydrogenol ysed according to the

pr epar at i\ 20f0/1TAW47 to prepare Caps 9a and 9b. Cap-9a PETASRENWOREP?-1; t he
sanple is a TFA salt as a result 5 of purification on a reverse phase HPLC
usi ng H20/ et hanol / TFA sol vent) 3H NlvIR (DMSO-d6, 6=2.5, 400 MHz)

7.55-7. 48 (r.16g)cron23819 @). ofl MR BRISD-da 2. 59008 40BMEz): L¢y4 (BOBAr2. 82

L Ana Za;éﬁaﬁééoﬁ%éfﬁ)»ﬁ”ifm%ﬁw 337 . 245, AVEERS ol DO o

di t 7/ ol . o 5
g | as (grggrr%rzcg aggjo % 2 %2259 g:é@@sMﬁ%O) cfbéz {&11252 o T?SH%m

2H) . RT=0. 44cEa5. HzQ) LDG;(NBd P)nRIT—G@aImm LCMS[MreHir C@]chil fGﬂBﬂ;Nﬂf: 224. 11,
found 224. 14, 0 To a solution of D-proline (2.0 g,
17 nunol ¥ an@lu%&% a%%ilﬁéome@l%pgi?rﬁ_ of 37%wt. in 1120) in nethanol (15 ni)
was added a suspension of 10% Pd/C (500 ng) in nmethanol (5 inL). The

m xture was stirred wi der a balloon of hydrogen for 23 hours. The reaction
m xture was filtered through di atomacedig-garth (Celite(r)) and

20concentrated in vacuo to provide -10 as an off-white solid (2.15 Q).
1H NNI R (DVMSO-d6, 8=2.5,500 MHz) 3. m H) , 3 37 (dd, J=9.4, 6.1, 1H),
2.85-2.78 (m 1H), 2.66 (s, 3H, 2. CFH) 1.93-1.84 (m 2H),
1.75-1.66 (m 1H). RT=0.28 (Cond. 11); >98% m)genel ty i ndex; LC/MS: Anal.
Cal cd. for [MeH + CB1112N0C2: 130.09: fouNek 129.96. 25 Cap-11 A

m xture of (2S, 4R)- 4f|uoropyrroI|d|ne2c rboxylic acid (0.50 g, 3.8
nmol ), formal dehyde (0,5 m .. of 37%w. in H20), 12 N 11Cl qgo 25 nL) and
10% Pd/ C (50 ng) Aectaidevda -0 plo meé) adiaugRengicaef 1975V E 664 Be) h

hyd f t d

oL B ) R R BB T PHRR e oo
Th d f dvoe (49GhT pal t £
g i e

(d m J-53. 7The gagfing haBovgsirpmergd arg. thorepgiden mxtae vais smge@undﬁrg Jballppn 0f3 33

1 Rreo oaHy d5id nopts AtkBidrihaclasroe ean 1 isd mhi Py efesf oo
[ M-H | CBF 1stith§>80nt%8d Qﬁderffgta&ﬁo%ﬂ&e%r 2&@@1@%&@%&@ S@SpIE aPHDRhs

L-Alanine (2.0 22.5 nunol ssolved in % aqueous sodi um 15
carbonat¥ s otegtemsher( sOnaetlyd thmughautthre(amon}L)Ths maqtlmmudﬂrermsrfyltered

| al f 4. d Th t ' d
Cnder - anbi ontr A PBRSSF DR & cHisy b HRECEY SPem U Aot THe
resul ting wh efs&‘itaﬁg %Me‘?@a%er% 929 kéé%%tdil'i‘ze\ﬁ@ﬁ-&ﬁ @gf!)pﬂﬁdi% Efo%@’dc%& Brdi Mk to a

pH -- 2-3. e re I ng solutions was extract ethyl acetate (3 x
100 nl), and(R)hb(ﬂbﬁmnmﬁzmi@aﬂa@tmhaﬁasmhimg whitd MARSOBP6ZR0H NMR ed, and

concentrated | s ae 3-8 b 46 S 819715505, TH), 9.5 % s B, 3337k O, ¢ hi s
20 SH), 2.88 (br m, 1H), 2.73 (br m, 1H), 1.20 (app t, J=7.2, 3H). LC (Cond. I):
RT=0.39 min; >95 % homogeneity index; LC/MS: Anal. Caled. for [M+H]"
CioH14NO3: 180.10; found 180.18.
A suspension of 10% Pd/C (536 mg) in methanol/H,O (3 mL/1 mL) was
added to a mixture of (R)-2-(ethylamino)-2-phenylacetic acid/HCI (1.492g, 6.918
25  mmol), formaldehyde (20 mL of 37% wt. in water), IN HCl (20 mL) and methanol
(23 mL). The reaction mixture was stirred under a balloon of H; for ~72 hours, where
the Hy supply was replenished as needed. The reaction mixture was filtered through

diatomaceous earth (Celite®) and the filtrate was concentrated in vacuo. The resulting

crude material was recrystallized from isopropanol (50 mL) to provide the HCI salt of
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material was purified by a reverse phase HPLC (H20/rnet hanol / TFA) to
provide 150 ng of Cap-12 as a colorless oil. 1H NVR (DMSO d6, 8-2.5, 500
MHz) 7.44WN0Q0103117703, 0.8H), 7.10 (br s, 0.2H), 3.97 (m PCHUS2®0828%0%, 3H),
1.25 (d, J=7.3, 3H), 25Cap-13 A mxture of L-alanine (2.5 g, 28 nmol),
formal dehyde (8.4 g, 37 wt. %, IN FIC (30 nL) and 10% Pd/C (500 ng) in
met hanol (30’3ap—&)13 wa/iutssmird(@ﬂS wrgle Ha\TMRy(M‘@@fﬁsa@ﬂfio%mr@O(M@Ziﬁﬁ) for 5

(Gl 1t e) and G 71 BT S50 Gt 2 et PS8 b o R dSthates sal o

of Cap-13 as| @P%e'nlx I ¢l e*c%adnf RgoWRARIS -85 9] Aoy MasKUMMKE g; the

mass i s above theoreti‘cal Vi e d)’. The prodlct was used without further
purificati onAnB1 CalchiVRor([DVETF d?ﬁ;HﬁEE)ZSI,SVEDD fivad) 198 182 HRMIBrAsgl. Celicd. 4. 06

(1q’AJm7xt%uréflc%£M(*Hj"? ﬂ;h@@iéﬁé-ﬁiﬁ%g?‘ﬁﬁjk ]tlgﬁﬁtHi/I gglto e34(3.08a 8, 1411250& P

nmml ), Nal31-13CN (0.773 g, 12.3 nmo)), KOH (0.690 g, 12.3 mmpol) and Hcetie
acid (0352 nmL, 6.15 nrnol) were stirred in nethanol at 0 C. To this mxture
was added glutarie dialdehyde (2.23 nL,Cdp243 nrnol) dropw se over 5

m nutes. The reaction m xture was stifred as it was allowed to warmto

anbi ent tenperature and stirring wa coni nued at the sarne tenperature
for 16 hours. The sol vent was subse noved and the residue was
partitioned with 10% aqueous NaOH and et hyl etate. The organi c phase was
separated, dried (MgSH), filtered and & trated to dryness to provide a
clear oil. This material was purified by rgverse-phase preparative HPLC

(Primesphere C-18, 30 x 100nm CH3CN-H20-0.1% TFA) to give the internediate

20est 2.70 ¢ 7. 44
( meSBIi)r | ( 10 Y 3?@@2]3@@%6‘2 HJLe@I 491'1110013 Ik %ﬁlﬁ@ &ﬂg\giséﬂfga c%d@%@%tgég )

1H), 2.99 (tTHF141®2mi) se1ﬂﬂ—§o,1utﬁ)115ﬁ (Rbuterﬂ»blltyl 2-apmo- Z-Iﬁ)lganﬂac@%@ﬂ@? Q877 gH) ,
1.82 (d, J=1,82 Hz, .3 for Cl 7H25NCO2:
275: found: 782 (A qu ‘@%SBH"?YI“’%?@EQ‘?? kﬁggﬂsgpgjgr‘%calgf’v?rﬁén}nn% nedi at e
ester (1.120q;2488 @?ﬁﬁla} térﬁtt)e%l;}uﬁ: JGP!S STHRNR! NaR& ofaki éﬁrﬂlpdﬁéﬁt wldefotédin( 3 M)
The reaction mxture was stirred at anbient tenperature for 4 hours and
then it was wanoenidtht edidno wds pmaemsmtcbbegmm water G0 myle) dndwtind heetakb €061 | was

Do 0 SheL e PIase 2 AL e PG Do mesehere Gl 30 0
e 1 A o
cartridges (lxrlésso)l.wakhateaed frbdgmamr ﬁitemdl sedwasitel] witt Heamods ({@0mid)) and
then the to provide (R)-tert-butyl 2-(methoxycarbonylamino)-2-phenylacetate as a white solid
(7.7 2). "HNMR (DMSO-ds, §=2.5 ppm, 400 MHz): 7.98 (d, /=8.0, 1H), 7.37-7.29
(m, 5H), 5.09 (d, /=8, 1H), 3.56 (s, 3H), 1.33 (s, 9H). LC (Cond. I): RT=1.53 min;
20 ~90 % homogeneity index; LC/MS: Anal. Calcd. for [M-I-Na}+ Ci4HoNNaQy:
288.12; found 288.15.
TFA (16 mL) was added dropwise to a cooled (ice/water) CH,Cl; (160 mL)
solution of the above product over 7 minutes, and the cooling bath was removed and
the reaction mixture was stirred for 20 hours. Since the deprotection was still not
25  complete, an additional TFA (1.0 mL) was added and stirring continued for an
additional 2 hours. The volatile component was removed in vacuo, and the resulting
oil residue was treated with diethyl ether (15 mL) and hexanes (12 mL) to provide a
precipitate. The precipitate was filtered and washed with diethyl ether/hexanes (~1:3

ratio; 30 mL) and dried in vacuo to provide Cap-4 as a fluffy white solid (5.57 g).
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5 desired conmpound was el uted using 2M amoni a i n nmethanol (50 n)

Product -contai ning fractions were conbi ned and concentrated and the residue
was takerwOpolvilii@ter . Lyophilization of this solution BPEELSASH023989tit] e
conmpound (0.492 g, 78% as a light yellow solid. Il NVR (DVMBO d6) 57.50
(s, 5H), 5.13 (s, 1H), 3.09 (hr s, 2H), 292289(m 2H), 1.74 (m 4H),
1.48 (br s, Qpical to@ithB: -1K68° [c=€3a7 zrrg/mme EHOQL%S‘,-SIWKNQZ HzriMR fIBRe-d220
(MtH) +. Cap-15 rN\ . COH }1}; EB g]S) 1- Phenyl et hyl
2- br omo- 2- pHERY %@i‘ﬁl@é\’lmk) 5a12n34x(tbﬁl‘5>e1 785 (‘i @&%tl phéhyi28d8 PEDaci d

(10.75 g, 0. L 1. d DVAP
(0.61 g, Opﬁp(ﬂ} ke dﬁg/ @ﬂl%}?}(; rk%ltuane ??(}Sﬁ n\/\%é%(sjcfggosoé&?ngﬁgm
(12.46 g9, 0.i08&; ﬂtQ]/MS&WnaatC&meforﬂM@Hﬂ"éSMij@ BIOLOR famd\eas. 151 HRMSE at
roomterrperature under. Ar for 18 hours and then it was diluted with ethyl
acet at e, Swashed. Chd- o MH]" r%waHﬂf@élo@m%ﬂ)dﬂﬂ %8red, and

concentr at ed to give a pale 20yellow oil. Flash chromat ography (Si 02/
hexane-et hyl acetate, 4:1) of this oil provided the title conpound (11.64
g, 73% as a white solid. |HNWR (400 Mdzgp-£DC13) 57.53-7.17 (m 10H), 5.95
(g, J=6.6 Hz, 0.5H), 5.94 (q, J=6.6 Hz, 0.5H), 5.41 (s, 0.5H), 5.39 (s,

0.5H), 1.58 (d, J=6.6 Hz, 1.5H), 1. d, 9=6.6 Hz, 1.5H). Step 2:
(S)-1-Phenylethyl (R)-2- (4 hydroxy- h |per|d| n- 1- yl)- 2-

25phenyl acetate: To a sol ution of (S)71-phenyfethyl 2-brono-2-phenyl acetate
(0.464 e, 1.45 mmol) in THF (8 nL) was adided triethylamne (0.61 niL, 4.35
nmol ), followed by tetrabutyl anmonium i §di de (0.215 g, 0.58 nmol ). The
reaction mxture was stirred at roomtenpérature for 5 mnutes and then a

sol ution of 4-net Atwiktde of (R)I2PRYRHPOEInE (NG g(@GZ@i&n@), 124-8®rom@gkarien Tiir (2
m.) was added. The m xture was stirred for hour at room tenperature and

then it Was Hedtad Hmeelend No206%k (2. b%ghi% %my@rlhmﬁt@nd 610 mLhwes keatephe

cool ed reacti en dilute washed
(F20°x2, “br 1 #apo trbbaT PRGOS RefhornBidiet sShEie AEFR! Cabdtufig ahe
was purifiedfiRtedianti @i SflateOREITRES B 0RINY v&&rofi@i%e%éwde wealigbbeligxane) to
provide first the (S, R -isoner of the title compound (0.306 g, 60% as a
white solid ehahd Iamhactzﬂéied@nﬂle@}bbﬁﬁﬂﬁmgH(BSA&)ﬂdlﬂsﬂméatil@@Omgt)negi w28% , also as
a white solid. Sayl i SO NR(CDBO[%) 67.51-. gé 41-7. 25
(m 8H), 5.g¥mayed yLyacgo Bﬁ_ﬁﬁ)l ting cggle(lgate iz}_bwanug ec& Y r%vlgﬁse@pﬁse 2 41-2 29
(m 2H), sl 7ﬂ1PiC‘k%a(éf%ne41'feQnol/¢Fﬁ§to provide the TFA salt of Cap-5 as a semi-viscous

white foam (1.0 g). "H NMR (DMSO-ds, §2.5, 500 MHz) § 10.68 (br s, 1H), 7.51

(m, 5H), 5.23 (s, 1H), 3.34 (app br s, 2H), 3.05 (app br s, 2H), 1.95 (app br s, 4H);

RT=0.30 minutes (Cond. I); >98% homogeneity index; LC/MS: Anal. Calcd. for

[M+H]" C12H;gNOy: 206.12; found 206.25.

20

Cap-6
O
" TOH
N
(L
The TFA salt of Cap-6 was synthesized from (R)-2-phenylglycine and 1-

bromo-2-(2-bromoethoxy)ethane by using the method of preparation of Cap-3. 'H
25 NMR (DMSO-dg, 8=2.5, 500 MHz) & 12.20 (br s, 1H), 7.50 (m, 5H), 4.92 (s, 1H),
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10(d, J=6.6 Hz, 3H), 1.18 (s, 3H). LCMs: Anal. Calcd. for C22H221403: 353;
found: 354 (MtH)+. (S, S)-isoner: 114 NVR (CD30D) 67.41-7.30 (m 5H),
7.20-7. 14V0i2010/3H04 7.06-7.00 (m 2H), 5.85 (g, J=6.6 HPCTANPO1042§389 (s,
1H, 2.70-2.60 (n, 11-1), 2.51 (dt, J=6.6, 3.3 Hz, 1H), 2.44-2.31 (m 2H),
1.75-1.65 (m 11-1), 1.65-1.54 (m 311), 1.50 (d, J-6.8 Hz, 311), 1.20 (s,
3H) . LCOVS: Ad&l(apiCed &), 3.08 (P2t s, JATINOB] (358hr ] IHGURIEE0. 5dhinutés Oomd.
Step 3: (R -2-(4-Hydroxy-4-methy| pi peridin-1-yl heny tic acid: To a
S0l t Lon of L &R et Aeny Lot ot wﬂyd@@wh@? ones AR yo. 2-
phenyl acet atg,1Q. ) beher t ) was added
trifluoroaeetic acl L (falgg aﬁ}aﬂg.! edrlr%qg? I’E\/%/gslqgﬁ#r&;}g(g2%2'(31fr’g(-alomterrperature
for 2 20hours. The voI atiles were subsequently renoved in vacuo and the

resi due was purified by reverse-phase preparatl ve HPLC (Prinmesphere C- 18,
20x 100nf] CH3CN- 1- 120-0. 1% TFA) to gi ¢erthe title conpound (as TFA salt)

as a pale bluish solid (0,12 , 9899 . LCMS: Anal. Calcd. for Cl41-119NC3:
249; found: 250 (MtH)t teg 1; (5)-1-Phenyl ethyl

2- (2-fluorophenyl ) acet at e: 9f 2- fluorophenylacetic acid (5.45 g,
35.4 mmol ), (S)-1-phenyl ethanol 62 Q gﬁ"’” %gf rqEDCl (8.82 g, 46.0
mol ) and DVAP (0.561 g, 4.60 1 Zengﬁ efk) was stirred at room
tenperature for 12 hours. The s nt vvas t hen concentrated 5and the
residue partitioned with H20- eth acetate. The phases were separated and
t he aqueous | ayer back-extracted with ethyl acetate (2x). The conbi ned
organi c phases wex emashed) (il Qolubion BEY-toldédeedt fa¥a28oH e (8143 ¢, eced, and
concentrated in vacua. The residue was purified by silica gel

chr omat ogr aphlyaol() Bf??@taé@@y diopwvies hgtledcer ad EthekdAd) mtld spinbon 68(She title

compound as o rless 29 [11 NMR

87 32-7. 23 & ﬁl%y%yd*?o - ?i’ﬁé’?a(c t"%‘”% /%%3“81‘“0{\'% © miws @E%P?)
1.48 (d,10d=Gpmohiand al-'&lmethylammecﬂﬁﬂn‘% (0581 of 4.93 ﬁn&b%l&hﬂmdnmg the

2- (2-fl uor opheny1) - 2- (pi péri di n-1-yDacetate: To a $ol ution of

(S) - 1- phenyltenbsrhtu?e Y@wheudr mqu athe Eﬁaetlc(rﬁwMtggedBQO AC oY hotrs, afibF
(1200 nL) at_ 0 C was added DBU &S , 40. and the sol ution was
15al | owed t dh<i¥taieton AdiepecE fger éferel“gwur% Ity alﬂ%edrterthasfotorﬁ%@@s The

ol ution wa
ool 0 TeRepiaguE P alatSanid S end o, WA B R Aol s o
' C and stirreikdaMdSn,} flienmienad comeekttite@inhabtisto phbede bactl Dpheiyklur e was

guenched with saturated aq. NHACL and the | ayers were separated. The
aqueous 5 aye(ﬁosﬁh)é(&'}@é‘étﬂméiﬁ@rV%?%OIWbWhEGh@ﬁﬁé upe: Eandiag (Iéx% 2ariderchial

R e s L B e

58.1 mml ) %ﬁhdﬁ@r&%yaﬂlﬂ&tms 'S INVREHMEOIROFA £ oo MLy 87.791d, 24 heurs.
The vol atiles were then concentrated in vacuo and the residue was purified

by silica gelHkRddrib2dan.aiiil), T.8) (nagd), 60-2360b1), Et1AyH, EtlRek 1HaxaHeld, t o

0 (2507 o0 ary Hh Eagtorlh B SLBRERE AP rh e hadmhat bt G 3y O

Fur ther jghr ogR1 0@l Yo 0 HIE %5@@5@0@9@@09 Pk 9.04Bi ot age/ 0- 10%
di et hyl ether-toluene) provide e title corrpound as a colorless oil

(0.737 g, 11% |£|Trﬂﬂﬁ(7(54eb) JaitionGIHdemyyl 2-Benylddtttosydesg)areter §,0 .18 Hz, 1H),
7.33 - 7. 40 30.4 86
Joeos v, 2wy, Khiqlybibeseats 1346 My iy mifol s NP sk Blorifgeitming); °°1 (.
1.42 (m 1H) %3% r?ﬁ 1418 mhz8ly @a&“‘ﬁeateﬁ’gt 65'—9% 7TABRYs: ThRk&Rtiod Qhs Geotledlid4FNO2:
341; found: 342 (R)-2-(2-11uor opheny) ) -2-(pipericlin-
| -yl)aceti ccomt tcdam}Aem tmmperattmé ar(cR}le (\f()]S)ﬂe]c—om]mny;htemtsybr)loved in vacuo. The

242-f1 uorophenyl) - 2- (pi peri di n-1-ypacet at e 737 2.16 nmmpl) and 20%
Pd( OH) 2/43 ( Ofe7i° gy PWIE%%W%@W@E&C%% aﬂ%?tsrg s tEsTas B %ﬁ‘wnper ature
and at nosphe I S en
S5purged wit h{viﬁ{eg ts‘gértgrdé '{aﬁ'}’%%gwm% gf(l)l%gwégrrl% g&ﬁgﬁ) %’t%ﬁe!(]:z%c e le
concentr at edresmltm@cmde mEirinl prepudieet Tb}hﬁashlchhﬁnaiog’fpphy’(dﬂﬂs gel, et;hiylor I ess
solid (0.503 g, 98%. 2H NVR (400 MHz ? ddd, J=9. 6, 1.5
H, 1H), 7. P pwvxk“fmnzylﬁ %n?fhghvwm@%y) %p @fe(%ﬁanzﬂr&nglﬁl 84 (br
s, 4H), 1.62 (br s, 2H). LCMs: Anal. Calcd. for ClSH16FN02 237; found:
238 (M+H). - 66 -




10 Cap-17 Step 1: (8)- | -Pbenylethyl

(R)-2-(4- hydroxy-4-phenyl pi peridin-1-yl)- 2- phenylacetate: To a sol ution
of (S)-1-\whepWIWyl 2-brono-2-phenylacetate (1.50 g, 1BETAB20HGHRY999 n THF
(25 nL) was added triethylamne (1.31 inL, 9.42 mnol), followd by
tetrabutyl ammoni um i odide (0.347 g, 0.94 nmol). The reaction m xture was
stirred at boom vieaqsodt(drsé gDoChBaIrﬁ{Pﬂimasaigsisj((f}hmﬁwh%mﬁﬂdbcmt@fthat the

4- pheny1- 4- hydroxyplperldlne (1.00, 5,64 1) i was added.
The i xt ur e SHABICSE # PHEYT Jrendionest & %%%if%éW%ﬂwﬂwoﬁew &p 9@ TH et hyl

acetate (10 nﬂﬁ] mem%%ffet{%g af Bfow: dﬂ]ﬂ@&uct Aol Qgsél%@?fa@% thi, IO%-er ed and

concentrate e residue was purifiedon a si |ca gel colum (0-60% et hyl
acet at e- hexatieholfleppne i d}i‘ai&i’lln@‘@ﬂ({i infBingdcyioR) dn a;hwaﬂ Hiﬂ’é;(:bcfohdmagﬁlera&eher S,
as judged by 1H NVR Separation of these isoner f ormed usi ng

suEer crifi C;QI B lcun 1P € AP Grek c?é)rlﬁb}l‘*;lu*(l%wrﬂalsééﬁ }@Piql}e/ eﬁ'@n?l #59 r’r’i‘]}’ﬁm%%
|
ethanol in %)%g%%ﬁmgéed ng' &6 lné,\l 4&@ S ol i—i gf?(lé?té) %ve‘rfréé Frpound

25(0.534 g, ow o correspon

(0.271 91 14%ievad &%Q/i@‘éuﬁoii’ elf NMR'(CDCﬂ Ry QBSQJWHZ}HAINWC((%Q@ , CD30D)
8 7.55-7.47 (n, 4H), 7.44-7.25 (in, 10H), 7.25- q, 1-6.6

Hz, 111), 4.7133-184 (mddH), 7.2127.864m, 79), 6rb3 (dHf=122, 6211)(%198 ﬂ(i;ll-;)fii5 QHB Hz,

16 Lo 507 i e 24t et s ?ééﬁj(hﬁﬂ‘:’#ﬁ? phngBoepsh 3317y
1=6.5 HZIO 3'?&)mo%%y A& L caRise Anaf araléel A6R %SNZQH“@ES 1 Gl H) +;

(S, S)-isomer: HINMR (400 Mz, CD30D) 87.55- 7.45 57.39 (m
211), 7.38- staom 5H), 7.25-7.13 (m 4H), 7. 08 7 oo (m 2F1), 5.88 (q,

R I T NEAE W I N e
‘11 24H§ " 1 e réﬁa féﬁtzm,ily%é %hm%la@et'&% d(z 19? 3. 1%&1%1)(\%& a!iﬁéle?to@a su/%;%%sld% Cc:afllH)
for C27H29NG®Ys R4S, (126 mrg):in AkehahOl (GNHLX:. TIwaacﬁt:ﬂnl rnwttng V\@s t:ep@ed\mze
prepar eqSI n bs'él 1001|1 gt%: h da ggrzalnotglnder a care?ujf?r{o% ZESQ,F%%T é Sr%?n%l éso ggglately after
the completion of the reaction, the catalyst was filtered through diatomaceous earth
(Celite®) and the filtrate was concentrated in vacuo to provide Cap-7, contaminated
with phenylacetic acid as a tan foam (867.6 mg; mass is above the theoretical yield).
The product was used for the next step without further purification. "H NMR
20 (DMSO-dg, 8=2.5, 500 MHz) 6 7.44-7.37 (m, 2H), 7.37-7.24 (m, 3H), 3.92 (s, 1H),
2.63-2.48 (app. brs, 2H), 2.48-2.32 (m, 6H), 2.19 (s, 3H); RT=0.31 (Cond. 1I);
>90% homogeneity index; LC/MS: Anal. Calcd. for IM+H]" C;3H19N,04: 235.14;
found 235.15; HRMS: Anal. Caled. for [M-I-H}+ Ci3H1oN:O4: 235.1447; found
235.1440.
25 The synthesis of Cap-8 and Cap-9 was conducted according fo the synthesis of
Cap-7 by using appropriate amines for the SN, displacement step (i.e., 4-
hydroxypiperidine for Cap-8 and (S)-3-fluoropyrrolidine for Cap-9) and modified
conditions for_the separation of the respective stereoisomeric intermedites, as

described below.

30
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J-6.41, 3.05 Hz, 21-1) 7.19-7.27 (rn, 3H) 7.27- 7.44 (m 10H).

LCMS: Anal. Calcd. for: C28H30N204 458. 22; Found: 459.44 (M+H).
| nt er nediWO&010112 (704 PCT/US2010/028999
Cap-8
0
OH
N

8a: enantiomer-1
8h: enantiomer-2

OH
The enantiomeric separation of the intermediate benzyl 2-(4-hydroxypiperidin-
1-y1)-2-phenyl acetate was effected by employing the following conditions: the
5  compound (500 mg) was dissolved in ethanol/heptane (5 mL/45 mL). The resulting
solution was injected (5 mL/injection) on a chiral HPLC column (Chiracel OJ, 2 cm
ID x 25 cm L, 10 um) eluting with 80:20 heptane/ethanol at 10 mI/min, monitored at
220 nm, to provide 186.3 mg of enantiomer-1 and 209.1 mg of enantiomer-2 as light-
yellow viscous oils. These benzyl ester was hydrogenolysed according to the
10 preparation of Cap-7 to provide Cap-8: 'H NMR (DMSO-ds, 5=2.5, 500 MHz) 7.40
(d, /=7, 2H), 7.28-7.20 (m, 3H), 3.78 (s 1H), 3.46 (m, 1H), 2.93 (m, 1H), 2.62 (m,
1H), 2.20 (m, 2H), 1.70 (m, 2H), 1.42 (m, 2H). RT=0.28 (Cond. II); >98%
homogeneity index; LC/MS: Anal. Caled. for [M+H]" Cy3H;gNO;: 236.13; found
236,07, HRMS: Caled. for [M+H]" Ci3H1gNO;3: 236.1287; found 236.1283.

15
Cap-9
0
OH
N Ga: diastereomer-1
( Z 8b: diastereomer-2

F
The diastereomeric separation of the intermediate benzyl 2-((S)-3-
fluoropyrrolidin-1-yl)-2-phenylacetate was effected by employing the following
20 conditions: the ester (220 mg) was separated on a chiral HPLC column (Chiracel OJ-
H, 0.46 cm ID x 25 cm L, 5§ um) eluting with 95% CO;,/ 5% methanol with 0.1%
TFA, at 10 bar pressure, 70 mL/min flow rate, and a temperature of 35 °C. The
HPLC elute for the respective stereoisomers was concentrated, and the residue was

dissolved in CH,Cl; (20 mL) and washed with an aqueous medium (10 ml. water + 1
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H D asteroner |Ii RT=11.76 mnutes (Cond'n I1); N O LCMS: Anal . Cal cd.
for: 110 40 C20H22N203 338. 16 Found: 339.39 (1MtH) 1; D ast ereener 2:
RT-10. 05 WDr20t0ed 7704 PCT/US2010/028999

mL saturated NaHCOj5 solution). The organic phase was dried (MgSOy), filtered, and
concentrated in vacuo to provide 92.5 mg of fraction-1 and 59.6 mg of fraction-2.
These benzyl esters were hydrogenolysed acobrding to the preparation of Cap-7 to
prepare Caps 9a and 9b. Cap-9a (diastereomer-1; the sample is a TFA salt as a result
5  of purification on a reverse phase HPLC using HyO/methanol/TFA solvent): 'HNMR

(DMSO-dg, 0=2.5, 400 MHz) 7.55-7.48 (m, 5H), 5.38 (d of m, J=53.7, 1H), 5.09 (br
s, 1H), 3.84-2.82 (br m, 4H), 2.31-2.09 (m, 2H). RT=0.42 (Cond. I); >95%
homogeneity index; LC/MS: Anal. Caled. for [M+H]" CoH sFNOy: 224.11; found
224.14; Cap-9b (diastereomer-2): "H NMR (DMSO-dg, §=2.5, 400 MHz) 7.43-7.21

10 (m, 5H), 5.19 (d of m, J=55.9, 1H), 3.97 (s, 1H), 2.95-2.43 (m, 4H), 2.19-1.78 (m,
2H). RT=0.44 (Cond. I); LC/MS: Anal. Caled. for [M+H]" Cj;H sFNO,: 224.11;
found 224.14.

Cap-10

HO)(L/E\{

To a solution of D-proline (2.0 g, 17 mmol) and formaldehyde (2.0 mL of 37%

15

wt. in H,0) in methanol (15 mL) was added a suspension of 10% Pd/C (500 mg) in
methanol (5 mL). The mixture was stirred under a balloon of hydrogen for 23 hours.
The reaction mixture was filtered through diatomaceous earth (Celite®) and

20  concentrated in vacuo to provide Cap-10 as an off-white solid (2.15 g). '"H NMR
(DMSO-ds, 6=2.5, 500 MHz) 3.42 (m, 1H), 3.37 (dd, J=9.4, 6.1, 1H), 2.85-2.78 (m,
1H), 2.66 (s, 3H), 2.21-2.13 (m, 1H), 1.93-1.84 (m, 2H), 1.75-1.66 (m, 1H). R1T=0.28
(Cond. II); »98% homogeneity index; LC/MS: Anal. Caled. for [M+H]" CsH{,NOs:
130.09; found 129.96.

25

Cap-11
T

¥
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(Cond'n I1); LCMS: Anal. Cal cd. for: C291-122N201 338. 16; Found:
339. 39 (vl I HH1 . Internediate -17c | Diastereoncr 1. TR 4.55
m nut es (WOrRd10L17704 LCVS: Anal. Calcd. for: PCT/US2010/028999

A mixture of (28,4R)-4-fluoropyrrolidine-2-carboxylic acid (0.50 g, 3.8
mmol), formaldehyde (0.5 mL of 37% wt. in H,0), 12 N HC1 (0.25 mL) and 10%
Pd/C (50 mg) in methanol (20 mL) was stirred under a balloon of hydrogen for 19
hours. The reaction mixture was filtered through diatomaceous earth (Celite®) and

5  the filtrate Wés concentrated in vacuo. The residue was recrystallized from
isopropanol to provide the HCI salt of Cap-11 as a white solid (337.7 mg). 'HNMR
(DMSO-ds, 6=2.5, 500 MHz) 5.39 (d m, J=53.7, 1H), 4.30 (m, 1H), 3.90 (ddd,
J=31.5, 13.5, 4.5, 1H), 3.33 (dd, /=25.6, 13.4, 1H), 2.85 (s, 3H), 2.60-2.51 (m, 1H),
2.39-2.26 (m, 1H). RT=0.28 (Cond. II); >98% homogeneity index; LC/MS: Anal.
10 Caled. for [M+H}+ CsH i FNO;: 148.08; found 148.06.

Cap-12 (same as cap 52)
O

/O\H/Q\E/U\OH
o =
L-Alanine (2.0 g, 22.5 mmol) was dissolved in 10% aqueous sodium

15  carbonate solution (50 mL), and a THF (50 mL) solution of methyl chloroformate (4.0
mL) was added to it. The reaction mixture was stirred under ambient conditions for
4.5 hours and concentrated in vacuo. The resulting white solid was dissolved in water
and acidified with 1N HCI to a pH ~ 2-3. The resulting solutions was extracted with
ethyl acetate (3 x 100 mL), and the combined organic phase was dried (Na;SO4),

20  filtered, and concentrated in vacuo to provide a colorless oil (2.58 g). 500 mg of this
material was purified by a reverse phase HPLC (H,O/methanol/TFA) to provide 150
mg of Cap-12 as a colorless oil . 'H NMR (DMSO-dg, 8=2.5, 500 MHz) 7.44 (d,

J=7.3, 0.8H), 7.10 (br s, 0.2H), 3.97 (m, 1H), 3.53 (s, 3H), 1.25 (d, J=7.3, 3H).

25 Cap-13
§ O

/N\)kOH

A mixture of L-alanine (2.5 g, 28 mmol), formaldehyde (8.4 g, 37 wt. %), IN
HCI (30 mL) and 10% Pd/C (500 mg) in methanol (30 mlL) was stirred under a
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110 C21H26N202 338. 20 40 Found: 339.45 (MLII) ; D ast ereoner 2:

TR'.6.00 mnutes (Cond' n 1); LCMS: Anal. Calcd. for: C211126N202
338.20 WO 2010/117704 PCT/US2010/028999

10

15

20

25

hydrogen atmosphere (50 psi) for 5 hours. The reaction mixture was filtered through
diatomaceous earth (Celite®) and the filtrate was concentrated in vacuo to provide the
HCI salt of Cap-13 as an oil which solidified upon standing under vacuum (4.4 g; the
mass is above theoretical yield). The product was used without further purification.
"H NMR (DMSO-dg, 8=2.5, 500 MHz) 8 12.1 (br s, 1H), 4.06 (g, /=7.4, 1H), 2.76 (s,
6H), 1.46 (d, J=7.3, 3H).

Cap-14
©/LCOZ“B“M ©/LCOzt~Bu — Ej/ ~CO,H
Cap-14

Step 1: A mixture of (R)-(-)-D-phenylglycine tert-butyl ester (3.00 g, 12.3
mmol), NaBH;CN (0.773 g, 12.3 mmol), KOH (0.690 g, 12.3 mmol) and acetic acid
(0.352 mL, 6.15 mmol) were stirred in methanol at 0 °C. To this mixture was added
glutaric dialdehyde (2.23 mL, 12.3 mmol) dropwise over 5 minutes. The reaction
mixture was stifred as it was allowed to warm to ambient temperature and stirring was
continued at the same temperature for 16 hours. The solvent was subsequently
removed and the residue was partitioned with 10% aqueous NaOH and ethyl acetate.
The organic phase was separated, dried (MgSOy), filtered and concentrated to dryness
to provide a clear oil. This material was purified by reverse-phase preparative HPLC
(Primesphere C-18, 30 x 100mm; CH;CN-H,0-0.1% TFA) to give the intermediate
ester (2.70 g, 56%) as a clear oil. '"H NMR (400 MHz, CDCly) § 7.53-7.44 (m, 3H),
7.40-7.37 (m, 2H), 3.87 (d, /=10.9 Hz, 1H), 3.59 (d, /=10.9 Hz, 1H), 2,99 (t, J=11.2
Hz, 1H), 2.59 (t, J=11.4 Hz, 1H), 2.07-2.02 (i, 2H), 1.82 (d, /=1.82 Hz, 3H), 1.40 (s,
9H). LC/MS: Anal. Caled. for C;7HysNOy: 275; found: 276 (M+H)".

Step 2: To a stirred solution of the intermediate ester (1.12g, 2.88mmol) in
dichloromethane (10 mL) was added TFA (3 mL). The reaction mixture was stirred at
ambient temperature for 4 hours and then it was concentrated to dryness to give a light

yellow oil. The oil was purified using reverse-phase preparative HPLC (Primesphere
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Found: 339.45 (Mkli). Thlernediate -17d Diastereoner 1: RT.7. 19 m nutes
(Cond."n e; LCMS: Anal. Calcd. for: C27H29NO2 399. 22 Found: 400. 48

(M 1-H) ;woiagydi®dner 2: RT=9. 76 m nutes (Cond' n LCVS: PARAIS20104P8989 f or :
C27H29NO2 399. 22 Found: 400.48 (M/-1-1)-. Chiral SEC Conditions for
determining retention tinme Condition | 5 Columm: Chiral pak AD-E Col um,

4. 62x50 nm C5v$n380d m:tm CHOUN CORA4 0% nET Aanthe apiprdpridtcl DBEanTenrE 35 C

Pressure: 150 b t 0 I t
I nj ect i on:  £0B % g CORSERGHBE eHESD PDiectt. B TRne it (BT OBBER Bol urm,
4.62x50 nm é%lﬁ hﬁtofqge{héﬁg? ﬂ@a@g’fﬁ%@lk@{%mwté M LA denp. 35 C

Pressure: Wrate 2.0 nL/ nitored @220 run 20l njection:
1.0 ng/ nL muhﬁdi‘gﬂs (2 x 6 g). Th€agtridges Stee:prlmed with methanol (40 mL) and then the

R) - 2- (4-Hyd 4- ph di 2- phenyl d T I
E)f)(S)(l Ir;zé{%gﬂ?%lqopiopﬁ@%v%ge“ iy g{l p%” ?E &f}cq]m Oaso ution

phenyl acet at 811&1911%5% (? jn_)ng) w%ﬁ: %Ied hadlofil G RTBhA; %ere&éutmvls ﬁé.’ﬁén asiged

trifluoroacetic a e mxture was stirred at roomtenperature
for 2 5Shour syatdh Qymplhzatatioasnf\t\ia's golatits ppy leti lthe titknangebund (Wl 786 ashe

resi due was purlfled by reverse-phase ar at HPLC (P h C 18,
20 x 100nm adr@@@momdl%i %&)Sﬁéq(ﬁh\% édéﬂ%f}ﬁbl ?ﬁg h*FGS;\esal t) as

a white sol '2%'),_&).9%3(.)2399@11,%%1{?1.7&%4}{)?@.348 bF8188: oUsCaERI MR A11- 15;

found: 312 (
10 Ci3H72NOy: 219; found: 220 (M+H)'.

Cap-15

O+ Ot i = O g =

HO ?V%e HO™ "Me
(R)-Cap-15

Step 1. (S)-1-Phenylethyl 2-bromo-2-phenylacetate: To a mixture of ¢~
15  bromophenylacetic acid (10.75 g, 0.050 mol), (S)-(-)-1-phenylethanol (7.94 g, 0.065
mol) and DMAP (0.61 g, 5.0 mmol) in dry dichloromethane (100 mL) was added
solid EDCI (12.46 g, 0.065 mol) all at once. The resulting solution was stirred at
room temperature under Ar for 18 hours and then it was diluted with ethyl acetate,
washed (H,O x 2, brine), dried (Na,SOy), filtered, and concentrated to give a pale
20 yellow oil. Flash chromatography (SiO/ hexane-ethyl acetate, 4.1) of this oil
provided the title compound (11.64 g, 73%) as a white solid. 'H NMR (400 MHz,
CDCl3) 6 7.53-7.17 (m, 10H), 5.95 (g, J=6.6 Hz, 0.5H), 5.94 (q, /=6.6 Hz, 0.5H),
5.41 (s, 0.5H), 5.39 (s, 0.5H), 1.58 (d, J=6.6 Hz, 1.5H), 1.51 (d, J=6.6 Hz, 1.5H).
Step 2. (S)-1-Phenylethyl (R)-2-(4-hydroxy-4-methylpiperidin-1-yl)- 2-
25  phenylacetate: To a solution of (S)-1-phenylethyl 2-bromo-2-phenylacetate (0.464 g,
1.45 mmol) in THF (8 mL) was added triethylamine (0.61 mL, 4.35 mmol), followed
by tetrabutylammonium iodide (0.215 g, 0.58 mmeol). The reaction mixture was

stirred at room temperature for 5 minutes and then a solution of 4-methyl-4-
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10The followi ng carboxylic acids were prepared in optically pure formin a
simlar fashion: Cap-17a 11 | 0 O RT=2.21 (Cenciln I1); IFINVR (500 MHz,
DVBO- d6) BOppHY1R77Ra- 235 (m 2H) 2.34-2.47 (m 211) PETAR2¢19/0289P)

(s, 11-1) 5.06 (s, 2H) 7.06-7.53 (in, 10H), LCNIS: Anal. Cal cd. for:
C201122N204

10

15

20

25

354.16; Found: 355. 38
hydroxypiperidine (0.251 g, 2.18 mmol) in THF (2 mL) was added. The mixfure was

stirred for 1 hour at room temperature and then it was heated at 55-60 °C (oil bath
temperature) for 4 hours. The cooled reaction mixture was then diluted with ethyl
acetate (30 mL), washed (H;O x2, brine), dried (MgSOy), filtered and concentrated.
The residue was purified by silica gel chromatography (0-60% ethyl acetate-hexane)
to provide first the (S,R)-isomer of the title compound (0.306 g, 60%) as a white solid
and then the corresponding (S,S)-isomer (0.120 g, 23%), also as a white solid. (S,R)-
isomer: 'H NMR (CD;0D) & 7.51-7.45 (m, 2H), 7.41-7.25 (m, 8H), 5.85 (q, J=6.6
Hz, 1H), 4.05 (s, 1H), 2.56-2.45 (m, 2H), 2.41-2.29 (m, 2H), 1.71-1.49 (m, 4H), 1.38
(d, J=6.6 Hz, 3H), 1.18 (s, 3H). LCMS: Anal. Calcd. for CppHy7NO;3: 353; found:
354 (M+H)". (8,S)-isomer: 'H NMR (CD;0D) § 7.41-7.30 (m, 5H), 7.20-7.14 (m,
3H), 7.06-7.00 (m, 2H), 5.85 (g, J/=6.6 Hz, 1H), 4.06 (s, 1H), 2.70-2.60 (m, 1H), 2.51
(dt, J=6.6, 3.3 Hz, 1H), 2.44-2.31 (m, 2H), 1.75-1.65 (m, 1H), 1.65-1.54 (m, 3H),
1.50 (d, J=6.8 Hz, 3H), 1.20 (s, 3H). LCMS: Anal. Calcd. for CyHy7NO3: 353;
found: 354 (M~+H)".

Step 3: (R)-2-(4-Hydroxy-4-methylpiperidin-1-yl)-2-phenylacetic acid: To a
solution of (S)-1-phenylethyl (R)-2-(4-hydroxy-4-methylpiperidin-1-y})-2-
phenylacetate (0.185 g, 0.52 mmol) in dichloromethane (3 mL) was added
trifluoroacetic acid (1 mL) and the mixture was stirred at room temperature for 2
hours. The volatiles were subsequently removed i vacuo and the residue was
purified by reverse-phase preparative HPLC (Primesphere C-18, 20 x 100mm;
CH,3CN-H,0-0.1% TFA) to give the title compound {as TFA salt) as a pale bluish

solid (0,128 g, 98%). LCMS: Anal. Caled. for Ci4H;oNO3: 249; found: 250 (M+H)+.

Cap-16
0 ) O Me o
oH =70 e r OH
(R)}-Cap-16

-73 -
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(MrH) +. Cap-17b H NO RT.0.27 (Cond'n 111); CN. OH LCMS: Anal. Cal cd.
G 2H 4N203 0 0 234.10; Found: 235.22 Cap-17c 1 RT=0.48 (Cond'n I1);
LCVS: AnaWo 26H¥id@04 N for: Cl 3H181\ 1202 OH PCT/US2010/028999

10

15

20

25

30

Step 1. (S)-1-Phenylethyl 2-(2-fluorophenyl)acetate: A mixture of 2-
fluorophenylacetic acid (5.45 g, 35.4 mmol), (S)-1-phenylethanol (5.62 g, 46.0
mmol), EDCI (8.82 g, 46.0 mmol) and DMAP (0.561 g, 4.60 mmol) in CH,Cl, (100
mL) was stirred at room temperature for 12 hours. The solvent was then concentrated
and the residue partitioned with H,O-ethyl acetate. The phases were separated and the
aqueous layer back-extracted with ethyl acetate (2x). The combined organic phases
were washed (H,O, brine), dried (Na,SQy), filtered, and concentrated in vacuo. The
residue was purified by silica gel chromatography (Biotage/ 0-20% ethyl acetate-
hexane) to provide the title compound as a colorless oil (8.38 g, 92%). "TH NMR (400
MHz, CD;0D) & 7.32-7.23 (m, 7H), 7.10-7.04 (m, 2), 5.85 (g, /=6.5 Hz, 1H}, 3.71 (s,
2H), 1.48 (d, J/=6.5 Hz, 3H).

Step 2: (R)-((S)-1-Phenylethyl) 2-(2-fluorophenyl)-2-(piperidin-1-yl)acetate:
To a solution of (S)-1-phenylethyl 2-(2-fluorophenyl)acetate (5.00 g, 19.4 mmol} in
THEF (1200 mL) at 0 °C was added DBU (6.19 g, 40.7 ﬁlmol) and the solution was
allowed to warm to room temperature while stirring for 30 minutes. The solution was
then cooled to -78 °C and a solution of CBr4 (13.5 g, 40.7 mmol) in THF (100 mL)
was added and the mixture was allowed to warm to -10 °C and stirred at this
temperature for 2 hours. The reaction mixture was quenched with saturated aq.
NH,C1 and the layers were separated. The agueous layer was back-extracted with
ethyl acetate (2x) and the combined organic phases were washed (H,O, brine), dried
(NaySQ,), filtered, and concentrated in vacuo. To the residue was added piperidine
(5.73 mL, 58.1 mmol) and the solution was stirred at room temperature for 24 hours.
The volatiles were then concentrated in vacuo and the residue was purified by silica
gel chromatography (Biotage/ 0-30% diethyl ether-hexane) to provide a pure mixture
of diastereomers (2:1 ratio by 'H NMR) as a yellow oil (2.07 g, 31%), along with
unreacted starting material (2.53 g, 51%). Further chromatography of the
diastereomeric mixture (Biotage/ 0-10% diethyl ether-toluene) provided the title
compound as a colorless oil (0.737 g, 11%). "H NMR (400 MHz, CD;0D) § 7.52
(ddd, J=9.4, 7.6, 1.8 Hz, 1H), 7.33 - 7.40 (m, 1), 7.23 - 7.23 (m, 4H), 7.02 - 7.23 (m,
4H), 5.86 (q, /=6.6 Hz, 1H), 4.45 (s, 1H), 2.39 - 2.45 (m, 4H), 1.52 - 1.58 (m, 4H),
1.40 ~ 1.42 (m, 1H), 1.38 (d, /=6.6 Hz, 3H). LCMS: Anal. Caled. for CyH24FNO,:
341; found: 342 (M+H)".
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234.14; Fou
Condition |

nd: 235.31 O LCVMS Conditions for determning retention tine

5 Col um: Phenonenex-Luna 4.6 X 50 nm S10 Start % B=0 Fi anl

B- 100 G aMpento/IIrmweg=4 mn Flow Rate-4 ni/mn 10 Wavel en§CRAB20082%%¢ent

A=10% net ha

nol 90% 1120 - 0. 1% TEA Sol vent 13=90% net hanol - 10% H20 -

%

0, 1%

TFA Condition Il 15 Colum: Waters-Sunfire 4.6 X 50 nm S5 Start % B=0 Fi anl
% B=100 Gr adi ent Swpre£R)-Ai{(A-{RloowhrRet g 24pipeyidin Qlﬁﬂcmwmlénétlhm@ ofol vent

A=10% net ha
TFA Condi ti

10

15

20

25

(o S B S SR Sl 1l
ramol) and 20% Pd{OH),/C (0.070 g) in ethanol (30 mL) was hydrogenated at room
temperature and atmospheric pressure (H; balloon) for 2 hours. The solution was then
purged with Ar, filtered through diatomaceous earth (Celite®), and concentrated in
vacuo. This provided the title compound as a colorless solid (0.503 g, 98%). 'H

NMR (400 MHz, CD;0D) 8 7.65 (ddd, J=9.1, 7.6, 1.5 Hz, 1H), 7.47-7.53 (m, 1H),
7.21-7.30 (m, 2H), 3.07-3.13 (m, 4H), 1.84 (brs, 4H), 1.62 (br s, 2H). LCMS: Anal.
Caled. for Ci3H16FNO4: 237; found: 238 (M+H)+.

A Q B Hog(\rlﬁh

(R)-Cap-17
Step 1 (S)-1-Phenylethyl (R)-2-(4-hydroxy-4-phenylpiperidin-1-yl)- 2-

phenylacetate: To a solution of (8)-1-phenylethyl 2-bromo-2-phenylacetate (1.50 g,
4.70 mmol) in THF (25 mL) was added triethylamine (1.31 mL, 9.42 mmol), followed
by tetrabutylammonium iodide (0.347 g, 0.94 mmol). The reaction mixture was
stirred at room temperature for 5 minutes and then a solution of 4-phenyl-4-
hydroxypiperidine (1.00 g, 5.64 mmol) in THF (5 mL) was added. The mixture was
stirred for 16 hours and then it was diluted with ethyl acetate (100 mL), washed (H,O
x2, brine), dried (MgSO,), filtered and concentrated. The residue was purified on a
silica gel column (0-60% ethyl acetate-hexane) to provide an approximately 2:1
mixture of diastereomers, as judged by "H NMR. Separation of these isomers was
performed using supercritical fluid chromatography (Chiralcel OJ-H, 30 x 250mm;
20% ethanol in CO;, at 35 °C), to give first the (R)-isomer of the title compound
(0.534 g, 27%) as a yellow oil and then the corresponding (S)-isomer (0.271 g, 14%),
also as a yellow oil. (8,R)-isomer: 'H NMR (400 MHz, CD;0D) & 7.55-7.47 (m,
4H), 7.44-7.25 (m, 10H), 7.25-7.17 {m, 1H), 5.88 (q, /=6.6 Hz, 1H), 4.12 (s, 1 H),

-5 .
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Start % B=0 Fianl % B=100 Gradient Time=2 mn Flow Rate=4 nL/mn 5

Wavel engt h=220 Sol vent A=10% net hanol - 90% H20 - 0. 1% TEA Sol vent B=90%
met hanol WOROWHZD4- 0. 1% TFA 10B: X = Br St e BCT/USRROB89P hy |
2-(4-pyridyl)-2-bronpacetate: To a solution of ethyl 4- pyridylacetate
(1.00 g, 6.05 mmol) in dry THE (150 nL) at O 'V under argon was added DB1J
(0.99 nL, 6266-hHihah) |HTBS4(dadEl bh, 2 Haud B)\#a$3-215L dwe iHY, . Aeldm/ed I loom

Hxtar o 15vas Badin: SaPdus3-BRT 4 SRR kin 10 G090 B b nuea at
-78 ' C for uhouss.53Te /L6304, QHB.”LQS‘MH:%%Scélb&nfdi%%H@JBRQ)_;NItShf&ﬁB:- ag.

NHAC1 and the phases were separated. The organi c phase was washed (brine),
dried (Na25@4% (MHH)E ;B0 iscamat: EONDER (400 ez, GDy@EN.7.5h @48 ésulHl), Agtsyel | ow

Ccetate, ST B Kanprbu ab TR SED T Ea e a0k S8h AL Srohat

unst abl e yel L el Vhiz,, ) 62 1(1ddp shx4. _ Hz,
2y, 7.5 (da i W0 TN s SR o R 2Rt 1 e
(t, J=7.1 H2523K), 1 HCNE2 (An&:11. Ca.£Hz, fd), 2Q3Ka0 0Bt NO4.6 242 1 H2 2412 fdaund:
243, 245 (MrH) +. Step 2; (R.S)- FEt hyl

2 e oyt cy G35 O D 7 R dT K61 50 87 1) 81 (i 26 HERIS) - et hy)
2-(4-pyridyQ- r oo 8 1A, 0 (<1 ) room

t enper at ur eq\}\ﬁzs&é%gg’g%’ ?feﬁh%%gfrs? rllﬁg1 a%'Zﬁ?%’%gﬂ%%gggﬁvﬁlsi%ﬁgﬁ% . After
conpl etiton @M-#H)e. reaction (as judged by thin |ayer chromatography) the
vol atiles were renoved in vacuo and the residue was purified by flash
chromat ogr aphy (Bi otage, 40+M Si 02 col um; 50% 100% et hyl acet at e- hexane)

to provide the ti ( %, ight yellow oil. IHNW
(400 MHz, CDCL3) @leg?g‘gg?’g%%:sa‘%@ﬁ%pg‘?ﬁ?f}{%‘.‘@2f%ﬁ!"lnjzs. 0 Hz, 2H), 4.17 (m
2H), 3.92 (S, mmddthediate-276 (s, 6H), 1.22 (t =7. 0 Hp)astdréMrir IAMAINMRalicd.

for ClI1-116N202: 208; found: | 209 { MtH) +. St ep

3;

(R S)-2-(4-Ryridyl)-2-(N, N-di pet hy avétic acldW0 MbzaD¥HQtls)ch df
(R S)-ethyl [2-(4-pyridyl)-2-(N, N-di ret hyl am no) acet at 200 . 960
mnol) in a|mxture of THF-net han EO (1:1:1, 6 Hmﬁvéﬁg(daga%glﬁ%\mered
LiOH (0.120 |g, 104.99 nmol) at roo nper at ur e. 'Fbg)ggb@_gp(?_n,vxﬁ@ stijrred
for 3 hours jJand then it was a¢idified tc? pH 6 using 1N HClL. The aquequs
phase was washed with et hyl a:@eﬁ\m 3.35 (s, 4H) 4.25 (s, 1H)

o 5.05 (s, 2H) 5.82 (d,
J=6.71 Hz, 1H) 7.15-7.52
(m, 15H).
LCMS: Anal. Calcd. for:
ngHmNan, 458.22;
Found: 459.44 (M+H)".

Diastereomer 2: 'H NMR
(500 MHz, DMSO-dg) &
ppm 1.45 (d, /=6.71 Hz,
3H) 2.27-2.44 (1, 4H)
3.39 (s, 4H) 4.23 (s, 1H)
5.06 (s, 2H) 5.83 (d,
J=6.71 Hz, 1H) 7.12 (dd,
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and then it was |yophilized to give the dihydrochloride of the title

conpound as a yellow solid (containing Lid).
i N subseNOrP10s118794 .

The product was used as such
:14 NWR (400 MHz, DMSO-d6) 8 8.49 @PET/Wr2G0/7p28999 2H),
7.34 (d, 1---5.7 Hz, 2H), 3.56 15(s, 110, 2.21 (s, 6H).

The fol |l ow ng

exanples were prepared in simlar fashion using the nethod described above;
Cap-19 Nwme2|--',CO2H | LCMB: Anal. Calcd. for CO10L£2N2D2.05188,2H)ound] 181
(MtH) +. Cap-20 NMe2 CO2H .,.N LCMS: no ionization ( , CD30D)
88.55 (d, J34.3 Hz, 1H), 7.84| (app t, J=5.3 Hz, 1@'}5‘7%‘1‘(’§?83¥??8 e,
1H), 7.37 (app t, J=5.3 Hz, 1H), 4.35 (s, 1H, 2. 6(;7)_4‘((15[“, ﬁgﬁ). Cap-21 Nmre2
- "), CRHIC . .-, N --- | CMS: Anal. Calcd. for H11CIN202: 214, 216:
found: 215, {217 (MI-H) 1. Cap-22 N Me? 10CC2H O02NCMEVBinajn@iled.Cadrcd. f or
C. OH12N204: [224; found: 225 (MtH)'. Cap-23 Nwe2 CosHsoN,O4 458.22;
Found: 459.44 (M+H)".
Intermediate -17b g o Diasteromer I: RT-11.76
[ f minutes (Cond’n II);
N

LCMS: Anal. Caled. for:
CooH2N,03 338.16
Found: 339.39 (M-+H)";
Diastereomer 2:
RT=10.05 minutes
(Cond’n IT); LCMS: Anal.
Calcd. for: CopH:NLO5
338.16; Found: 339.39
(M+H)".

Intermediate -17¢

Diastereomer 1: Tr-4.55
minutes (Cond’n I);
LCMS: Anal. Caled. for:
CpHoN,O, 338.20
Found: 339.45 (M+H)";
Diastereomer 2: Tr=6.00
minutes (Cond’'n I);
LCMS: Anal. Caled. for:
CpiHoeN, O, 338.20
Found: 339.45 (M+H)".
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OCO2H SI LCVs: Anal. Calcd. for Cl4HI5NO2: 229; found: 230 (M+H7. Cap-24
NMe2 C 0 F3CO2H LCMS: Anal . Calcd. for C iH 2F3NO2: 247; found: 248
(MHH) +. Cap-228/NRB2 OCO2H CF3 LC MS: Anal. Cal cd. for CPCTIUSRPIBRPEIR? 247,
found: 248 (MtH)1. Cap-26 Cap-27 NMe2 0002H F ,CMS: Anal. Calcd. for
C10li 12FNO2: __197; found. 198 (MJQO NMe2 OCOPH NMe2 CI 10CCRPH
Intermediate -17d Diastereomer 1: RT.7.19

minutes (Cond’'n I);
LCMS: Anal. Caled. for:
N Ca7H2oNO, 399.22

mo Found: 400.48 (M+H)";
O é Diastereomer 2: RT=9.76
minutes (Cond’n I);
LCMS: Anal. Caled. for:

Cy7H2oNO, 399.22
Found: 400.48 (M+H)".

Chiral SFC Conditions for determining retention time

Condition 1
5  Column: Chiralpak AD-H Column, 4.62x50 mm, 5um

Solvents: 90% CO2-10% methanol with 0.1%DEA
Temp: 35 °C
Pressure: 150 bar
Flow rate: 2.0 mL/min.

10 UV monitored @ 220 nm
Injection: 1.0 mg/3mL methanol

Condition II

Column: Chiralcel OD-H Column, 4.62x50 mm, 5um
15 Solvents: 90% CO2-10% methanol with 0.1%DEA

Temp: 35°C

Pressure: 150 bar

Flow rate: 2.0 mL/min.

UV monitored @ 220 nm

20 Injection: 1.0 mg/mL methanol

-78 -



LCVS: Anal. Cale& for C 101112FNO2: 247; found: 248 (MI IIf. C ap-28

LCMS: Anal. Calcd. for CLOHL12CINO2: 213; found: 214 (MtH)+. Cap-29 Nwe2
0CO2H ClI WONBLO/AREKH. Cal cd. for CIOHL2CINOZ2: 213; foundPCZAUS2¢INBEY99? Cap- 30
NVe2 OCO2H CI  CMB: Anal . Calcd. for C10f112CINQO2: 213; found: 214 (M+H).
Cap-31 NMe2 CO2H LCMS: Anal . Calcd. for C81112N202S: 200; found: 201 (MtH).
WD 2010/ 117704PCEap320%ep 62 $B99-(¢dhdaxynivieRercimaperidons: v adaheny&isee f or

CoHLLI 1028;&01%1? ﬁ’-o af s%&lqucfn ojf%g)—i—%Qﬁéth}%ﬁj-3?(4M%rzoxy~4~pheny1piperidin~1my1)—2-
phenylacetate (0.350 g, 0.84 mmol) in dichloromethane (5 mL) was added
trifluoroacetic acid (1 mL) and the mixture was stirred at room temperature for 2
5  hours. The volatiles were subsequently removed in vacuo and the residue was
purified by reverse-phase preparative HPLC (Primesphere C-18, 20 x 100mm,
CH;CN-H,0-0.1% TFA) to give the title compound (as TFA salt) as a white solid
(0.230 g, 88%). LCMS: Anal. Calcd. for CioH;NO;: 311.15; found: 312 (M+H)4".

10 The following carboxylic acids were prepared in optically pure form in a similar

fashion: ‘
Cap-17a \/@ RT-2.21 (Cond’n II);
OYO 'H NMR (500 MHz,
[N] DMSO0-dg) § ppm 2.20-
N 2.35 (m, 2H) 2.34-2.47
mOH (m, 2H) 3.37 (s, 4H)
o 3.71 (s, 1H) 5.06 (s,
2H) 7.06-7.53 (m,
10H), LCMS: Anal.
Caled, for: CyoHaaN»Oy
354.16; Found: 355.38
(M+H)".
Cap-17b H o RT-0.27 (Cond’n 1II);
[ T LCMS: Anal. Caled.
L on for: C12H14N203
m 234.10; Found: 235.22
(M+H)".
Cap-17¢ lli RT-0.48 (Cond’n II);
[ j LCMS: Anal. Caled,
N for: C;3HigN2Oo
OH
m 234.14; Found: 235.31




CO2H LCVs: Anal . Calcd. for C8H111\1028:185; found: 186 (MtH)-I1. Cap-34
Nve2 | CO2H O-N LCMS: Anal. Calcd. for Cl1K2N203: 220; found: 221 (M+H) +.
Cap- 35 40V/NNBR/ITOPH LCMS: Anal . Cal cd. for C121113NO2S: PEIRIS210(028999 236
(MtH) . Cap-36 Nwe2 /CO2H LCMS: Anal . Calcd. for Cl121114N202S: 250; found:
251 (NNW. Cap- 37 cap-37 Step 1, (R_S):-Fthyl
2- (qui nolin-3-yl1)-2- (N N-d| met hyl am no) - acet ate A (SRR ure of et hy|

N, N‘d| rT'et h)| T \,CL Ou.c \u 462 g, 3 54 .“.’T‘."G. Ty K3HWTTTD|),
Pd(t - 133P) 50 /890 g. 0. 176 ol ) tol uene (10 TIPSl gdsed|with a
stream of Ar bubbl es for 15 mjnute he reaction [mMegMr 8@ dden heated
at 100 C for 12 hours, after vhich ijt was cool ed tio roomtenperature¢ and

poured into H20. The mixture Vas e acted with etjhfpt: Geds B 93x)6; and t he
combined organi ¢ \ Found: 296.33 (M-+H)".

\__OH
0

LCMS Conditions for determining retention time

Condition I
5  Column: Phenomenex-Luna 4.6 X 50 mm SI10

Start % B=0
Fianl % B=100
Gradient Time=4 min
Flow Rate=4 ml/min

10 Wavelength=220
Solvent A=10% methanol — 90% H;O ~ 0.1% TFA
Solvent B=90% methanol — 10% H;0 - 0.1% TFA

Condition II
15 Column: Waters-Sunfire 4.6 X 50 mm S5
Start % B=0
Fianl % B=100
Gradient Time=2 min
Flow Rate=4 mL/min
20 Wavelength=220
Solvent A=10% methanol — 90% H;0 - 0.1% TFA
Solvent B=90% methanol — 10% H,0 - 0.1% TFA

Condition 111
25  Column: Phenomenex 10u 3.0 X 50 mm
- 80 -



10phases were washed (H20, brine), dried (Na2SO4), filtered, and
concentrated in vacua. The residue was purified first by reverse-phase

pr epar at iWwe 200ALT0¢Pri mesphere C- 18, 30 x 100i nm CH3CRCHAB2®0{028988 NHA0AC)
and then by flash chromat ography (Si 021 hexane-ethyl acetate, 1:1) to
provide the title conpound (0.128 g, 17% as an orange oil. 1H NWR (400
MHz, CDC13) SguB¥%d={d, J=2.0 Hz, 1H), 8.32 (d, J-2.0 Hz, 1H), 8.03-8.01 (m
2H), 7.77 ( dd’if] l(ﬁ] 6.8, 1.5 Hz, 1H), 7.62 (ddd, J=8.3, 6.8, 1.5 Hz,
51H), 4.35 WH=1% 13 (m 2H), 2.22 (s, 6H), 1.15 (t, J=7.0 Hz, 3H).
LCMS: Anal . fahiest-TikRE2 GligH18N202: 258; found: 259 (M+H) 11. Step 2;
(R'S) 2-(Quinolin-3-yl1)-2-(N, N-di met hyl am no) acetic acid: A m xture of

(R, S) - et hyl F2ow RatemdlndlnnBayl) - 2- (N, N- di net hyl am no) acetate (0.122 g, 0.472
mmol ) and 6 HCi sg%a was heated at 100 C for 12 hours. The sol vent was
renoved rn 192 provi de the di hydrochloride of the title conpound
(0.169 g, >%Q)@v@1tg@i@%ldl&mmyglgbzy\m@a@1c§glquunpur| fied material was used
i n subsequent steps wthout furt purification. LCVMS: Anal. Calcd. for
C131- 114N20XBol\2B0B=9@6 mekth2®1 - (MAHA11.0.18%68pA ; (R -((S)-1-phenyl et hyl)

2- (di met hyl am no) - 2- (2-f 1 uor ophenyQacetate and (S)-((S)-1-phenylethyl)

2- (di net hyl am no) - 2- (2-fl uor ophenyl )acetate: To a m xture of

(RS) - 2- (di et hyl am no) - 2- (2-f uorophen(y%{;?getl c acid (2.60 g, 13.19 mmol),
DVAP (0.209 g, 1.71 nmmol) and (S)-1-phe et hanol (2.09 g, 17.15 mmol) in
20 CH2C12 (40 m_)vaas added EDCI (3. 29 g\,;;?f 15 mmol ) and the hyxture was

allowed to st t enperature for howE? The sol ven S td]_?n
renoved i n vacu t he r-esi-due—partj it h—ethyt acgt 0. The
| ayers were ¥ rat%d t he aqueous | ayerJwasy back-extracte 'th @t hyl

acetate (2x) and the conbi ned organi ¢ phases were washed (H20, brine),
dried (Na2SO4), A:ixtered; and concentrat eq%i n vacua. 25The re%ieén'ug was

purified by sili ca ge’l r pmat ography (Bi ot age/ 0-50% di et hyl her -
hexane). The resy ? re diastereorneric mxture was then separated by
rever se-lfhase pr epara ive 11PLC (Prinmesphere C 18, 30 x 100mm

Cl 3CN- H20- 0. 1% T@%pfqz V@th?lig 'ﬁlrﬁyl Y2 BRSRGicBMte: To a solution of ethyl 4-
(R) - 2- (di net hyl am no) uor ophenypacetate (0.501 g, 13% and then

( g)/()l phenetihyityleyr2 (. aegf@aymémm?a)mw¢1zﬁ/gnldmu@ﬁ§agndacagamwas (0. 727g.
%, bo as S , .R) -] soner
7.65-7.70 (rﬁddiﬁbi%(@ ﬁﬁieé)%? H‘éﬁﬁﬁ The 12?“‘?“1““"1‘5"% W%%Wﬁ‘%?w@)é”f’ 41 (m

211), 7.28- %036 téxﬂ%erétja%& oved 3@41’11(1&1%8 Qmﬁth@n Nzwasje@)}ed%ﬁ%c(@ T(;-hﬁs miktHe (3
6H), 1.43 (d, CVvb:  Anal | cd. for C18H20FNC2: 301; found:

302 ( MHHE+; W8, as)ied Can(érZi gﬁm(momnmmr@mmpnamd%-m 3o A hotitd) |
7.18-7.31 , 611 00 10 6. , J=6.5 Hz,
1H), 5.60 (sﬂwpscf?oa f@ét%%wa%ﬂrﬁn q&e@be% aﬂthfa*e ag. ﬁ?@éﬁ}f t%E eS WS cal cd.

for G 8H20FH?§?1.&§91T§1{5 g}g(g ic phdee &QA{] %]Xa rine), drle§t(ﬁ928234), filtered, and

(R -2-(dine am no 2-fluoro etlc acid:” A'fixturé of
(R) - ((S) - 1- ploapgdtmtddyh Wadeo dll"hme‘ewmamyaﬂo)v @l ¢2s immediaplygnyifipd bgtflaste TEA

It (1.25 g, 3.01 1)... 0% P 2/ C 125 in.eth I
;‘513 dr oéje nat egohé‘fm‘itgg‘ggﬁﬂ %Séﬁ{?}g’reéﬂﬁ re Q%ﬁ?nﬁéb%ﬁ’#’@%ﬁ lﬂlgg%tff’r ‘é’%?%ﬁ& g]af‘%o n\)/vas
f 4 hoyy d
diO;t orraceous ear‘f)%g)%lgoﬁl%}}1 %Qﬁ:}ﬁg%?@atlgﬁl?[r%ggfll},zliﬂ&%ﬁéi%gégégﬁe title
conmpound as ﬁgzc@,llog H@ﬁ:SH)s(JMISC{dﬂOJ:{ﬂO@ 18 H2.8%H), 5.2H (NNE%[)MQ@AMQZ(m,G@OD) 8

7.53-7.63 3-7.38 211 5.36
(e Gar oe b2t &1 EicmlD) 166ME: dindl, Calod o CoRybi02 342 298 favig: 24bumer

coul d be obt 5;\@% gom (S) - ((S) 1 phenyl et hyl ) 2-
(di met hyl am 'ho I(I fl uorophenyl )acetate TEA salt in simlar fashion.
Cap-39 Cl Step 2; (R,8)-Ethyl 2-(4-pyridyl)-2-(N,N-dimethylamino)acetate: To a
25 solution of (R,S)-ethyl 2-(4-pyridy})-2-bromoacetate (1.40 g, 8.48 mmol) in DMF (10
mL) at room temperature was added dimethylamine (2M in THF, 8.5 mlL, 17.0

mmol). After completion of the reaction (as judged by thin layer chromatography) the
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OH OH 00 25cap-39 A m xture of (R)-(2-chlorophenyl)glycine (0.300 g,
1.62 mmol ), fornmal dehyde (35% aqueous solution, 0.80 nL, 3 23 mvol) and 20%
Pd( OH) 2/ GVOQVDB07WY was hydrogenated at room t enper at ur ECaAB2E0VMRPNher i C
pressure (H2 balloon) for 4 hours. The solution was then purged with Ar,
filtered through di atomaceous earth (Celli?) - 86 - and concentrated in
vacua. The wekiithsevarasnpwed f7 edubynd éearsdughaspirgredparfash ve HPLC

Pri mesphere, C-18, 3 100t m 1-120- FA t heTFA sal t
Of the b1 eI SR (Boisey doss Rytzamnisy 9 kel S B © acr d as
a colorl ess D) m
o) 57. 45. 'Pp%‘}édé@m%gg cgmgé%@g(ﬂ 585 %WA: ﬁ@@h%ﬁﬂzycll%g )HSI\:IME\E%O@ Msclglz((:d or
Cl OH12CLNO2 Cm@é} fSQiB“(d J24.8 Hzi,\/llej)’BG (dOJ@ap }&QZHi{Q,'Ebl’h@nmé)- EQIZ(QS déhut i on
of (R)- (2 chl orophen %I yci 5) 05 ?62 g, 21.6
ol )0 1 65112076, B ) lels 7R LRy Aniln oIk GPranE P BOpe e foud: s
m nol ) drop emxture was allowed to stir at OC for 1hour and t hen
it was aci d\%fol zl(\j)I @ the addition of conc. HCL (2.5 nil). The m xture was

extracted with etdpd 3 ageSpbes grmiyl?uzmmmem@iane@b)@ds@mbm phesslwis washed
(H20, 15brine), dried (Na2SO4 tered, and _concentr at ed in vacua to give

the title ccﬂ%%@ﬁr@ﬂ(b’h? S pyrerhexPlreayaminoscealt 124 Bldvanyrdapat i ¢

acid as a yel! 9 5 7.39
“c10, 2 YShIs SLERTS G0 o3 SGHS o YA 0B 09 5

Anal . Cabcd.4. 9Pl it rodktdNisbratdd3 Thk @ulution 244 stididor 3 hdlrsGag1¥eh it @ap- 41

To a suspension of 2-(2-(chloronethyl)phenyl)acetic acid 42 00g. 10.8 nmol)

in THF (20 m&ydaﬁﬁistoa)@h@usmm%ﬁ n’!éhe(aﬂustglsgaha@lwws Vieshgdh w1 1@3&@%@ on was

stilted at rog h sthen

diluted wit HR&¢ eﬁ’l Uﬁ S’S%L’Jlgﬁﬁ (Ptoe‘%(‘{e@ gﬁr@%%lﬁhﬁ%mm 38%%\%%% phase

was | yophi | ivegewabrd (d&ﬁtaﬁrﬁﬁ%ﬁm) \W@Be pﬂéﬁuétlv@@ Uy & dubk & @kedrBiNBIsOgFaphy

(Bi ot age/ 0-10% net hanol CH2 give the title conpound

2-(2-( I\/br phdﬁMﬂoﬁtﬂﬁﬂMﬂﬁ @Mﬁﬁe@ét&@ @lcids.a31za 28¢.01- que‘s’§5§dfzgdH(),23@@ g,

87% . %H\/Rt{g@% 0D) 7.37-7.44 (m 3H), 7.29-7.33 (m 1H), 4.24 (s,
8 (s, 2H), 3.14 (br s, 4H). LCMs: Anal. Calcd. for

Cl3H17 NOB:  235; f"ﬂiérfgﬂo‘%%@ ciMiplet were prepared in similar fashion using the method

described above;

NMe, LCMS: Anal. Caled. for
Cap-19 I = CO,H CoH2N205: 180; found: 181
N (M-+H)*,

LCMS: no ionization. 'H NMR
(400 MHz, CD5;0D) 6 8.55 (d,
J=4.3 Hz, 1H), 7.84 (app t,

Cap-20 = CO4H : P

N J=5.3 Hz, 1H), 7.61 (d, J=7.8
o
Hz, 1H), 7.37 (app t, J=5.3 Hz,
1H), 4.35 (s, 1H), 2.60 (s, 6H).

NMSQ

NMe, LCMS: Anal, Caled. for
Cap-21 | = CO,H CoH,CIN,O;: 214, 216; found:
C N 215, 217 (M+H)".
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The foll ow ng exanples were simlarly prepared using the nethod descri bed

10f or Cap-41: Cap-42 1100H LCMS: Anal. Caled. for Cl4HoNO2: 233; found: 234
(MHH) +. CaP-248/1TTACH LCMVS: Anal . Cal ed. for CL3HL7NOZ2: PETAIS2419(028999 220
(M111f. Cap-44 M\ 2\l:--ne O IliOH LCMS: Anal. Caled. for C 111-115NQ2:
193; found: 194 (MtH)t Cap-45 CNMe N--.) O 11104 LCVS: Anal . Calcd. for
C14li 20N202: | 248; found:| 249 (M+H) - NMegap- 454 COHOHANal0 (BldHTZSt N pT$OH sal t
NH Cap-22 /©/k002H CyoH12N,04: 224; found: 225
OzN (M+H)".
ez LCMS: Anal. Caled. for
Cap-23 O COA C14H1sNOy: 229; found: 230
O (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-24 F3C\©/LCOZH Cy1HyaF3NOy: 247; found: 248
(M+H)".
NMe, LCMS: Anal. Caled. for
Cap-25 (;(LCOZH C11H1F3NOy: 247; found: 248
CFy (M+H)".
NMe, LCMS: Anal. Caled. for
Cap-26 chogw C1oH12FNO,: 197; found: 198
F (M+H)",
NMe, LCMS: Anal. Calcd. for
Cap-27 F\©/L002H C1oH12FNO,: 247; found: 248
(M-+H)*,
NMe, LLCMS: Anal. Caled. for
Cap-28 CE\©/1\002H C1oH1,CINO,: 213; found: 214
(M+H)".
NMe, LCMS: Anal. Caled. for
Cap-29 ©\/L002H C1oH)2CINO;: 213; found: 214
cl (M+H)",
NMes LCMS: Anal, Caled. for
Cap-30 /@(LC% C1oH2CINO,: 213; found: 214
Cl (M+H)",
NMe; LCMS: Anal. Caled. for
Cap-31 S&T)\ CO,H CgH12N,0,S: 200; found: 201
)’N (MHH)".
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Cap-45a

(R)-2-arnino-2- phenylacetic acid p-toluenesul fonate (2.83 g, 8 77 nmmol)
CH2C12 ( MOr)0/Edi4t he 5m xture was stirred at
i socyanate (0.5 g,

m nut es.

Met hyl

HVDS (1.85 nL, 8 77 mmol) was added to a suspensi on of

inued_for 3

m nut.es._ _The react

Lon.was..auenched.bv._addi

in

room t emBETAISRP168/0289P9 30
8.77 mvol ) was added in one portion

stirring cont
H20 (5 L) an
n- hexanes, ar
acid (1.5 g;

10 further pd
Hz, 3H) 5.17

d the resul
d dri ed.und
82 /é’f.’“%és r

rification.
(d, J=7.93

bcovered] as C&:0hi t e
'H NNR§ 500 Mz,

J-14, 48 Hz

i ng precinpid,at e was FGViSepsd; Geleshdar with j
er vacyumi (R) - 2-(3-

TN PR e 138

d wi

dfy 8 ppm 2.54 (d, JA

nyl g

tion of
1420 and
icetic
t hout
4. 88

Hz, 1H) 7.26-
C101-112N203
mm O to 1009
nmet hanol, 0. 1]
90% honogenei

7.38 (m 51
208..08 .f.oun

% TEA, B-I
ty _index.

6 B 6HRFI2 m
G

| H 5.95 (q
1) 12.67 e, H) . L
i1 209. 121 [M11)";
nut eg, ~f mGitle hol
D% water=) 90% 15 met
p-46__f Cl H2HNO

ﬁ%&@ﬁ@ggﬂﬁc@ﬁ?%oq@
0. 1% TEA, RT=1. 34

..‘
pTs sa% t NH cap-46 The des

“MAnAhal. Calet . fof or
0

0

|H 6.66 (d,_ T-

7,93
X 46

-mn
ired

product was [
NVR (500 MHz,
(d, T=7.93 HZ
7.38 (m 5H)

223.15 (M+H) 1.

repared acc
O d5) 6
, D&EFP?}."%

12.68 (s, 1

HPLC XTER

Or di

) .

0 tRmejret hod

(02}

Cal ¢
RA C-18 3.0 x 506 mm

ENIS: Abeld Gaded. Gap- 20

2.94-3.Q5
Somtb g A
dﬁ\%ﬁtgﬁ Cl i Hi 4N203 222.
|

to 100% B civor 2 m

4

LD\,

1

5a, 1H
H 5.17
. 26-

0 found

WO 2010/ 1177(
nmet hanol , 0. 2
90% honogenei

4PCT/ US2010
% H3IPO4" B=
ty CABSX.

G

0289
10%
np- 4

1 nmyput e hol
r1

S

0% met hanol
T\-CH 00

dl.CMise AndE 0 edvafoer |

0. 2% H3PO4,
CoH3NG,S: 235; found: 236

(M+H)",

10%
RT-0. 87

nut es,

m n,

Cap-36

NM@Q

_{ND/LCOZH
S

LCMS: Anal. Caled. for
C12H14N20281 250; found: 251

NT =
| P ,
OEt 1
MeN e g —
2 /\[O( Me,N OEt
6]

A

Cap-37

B

(M-+H)".
N
' =
MGQN OH
O

» HCI

cap-37

Step 1; (R,S)-Ethyl 2-(quinolin-3-y1)-2-(N,N-dimethylamino)-acetate: A

mixture of ethyl N,N-dimethylaminoacetate (0.462 g, 3.54 mmol), K;P0, (1.90 g,

8.95 mmol), Pd(t-BusP); (0.090 g, 0.176 mmol) and toluene (10 mL) was degassed

with a stream of Ar bubbles for 15 minutes. The reaction mixture was then heated at

100 °C for 12 hours, after which it was cooled to room temperature and poured into

H,0. The mixture was extracted with ethyl acetate (2x) and the combined organic

10

phases were washed (H;O, brine), dried (Na,;S0y), filtered, and concentrated in vacuo.

The residue was purified first by reverse-phase preparative HPLC (Primesphere C-18,
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H 2 A 5Cap- 47 Step 1; (R -tert-butyl

2- (3, 3-di met hyl ur ei do) - 2- phenyl acetate: To a stirred solution of

(R -tert-WO2W/A78A no- 2- phenyl acetate (1.0 g, 4.10 moPYLTASA01BIGPE98® s base
(1.79 nL, 10 25 nmol) in DMF (40 nL) was added di net hyl car banoyl chloride
(0.38 nL, 4 18 Mol ) dropwi se over 10 minutes. After stirring at room

t enper at ur e 3001 BIONBLHIASN-FoReS P4 MNH.EH aasd then by rilash elrgmatngeaphy §3iGhEd

pressure and the ul ti esi due S ) th The

O gani ¢ 1 ay PSSR SHebET L FRIER oy RR 4Bl PRt WP AL Y S8 B
filtered an@ﬂc@HWW@U@@II%@CEF@WMPH%SlHﬁ1H§ @32@1&?‘@0&%‘ 1H),

243, 3-di net hyl ur ei do) - 2- henyl acetate was obtained as a white sol i d ( 0.86

75% and 8uBedl 0 W{mhdt, 7f7ar(d¢lrérf=mr 018, ¢ &thlari FWVR6Z 6B, Kb}, ©BvI.SB82%16) 15

g;

T 75 AN B VB a1 Gl 2 Ad g vl (oY {“foalg%aiééyf%‘%&é Found
279. 23 (1v1ﬂj)cﬁ ﬁ@%}f@@nﬁp&dﬂgh@sgﬁﬁg 6 x 50 nun, 0 to 100% B over 4
mnutes, 1 mnute hol’d ti'me,” A’ 90% water, 10% methanol, 0.1% TFA, B-10%

wat er, 90% et hardtdp, 2; (R BTN ndR=2yD -V, N- d:ﬁ}?:%ymmmng)an@wtapld Nl exixtu2d St ep

T T

nunol) in CHaER1 (12903 M) uW?ﬁeeﬁélf'&q 068 ol 22 H&)rsdfrﬁ@wﬁ&n%g rélﬂ@veﬁeiﬁm ting

solution was stirred at or 3 hours. The desired conpound was then
pr eci pi tflat edaout toq:frmsdda ﬂmlchirydmdhinraiemthajn@ @imfeu@AQ. Hekgard 0V 5 a20) |
filtered off d dri un red d 25$ressur§ )

(R) - 2-(3, 3-di Yﬁﬁ&% émd ezmswé RRBHRCYATYSEY HERbF ey eps AEtheuhni ¢ e

E)I(\)/:SIOd dg)o gg%u%ﬁgﬁl?ﬁgﬂl Si@h\g‘% z?ﬁé:it da?trdt f}S{CBHriz{I_\fO Uéaijoogbémhwl\ﬁjiﬁl_g 111)

7.28 4,1=7.17 Hz, WD 2010/117704PCT/ U82010/ 028999 1H) 7.33 (t, Hz,
7.38-7.43 (m 2H) 12.65 (s, 1H). LCMs: _Anal. Caled. for CIlII|4N202
222.24; found: 223.21 (M+H1)+. HPLC XT@FIPA C-18 3.0 <50 turn, 0 to 100% B
over 2 mnutes, | mnute hold ti ter 10% net hanol 0. 2% H31304,

B=10% wat er, 90% net hanol, 0.2% =0. 75 mn, 93% gergity
5i ndex. Cap-48 Cap 48 Step 1; 4

2- (3-cycl ope do) - 2- pbenyl acet aie; To irred OH

. 2 F NG

OH e + — N

‘1R2

FNR m Me o
A £ o*@ © OH

‘ N FoNG

15 B Cap-38

Step 1; (R)-((S)-1-phenylethyl) 2-(dimethylamino)-2-(2-fluorophenyl)acetate
and (8)-((S)-1-phenylethyl) 2-(dimethylamino)-2-(2-fluorophenyljacetate: To a
mixture of (RS)-2-(dimethylamino)-2-(2-fluorophenyl)acetic acid (2.60 g, 13.19
mmol), DMAP (0.209 g, 1.71 mmol) and (S)-1-phenylethano! (2.09 g, 17.15 mmol) in
20 CH,Cl; (40 mL) was added EDCI (3.29 g, 17.15 mmol) and the mixture was allowed
to stir at room temperature for 12 hours. The solvent was then removed in vacuo and
the residue partitioned with ethyl acetate-H,O. The layers were separated, the
aqueous layer was back-extracted with ethyl acetate (2x) and the combined organic
phases were washed (H,O, brine), dried (Na,S0,), filtered, and concentrated in vacuo.

25  The residue was purified by silica gel chromatography (Biotage/ 0-50% diethyl ether-
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10sol ution of (R)-2-am no-2-phenylacetic acid hydrochloride (1.0 g, 4.10
nmol ) and Hunig's base (1.0 md, 6.15 mmol) in DVF (15 nlL) was added

cycl opentWyD 2086idydat e (0.46 nl, 4.10 nmol) dropw se an@CHse0100289Nut es.
After stirring at roomtenperature for 3 hours, the reaction was
concentrated under reduced pressure and the resultl ng residue was traken up
in ethyl acéexane) Theresultanpere Idw@reqmzqmmqwtmnﬁm@eféhﬂrm’mﬂe dried

S, fi | d d ed -but yl
U3 cyel opehttammertey LR brd e e SOl PR R OB R LERY  °(1 22
g; 100% ang, g'ﬁ@@ir%'(gj?@-&bheﬁe‘tﬁﬂ gﬂ)“ m@mftmﬁe%m@m (mu%hé&@ﬁc%% (0GP8CL-D) 8

ppm 1.50-1. 57 ( 2H)” 3.89-3.98 (m 1H)
5.37 (s, 11 )3%)@eithex3£§)(1n=ph®leahyi Lmdlmaﬁvlam)ezia flagrophegideRge® 318. 19

m ot e, 31 AGT B IR S OALI0R Wl orsromict AN (e RD 700,

water, 90% e |B§W0'}0%19 z}g ? E&vdﬂT 8ﬁ=9na%1 ISMAOTPIEREITY (198, Step 2;

(R) -2-(3-cycl opentyl ure 2- phe acetlc acid: To’a stirred sol'ution of
(R -tert-but?yls- ’234aﬂpﬁé},tﬁmﬂr(quéﬁ—lip)H)?-Spﬂﬂe(nylﬁ)gétSat(sg oD, B43 ¢, /4610 mmol )

103 mol ) dFophsECRaEheCHeduicigotn B s A0 (Fsom ™

Feduced pr edeiiier” SN ool bat‘aﬂeﬁ &2@%&@@%2%-%—2@%@%
acet at efipentafnes-stx zw 537 cizH)R% 02(& F=GyCHaIE, yléar(gu@p) 2.28 (sngm,yﬂ sceLic acid

as a white solid (0.6 64% . 1H NWVR (500 pm1.17-1.35
o Saty 1 4520 B . AMS: 53311%113‘1( o Gp g J0B3owch 30BN, 53 89

i) 7 242740 (1 ﬁepéﬁ@?%m%%% ol CaRP i Pregthet o ntftye Fanoos:
262. 31; 1 OUTH)-(@43-Ffen{ kA2 (b, MTHRA. O-Afor3pRos] BRI EA sl (109% B

over 2 m nutes m nute hold tinme, A=9 wat er A) met hanol , 0. 2% H3POX4,

B 10% wat er ,& 3@cmmphiand EO%GT@@&*I}BW? 12Rgrm @hanﬁr{%mbwprbm&gmﬁw af ndex.
49 T 2- 0
1.1 mad) 1RO GpitehE iy Retie festirt BERFHISBILAGAAGEL: (225hRb 2%

mol ) . Af t erydd g RepEBwhR ABL filfded Mroﬁgm%ﬁt@ﬁﬁ&éda@ emw@a@e%dconcent rated
under reduced pressufe to 20 niL and a white solid precipitated. Following

filtration, dohesnfrateder vidugudinss geve ¢hectitld @otpeandasia tolotlbsssolbd (b2t g.at ed

d d [ . Purificat]
under 1t educegl Bl LR SR8l @%@5}& i &%58@“%9 Tt bt At S8%0 nm
fl te 3 i t h I 1%
TFZ\,N rzg Ezlg%%fn%?? (gggﬁ %ﬁo"?ﬂﬁ A)@‘IT'FK)%I rovi d?% He&%hlé; e cgprgound 2-0
(benzyl @get BM-)HENM no) acetic acid as its TFA salt (723 ng, 33% as a

colorl ess wax. | HNVR (300 MHz, DNVBO- d6) Spm2 75, (s, .3 4.04 (s, 2H)
4.34 (s, 2H) 7.29th eﬁ*@Sﬁ{@thléﬁ}?GOh@ysd%%F)(é%)rkahenﬂflﬁhﬁ 'OHL3NO2 179. 09;

Found: 180. %girﬁ%g'lamu?o?—%—%m&ﬂyﬁ?&%&a’t@ﬁ?i& salt in similar fashion.

Cap-39
Cl NHy cl N7
OH OH
Y Y
95 cap-38

A mixture of (R)-(2-chlorophenyl)glycine (0.300 g, 1.62 mmol), formaldehyde
(35% aqueous solution, 0.80 mL, 3.23 mmol) and 20% PA(OH),/C (0.050 g) was
hydrogenated at room temperature and atmospheric pressure (H; balloon) for 4 hours.

The solution was then purged with Ar, filtered through diatomaceous earth (Celite®)
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To a stirred solution of 3-nethyl-2-(nethylam no)butanoic acid (0.50 g,
3.81 mmol ) in water ( 30 int) was added K2CO3 (2.63 g, 19.1 nunol) and
benzyl chWvordwa1ym432 g, 11.4 mmol ). The reacti on m xt uPETNSZ01810289P®d at
anbi ent tenperature for 18 hours. The reaction m xture was extracted with
ethyl acetate (30 nL x_2) and the 5aqueous | ayer was concentrated under
reduced pr e8BdéFRNBRIGIPHIMFcEdeToe iraidup wesl DetiigthP IV Hiae Phase PFIPeErtiNg

ow rat o 400G abbE B0k WORMRCH TR B, TEMER S0 Bhedidnr
0.1% TEA, B
(benzyl (met ﬁi%ﬁ%ﬁ%&pﬁﬁnﬁ% Etﬂ ﬁghhgll dgmg%%j-@#}é%ﬂ)s%ié?ﬂ??géﬁ%d aslalQ% as a

col orl ess 10@olalzss ARONMR g 56%) MHZ NNOREE GBIHZ Chh D .0985-d.658m) 2H).07 (d, 3H)
2.33-2.48 (i.n 2.54-2.78 ( 3. | . 24 2H) 7.29-7.65
(m 5H).§Lc1\7§5”AE%K ¥ %é‘% Gt %%#ﬁ&%@@%ﬁé&’ﬁg 50 28" (MkH) . 1.
Cap-51 OH H12C1NO£\|@3§%11{1& 218391+H7. 2 mmol ) was added to NaOH (33 inl_,
of I M H20, 5 o sol ution of L-valine (3.9 g, 33.29 mvl) and the
resul ting sol utlon was cooled with ice-water bath. Methyl chloroformate
(2.8 m, 36.1 nmol) was added dr opw se oV 15 mn, the cooling bath was
renmoved and the reaction m xture was ‘?f? ?éd at 20anbi ent tenperature for
3.25 hr. The reaction m xture was vvashed with ether 0 nL, 3x), and the
aqueous phase was cooled with ice-water bath and amgi\fl ed with
concentrated HCl to a pH CEglNﬁ} of 1-2, and ext Caclifkd @lth CH2C12 (50 ni,
3x). The organi c phase was L.edof SO4 and evapo edHi n vacuo to afford
Cap-51 as a white solid ). 1H NMR for the na rot aner (DMSO- d6,
52.5 ppm 500 25MHz): 12554 (sQO 1H), 7.33 (d, I=&6, AH), 3.84 (dd, J=8.4,
6.0, 1H), 3.54 (s, 3H, 2.03 (m 1H), 0.87 (m 6"%: MS: Anal. Calcd. for
[ MFFI ] 1 C7H14NO4: 176.0923; found 176.0922. f F‘AI ternate route)

DI EA (13§.5 i, Opol@bicB®bM smoﬁ@@ﬁg) @pc}ﬁor%ymgglg@meqi 008)58enmhsyyl  2-
am no- 3- net hyl but anoat e hydr ochl ori in THF (900 ),
and the 5m »ndMNaGiAE. &@o&é’d &mﬂ@l)@l(Hz@eOSvﬁaméB W‘@&@@Qﬁd mﬁhﬁwhi@bﬂoﬁﬁ‘dﬁor mat e

(29.0 nm., O. S ed dro se over 4 Q bat h was
renoved and (?é@r@tlér%\’aw&%gp%s% EW%%EWS‘{V%%@HV@ Oﬁtﬂﬁﬁt@ ?’J {Pé &Pt ure
for 3 h. Thenaghyanlva¥RsdirRABY ek dHIteh cﬁ‘c@h@'ﬁb@@rz PhHESULE Ak W 1 esi due
partitioned between Et0Ac and water (1 L each he organic | ayer was

washed wi t h expacted with etind agatata €2x) and the apniteaedl@ENgSOHAse wap Washasld HaBd

Chrough 3 pitutenarist (e b HeReckid et e oD (e B RRRERE 5. 05
Et OAc/ hex anqgebﬁn&&hé)@c@&mmnﬁq%%zI(Qr&htw&.gm{enﬁba(ceﬁ& Q&aw%ﬁw bm%ﬂg) 3-

nmet hyl but anoal e as a ¢l ear "oil 9% yield). 1HN
DVBO46, 5 = fBab (ppie, 96%}1(1(1"1}\1]}&(&%13/[1-& El)),gOE)ﬁ?? ?(9167 43 (B, BH) 6.20-130E-1),

VAR b Nﬁquéé@mES‘ pito e ek 3g s Kt (S ot bsalaN G 48~ 50 09,

51.34, 29. 764,4f83. M%I%,@Z 17.95. LC Ms: [M:Na]t 254.17.
Trifl uoroacetlc acug 23 m., 4.62 nol) and EbSiH (142 nL, 0 887 nol) were
added s&@guentially to a solution of (S)-tert-butyl
2- (et hoxycar bonyl am no) - 3- 20net hyl but anoate (82.0 g, 0.355 nol) in CH2Cl12
(675 nL), and the nmixture was stirred &4

(J

Cl N
O O

OH

cap-41
To a suspension of 2-(2-(chloromethyl)phenyl)acetic acid (2.00 g, 10.8 mmol)
in THF (20 mL) was added morpholine (1.89 g, 21.7 mmol) and the solution was
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anbi ent tenperature for 4 h. The volatile conponent was renoved under

di m ni shed pressure and the resultant oil triturated with petrol eum et her
(600 nlL) WO 28t drw4a white solid, which was filtered an®@CRASRAEA/02499N
hexanes (500 nlL) and petrol eum ether (500 nmL) Recrystalli zati on from

Et OAc/ petrol eum et her afforded Ca%PSl as white fl aky 25 (; gtﬁ4 8 g,
88% yi el d). sfjpedat yogndenpryatgredor p mﬁl\/ﬁ%&"}?ﬁ? IWIXW W

(o %5 1 el achrfguidinntih i 1,0Ya 7830 G s s sgﬁ&ﬁp%%%%% &23
Mz, Divl s&rzb&emdgea@as?pmam)bylsﬁ&aaﬁl c}'ﬂrBﬁla%rapEQ (Eﬁtag’éﬂO&G% R&h&R]- 19. 15,

1798 LC/I\/B[:% 176. 4: C, 47.99; 1.1,
7.48: N, 7.85:Chyimgve ghe tzﬂ? cpmpmd 2f2éMormbolmowthyaabwb)ﬁceﬁataa&dlaéﬁ [tx]

0- -4.164(! t 8y the

opti cal pur| %lygésssssggs%‘q%%&?%% t H% 88 §7 eri vgﬁi

Cap- 51, whi glpowns3 Qflemﬁ &@4%@%),&85(&@&119' 3%@@"&13) S(ME(BZQWQ{)NQ@N)IS
esterification protocol. HPLC anal yti cal condi tions: colum, Chiral Pak AD-H
(4.6 X ZSONFﬁHaBgfﬁ?ICdsﬁ!r\feﬁﬁwN@SD/%}ﬁeﬁ?(U@deZ% @I6HPA (isocratic); flowrate, 1
m./mn; tenperature, 35 C, UV nonitored at 205 nm|[Note: Cap 51 could al so
be purchased fromFl anm] 10Cap-52 (Sane as Cap-1 2) HN'CH Cap-52 wa.s

synt hesi zed fromTheabiaiing cRaEPESVER ifilkMepRpace dihe tasahddeshclingd t he

synt hesis of Cap-51. For characterization purposes, a portion of the crude
mat er i alOwadopan-¢1:ed by a reverse phase HPLC ( H20/ et hanol/ TFA) to afford
Cap- 1552 as—a—~cotortess—visecous—ol—tH-NVRA(DVER-d6—(9=2-5ppm JLO
MHz): 12.49 |(br s, 111), 7.43 (d, .3, 0.8814), ( .12H),
3.97 (m IH|, 3.53 (s, 31-1), 1.2@, J=7.3, 3H) {cRRs:(ARR Bhied E’i 53 t0
-64 were prepareg.fxom appropriate stay®i ng mater Ilﬁ{@cgprgggngmh@ 2( t he
procedure dgscribed fagr the synthesis fof Cap-51, with noted nodi f i catji ons
if any. Datgd 111NWR (Dl\/BOclS, 2.GHppm 500 MB4(M&HI2 51 (br s, 1H),
7.4 (d, J =1(7.9, 0.9H)|, 7.06 (app<s, 0.1H), 3.86-8. 82 (m 1H) 3.53 (s

3H), 1.75-1./67m—HH—t—62=—t—54Ain—tH—0-88{d—3F =733t —RT =
0.77 mnutes (Cond. 2)|; LG MS: Anal.y Calcd. for [ NYa; O 184. 06;
found 184.07. FIRVB Cdicd. for [LV~{Nal - 95 - XBHM&L 19€atod !t
2010/ 117704RCT/Cdp24810/|028999 0 P1 NNa04: 184, 15360, faantbudd4. 0592.
Cap-54a: (R Cap-54h: N
OH 220 (M+H)".
Me
N LCMS: Anal. Calcd. for
<
Cap-44 0 C1HsNO,: 193; found:
OH 194 (M+H)".
(\NMe
N\) LCMS: Anal. Caled. for

Cap-45 : O C14H20N202: 248; found:
OH 249 (M+H)",

15
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(S) (R 11-1 NVR (DVBO-d6, 8 - 2.5-ppm 500- MHz): 312.48 (s, 1H), 7.58
(d, J =7.6, 0.9H), 7.25 (app s, 0.1H), 3.52 (s, 3H), 3.36-3.33 (m 1H),

1.10- 1. OIWQIP10IHY7040. 54-0. 49 (m 1H), 0.46-0.40 (m 1H) PCOABOOOZBIY(m 1H),
0.31-0.21 (m 1H). HRVS Calcd. for [M11]" C7HE2N04: 174.0766; found
174.0771  Cap-55 0 )- OOIFINNR(D%éE 8 = 2.5 ppm 500 Miz). 8 12.62
(s, 1H), 7.42 (d, J = 8.2, 0.9H) aﬁs OlH) 5.80-5.72 (in, 1H),
5.10 (d, J = 17.1, 1H), 4 (gy I = 4, H), A4 196 (m 1H), 3.53
(s, 3H), 2.47-2,42 (m .§229(m 1H), o "y 00, Jo0H 1
07,0 1 | HNVR ( DVBO- d6, “f*a.n SO0 WHZ) 6 2275 (%p | H), 7.38 (d,
1= 8.3, 0.91-1), 6.96 (app §u,0.!H) ,420416(m;~®10,0360355(m
211), 3.54 (s, 3H), 3.24 (s, %ff% ggg 0 0-( o\fHvaR(Dlvsoae 8 =
2.5 ppm 500 Mz): 8 12.50 (8, ?—E 02 (d, .1- = 7.ZNHO.08H), 7.40 (d, J
= 7.9, 0.76H), 7.19 (d,J = 8.2, 0.07H), 7.07 (d, J = 6,7, 0.09H), 4.21-4.12
(m 0.08H), 4 06-3.97 (m 0.07H), 3.96-3.80 (m O0.8582%°% 53 (s, 3H),

L e o)

phenylacetic acid p-toluenesulfonate (2.83 g, 8.77 mmol) in CH,Cl; (10 mL) and the

5 mixture was stirred at room temperature for 30 minutes. Methyl isocyanate (0.5 g,
8.77 mmol) was added in one portion stirring continued for 30 minutes. The reaction
was quenched by addition of H,O (5 mL) and the resulting precipitate was filtered,
washed with H,O and n-hexanes, and dried under vacuum. (R)-2-(3-methylureido)-2-
phenylacetic acid (1.5 g; 82 %).was recovered as a white solid and it was used without

10 further purification. "H NMR (500 MHz, DMSO-dg) & ppm 2.54 (d, J=4.88 Hz, 3H)
5.17(d, /=7.93 Hz, 1H) 5.95 (q, /=4.48 Hz, 1H) 6.66 (d, /=7.93 Hz, 1H) 7.26-7.38
{m, 5H) 12.67 (s, 1H). LCMS: Anal. Calcd. for C;yH;2N;O3 208.08 found 209.121
(M+H)"; HPLC Phenomenex C-18 3.0 X 46 mm, 0 to 100% B over 2 minutes, 1
minute hold time, A=90% water, 10% methanol, 0.1% TFA, B=10% water, 90%

15 methanol, 0.1% TFA, RT=1.38 min, 90% homogeneity index.

Cap-46
o
= "0 e
NH, H&» 0
¢ pTsOH salt rNH

cap-46
The desired product was prepared according to the method described for Cap-
20 45a. "H NMR (500 MHz, DMSO-ds) 8 ppm 0.96 (t, J=7.17 Hz, 3H) 2.94-3.05 (m,
2H) 5.17 (d, J=7.93 Hz, 1H) 6.05 (1, /=5.19 Hz, 1H) 6.60 (d, /=7.63 Hz, 1H) 7.26-
7.38 (m, 5H) 12.68 (s, 1H). LCMS: Anal. Caled. for C;H14N,05 222,10 found
223.15 (M+H)". HPLC XTERRA C-18 3.0 X 506 mm, 0 to 100% B over 2 minutes,
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WD 2010/ 117704PCT/ US2010/ 028999 Cap-58 |1 0 z 00 zi o o \ Ili NVR (DVBO d6,
8 = 2.5 ppm 500 Miz): 8 12.63 (hr s, 113), 7.35 (s,1H), 7.31 ( d, J = 8.2,
1H), 6. 9VOSIIIHYI044. 33-4.29 (m 1H), 3.54 (s, 3H), 2. SRCAWSALNIBISE,
5.4, 1H), 2.43 (dd, J= 15.6, 8.0, 1H. R 0.16 mm(Cond. 2); LC/ MS:

ATl v g R SRS i, o%% dhregvarcs S

methanol, 0.2% H3PO4, RT=0.87 min, 90% homogeneity index.

Cap-47

(RS U R o ¥

N HN._.O

A /N\ /\Nf\

5 B Cap-47

Step 1, (R)-tert—bﬁtyl 2-(3,3-dimethylureido)-2-phenylacetate: To a stirred

solution of (R)-tert-butyl-2-amino-2-phenylacetate (1.0 g, 4.10 mmol) and Hunig’s
base (1.79 mL, 10.25 mmol) in DMF (40 mL) was added dimethylcarbamoyl chloride
(0.38 mL, 4.18 mmol) dropwise over 10 minutes. After stirring at room temperature

10 for 3 hours, the reaction was concentrated under reduced pressure and the resulting
residue was dissolved in ethyl acetate. The organic layer was washed with H,O, IN
ag. HCl and brine, dried (MgSOy), filtered and concentrated under reduced pressure.
(R)-tert-butyl 2-(3,3-dimethylureido)-2-phenylacetate was obtained as a white solid (
0.86 g; 75%) and used without further purification. "H NMR (500 MHz, DMSO-dq) &

15  ppm 1.33 (s, 9H) 2.82 (s, 6H) 5.17 (d, J=7.63 Hz, 1H) 6.55 (d, /=7.32 Hz, 1H) 7.24-
7.41 (m, SH). LCMS: Anal. Caled. for CisHzN,05 278.16 found 279.23 (M+H)";
HPLC Phenomenex LUNA C-18 4.6 x 50 mm, 0 to 100% B over 4 minutes, 1 minute
hold time, A=90% water, 10% methanol, 0.1% TFA, B=10% water, 90% methanol,
0.1% TFA, RT=2.26 min, 97% homogeneity index.

20 Step 2; (R)-2-(3,3-dimethylureido)-2-phenylacetic acid: To a stirred solution
of ((R)-tert-butyl 2-(3,3-dimethylureido)-2-phenylacetate { 0.86 g, 3.10 mmol) in
CH,Cl (250 mL) was added TFA (15 mL) dropwise and the resulting solution was
stirred at rt for 3 hours. The desired compound was then precipitated out of solution
with a mixture of EtOAC:Hexanes (5:20), filtered off and dried under reduced

25 pressure. (R)-2-(3,3-dimethylureido)-2-phenylacetic acid was isolated as a white solid
(0.59g, 86%) and used without further purification. 'H NMR (500 MHz, DMSO-d¢) 6
ppm 2.82 (s, 6H) 5.22 (d, /=732 Hz, 1H) 6.58 (d, /=7.32 Hz, 1H) 7.28 (t, J=7.17 Hz,
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MHz): 612,49 (hr s, 1H), 7.40 (d, J = 7.3, 0.89H), 7.04 (hr s, 0.11H),
4.00-3.95 (m (S) , y o03H, 1.24 (d, J =7.3, 3H), 1.15 (t, J = 7.2,
3H). HRVBNOAAWV117T0Al cd. for | MHHr C61-112N04: 162. 0768CTUSANE/028929 0771.
Cap-60 -The crucle material was purified with a reverse phase HPLC

(1120/NECWTA to afford a colorless viscous oil that _cr stalllzed to a
white solid lEpdm3ekpteutietz.EH)d - H-gH3 wae Btm 2-pRke ¢ HR @&é’@rﬁ@ galed. OH

2.5 ppm 420G Mz, 8ot d Wurd: 224 h (I\%Jrlzlf".(ﬁPL@XBl?ﬂiQRA%»f'?Bﬁ)sx P8

3.54/3.51
0 to 100% B over 2 minutes, I minute hold time, A=90% water, 10% methanol, 0.2%

H3PO4, B=10% water, 90% methanol, .2% H;PO4, RT=0.75 min, 93% homogeneity

5  index.

Cap-48
HRE\;\ZO | \YL//H
o o

B Cap-48

-

)> Zn
T
1]
X
Zn
@)

Step 1, (R)-tert-butyl 2-(3-cyclopentylureido)-2-phenylacetate: To a stirred
10 solution of (R)-2-amino-2-phenylacetic acid hydrochloride (1.0 g, 4.10 mmol) and
Hunig’s base (1.0 mL, 6.15 mmol) in DMF (15 mL) was added cyclopentyl isocyanate
(0.46 mL, 4.10 mmol) dropwise and over 10 minutes. After stirring at room
temperature for 3 hours, the reaction was concentrated under reduced pressure and the
resulting residue was traken up in ethyl acetate. The organic layer was washed with
15  H,0 and brine, dried (MgSO,), filtered, and concentrated under reduced pressure.
(R)-tert-butyl 2-(3-cyclopentylureido)-2-phenylacetate was obtained as an opaque oil
(1.32 g; 100 %) and used without further purification. 'H NMR (500 MHz, CD;CI-D)
8 ppm 1.50-1.57 (m, 2H) 1.58-1.66 (m, ZH) 1.87-1.97 (m, 2H) 3.89-3.98 (m, 1H) 5.37
(s, 1H) 7.26-7.38 (m, 5SH). LCMS: Anal. Calcd. for CjgHysN,0O3 318.19 found
20 319.21 (M+H)"; HPLC XTERRA C-18 3.0 X 50 mm, 0 to 100% B over 4 minutes, 1
minute hold time, A=90% water, 10% methanol, 0.1% TFA, B=10% water, 90%
methanol, 0.1% TFA, RT=2.82 min, 96% homogeneity index.
Step 2; (R)-2-(3-cyclopentylureido)-2-phenylacetic acid: To a stirred solution
of (R)-tert-butyl 2-(3-cyclopentylureido)-2-phenylacetate (1.31 g, 4.10 mmol) in
25  CH,Cl (25 mL) was added TFA (4 mL) and trietheylsilane (1.64 mL; 10.3 mmol)

dropwise, and the resulting solution was stirred at room temperature for 6 hours. The
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(two s, 3H, 1.30 (m 2H), 0.98 (m 2H). HRVS: Anal . Cal cd. for Uvl +Hr
C6Hi ONO4: 160.0610; found 160.0604. Cap-61 1HNMR (DMSO-cl1l6, 8 = 2.5 ppm

400 0O OHVEHRI11Z032. 27 (hr s, 1H), 7.40 (hr s, 1H), 3. BOT(US2018/0p8999. 32 (s,

. HVS: Anal, Calcd. for [Mtrl-11" C6H 2N04: 162.0766; found 162. 0765.
2010/ 117704PCT/ US2010/ 028999 Cap- 62 11 NWR (DVSO-C15, 8 - 2.5 ppm 45--

10

15

20

25

volatile components were removed under reduced pressure and the crude product was
recrystallized in ethyl acetate/pentanes to yield (R)-2-(3-cyclopentylureido)-2-
phenylacetic acid as a white solid (0.69 g, 64%). 'H NMR (500 MHz, DMSO-dg)
ppm 1.17-1.35 (m, 2H) 1.42-1.52 (m, 2H) 1.53-1.64 (m, 2H) 1.67-1.80 (m, 2H) 3.75-
3.89 (m, 1H) 5.17 (d, /=7.93 Hz, 1H) 6.12 (d, /=7.32 Hz, 1H) 6.48 (d, /=7.93 Hz,
1H) 7.24-7.40 (m, 5H) 12.73 (s, 1H). LCMS: Anal. Calcd. for C14H13N203: 262.31;
found: 263.15 (M+H)". HPLC XTERRA C-18 3.0 x 50 mm, 0 to 100% B over 2
minutes, ! minute hold time, A=90% water, 10% methanol, 0.2% H;PO4, B=10%
water, 90% methanol, 0.2% H3PO., RT=1.24 min, 100% homogeneity index.

Cap-49

@ﬁ/\gm—f

To a stirred solution of 2-(benzylamino)acetic acid (2.0 g, 12.1 mmol) in

formic acid (91 mL) was added formaldehyde (6.94 mlL, 93.2 mmol). After five hours

©/\ITE/\C1)/OH

cap-49

at 70 °C, the reaction mixture was concentrated under reduced pressure to 20 mL and
a white solid precipitated. Following filtration, the mother liquors were collected and
further concentrated under reduced pressure providing the crude product. Purification
by reverse-phase preparative HPLC (Xterra 30 X 100 mm, detection at 220 nm, flow
rate 35 mL/min, 0 to 35% B over § min; A= 90% water, 10 % methanol, 0.1% TFA,
B=10% water, 90 % methanol, 0.1% TFA) provided the title compound 2-
(benzyl(methyl)-amino)acetic acid as its TFA salt (723 mg, 33%) as a colorless wax.
"H NMR (300 MHz, DMSO-dg) 8 ppm 2.75 (s, 3H) 4.04 (s, 2H) 4.34 (s, 2H) 7.29-
7.68 (m, SH). LCMS: Anal. Caled. for: C;oHi;3NO, 179.09; Found: 180.20 (M+H)".

Cap-50

az\é/%—, %rcm
o

Cap-50
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10 MHz): 8 12.74 (hr s, 11.1), 4.21 (d, ../ =103, 0.6H), 4.05 (d, J=
10.0, 0.4H), 3.62/3.60 O OH (two singlets, 3H, 3.0 (s, 311), 2.14-2.05
(:), H..wO02010/117704 (m 1H), 0.95 (d, J = 6.3, 3H), O0.8PCTAS201002899%6, 3H).
LG Ms: Anal. Calcd. for [IVI- HT c8i 14N04: 188.09; found 188. 05.
Cap- 63 To a stirred solution of 3-methyl-2-(methylamino)butanoic acid (0.50 g, 3.81
mmol) in water ( 30 mL) was added K2CO3 (2.63 g, 19.1 mmol) and benzyl chloride
(1.32 g, 11.4 mmol). The reaction mixture was stirred at ambient temperature for 18
hours. The reaction mixture was extracted with ethyl acetate (30 mL x 2) and the
5 aqueous layer was concentrated under reduced pressure providing the crude product
which was purified by reverse-phase preparative HPLC (Xterra 30 x 100mm,
detection at 220 nm, flow rate 40 mL/min, 20 to 80% B over 6 min; A= 90% water,
10 % methanol, 0.1% TFA, B=10% water, 90 % methanol, 0.1% TFA) to provide 2-
(benzyl(methyl)amino)-3-methylbutanoic acid, TFA salt (126 mg, 19%) as a colorless
10 wax. "HNMR (500 MHz, DMSO-dg) & ppm 0.98 (d, 3H) 1.07 (d, 3H) 2.33-2.48 (m,
1H) 2.54-2.78 (m, 3H) 3.69 (s, 1H) 4.24 (s, 2H) 7.29-7.65 (m, 5H). LCMS: Anal.

Caled. for: Ci3HsNO; 221.14; Found: 222.28 (M+H)".

Cap-51

0.0
O

15

NayCO; (1.83g, 17.2 mmol) was added to NaOH (33 mL of IM/H,0, 33
mmol) solution of L-valine (3.9 g, 33.29 mmol) and the resulting solution was cooled
with ice-water bath. Methyl chloroformate (2.8 mL, 36.1 mmol) was added dropwise
over 15 min, the cooling bath was removed and the reaction mixture was stirred at

20 ambient temperature for 3.25 hr. The reaction mixture was washed with ether (50
mL, 3x), and the aqueous phase was cooled with ice-water bath and acidified with
concentrated HCI to a pH region of 1-2, and extracted with CH,Cl, (50 mL, 3x). The
organic phase was dried (MgSQO,) and evaporated in vacuo to afford Cap-51 as a
white solid (6 g). 'H NMR for the dominant rotamer (DMSO-ds, 6=2.5 ppm, 500

25 MHz): 12.54 (s, 1H), 7.33 (d, /=8.6, 1H), 3.84 (dd, /=8.4, 6.0, 1H), 3.54 (s, 3H), 2.03
(m, 1H), 0.87 (m, 6H). HRMS: Anal. Caled. for [M+H]" C/HsNO4: 176.0923;
found 176.0922.
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Note: the reaction was allowed to run for |onger than what was noted for
t he general procedure.] 1H NVR (DVBSO-4, 8 = 2.5 OO0 OH ppm 400 MHz):
12. 21 (brwe2000H1770% 42 (br s, 1H), 3.50 (s, 3H), 2.02- 1P8F/USaG1042§999
1.66-1.58 (m 4H). LC MS: Anal. Calcd. for [MH C8Hi 4N04: 188.09; found
188.19, Cap-64 1 o0 010 rz o O\
Cap 51 (alternate route)
S/ ~

HN o HN % HN

\(\(O-fBu \(\‘f} Bu OH

DIEA (137.5 mL, 0.766 mol) was added to a suspension of (S)-fert-butyl 2~
amino-3-methylbutanoate hydrochloride (75.0 g, 0.357 mol) in THF (900 mlL.}, and the
5  mixture was cooled to 0 °C (ice/water bath). Methyl chloroformate (29.0 mL, 0.375
mol) was added dropwise over 45 min, the cooling bath was removed and the
heterogeneous mixture was stirred at ambient temperature for 3 h. The solvent was
removed under diminished pressure and the residue partitioned between EtOAc and
water (1 L each). The organic layer was washed with H,O (1 L} and brine (1 L), dried

10 (MgS0,), filtered and concentrated under diminished pressure. The crude material was
passed through a plug of silica gel (1 kg), eluting with hexanes (4 L) and 15:85
EtOAc/hexanes (4 L) to afford (S)-tert-butyl 2-(methoxycarbonylamino)-3-
methylbutanoate as a clear oil (82.0 g, 99% vield). ‘H-NMR (500 MHz, DMSO-dg, 6 =
2.5 ppm) 7.34 (d,/=8.6,1 H),3.77 (dd, J= 8.6, 6.1, 1 H),3.53 (5,3 H), 1.94 - 2.05

15 (m, 1 H), 1.39.(s, 9 H), 0.83 - 0.92 (m, 6 H). C-NMR (126 MHz, DMSO-de, 8 =39.2
ppm) 170.92, 156.84, 80.38, 60.00, 51.34, 29.76, 27.62, 18.92, 17.95. LC/MS:
[M+Na]" 254.17.

Trifluoroacetic acid (343 mL, 4.62 mol) and Et;SiH (142 ml, 0.887 mol) were
added sequentially to a solution of (S)-tert-butyl 2-(methoxycarbonylamino)-3-

20  methylbutanoate (82.0 g, 0.355 mol) in CH,Cl; (675 ml), and the mixture was stirred at
ambient temperature for 4 h. The volatile component was removed under diminished
pressure and the resultant oil triturated with petroleum ether (600 mi,) to afford a white
solid, which was filtered and washed with hexanes (500 mL) and petroleum ether (500
ml.). Recrystallization from EtOAc/petroleum ether afforded Cap-51 as white flaky

25 crystals (54.8 g, 88 % yield). MP = 108.5-109.5 °C. "H NMR (500 MHz, DMSO-ds, 8
= 2.5 ppm) 12.52 (s, 1 H), 7.31 (d, /= 8.6, 1 H), 3.83 (dd, J=8.6, 6.1, 1 H), 3.53 (5, 3
H), 1.94 - 2.07 (m, 1 H), 0.86 (dd, J= 8.9, 7.0, 6 H). C NMR (126 MHz, DMSO-d;, &
=39.2 ppm) 173.30, 156.94, 59.48, 51.37,29.52, 19.15, 17.98. LC/MS: [M+H]" =

-04 -



[ Note: the reaction was allowed to run for |onger than what was noted for

t he general procedure.] Il NVR (DVMSO-d6, 8 = 2.5 ppm 400 MHz): 12.35 (hr
s, 1H), 7W920(0$11719482H) 7. 56/7 52 (overl apping br s, OPCBHS2018/0599¢s, 3H),
2.47-2.40 (m 2H), 2.14-2.07 (m 2H), 1.93-1.82 (in, 2H).

o i 1 AATET i | SR SRR U LD
"2, 5 L, i dkamns v pmnyn o g 110

cool i ng bat k9% ceem‘mmeanmcsltpmty ageswsasnCond madwsh the meainyl astdi t i onal 3. 75
hr. The reaction m xture was. washed with CH2Cl2, and the aqueous phase was

cool ed wi t h SPE¥AEIE CaBat I Whitd VeasiRIFRATSHERARE f Stapdree AMSERY2 HO to a pH

was aken ug TR RO e AR R AE LR BR el AR B3 " na " he
filterate wahifaagrARQEML¢ @ 286ihe, du@pso@s'zéna,%% Népdne /SNIPA Ubseeaiey; ivam

(1.236 g). 1H NVR (DVBO- d6, 8 = 2. P/ 400 MHz): 86.94 (d, J = 8.5, 0.9
H, 6.53 (hrratg,,lmLimn,,tesnwt(lm,?»ﬁfc TS 8normtq)reda229£in(rs, 3H), 1.15 (s, 311),

1.13 (s, 3H) 7were fro appropriate conmercially
avai | abl e 105P%r ﬂﬁﬂglﬁﬁ‘géﬁf&b&%{f %&angrﬁ procedure described for the
synt hesi s of Cap-65. Cap-66 1.4 00 k| " "' OHO 1H . MR (DVMBO-d6, 8 = 2.5

ppm 400 WMHz): 8 12.58 (br s, 1H), 7.07 (d 158. 3, 0.1311), 6.81 (d,./ -
8.8, 0.6911), 4.10-4.02 (m 1. 151@}52 Bagte asdep-19) - 9.1, 3.5, 0.85H), 3. 56
(s, 3H, 1.09 (d, J =6.2, 31-1). NPte only the dom nant signals of NH
were noted.]. Cap-67 0 OH  20ZsE*Oh 1H NWVR (DVMBO-d6, 8 = 2.5
ppm 400 MHz): 12.51 (br s, 1H), 7. 25\f 0J = 8.4, 0.75H), 7.12 (br d, J =
0.4, 0.05H), 6.86 (hr s, 0.08H), 3.958, m 2H), 3.54 (s, 3H), 1.08 (d,
J =6.3, 3H. [Note: only the dom nant gqignals of NH were noted].

Cap-52 was synthesized from L-alanine according to the procedure described
for the synthesis of Cap-51. For characterization purposes, a portion of the crude
material was purified by a reverse phase HPLC (H;O/methanol/TFA) to afford Cap-

15 52 as a colorless viscous oil. "H NMR (DMSO-ds, &=2.5 ppm, 500 MHz): 12.49 (br
s, 1H), 7.43 (d, J=7.3, 0.88H), 7.09 (app br s, 0.12H), 3.97 (m, 1H), 3.53 (s, 3H), 1.25
(d, J=7.3, 3H).

Cap-53 to -64 were prepared from appropriate starting materials according to

20  the procedure described for the synthesis of Cap-51, with noted modifications if any.

Cap Structure Data

Cap-53a: "H NMR (DMSO-ds, 8 = 2.5 ppm, 500

R) MHz): 8 12.51 (brs, 1H), 7.4 (d, J = 7.9,

Cap-53b: 0.9H), 7.06 (app s, 0.1H), 3.86-3.82 (m,

(8) /OTQ\ELOH 1H), 3.53 (s, 3H), 1.75-1.67 (m, 1H), 1.62-

5 1.54 (m, 1H), 0.88 (d, J=7.3,3H). RT=

(.77 minutes (Cond. 2); LC/MS: Anal.
Caled. for [M+Na]" CgH;NNaQ, : 184.06;
found 184.07. HRMS Caled. for [M+Na]"
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25 Cap-68 0 0, Bn
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400 MHz): 53.44
3 (d, J 7.1, 3H

N

-

'Hedlof @M#asdssd wr‘)r@ﬁpmpiOOZ hr
reaction m xture until

th
MEZ 1 2HOLE X A2 1A = $2 40"

SFn 2 26 PO Laon Qe

Q@%@@@d mwman@me{liUJ ed vw
011 and 282 ml of mater)
a0t4, Rfigr 6§ét$p‘?(i:(1rsdlﬂ)d3 Sifs 3HI9AR

(2q47I:? i (xpt iLHb Y50 §9 88‘_62[{ P0 (m

-74x were p
of Cap-69 b
Cap-70b: (S

:
y

epausgd ac
enpl oyi n

cording to the prd
) approprk9te star

N\)LOH

™0
t

O

"5Cap:-
O EAULR @ﬁﬁ OLRES
t?ﬁg er?a | s.
MHz): 6 12.75 (s, 1H), 7.38 (d, J = 8.3,
0.9H), 6.96 (app s, 0.1H), 4.20-4.16 (m,
1H}), 3.60-3.55 (m, 2H), 3.54 (s, 3H), 3.24

(s, 3H).

I e nt he
% 9%12? 5%)

Cap-57

'H NMR (DMSO-dg, 8= 2.5 ppm, 500
MHzZ): § 12.50 (s, 1H), 8.02 (d, J = 7.7,
0.08H), 7.40 (d, J = 7.9, 0.76H), 7.19 (d, J
= 8.2, 0.07H), 7.07 (d, J = 6.7, 0.09H),
4.21-4.12 (m, 0.08H), 4.06-3.97 (m,
0.07H), 3.96-3.80 (m, 0.85H), 3.53 (s, 3H),
1.69-1.51 (m, 2H), 1.39-1.26 (m, 2H), 0.85
(t,J =7.4,3H). LC (Cond. 2): RT=1.39
LC/MS: Anal. Calcd. for [M+H]

C7H1aNOy: 176.09; found 176.06.
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\0 1HNVR (DVBO-d6, 8 = 2.5 ppm 400 MHz): 53.42 (g, J = 7.1, 1H), 2.68-2.60
(m 4H), 1.53-1.44 (n, 4H), 1.19 (d, J = 7.3, 3H), 0.85 (t, J = 7.5, 6H).
LC/ MB: AND.20@AIEW4 for [ MrH C91- 120NO2: 174. 15; f ound PCTAIS2BO/0TPS 71a:

(R) Cap-71b: (S) ----\0 OH .--- IFINWR (DVMSO-d6, 5 = 2.5 ppm 500 MHz):
83.18-3.14 {m Hy—2.-84-2.77 (pn—2 2 76-2 68 (in—211) 1 691 .54 (m

211), 1.05 Q?apjc?—'% b 611), 0.91 (t, |IHNMRIDMI@ds, § e2NPPmAdl. Cal ed.

f M-11 4 C8Hi 8NO2: | 160. 13; f d 160 . 1HNMVR
(([))R/S[O-(16? 52 2 5 ppm 400 M—Iz;)un32 71 ]‘%@6%216%?635 1}583%35(33@&3" A
1.94-1.85 (m 1H), O. 98 (1 1571, 6HXd @.%.2(1@{),é955§1§11 4’3@342@ 85| (d, J
| =6.5, 3H). LC Ms: Ic . for r found 1¥4. 15.

Cap-73 0 OH ' Th | 1HN OI~8 = 2(&#31:1)113310((9, P:54681 5 { br.5s, LH),
?h,774(H)d,d’ 1! 13 %?; 83 ‘:1 = 2 6H) 101 164 2205 (o 72 {6, SHhmy2rPp- 88
= (.16 min (Cond. 2); LC/MS: Anal.
Caled. for [M+H]" CsH;N,Os: 191.07;
found 191.14.
Cap-59a: 'H NMR (DMSO-dg, & = 2.5 ppm, 400
(R) MHz): § 12.49 (brs, 1H), 7.40 (d, J = 7.3,
Cap-59b: \/OTE T[LOH 0.89H), 7.04 (br s, 0.11H), 4.00-3.95 (m,
(S 3H), 1.24 (d,J = 7.3, 3H), 1.15 (t, J = 7.2,
3H). HRMS: Anal. Calcd. for [M+H]"
CeH1:NOy: 162.0766; found 162.0771.

Cap-60 The crude material was purified with a
reverse phase HPLC (H;O/MeOH/TFA) to
afford a colorless viscous oil that
crystallized to a white solid upon exposure
/O\n’g KkOH to high vacuum. 'H NMR (DMSO-dg, § =

5 2.5 ppm, 400 MHz): 6 12.38 (br s, 1H),
7.74 (s, 0.82H), 7.48 (s, 0.18H), 3.54/3.51
{(two s, 3H), 1.30 (m, 2H), 0.98 (m, 2H).
HRMS: Anal. Caled. for [M+H]"
CeH1gNO4: 160.0610; found 160.0604.
Cap-61 _ "H NMR (DMSO-dg, 8 = 2.5 ppm, 400

Ly O MHz): § 12.27 (br s, 1H), 7.40 (br s, 1H),

/OTN%LOH 3.50 (s, 3H), 1.32 (5, 6H). HRMS: Anal.
Caled. for [M+H]" CeH12NO4: 162.0766;
found 162.0765.
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Cap-74 1H NWR (DMSO-d6, 6 - 2.5 prim 500 MHz): 87.54 (s, 111), 6.89 (s,
11-1), 3,81 ----\0 \,NOH (t, J =6.6, k,1H), 2.82-2.71 (in, 4H), 2.63 (dd,
J = 15.6,W0.2010/11H04 2.36 (dd, J 0 = 15.4, 6.3, 1H), 1. @9T(US20194289P, 6H).
NH2 RT = 0.125 m nutes (Cond. 2) LC/I\/S Anal . Calcd. for [I\/HrFI II

CBFL7N203: 18912 ouRe—189—13: r‘ﬂ“ 4 fropm e e AR Cat-ed. for

(MH 4 Q1992 hss. 17: found 188 zfiNMR (DMSO-d5 3235 ppny 400

MHz): 8 12.74 (br s, 1H), 421 (d, J = 10.3,
e 0.6H), 4.05 (d, J = 10.0, 0.4H), 3.62/3.60
N A -

\n’ " TOH (two singlets, 3H), 3.0 (s, 3H), 2.14-2.05

O AN (m, 1H), 0.95 (d, J = 6.3, 3H), 0.81 (d, J =

6.6, 3H). LC/MS: Anal. Caled. for [M-

H] CgH4NO4: 188.09; found 188.05.

Cap-63 [Note: the reaction was allowed to run for
longer than what was noted for the general
procedure.] 'H NMR (DMSO-dg, = 2.5
0 N ppm, 400 MHz): 12.21 (brs, 1H), 7.42 (br

o) s, 1H), 3.50 (s, 3H), 2.02-1.85 (m, 4H),
1.66-1.58 (m, 4H). LC/MS: Anal. Caled.
for [M+HT" CgH4NO,: 188.09; found
188.19.

Cap-04 [Note: the reaction was allowed to run for
longer than what was noted for the general
') procedure.] "H NMR (DMSO-dg, §=2.5
/OYN{;\OH ppm, 400 MHz): 12.35 (br s, 1H), 7.77 (s,
0.82H), 7.56/7.52 (overlapping br s,
0.18H), 3.50 (s, 3H), 2.47-2.40 (m, 2H),
2.14-2.07 (m, 2H), 1.93-1.82 (m, 2H).

Cap-65

o_N
/Yh
© OH

Methyl chloroformate (0.65 mL, 8.39 mmol) was added dropwise over 5 min
5 toacooled (ice-water) mixture of Na,CO; (0.449 g, 4.23 mmol), NaOH (8.2 mL of
IM/H,0, 8.2 mmol} and (S)-2-amino-3-hydroxy-3-methylbutanoic acid (1.04 g, 7.81

mmol). The reaction mixture was stirred for 45 min, and then the cooling bath was
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Cap- 75 Cap- 75, step a o 0,Bn OH NaBH3CN (1.6 g, 25.5 mmol) was
added to a cooled (ice/water bath) water (25 m )/ methanol (15 ml) solution
of H D SeWo@BWil1H©: (2.0 g, 8.6 nmmol ). Acetal dehyde (1. BCHIUS2012/088% %0l ) was
added drop-wi se over 5 min, the cooling bath 10was renoved, and the

reaction m xture tirred at .a diti for The, reaction
was careful If W&WM@@%@Q&‘W%‘?@%@ tﬁ’ﬁ?}“% }?{1 ?315 }Fﬁe {FAEHRD e, osi due
was di ssol veghsiwhsied ®ith @Q%Uéﬁcf hedqidduld pﬁas"e%%%@le@h@&%é‘-‘%‘a@r bath and
(MeOH H20/ TFA) to afford the TFA salt of (R)-benzyl 2-(diethylam no)- 3-

hydr oxypr opaneifies wih eonpehioatt@BE] (i spldusgion bf {-2, dde volbHldNMR{oDMBOVas, S =

2.5 15 500 7 hi 114 7.52-7 12. 2,
H, 527 (demovefﬁ% vacthapi) e iide Vi ki ip i ) e S ygetCibfs I
3.43-3.2% (my ﬁi@er&ﬁaﬁ(ﬁ the'filfera?e %as ﬁ:'fgrva S YRrbLOCEh-62 ks 2 Bhite derd@ M N
LC Ms: Anal , l'ed, for 252.16; ftound 252.19. 5Cap- 75

NaH (0.0727 vgscoﬂs ﬁaﬁmw(rhﬂ?:ﬁ @0/I)INMR(Bmdg(ﬁ:aquanedloml\dﬁzw&@%(d]'ﬂ% (3.0
m.) solution of the TEA salt benz

2L et hyl ot S B By BRadoR @, {0 5b 180296 (538 hbfs) SH dpkh 6

above, and tfhg mxture was stirred for 15 nm Methyl iodide (560 90 nmmol)
was added and’stirring was continued for 18 hr 10while allowing the bath to

thaw to anbi ent cGpdba aah-67 Tee p&@%ﬁ%nﬂ@@r@tﬁﬂ&ﬁhﬁﬂn%ciaﬂﬁywﬁlmland | oaded
onto a MeOH pre-conditjoned MCX g) cartrjdge, and washed with nethanol
fol I oned¥by S g%%%ﬂ&‘ﬁ HS&YuegwiwwhzmrmW@F%%ﬂ Torrgaergxpdinesisrof (ee-8fol ati | e
conponent in vacuo afforded Cap-75, contamnated with (R)-

2- (di et hyl am no) - 3- hydr oxypr opanoi ¢ acid, as a yellow sem -solid (100 ng).
The 15product was used as is w thout fgssglber purification. Cap-76 OHO0 HO

]

\ﬂ’

“OH
"H NMR (DMSO-dg, 8= 2.5 ppm, 400 MHz): § 12.58 (br s, 1H), 7.07 (d, J =
15 8.3,0.13H), 6.81 (d, /= 8.8, 0.67H), 4.10-4.02 (m, 1.15H), 3.91 (dd, / = 9.1, 3.5,
0.85H), 3.56 (s, 3H), 1.09 (4, J = 6.2, 3H). [Note: only the dominant signals of NH

were noted].

Cap-67

Yo
© OH

20
'"H NMR (DMSO-dg, § = 2.5 ppm, 400 MHz): 12.51 (brs, 1H), 7.25 (d, J =
8.4,0.75H), 7.12 (brd, J = 0.4, 0.05H), 6.86 (br s, 0.08H), 3.95-3.85 (m, 2H), 3.54 (s,
3H), 1.08 (d, J = 6.3, 3H). [Note: only the dominant signals of NH were noted].
25
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N) NaCNBH3 (1.60 g, 24.2 mml) was added in batches to a chilled (H5 C 20
wat er/ MeOH (12 nlL each) sol ution of

(S) - 4- amWO-2210(11&7108 - but oxycar bonyl am no) butanoi c acid PETUB2¢j0/028899% ol ) .
A few mnutes |ater acetal dehyde (2.7 nL, 481 mml) was added drop-w se
over 2 mm the cooling bath was rermvckeéj, gd the reaction m xture was
stirred at anbient condition for 3.5 Hr%- addi ti onal acetal dehyde (2.7
m., 48.1 nmol) was added and the reaction was stirred for 20.5 hr. 25 Most
of the MeOH component was renoved irbva'rguo, and the remai ning m xture was
treated with concentrated HCL unti ¥ p_J‘iJ?eaJched - 1.0 and then heated
for 2 hr at 40 C. The volatile corrpon\grgu wasor enoved in vacuo, and the
residue was treated with 4 M HCl/di oxane ( m.) and stirred at anbient
condition for 7.5 hr. The volatile - 103- Ggnponent was renoved in vacuo
md the residue was purified wth Dowex CC 5 k8- 100 i on- exchange resin
(colum was was hQ@etﬁ&l"&hid‘i@fo@xﬁat@E&SB RE, £9TRAYNMa8dRI Hbekiw b Hixhibe
NHACH, prepared from 18 nl of NH40H and 282 M of water) to afford

i nt er nedi at ef ( ) NZOHGRQJS H-rldPdxhobini MAYHHC Qn Gige (A0 ind, A8 nzm), df dspatict e

lid (1. | chl or of ) | s added
ar op-vi 8 o6t e YOG B D et ey Rl ChOPaioseontro on3 g
2.29 mol ), NaQH(fnfiedilooRfitidM idg@hr,f'fm? gg&g@é&@@ﬁgﬁé{}@%&%& @6 gfluet), (802.4

ng). The reaction mxture was stirre mn, an hen the cobl'i'ng bath
was renoved Taedgstdusiiyegwanscididiet mitheldNLHTbto apHadd | amlnexkrafie® WithrethyThe
reaction mxture was_.di 1 uted with equal K volunme of water and washed with
CH2C12 (30 reetatsyy x Shnht Hae squbed opaisdayias wersorashedwith brse-dusder bat h
and acidifi i i oo 13 |.atkl e
conponent wa%ga%%‘ﬁ’ f?lfeé?r‘r%d\?gga ?é\rﬁg%%%%d %ﬁvg@ ?‘ﬁg {:f?(% (igt@ltf%‘;gtgear%iaalféle \ﬁ/gés{i vfge%- based
w th MCXOr esiB37£6n8g;is sieive ticonaalvasiideshdwhé brosateras wed withomw farthas el ut ed
with 2.0 M'15 ,NH3/,|\/EO§% to afford inpure Cap-76 as all off-white solid (704
rug). | HNW Rurifiseieng4, H QMRIDMS @k & 260 ma)S0088HeD 81888 (br s, 1H)B7.53. 7,

111), 3.62 (5, ;311 3. 25 2. 18:2..09 111),, 2,04- 1. 96
(i n? 1H) By (38%:1}’3?08%%)%%@1\?2%%# il'%%ﬂz@%f5§1@#d=[“(1/\m)1%f01ﬁi211v204:
233, 15; f ouny 28382, 1H), 3.55 (s, 3T €.89)a8,hesi16.206.5Camy, 277 1v@g, .consluce.ed
according to the(f)rocedure described for Cap-7 by usin

1

. 7 by N
7- azabi cycl diD. 2Q{Gragt AR T orl Y hairs g/ MiSs pinak rbed. EQrgM*YEn@jﬁ%sﬁﬂk'ecti ng

the enantio i,¢. separati.on of the internedi ate benzyl 2-(7- 25
azabi eygﬁso[ ;5%2‘.@]’ ﬁoélglﬁéﬁé-ﬁyl) - 2- phenyl acetate using the foll ow ng

condition: the internmediate (303.7 ng) was dissolved in ethanol, and the
resulting solution was injected on a chiral HPLC colum (Chiracel AD-H
colum, 30 x 250 nm 5 urn) el utingariaih @IHEER- 10% Et0I 1 at 70 ni/mn,
and a tenperature of 35 Cta- 1Q4- provide 124.5 ng of enantionier-1 and
133.8 ng of enanti ot ner- 2. %ﬁgse enzyl Cest@r R)werdiomgdr ogenol ysed
according to the preparati o pH7 t BeRPYN (denedisre7: 1H NVR (DVSO-d6, 8
= 2.5 ppm 400 MHz): 8 7.55 (mi2H), 7.38-7.30 (m 3H), 4.16 (s, 3.54

1H),

(g0 or % 21 Sl T8 R A koS e (L o G P BDC BT -
HRVE: Angl . @bicd7 dioyMEdHD nfihAohRERr akdmhe 18388 of P1OGRAR- A34H. Cap-78

minutes later acetaldehyde (4.0 mL, 71.3 mmol) was added drop-wise over 4 min, the

cooling bath was removed, and the reaction mixture was stirred at ambient condition

for 6 hr. An additional acetaldehyde (4.0 mL) was added and the reaction was stirred

for 2 hr. Concentrated HCl was added slowly to the reaction mixture until the pH

25  reached ~ 1.5, a_nd the resulting mixture was heated for 1 hr at 40 "C. Most of the
volatile component was removed in vacuo and the residue was purified with a

Dowex® 50WX8-100 ion-exchange resin (column was washed with water, and the
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10NaCNBH3 (0.5828 g, 9.27 mmmol) was added to a m xture of the HClL salt of
(R)-2-(ethyl am no) - 2- phenyl acetic acid (an internmediate in the synthesis of
Cap- 3; 0.W02810Mg7704. 60 mol ) and (1- et hoxycycl opr opoxy) PETABS2MPI0289PANne
(1.640 g, 9.40 Mol ) in WON (10 nL), and the sem - het erogeneous m xture was
heated at 50 "C with an oil bath for 20 hr. Mre

( 1- et hoxycy ebopeopbxys) dnted mathndiluss NHa@H( pBpand by 18x0gd6 mimdfIyH AN anéh CNBH3

S {1 onai 55l AT R AR ol B R BT DB SRR br o anc
aci di fi ed t angR-DNIOIGE 00, Dpif, oML LN fayech K pndothen gh Xy e vas

filtered and the filtrate was rotervaped The Fesulting crude materi’al was
taken up i n 2892 . BMH(062141, )1 .28(d, J‘leeﬁthcﬁﬁ)pl &3 ftedt="tB,gdbl uti on, and the
non-di ssgl ved par 2wasf|Iteredo theflltreé oncent atlﬁdln
vacuo. About 1/3 he -7 &stPieaneras gdpith Py derien

reverse pha It of Cap-78 as a
col orl ess V?&t%lﬁ%%ﬁf%é@%?%ﬁ@ Iglta%ﬁllggp 1g{ecl\%} Hﬁ%%ﬂ:ﬁgﬁg 2.5 ppm 400 MHz;
after D20 exobang®y):: 7.56-7.49 (m 5H] ‘H&ME(DMSQ}&,,S&Z@;@MG@-D 3.06
(appbrs,l 266(m1H) 1.26 (t, § =7.3, 3 1H),
0.83-0. 44 25 LC( nd. 1): RT | MH5adm48; CLL«CFI\']B‘t I a268@aﬂ0cd. f or

Crar SCN:SWS?%%%‘?%W “i?é‘) - _*R”%Hféz?s?l%%%?@ 319 o e
unt|I t

was bubbl ed |t hrough a coetedN 76;:]323H§ Rd).s sol 36N CAMSSS | (369
ng, 2.13 mmal) for about 50 m he reaction m xture attai ned a tint

of 5 blue calor. Me2S (10 pipet drops) wasahddedd. fnfMihd €ddeNCan mixt ure

was stirred for 35 mn, The -78 C bath h a-10 C bath and
stirring continued forjan additional 30 “ﬁ??‘rﬁaﬂq {fﬂ’é‘m ‘he vol atile

(146 g, 2. B nS b added o a NeOH| (B0 R SSPir on P IB RS above
1 . was
crude materijaR)and norpholine (500 I'A, | 34H2): 6i3i1803.)4 andI K@ 84 XTUr e \was

stirred at a%?i g ndition for 4 hr. kt was cooled to ice-water
t enperat ure |d Biped V\Tt\ ncent r at ¢ mHER), 2o/b2-ph{ni 38).p1¥% b54 2, 9, and

then stirred for 2.5 hy ile conpo t enny i, vacwo,| and

the residue was purifi nd W t onmbi nat rﬂ%‘ 5'121? n%?ﬁré%?% ?%@fdﬂ?lv\gsﬁ 2.0 N
NIl -13/ MeOH el ution) and a r ver se 15 phase7. BiFﬂ.}@ (A0 A EAltEAJort 0 1afford
Cap-79 cont ai ni ng unknown anmount of norpho |1 In order to gonsune
t he norphol ijne contam pant, the above nai¥ritd C\&HSWzSSkﬁOv]édewdCI-IZCJZ (1.5

m.) and treated with Et3N (0.27 nL, 1 94 gbggl) foll owed by acetic
anhydride (0. 10 n_, 1.06 nmol) and stirre1 anbi ent condition for 18 hr.

20 THF (1.0 gy Nag\d H2D (0.5 nL) were ac dﬁqqﬁ@d(m\tqs@[déng__epyﬁrﬁum far 1.5
hr. The vol ati I e conmpohent was renpved iin vacuo, and the resuitant rdsidue

was passed through MCX{resin (MeOH wash; MH@) mznﬁfé@u,e}mmma:o gfford

i mpure Cap-79 as a brown viscous oil, whi ¢ or the next stgp
without further purificatign. €5 - 106 -(m ZH)194185(H1 1H)098( t,J =
NN OH 7.1, 6H), 0.91 (d,J = 6.5, 3H), 0.85 (d, J

= 6.5, 3H). LC/MS: Anal. Caled. for
[M+HT" CoHoNO,: 174.15; found
174.15.

Cap-73 "H NMR (DMSO-dg, § = 2.5 ppm, 500
N oo MHz): 89.5 (brs, 1H), 3.77 (dd, J =
\/N\)J\OH
: 10.8, 4.1,1H), 3.69-3.61 (m, 2H), 3.26
? (s, 3H), 2.99-2.88 (m, 4H), 1.13 (t,J =
7.2, 6H).
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Cap-80a and -80b OFNII "y OH O O-s( \ SOC12 (6.60 nmi, 90 5 mml)
was added drop-wise over 15 mn to a cooled (ice-water) m xture of

(S) - 3- amWO-22410(1&mw2yl| oxy) - 4- oxobut anoi ¢ acid (10. 04g, 42CYRISZ01AP8PY and
MeOH (300 nL), the cooling bath was renoved and the reaction m xture was
stirred at anbient condition for 29 hr. Mst of the volatile conponent was
renoved in déwe’And the residue was car HﬁNMR(DMS(D{di@d‘md Shetwed®fi Ef 0Ac
(150 nlL) and saturated NaHCO3 sol ution. | The agueous phase was_extracted

with EtflAc (150 nl, 2x), and the conbi MH@r anttdspiihs - 3R4s 18pi 38 (Mysow) |
filtered, and 10 concepntrated in vacuo tg atf rreth
2- am nosuccijnate as a cqQlo Ied oil (9. 78[69) 60(?’&’@2%8?%% ’ .5
ppm 400 MHZ): 67.40-7| 3 , 5.1] 2(63 (d&@“lSé]ZO(BI@pﬁ%(d& } 6. 6,
1F1), 3.55 (|s, 3H), 2.8 (ddh_| 15.9, 6.3, 11-1) (dd, 1 9, 6.8,
110, 1.96 (§, 211). Ld (Cond.>): R = m@‘%n%lHyW(tAﬁm 2@1)&1 for [M

H Cl121116Ng4: 238.11;| found 2\3&22 15Pl was
added over 1 mn to a CH2C12 (80 rolL) so ut| gﬁzé& ?@fgtlc%l% %anﬂ@j{ et hyl

2-anai nosuceinate (4.50 g, 19.0 mml), 9AkARMTKC®- fopeRL* OkHENJOrene (6. 44
g, 20.0 mmlj) and Et3N (3.0 m, 21.5 nmpi % and t he heterogeneous m xture
was stirred jat anbient| condition for 48 912‘!‘1‘@%‘1 3tk was filterediand

the filtrat sotreated—wth évgouq andfit+tered—agarn,—and—tthe—finat] 20
filtrate was eé%”ﬁg‘g’%tra cﬁTh resul ti nqé‘i@g@e mate(ﬁi a Fjgm'ttec to a
Bi ot aae purii{fication (32\8/@’ icka gel 2A§‘ %?é fgaﬁgfi d
(S)-1-benzyl| 4-nmethyl 2-(9- phenyl-9H-fl %gq@-yligmmoﬂﬁﬂg@gg@te as (hi ghly
vi scous colorless oil (7.9 . 11-1 NI\/R@((? ppm 400 l\/Hz)'
37.82 (m 2H), 7.39-7.13 (m 16H), 4.71 J=12.4, 1H), 4.51 (d. J
12.6, 11-1), 3.78 (d, J = 9.1, NH), 350(s 3H), 2.99 (m 251H), 250241
(m 2H, partially overl apped with solvent). LC (Cond. 1): RT = 2.16 nmm
LCMs: Anal. Calcd. for [MHFII C311- 1280045 478. 20; found 478.19.

LiHVDS (9.2 nL of 1.0 MTHF, 9.2 nmmol)_was_added drop-w se over 10 min to a
cooled (-78 T) THF (50 niL) solution of |(S)}1-benzyl 4-nethyl

2- (9- phenyl -9H  fl uoren-9-yl am no) sucéi {3.907 g, 8.18 mml) and
stirred for -1 hr. Mel (0.57 nmL, 9.2 mml) was added drop-w se over 8 mn
to the mxture, and stirring was continuethbfor 16.5 hr while allow ng the
cooling bath to thaw to roomtenperature. After quenching wth saturated
NH4Cl solution (5 nL), nost of the organic 5 conponent was renoved in vacuo
and the residue was partitioned betvveen CH2C12 (100 nL) and water (40 mi)
The organic |ayer was dried (MySH4),~f.i kb gegcdiy and concentrated in vacuo,
and the resulting crude material was puri with a Biotage (350 g silica
gel ; 25% Et OAc/ hexanes) to afford 3. ‘65\ g of a 25/3S and 2S/ 3R

di astereoneric m xtures of 1- benzyl\6 | Bn

3-nmet hyl- 2- (9- phenyl-9Hfl uoren-9- 1 r%)sucm nate in -1.0:0.65 ratio
(1H NVR). The stereochem stry of the do ant i somer was not deteimned at
this juncture, and the m xture was submtted to the next step w thout
separation. Parti j or

S oy rg«légﬂ{gtNg\!\!de%.élﬁﬂ%@%gﬁdde% tcra%oéle@@ﬁgfﬁﬂl%g \E}%@H?gvgbegg or
H20 signal), (23n5§¥n(ethanb1 &5 10) 9olutidbit $f HAD SBr— OBz1 BICY (2].0 £3&.8)mmaoi).nor

?L?Séﬂﬁa . ne#%t%ehydf teS wlofﬁl §m‘71} %&3%%23 “Pyse qzz% glznftée %rgq%%g@@ 504
Anal . Cai'OCd whendoWed, 'élmd g'ée]&ac%%]m&ﬁﬂé}v%g)ﬁm&pa% affbierk OURGEADRr 2%, The

Di i sobutyl al um num hydr | M1 n hexanes, 20.57 aniaol) was
added dr op- wies@iomweds ciifbﬂrzﬂj)nqueachedcmﬂh &2N ﬁ(ﬂ&nﬂ@ndﬁkﬂ&a’s@d%vamh) Thel uti on of
(28) - 1-

residue was dissolved in water and purified with a reverse phase HPLC
(MeOH/H,O/TEA) to afford the TFA salt of (R)-benzyl 2-(diethylamino)-3-
hydroxypropanoate as a colorless viscous oil (1.9g). "H NMR (DMSO-dg, §=2.5

15 ppm, 500 MHz): 6 9.73 (br s, 1H), 7.52-7.36 (i, 5SH), 5.32 (d, /= 12.2, 1H), 5.27 (d,
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20 benzyl 4-nethyl 3-nethyl -2-(9-phenyl -9H-fl uoren-9-yl am no) succi nat e
(3.37 g, 6.86 mml) prepared above, and stirred at -78 C for 20 hr. The
reacti on WORPUWHETWAs renoved fromthe cooling bath and PEpIUBR§10{H289PLd i nt o
-1M H3PO4/ H20 (250 nmL) with stirring, and the m xture was extracted with
ether (100 niL, 2x). The conbi ned organi c phase was washed with brine, dried

(Mggm), fiVtet2d E@d‘*ééﬁ’e%@md{@d‘; A- 38D, 243313 1@, g8, W3 6F t he
t bacs hexandes CHIaLIBE G4 56 R0 Tok Rt fCATSGRRRL SR MM

4- hydr oxy- 3-QTEHLHND: 209 kenpl 259H9f | uor en- 9-yl am no) but anoat e, cont am nat ed
wi th benzyl alcohol, as a colorless viscous oil and (2S, 3R)-benzyl 4-

hydr oxy- 3- met hy1l- 2- (9- phenyl- 9H f | uor en- 9- yl am no) but anoat e contai ni ng the

30( 2S, BRg stereoi somer as an inpurity. Th%l ater sanple was resubmtted to

t he sane”col um chromat ography purifi c%pi on conditions to afford 750 ng of

purified materialNaH (g.l&z'? 29$.83 nabL, 60%6) Ak afdudtte a chbled (RSwatd) THEGR®N

el utes before the (2S,3R) 1soner under the above condition]. (28, 38)

i somer: 1H KNR solBo-of e, THEA salp(Ro-Yspryl 2406thpeminor-3gwdtanypRigpnoare 39- 7. 08

(m 16H), 4. = 12. 3. 1 43 (d, ./ =.12.4 11-1 21 (app t, J
LTy 20 by @5k glaTpelfndn prikpgd il Hia e e Sag afid rorfs Hiny “EP [

1H, Sover | appagyivibdile %@E@.Wﬂb&ﬂ Wi dded gcnéﬁirﬁiﬂ%:g%ﬂ@ntﬁrug@ fedgn} = 6.8,
31-1). LC (Cond. 1): =2.00 mn; LCOMS: Anal. | cd. for [MtH +

C311- 13008 whiB4lla%ing thehath46 shadto apttent 3R)ditiemnEhe rebttionNMR (UBMBGIC16, S =
2.5 ppm 400 . . 7.81 , J =7. 2H), .7, 39- 16H), 4.63 (d, J-
12.1, 1H), ﬂl%gf%fawd?@a%%@n&? @}\’Zﬁi 956?204%@%@1,{4@79&5 gi?aﬁrﬁ)@mnds. 59- 3. 53
(m 2H), 3. 23,008 wit etlganéflfoﬁl)nged ‘E)y %or%pgmdgeh?cion]\’&?i)ch Zﬁ-ﬁﬁglf/leﬂlanﬁrpll'i% 0.57
(d, J =6.8, 3H). LC(Cond. 1): R"=1.92 mn; LCM: Anal. Calcd. for

[ MtH] + C311Rk3@ivaleBhe #6l4tikTonfpouerd iM 6dcib2fforded CapThe comthalnatel with (R)-

st ereochem Cadgi' a%ﬁi gnhrment s of the DI BAL-reduction produ Es wer.e _made based
on NOB st udieSlioreiitrsd R axyptoparriearifaasd XrEeWrrByar st (0P dpg)e ddR i somer
by enpl gyin i . 501.iL of 1.0 M THF, 150.05
nunol ) \%gs é%i(gﬁt?gé g&?gg?se‘g{t (?lgg%vx}ggglriﬁfw%algg(z 0 m.) solution of (2S, 3S)-
benzyl 4-hydroxy- 3-nethyl -2-(9-phenyl - 9H-f | uor en- 9-yl am no) but anoate (62.7
ng, 0.135 mmol), and the reaction mxture was stirred at simlar
tenperature for --2 hr. The volatile CQ%Sﬁent was renoved in vacua and the
resi due was partitioned between CH2A 2 (30 dﬁ.), water (20 nmlL) and saturated
aqueous NF14Cl solution (1 20 m) TI}; ogga c layer was dried (MjSO),
filtered, and concentrated in vacua; % oHesul ting crude material was
submtted to a Biotage purification ( glsilica eel; 10-15% Et OAc/ hexanes)
to afford (3S, 4S)-4-nethyl-3-(9-phenyl-9H-f] uoren-9-

yl am no) di hydr of uran-2(3H)-one as a colorlgés filmof solid (28.1 ng).

(2S, 3R) - benzyl

4- hydr oxy- 3- net hyl - 2- (9- phenyl - 9H f | uor en- 9-yl am no) but anoat e was
25el abor at ed si mMNaNBHL ?.6@@2@ mindTPivAYddd3d (IPbabeR Yd a Atk vorsen) 9-
yl am no) di hydr of uran-ZgS 1)-one. (3S,4S)-lactone isoner: Ili NWR éDI\/BO416,
8 = 2.5 2PpmwatedMrRE) (12 miggaghy solytien gf )-4aayipo-Z2-(kat-Yutexyqaphonyiepino)4. 14 (app

, 4 =8.3 -2.47

t , AH), . 3.6 = 5.8 3.4 a t =9 I ,

(1 H TR Lt Birkh: St Rit ey RBT pleadetgad 177wy By 57 (4
J = 6.6, 3HmmbG wds@aded dibp-wife Kler2 mindtheFoBlingd KdthMas Adddved G@ldale f or

[ MFNa] C24H21 NNa02: 378.15; found 378.42. (3S,4R)-lactone isomer: 1H NMR
(DMSO- d6, 5 reackioB npptyre w@@stmgl) at ambggt conxdigen for @cﬁ"hr. Arzadgitional

acetaldehyde (2.7 mL, 48.1 mmol) was added and the reaction was stirred for 20.5 hr.
25  Most of the MeOH component was removed in vacuo, and the remaining mixture was

treated with concentrated HCI until its pH reached ~ 1.0 and then heated for 2 hr at 40

°C. The volatile component was removed in vacuo, and the residue was freated with 4

M HCl/dioxane (20 mL) and stirred at ambient condition for 7.5 hr. The volatile
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1H), 7.85 (d, J- 7.3, 1H), 7.46-7.20 (m 1111), 3.95 (dd, J = 9.1, 4,8,
111), 3.76 (d, 1- 8.8, 1H, 2.96 (d, | = 3.0, NH, 2.92 (dd,- 6.8, 3, NCH,
1.55 (m W0-2000/1107097 (d, J = 7.0, 3H). LC (Cond. 1): RTPETASA®O/28999 LC/ VS:
Anal . Calcd. for [MtNa]Jt C24H2I NNaO2: 378. 15 found 378.49. 5TBDMS-Cl (48
ng, 0.312 mmol) foll owed by imdazole (28.8 0.423 nmmol) were added to a
CH2C12 (3 NCPMBRRERE FghIeHmovied & Bcsw@éﬁilgﬂ regy F@Wﬁwﬂs&d with Dowex ®

met hy1-2-(9 Qg@/ nmol ),
and the m xtsgre még@glérx?g gsuﬁ) ,{&93&2%%%}{%3% ey Q%ﬁﬁc8n§_ﬁ§1dr eaction
m xt ure was vahents With éﬂuleﬂqu%%ﬁ:‘é;iérc{cBﬁorm.lB mlnfmm@lnmgmnmmme@w m),
and the organic 10l ayer was dried I\%& filtered, and concentrated in
vacua. The reaffienddnierraedizie (Pat-aming-4vdisthylaming)butanpie acid agpppfgehitso g
silica gg ?@ﬁe hexanes) to afford (2S, 3S)-benzyl

4-(tert uty I'silyl oxy)-3-nmethyl-2-(9-phenyl-9H fiuoren-9-

yl am no) but anoat edethgrhrbfoatee (W36 mIIBw\ﬁﬁnﬁ@Seﬁhsimw lifopesgise agerd 1col or | ess
vi scous oil (124.4 . (2S, 310- benzy

4- hydr oxy- 3THBtNY foczle% Qc?yﬁf@wy)lmgqmmm Nﬂéﬁ% 34, 2mSiemely NAOE: @ Gk

el abor at ed g rhy
but yl di net hyIfrﬂ\/J[»/f:'I %X@%%ﬁgta%&ﬁga%?’ é}{ Olh—ugtl(%géﬁll?%}or he_r ﬁcff?%ﬁpﬁtgs Ut anoat e,
(25, 33) si | yfirred ﬂﬁYSSIIﬁmUﬁ{d thézkltﬂﬂl\ﬂﬁoﬁw dﬁs réinéved apd BiMing 4R cMrizued 7, 82

(d; | = 4.1, 113), 7.80 g J 4.0, 111), 7.38-7.07 (m 16 11), 4 70 (d,
. 12. 4, 191) fqranza ddifional 29 br. 3’1"116111@31(:&03 rwgﬂse ms @&vteéﬁﬂtil)eqvﬂl whimelal . |

. 10. 1 5.5, .111 1, 6 9 20= 6.8, 3
o a (s, aneer hf%asfeedl wifloH R e x4 Bg ot T Vos ol enmed
to 4 mm: Ricewdte?Batiahd h&8iRd vﬁﬂﬁdonc&%@fa‘f&l HEDG ¥ Fghdn SR ITHAMNES! :

578.31; found 578.40. (2S,3R)-silyl ether isonmer: 1H NNIVIR (DMS5Qd6, 8 = 2.5
ppm 400 NHLpmppngp v(aa thenreoped irhypcuargthe grudg mteaiaiwam)ﬁe gsedovith 10 (m

16 4. 66 12. 4. 1

5. o 117, 3580 o peieadin wip Fsieyth g nd gy Sy 2y g |
9.5, 113, N@/Meb}g‘b afordlifpurdCd - 76 9 a@b?ﬁwlﬁte@%hﬁ@?()@mg) fHNMVEH) , -0.06

(s 3H), -0.08 A bal | oon of hydrogen was attached to a

m xture of ((mcasm,hﬁeﬂzgp ppm, 400 MHz): § 3.99 (dd, J = 7.5, 4.7, 1H), 3.62 (s, 3H), 3.25-
anoate (336 T8 o0 b7 2D i d o0 B b 130mbS T Bt b5 SR and 1 he.

m xture Wase%%lsbhfcﬁe@or%/{ﬂ%@r@ &gm%wgqﬁg&nd 2#okr, where the balloon

was recharg H2 as necessary e reaction mxture was diluted with
CH2C12 and filtered through a pad of diatonaceous earth (Celite-545(r)),

and the pad was washed with EtO0Ae 110-
B " % F 771
0]
OH
N
Cap-77a. enantiomer-1
Cap-77b; enantiomer-2

The synthesis of Cap-77 was conducted according to the procedure described
for Cap-7 by using 7-azabicyclo[2.2.1]heptane for the SN, displacement step, and by
effecting the enantiomeric separation of the intermediate benzyl 2-(7-

25  azabicyclo[2.2.1]heptan-7-yl)-2-phenylacetate using the following condition: the
intermediate (303.7 mg) was dissolved in ethanol, and the resulting solution was
injected on a chiral HPLC column (Chiracel AD-H column, 30 x 250 mm, 5 um)
eluting with 90% CO,-10% EtOH at 70 mL/min, and a temperature of 35 °C to
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Et OAc/ Me011 (1:1 m xture, 200 nmL.) and MeOH (750 mif"). The conbi ned organic
phase was concentrated, and a silica gel nmesh was prepared fromthe

resul ti ngvorowélifwderi al and submitted to a flash chr omRCEGISAPINP28989 2: 1

m xture of EtOAc/i PrOH/ H20) to afford

(2S,3S)-2-am no-4-(tert-butyl di met hyl silyl oxy% 3- 5nethyl butanoic acid as a
white fluffpreefs B4 3 argpantiopsrdRpdyaByng at ¢nagiipmer-2. These benzyl

but y1 di et YLk WY B RSN Rocdndins BNGD iy Rttbh P E AR % Wl amigel pyyancat e

was simlarl

(2S,3R)- ZaﬁHrNleHt O=us #1208 pphdosiieh:d<y 35 B, T8 IBRbUt@ER) IHRCH d
(2S, 3S)-am no aci d(qjlpggrre(?) 1 l\m h4I\{/jlet hg%(bjl |7 @n } )B on Oo)gl\/Hz)
3.76 (dd, J446@, 5D,5.5% (amH)rs 3H7,:a @%t].88 (m, QH),liﬁ)l 46:1%74%8d@0 (§ord1010. 5,

(s hiar F BT s &pat Gl P o (o g3l (= ©7

(2S, 3R) - am nar3ei @IRNIS”RhaI Jddld}il\/%l(mmﬁr@pﬁ%oﬁz}z 833%9fmm23éqg4d)/l4z)
3.76-3.75 (m 2H), 3.60 (d, 1H), 1.06 (d, J= 7.3,
3H), 0.91 (s, 9H), 0.09 (s, 61 D Anal Cal cd for [ MtHr CIIII26NOBS|:
248.17; found 248.44. 15Water (1 nit) 8,nd7l8\la0-| (0.18 inL of 1.0 M 1-120,
0.18 nmml) were added to a nixture of ““%~

(2S,3S)-2-am no-4-(tert-butyl di net hylsi | nyy)-3- met hyl buttnoi e acid (41,9
ng, 0.169 mol) and Na2CO3 (11.9 ny 1127 ol ), and sonicated for about 1
mmto effect dissolution of react aonture was then cooled with an
i ce-water bath, nethyl ehlorofonnate (0.92 nmi, 0.259 nmol) was added over

30 s, and vigorous 20stirring was co ued at similar tenperature for 40
m n and then at anbient tenperature f 2.7 hr. The reaction m xture was

di | d h h bat h
w1 dON R aavsTeRly %@%&1%”'%%@1)1}%% S e S S T A
with water ((R@—Z%ﬂqyﬁﬁgnﬁ)x Ozﬁh@eﬂ\é ddid Cid ke édibte Mk theDthestdier coi ned

organi ¢ phase" was dried filtered, and 25 concentrated in vacuo to
af ford Cap- 8b%23smart. @}zfn atnei (émthqzycxci@rwyﬁnmhmhnc(l 640 g, 9.40

e Dl i
I H, 7.64 (»dzth é.'n 011 %at% fopz(ﬁﬁ M@rej@ eﬂﬂ)x dycforie éﬁ)xy ifidihylsafd(160dng,J .1,
4.6, 0.3H); 4 (dd Hf{ (two singlets, 3H),

3.48-3. 40 (m. é@m)nol)zaiﬁizﬂ@CHBH(; (ﬁZ 111&1)(? 831)@11183) Yete ag&gd andohgeagiiion MigHe

overt 20ped Yl i D0 i i QPR P 0 00 (1P

Cl 3H271\ 11N8t@§1§bpan§8§nd1&1dlh@&laﬂa 3%@1 ﬁ%on@ﬁ'vﬁﬁpeonbémf\dm HEDGAStheB = 7. 24
ppm 400 MHz), (dd 7.1, 3.1, 1H), 3.87

(dd, J - 10. rﬁ;xt@e(was ﬂh)exed?gméfhe(ﬁurawas @t%p@ddl’h@ resultiog 6ruds n&ternﬂl-l)wasz 35

Gal cd. for” [P i PrOMmGobS feoisdsh 3ect dsion Bl prgaige

product soner g, Ufhdrbd 66 aiﬂ\ﬂ EH&%Era&z%ﬁ&%Era@Hrzh fdGaL| 'A%ut ARt ﬁﬂe resulfdnt
Prepared according to the protocol described by Falb et al. Synthetic

10Conmmuni cat ¢rodsma@d3] wadyurfBg SvitiCampvaae pbaSE&IPIE{S(IWA@EH/E_F@p} ghorder e
o ocodur o deberFEag t¥o§§’c‘aé§7?§e@%t%Ec'»r&%v@u%%?ﬁameﬁ&%ﬁ#ﬁbﬁ&é&’iﬁ% ar
spectral brof 1,55, 2 Mk AL bSLEciENG! b 958 ad m Sy 5 S5 3B
1H), 3.06 (app brs, 1H), 2.66 (m, 1H), 1.26 (t, J = 7.3, 3H), 0.92 (m, 1H), 0.83-0.44
25  (m, 3H). LC (Cond. 1): RT = 0.64 min; LC/MS: Anal. Caled. for [M+H]"
C13HisNO,: 220.13; found 220.21. HRMS: Anal. Caled. for [M+H]" Cy3HgNO;:

220.1338; found 220.1343.
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0000 HHH O At,0 NO N ..-- -,r- OHOH-- iOH-- 1.1--OH

Cap- 82Cap- 83Cap- 84Cap-85 Cap-86 MeO2CHN 20To a m xture of

0- met hyl -WOt2hr0gidiione (3.0 g, 22.55 mmol ), NaOH (0.902 gPCZAUSEBEOMGAPY in H20
(15 nm.) was added Ci1CO2Me (1.74 ni, 22 55 nmmol) dropwi se at OC. The m xture
was allowed to stir for 12 h and acidified to pHL using IN HClL. The aqueous
phase was extracted with Et0Ac and (2xX28B07%L) and 10% MeOH in CH2Cl2 (250
m.) and the conbi ned organi c phases were cepcent rat ed under in vacuo 25to
afford a colorless oil (4.18 g, 97%_which s of sufficient purity for use
in - 112 - WD 2010/ 117704PCT/ US2040142%89 subsequent steps. 1111 NVR (400
MHz, CDCI3) 8 4.19 (s,3.92-3.97 (m 1H, B.66 (s, 3H), 1.17 (d, J = 7.7 Hz,
3H). LCMS: Anal. Calcd.. for C2H 13NG3: 191.; found: 190 (MH)". 5Cap-87

MeO2CHN O HOr-rt OH To a m xture of honoserine (2.0 g, 9.79 mmol),
Na2CO3 (2.08 g, 19.59 mmol) in H20 (15 nL s added Ci1CO2Me (0.76 nmL, 9.79
nmol ) dropwi se at 0C. The m xture was all d to stir for 48 h and

acidified to pH 1 using IN HCl. The 10 aqueous phase was extracted with

Et 0Ac and (2X250 (done &nd blibisled tRtighedeoatgia i " (DS LS, (0 ;i geslagad Caped in
vacuo to afford a colorless solid (0.719 g, 28% which was of sufficient

purity for WPod3Phme,Bdaguank farabpat SO mpovitil fmoreption nastygjttaned pntfd, ./ -
£ 2, O, 557 e S Ot AR A R B e B,
(WHY. 15 Capy588in. Ah#-%8 T Batbfwdsryshdedaritila 00 C BuibdndutRting cértiuedapyni di ne
(1.8 nit, 1%dgitionai 30 min, and then the volatile component was removed in vacuo to afford a
colorless viscous oil.
NaBH;CN (149 mg, 2.25 mmol) was added to a MeOH (5.0 mL) solution of
10 the above crude material and morpholine (500 uL, 5.72 mmol) and the mixture was
stirred at ambient condition for 4 hr. It was cooled to ice-water temperature and
treated with concentrated HCI to bring its pH to ~2.0, and then stirred for 2.5 hr. The
volatile component was removed in vacuo, and the residue was purified with a
combination of MCX resin (MeOH wash; 2.0 N NH;/MeOH elution) and a reverse
15  phase HPLC (H,O/MeOH/TFA) to afford Cap-79 containing unknown amount of
morpholine.
In order to consume the morpholine contaminant, the above material was
dissolved in CH,Cl, (1.5 mL) and treated with Et;N (0.27 mL, 1.94 mmol) followed
by acetic anhydride (0.10 mL, 1.06 mmol) and stirred at ambient condition for 18 hr.
20 THF (1.0 mL) and H,O (0.5 mL) were added and stirring continued for 1.5 hr. The
volatile component was removed in vacuo, and the resultant residue was passed
through MCX resin (MeOH wash; 2.0 N NH3/MeOH elution) to afford impure Cap-
79 as a brown viscous oil, which was used for the next step without further
purification.
25
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mml ), K2CO3 (2.45 g, 17.7 mmol) and Cul (169 ng, 0.887 nmol) in DVSO (10
20 mL) was heated at 100C for 12h. The reaction m xture was cooled to P.
poured i WO 2pRO1T®A. 150 nl) and washed with Et OAc (x2) PCTAB2U0H28PT | ayers
were extracted with a small amount of H20 and the conbi ned ag phases were
acidified to ca. pH2 with 6N HCL. The volune was reduced to about
one-third and 20g of cation exchanfepésiond (Btr at a) was added. The slurry
was allowed to stand for 20 m noand | oaded onto 25a pad of cation exchange
resin (Strata) (ca. 25g). Thﬁ pad was washed with 1320 (200 ni), MeOH (200
m.), and then NH3 (3Mim H;- B0 nL) The appropriate fractions was
concentrated in vacuo anme esi due (cgar-90a1 SEdiggredessol ved i n R70, -
113 - frozen and |yophyl | iz&d. JThe tit | 8RB SIREPIEE BBt ai ned as a foam
(LO2 g, 62% . 11-1.NWVR (400 MHz O~ dé) 88.00 (s, br, 1H), 7.68- 7.71
(in, 11-1), 7.01 (s, Tor, 1H), 6.88 {d, J = 7.5 Hz, 1H), 5.75 (s, br, 1H),

3.54 (s, 1H), 2.0Q4 - . 0.95 (d,, J= 6.0 Hz, .,.0.91 (d, J =
oo e 3ty LMDk 00 el b5 el s ek on et 4 St a ity
Cap-89 A mixtl s i(ge .l =00 i mgdi (4.03
g 170 10 et e pt e (5 et ot TR prab e MERRY IO Ptk 0,
DVBSO ( 105 )mmel ahé Me€iH 83100100 tHeoroolizp bathivensreactdédomdribxteactmwasctoeol ed t o
RT, poured into H20 (ca., 150 inL) .and washed with Et0Ac (x2). The organic

| ayers were “é%?tSFigég é‘oﬁr&?‘?w Cﬁll@ﬁﬁ?l lfora%%l)‘ﬁ ntvigs 0%1?0( Ogﬂ R LB Hed aq
phases were RO 4 : i ea to
Bbout one. ¢ AEEG il SekPufiine Ridee ok Lot bhfpbri i IR YO TPRIRE " The
slurry was aintiewechtddoNsHa0d sélorio? 0Tie ayuamek plasdeds entaoted witoEGfA«c@ton
exchange resin (Strata) (ca. 259).. The pad was washed with 1120 (200 ni),
Me011 (200 rith, 2xgranditherrmipged ompenis PRy asiEd SMESPIrAdersdpttshr i at e

fractio t; j i . .

di ssol vag | RopBgREREiL 2R b AMALP A kRS PP eci A BT 2 ned
as a foam (Joip@.mﬁgﬁz%Nl\fKO(mmmmemﬂgpm, GBI showedr 3hen i8R e to
contain valine and the pu(irfiﬁiéﬁcoul d not be estimated. The material was used

as is in sub8edledi’2(aack IFONBSS A, TAB €. ol - BoHi.3NB02.58 {dh ./
f d: 196 + - - i h
ot hod descit Beg #8r DZhd JSre Pt G TR Dk A S L AL ISMAEARE e | e

as is in subsepuent* SLERPNOLEMSI1Abahd 268abxd. for CIIIT16NO2: 193; found:
192 (MH. - 114 - The followi ng caps were prepared. accordin.g to

the met H8d used fRUNPheAaLaE bh3 oimelapvas addadl avss ! nue éue 6thehufe sl)Cap

Structure  LOVB SR Benzyl 4-methyl 2-aminosuccinate (4.50 g, 19.0 mmol), 9-bromo-9-

phenyl-9H-fluorene (6.44 g, 20.0 mmol) and EtzN (3.0 mL, 21.5 mmol), and the

heterogeneous mixture was stirred at ambient condition for 48 hr. The mixture was
filtered and the filtrate was treated with MgSOy4 and filtered again, and the final

20 filtrate was concenfrated. The resulting crude material was submitted to a Biotage
purification (350 g silica gel, CH,Cl; elution) to afford (S)-1-benzyl 4-methyl 2-(9-
phenyl-9H-fluoren-9-ylamino)succinate as highly viscous colorless oil (7.93 g). 'H
NMR (DMSO-dg, & = 2.5 ppm, 400 MHz): 8 7.82 (m, 2H), 7.39-7.13 (m, 16H), 4.71
(d,J=12.4, 1H), 4.51 (d,J = 12.6, 1H), 3.78 (d, J = 9.1, NH), 3.50 (s, 3H), 2.99 (m,

25  1H), 2.50-2.41 (m, 2H, partially overlapped with solvent). LC (Cond. 1): RT =2.16
min; LC/MS: Anal. Caled. for [Mﬂ*H}"&" Ca1H2gNO,: 478,20 found 478,19.

LiHMDS (9.2 mL of 1.0 M/THF, 9.2 mmol) was added drop-wise over 10 min

to a cooled (-78 *C) THF (50 mL) solution of (8)-1-benzyl 4-methyl 2-(9-phenyl-9H-
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NHCOZ2ZMe CO2H LCMS: Anal. Calcd. for C i H 3N04: 223; found: 222 04A-1f.

Cap-92 I's NHCO2Me CO2H LCMs: Anal. Calcd. for CII1113N04: 223; found: 222
(MH-. CGip298/107704- 1)Y HN', | 0 O 'OH LCMS: Anal. CalP€d/USR@H/0g3POH12N204:
224; found: 225 (M-14). Cap-94 0 NOH HO 1/41/-'"" O

fluoren-9-ylamino)succinate (3.907 g, 8.18 mmol) and stirred for ~1 hr. Mel (0.57
mlL, 9.2 mmol) was added drop-wise over 8 min to the mixture, and stirring was
continued for 16.5 hr while allowing the cooling bath to thaw to room temperature.
After quenching with saturated NH4Cl solution (5 mL), most of the organic

5  component was removed in vacuo and the residue was partitioned between CH,Cl,
(100 mL) and water (40 mL). The organic layer was dried (MgSO,), filtered, and
concentrated in vacuo, and the resulting crude material was purified with a Biotage
(350 g silica gel; 25% EtOAc/hexanes) to afford 3.65 g of a 25/3S and 2S/3R
diastereomeric mixtures of 1-benzyl 4-methyl 3-methyl-2-(9-phenyl-9H-fluoren-9-

10 ylamino)succinate in ~1.0:0.65 ratio (“H NMR). The stereochemistry of the dominant
isomer was not determined at this juncture, and the mixture was submitted to the next
step without separation, Partial 'H NMR data (DMSO-ds, 8 = 2.5 ppm, 400 MHz):
major diastereomer, & 4.39 (d, J = 12.3, 1H of CHy), 3.33 (s, 3H, overlapped with
H,0 signal), 3.50 (d, J = 10.9, NH), 1.13 (d, J = 7.1, 3H); minor diastereomer, 3 4.27

15 (d,/=12.3, 1H of CHy), 3.76 (d, J = 10.9, NH), 3.64 (s, 3H), 0.77 (d, ./ = 7.0, 3H).
LC (Cond. 1): RT = 2.19 min; LC/MS: Anal. Caled. for [M+H]" C3HaoNOq:
492.22; found 492.15.

Diisobutylaluminum hydride (20.57 m! of 1.0 M in hexanes, 20.57 mmol) was
added drop-wise over 10 min to a cooled (-78 "C) THF (120 mL) solution of (25)-1-

20  benzyl 4-methyl 3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)succinate (3.37 g, 6.86
mmol) prepared above, and stirred at -78 °C for 20 hr. The reaction mixture was
removed from the cooling bath and rapidly poured into ~IM H3PO4/H,0 (250 mL)
with stirring, and the mixture was extracted with ether (100 mL, 2x). The combined
organic phase was washed with brine, dried (MgSQ,), filtered and concentrated in

25  wvacuo. A silica gel mesh of the crude material was prepared and submitted to
chromatography (25% EtOAc/hexanes; gravity elution) to afford 1.1g of (23,35)-
benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate,
contaminated with benzyl alcohol, as a colorless viscous oil and (28,3R)—benzy1 4-
hydroxy-3-methyl-2-(9-phenyl-9 H-fluoren-9-ylamino)butanoate confaining the

30 (25,3R) sterecisomer as an impurity. The later sample was resubmitted to the same

column chromatography purification conditions to afford 750 mg of purified material

- 108 -



T'CVM5: Anal. Calcd. Ib C21111N304: 213; found: 214 (MFH) 1. Cap-95 110
QGANH 0 OH OCMs: Anal. Calcd. for C1l3F117/\104: 251; found: 250 (MH)-.
Cap-96 AMOQINHO7TOH LCMS: Anal. Calcd. for Cl2HI5NO4: PST/USRUO/BI9P36
(MH)-. - 115- Cap-97 0 OA NH O 0'i LOH LCMS: Anal. Calc,d. |'or
ol 15N04: %2 ila-;whfitg l%gadm [zlg(gce:(thme ( S", '3S)Cafsg£11%§ eluteg bgz)fglr\lthhg (gSr,gIIi?igomer under
the above condition]. (28, 3S) isomer: "H NMR (DMSO-dg, 8 = 2.5 ppm, 400 MHz):
7.81 (m, 2H), 7.39-7.08 (m, 16H), 4.67 (d, J = 12.3, 1H), 4.43 (d, /= 12.4, 1H), 4.21
(appt,J =5.2, 0OH), 3.22 (d, /= 10.1, NH), 3.17 (m, 1H), 3.08 (m, 1H), ~2.5 (m, 1H,
5 overlapped with the solvent signal), 1.58 (m, 1H), 0.88 (d, /= 6.8, 3H). LC (Cond.
1): RT = 2.00 min; LC/MS: Anal. Caled. for [M+H]" C3;H3oNO;: 464.45; found
464.22. (28, 3R) isomer: "H NMR (DMSO-dg, 8 = 2.5 ppm, 400 MHz): 7.81 (d, J =
7.5, 2H), 7.39-7.10 (m, 16H), 4.63 (d, /= 12.1, 1H), 4.50 (app t, J = 4.9, 1H), 4.32 (d,
J=12.1, 1H), 3.59-3.53 (m, 2H), 3.23 (m, 1H), 2.44 (dd, J = 9.0, 8.3, 1H), 1.70 (m,
10 1H),0.57(d,J = 6.8, 3H). LC (Cond. 1): RT = 1.92 min; LC/MS: Anal. Caled. for
[M+HT" C31H3oNOs: 464.45; found 464.52.

The relative stereochemical assignments of the DIBAL-reduction products
were made based on NOE studies conducted on lactone derivatives prepared from
each isomer by employing the following protocol: LIHMDS (50 uL of 1.0 M/THF,

15 0.05 mmol) was added to a cooled (ice-water) THF (2.0 mL) solution of (28,35)-
benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate (62.7 mg,
0.135 mmol), and the reaction mixture was stirred at similar temperature for ~2 hr.
The volatile component was removed in vacuo and the residue was partitioned
between CH,Cl; (30 mL), water (20 mL) and saturated aqueous NH4Cl solution (1

20  mkL). The organic layer was dried (MgS0O,), filtered, and concentrated ir vacuo, and
the resulting crude material was submitted to a Biotage purification (40 g silica gel;
10-15% EtOAc/hexanes) to afford (35,45)-4-methyl-3-(9-phenyl-9H-fluoren-9-
ylamino)dihydrofuran-2(3H)-one as a colorless film of solid (28.1 mg). (285,3R)-
benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate was

25  elaborated similarly to (3S,4R)-4-methyl-3-(9-phenyl-9H-fluoren-9-
ylamino)dihydrofuran-2(3H)-one. (3S,4S)-lactone isomer: 'H NMR (DMSO-dg, 8=
2.5 ppm, 400 MHz), 7.83 (d, J = 7.5, 2H), 7.46-7.17 (m, 11H), 4.14 (app t, J = 8.3,
1H}, 3.60 (d, /= 5.8, NH), 3.45 (app t, J = 9.2, 1H), ~2.47 (m, 1H, partially
overlapped with solvent signal), 2.16 (m, 1H), 0.27 (d, J = 6.6, 3H). LC (Cond. 1):

30 RT=1.98 min; LC/MS: Anal. Caled. for [M+Na]" CosHy NNaQ;: 378.15; found

378.42. (35,4R)-lactone isomer: "H NMR (DMSO-dg, 6 = 2.5 ppm, 400 MHz), 7.89
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LCVS: Anal . Cal cd. for COHL5NO4: 201; found: 202 (MrH)I. Cap-99 0 CYANH

1HNMR (400 MHz, CD30D) 8 3.88 - 3.94 (m 1H), 3.60, 3.61 (s, 3H), 2.80 (m

1H), 2.20V00WHN7702, 82- 1.94 (m 3H), 1.45 -1.71 (m 2HPCT/USSRW02888p- 99a 0O

ONH tO2H HNMR (400 MHz, CDIOD) 63.88 -3.94 (m 111), 3.60, 3.61 (s, 311),

2.80 (m 1H), 22001[,182 1.94 (m 3H), 1.45 1.71 (m 2H). Cap-100 O
1. ONH O OHJ401.6. ts:7- %, 7 =Chb.cldD, 1?66 TPELUIAROAFI5 086 = Dliki8, Hhe

(MrH) +. Cap 30 O 11y, 2.96 (d, 7= 3.0, NH), 2.92 (dd, J = 6.8, 3, NCH), 1.5 (m, 1H),
0.97 (d, J = 7.0, 3H). LC (Cond. 1): RT =2.03 min; LC/MS: Anal. Calcd. for
[M+Nal" Cp4H2NNaO,: 378.15; found 378.49.

5 TBDMS-C1 (48 mg, 0.312 mmol) followed by imidazole (28.8 mg, 0.423
mmol) were added to a CH,Cl, (3 ml) solution of (28,3S)-benzyl 4-hydroxy-3-
methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate (119.5 mg, 0.258 mmol), and
the mixture was stirred at ambient condition for 14.25 hr. The reaction mixture was
then diluted with CH,Cl; (30 mL) and washed with water (15 mL), and the organic

10 layer was dried (MgSOy), filtered, and concentrated in vacuo. The resultant crude
material was purified with a Biotage (40 g silica gel; 5% EtOAc/hexanes) to afford
(28,38)-benzyl 4-(tert-butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-
ylamino)butanoate, contaminated with TBDMS based impurities, as a colorless
viscous oil (124.4 mg). (2S,3R)-benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-

15 9-ylamino)butanoate was elaborated similarly to (2S,3R)-benzyl 4-(tert-
butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate.
(28,3S)-silyl ether isomer: "H NMR (DMSO-ds, 8 = 2.5 ppm, 400 MHz), 7.82 (d, J =
4.1, 1H), 7.80 (d, J = 4.0, 1H), 7.38-7.07 (m, 16 H), 4.70 (d, J = 12.4, 1H), 4.42 (d, J
= 12.3, 1H), 3.28-3.19 (m, 3H), 2.56 (dd, J = 10.1, 5.5, 1H), 1.61 (m, 1H), 0.90 (d, J

20 =6.8,3H),0.70 (s, 9H), -0.13 (s, 3H), -0.16 (s, 3H). LC (Cond. 1, where the run
time was extended to 4 min): RT = 3.26 min; LC/MS: Anal. Caled. for [M+H]"
C37HaNO3Si: 578.31; found 578.40. (2S,3R)-silyl ether isomer: "H NMR (DMSO-
dg, 8= 2.5 ppm, 400 MHz), 7.82 (d, /= 3.0, 1H), 7.80 (d, / = 3.1, 1H}, 7.39-7.10 (m,
16H), 4.66 (d, J = 12.4, 1H), 439 (d, /= 12.4, 1H), 3.61 (dd, / = 9.9, 5.6, I H), 3.45

25  (d,J=9.5,1H), 3.41 (dd, J = 10, 6.2, 1H), 2.55 (dd, J = 8.5, 7.3, 1H), 1.74 (m, 1H),
0.77 (s, 9H), 0.61 (d, J = 7.1, 3H), -0.06 (s, 3H), -0.08 (s, 3H).

A ballpon of hydrogen was attached to a mixture of (25,38)-benzyl 4-(tert-
butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-ylaminojbutancate (836
mg, 1.447 mmol) and 10% Pd/C (213 mg) in EtOAc (16 mL) and the mixture was

30 stirred at room"semperature for ~ 21 hr, where the balloon was recharged with H; as
necessary. The reaction mixture was diluted with CH;Cl, and filtered through a pad
of diatomaceous earth (Celite—545®), and the pad was washed with EtOAc (200 mL),
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CO2H 40 LCMS: Anal. Calcd. for Cl111-113N04: 223; found: 222 (MH .

Cap- 102 O -.

.,0). NH CO2H 0 LCMS: Anal. Caled. for C11i-T13-N04: 223,

(M nd: 22¥0(2R047T0Ap- 103 O NH -.7.-02H ------ ; - " - RCLOSBN10A28999 Cal cd.
for CLOH12N204: 224; found: 225 (MtH). Cap-104 HNCO2H 1HNVR (400 MHz,

CD30D) 33.60 (s,

11-1),
/

1. 91 BtOAcOMeQ(1 2 mixfurd, 29-mh), vl Ne@HAHY( ml.)5The cambired mgagis) .

10

15

20

25

30

phase was concentrated, and a silica gel mesh was prepared from the resulting crude
material and submitted to a flash chromatography (8:2:1 mixture of EtOAc/i-
PrOH/H,0) to afford (28,3S)-2-amino-4-(tert-butyldimethylsilyloxy)-3-
methylbutanoic acid as a white fluffy solid (325 mg). (2S,3R)-benzyl 4-(tert-
butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate was
similarly elaborated to (28,3R)-2-amino-4-(tert-butyldimethylsilyloxy)-3-
methylbutanoic acid. (28,38)-amino acid isomer: "H NMR (Methanol-ds, & = 3.29
ppm, 400 MHz), 3.76 (dd, J = 10.5, 5.2, 1H), 3.73 (d, J = 3.0, 1H), 3.67 (dd, J =
10.5, 7.0, IH), 2.37 (m, 1H), 0.97 (d, J/ = 7.0, 3H), 0.92 (s, 9H), 0.10 (s, 6H). LC/MS:
Anal, Caled. for [M+H]" C1;HzsNO;Si: 248.17; found 248.44. (28,3R)-amino acid
isomer: 'H NMR (Methanol-ds, &= 3.29 ppm, 400 MHz), 3.76-3.75 (m, 2H), 3.60 (d,
J=4.1,1H), 2.16 (m, 1H), 1.06 (d, J = 7.3, 3H), 0.91 (s, 9H), 0.09 (s, 6H). Anal.
Caled. for [M+H]" C11HeNO;Si: 248.17; found 248.44,

Water (1 mlL) and NaOH (0.18 mL of 1.0 M/H,0, 0.18 mmol) were added to a
mixtore of (28,35)-2-amino-4-(tert-butyldimethylsilyloxy)-3-methylbutanoic acid
(41.9 mg, 0.169 mmol) and Na,CO; (11.9 mg, 0.112 mmol), and sonicated for about 1
min to effect dissolution of reactants. The mixture was then cooled with an ice-water
bath, methyl chloroformate (0.02 mL, 0.259 mmol)} was added over 30 s, and vigorous
stirring was continued at similar temperature for 40 min and then at ambient
temperature for 2.7 hr. The reaction mixture was diluted with water (5 mlL), cooled
with ice-water bath and treated drop-wise with 1.0 N HCl aqueous solution (~0.23
mL). The mixture was further diluted with water (10 mL) and extracted with CH,Cl,
(15 mL, 2x). - The combined organic phase was dried (MgSQOy), filtered, and
concentrated in vacuo to afford Cap-80a as an off-white solid. (25,3R)-2-amino-4-
(tert-butyidiméthylsilyloxy)~3 -methylbutanoic acid was similarly elaborated to Cap-
80b. Cap-80a: 'H NMR (DMSO-dg, § = 2.5 ppm, 400 MHz), 12.57 (br s, 1H), 7.64
(d,J=18.3,0.3H),7.19(d, J = 8.8,0.7H), 4.44 (dd, J = 8.1, 4.6, 0.3H), 4.23 (dd, J =
8.7, 4.4, 0.7H), 3.56/3.53 (two singlets, 3H), 3.48-3.40 (m, 2H), 2.22-2.10 (m, 1H),
0.85 (s, 9H), ~0.84 (d, 0.9H, overlapped with t-Bu signal), 0.79 (d, J =7, 2.1H),
0.02/0.01/0.00 (three overlapping singlets, 6H). LC/MS: Anal. Calcd. for [M+Na]
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Cap-105 M, (CO21-1 0-K- /0 1HNMR (400 MHz, CD3011) 83.60 (s, 311), 3.33 -
3.35 (m 1H, partially obscured by solvent), 2.37 - 2.41 and 2.16 - 2.23
(m 1H), woeme/n7mis (m 4H), 1.43 - 1.53 (m 2H), 1.17 PCT/U3Q010/2892¥) .
Cap-106 MN.O... CO2H / 11-1NWR (400 MHz, CD30D) 8 3.16 (g, J =- 7.3 Hz,

4H) , 238-241(m1H) 228-231(m2H) 1.79 - 1.89 (m 211),

Pr epar ed fr@n&mmos%mﬁm)t@dbm’ﬁbm c@wpa&@hzlﬁd\?MRc{tCﬂ)(élﬁLcﬁ 724@@91:,al dehyde

by enpl oying a_simlar cedure escr r. the t S p-2. The
ot ude he odof NS, R eBD R Begh e MEoHT R0 cha BleS SEGKE /5 16 weor
el ution) togff 0 ngﬁ_fi;l\lﬁ a Iyophlllzed
to afford a ?iér%ggdﬁ@p(s %H)ﬁ? @E nggqg a%og}quz 315;( 5 Pl ,ﬂd71
(app dt J --3151)4090(319}19,{1-{28(5263)1) nC26S (AnaI.JCalca ﬁorl-ﬂzflﬂ‘@d}ij C@h-;IﬁNROg&O—I r O
|, CVMS: Anal. Calc for C5T310N20Q4S: 230; fou JI &%HL

5 328, 16 ound 328.53. The crude products were uti xzed th 1out er purification,

Cap-81
O

H
oy or
.

Prepared according to the protocol described by Falb et al. Synthetic
10 Communications 1993, 23, 2839,

Cap-82 to Cap-85
Cap-82 to Cap-85 were synthesized from appropriate starting materials
according to the procedure described for Cap-51 or Cap-13. The samples exhibited
15 similar spectral profiles as that of their enantiomers (i.e., Cap-4, Cap-13, Cap-51 and
Cap-52, respectively).

o_N i L X o N i B
-~ \H/ I"HLOH /NW)J\OH -~ \n/ OH /O\n/ NW)LOH
O Ph o o]
Cap-82 Cap-83 Cap-84 Cap-85
Cap-86
MeO,CHN

0

OMeOH
20 To a mixture of O-methyl-L-threonine (3.0 g, 22.55 mmol), NaOH (0.902 g,

22.55 mmol) in H,O (15 mL) was added CICO;Me (1.74 mL, 22.55 mmol) dropwise
at 0°C. The mixture was allowed to stir for 12 h and acidified to pH 1 using 1N HCL
The aqueous phase was extracted with EtOAc and (2x250 mL) and 10% MeOH in

CH,Cl, (250 mL) and the combined organic phases were concentrated under in vacuo

25  to afford a colorless oil (4.18 g, 97%) which was of sufficient purity for use in
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Cap-108 O err-11'"OH N.-- Phl-1INO...",, r----/0 LCMS: Anal. Calcd. for
C151- 112N304: 303; found: 304 (M+l-1)+. Cap-109 0 NH CO2H I .7N LCMS: Anal .
Cal cd. fOoVORUDIHMIT2ZN204: 224; found: 225 (M-H) +. Cap- 11@CTH/US200/8p8999 CO2H ,
1 "N-- LCMS: Anal. Calcd. for C101-112N204: 224; found: 225 (MtH)t.
Cap411 O N.../.. .

subsequent steps. " HNMR (400 MHz, CDCl3) 6 4.19 (s, 1H), 3.92-3.97 (m, 1H),

3.66 (s, 3H), 1.17 (d, J = 7.7 Hz, 3H). LCMS: Anal. Calcd. for C7H;3sNOs: 191,
found: 190 (M-H)".

5 Cap-87
MeOchl\_,l 0
HOA/\gH
To a mixture of L-homoserine (2.0 g, 9.79 mmol), Na,CO; (2.08 g, 19.59
mmol) in H,O (15 mL) was added CICO,Me (0.76 mL, 9.79 mmol) dropwise at 0°C.
The mixture was allowed to stir for 48 h and acidified to pH ! using IN HCl. The
10 aqueous phase was extracted with EtOAc and (2X250 mL) and the combined organic
phases were concentrated in vacuo to afford a colorless solid (0.719 g, 28%) which
was of sufficient purity for use in subsequent steps. 'HNMR (400 MHz, CDCl;) §
4.23 (dd, J = 4.5, 9.1 Hz, 1H), 3.66 (s, 3H), 3.43-3.49 (m, 2H), 2.08 ~ 2.14 {m, 1H},
1.82 — 1.89 (m, 1H). LCMS: Anal. Calcd. for C;H;5NOs: 191; found: 192 (M+I—I)+.
15

Cap-88

A mixture of L-valine (1.0 g, 8.54 mmol), 3-bromopyridine (1.8 ml., 18.7

mmol), KoCO41 (2.45 g, 17.7 mmol) and Cul (169 mg, 0.887 mmol) in DMSO (10

20 mL) was heated at 100°C for 12h. The reaction mixture was cooled to rt, poured into
H,0 (ca. 150 ﬁlL) and washed with EtOAc (x2). The organic layers were extracted
with a small amount of H,O and the combined aq phases were acidified to ca. pH 2
with 6N HCl. The volume was reduced to about one-third and 20g of cation exchange
resin (Strata) was added. The slurry was allowed to stand for 20 min and loaded onto

25 apad of cation exchange resin (Strata) (ca. 25g). The pad was washed with H,O (200
mL), MeOH (200 mL), and then NH; (3M in MeOH, 2X200 mL). The appropriate

fractions was concentrated in vacuo and the residue (ca. 1.1 g) was dissolved in H;O,
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OI\JH 401 (:).N,0 P Me0" \OH CO2H ,CMs: Anal. Calcd. for Cl 21-116N0813:
333; found: 334 (MtH)+. Cap-112 0 NH CO2H NH LCMs: Anal. Calcd. for
Cl31- 114Np02010282704f ound: 263 (MtH)+. Cap-113 ,ONH O CeRHUBR010B2SIPLTIVE:
Anal . Calcd. for CL8H191\105: 329; found: 330 (M+11l)+. Cap-114 | ,002Me Y
CO2H

frozen and lyophyllized. The title compound was obtained as a foam (1.02 g, 62%).

"HNMR (400 MHz, DMSO-ds) 8 8.00 (s, br, 1H), 7.68 — 7.71 (m, 1H), 7.01 (s, br,

1H), 6.88 (d, J = 7.5 Hz, 1H), 5.75 (s, br, 1H), 3.54 (s, 1H), 2.04 - 2.06 (m, 1H), 0.95

(d, J = 6.0 Hz, 3H), 0.91 (d, J = 6.6 Hz, 3H). LCMS: Anal. Caled. for CioH4N,O2:

5 194; found: 195 (M+H)".

Cap-89

-
N/ TR
~ %
A mixture of L-valine (1.0 g, 8.54 mmol), 5-bromopyrimidine (4.03 g, 17.0
10 mmol), K»CO4 (2.40 g, 17.4 mmol) and Cul (179 mg, 0.94 mmol) in DMSO (10 mL)}
was heated at 100°C for 12h. The reaction mixture was cooled to RT, poured into
H,0 (ca. 150 mL) and washed with EtOAc (x2). The organic layers were extracted
with a small amount of H,0 and the combined aq phases were acidified to ca. pH 2
with 6N HCl. The volume was reduced to about one-third and 20g of cation exchange
15 resin (Strata) was added. The slurry was allowed to stand for 20 min and loaded onto
a pad of cation exchange resin (Strata) (ca. 25g). The pad was washed with H,O (200
mL), MeOH (200 mL), and then NH; (3M in MeOH, 2x200 mL). The appropriate
fractions was concentrated in vacuo and the residue (ca. 1.1 g) was dissolved in H,0,
frozen and lyophyllized. The title compound was obtained as a foam (1.02 g, 62%).
20  '"HNMR (400 MHz, CD;0D) showed the mixture to contain valine and the purity

could not be estimated. The material was used as is in subsequent reactions. LCMS:

Anal. Caled. for CoH:3N302: 195; found: 196 (M+H)+.

Cap-90

CO,H
25 ©/\‘;Mez

Cap-90 was prepared according to the method described for the preparation of
Cap-1. The crude material was used as is in subsequent steps. LCMS: Anal. Calcd.
for C;HsNOj: 193; found: 192 (M-H)".
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INWR (400 MHz, CDCl13) 5 4.824.84 (m | H), 4.00 - 4.05 (m 2H), 3.77 (s,
3H), 2.56 (s, br, 2H) Cap-u5 402H NHCO2Me 1HNWR (400 MHz, CDC13) 8
5.13 (s, WO2010417704. 13 (s, br, 1H), 3.69 (s, 3H), 2.61 PET/F2H08289H+z, 2H),
1.28 (d, J = 9.1 Hz, 3H). Cap-116 CO2H NHCO2Me | HNMR (400 MHz, CDC13) 8
5.10 (d, J = 8.6 Hz, 111), 3.74 - 3.83 (m _1Ff), 3.69 (s, 3H, 2.54 - 2.61
(m 2H), 1.88 (sdpe followiag vagy were prepgred geandipg to theanethgl wigd fgH) . cap-1 17
to Cap-123 For ez P, r.at i, . Cap-117 to Cap-123 the Boc am no
aci ds were Bﬁetpgﬁﬁlg Oﬁ%n?1C%I§$f§rn§|{eéilq%&{svés§?ces and were deprotected by

treatment with 25WCiFA 1 n| Subtldkel2. After cpnphgd e reaction as |j udged by
LCMS the sol ventslwere. refmoved in.vacua andlthe corresponding TFA salt of
the amino aci d wasCeaBanvyl at edfHeMenet hy LEMOriotabr Galcé fecdrding to the
procedure described for Cap %“Ct“f”’}fﬁﬁm; 223; found:
222 (M-HY.
Cap-92 NHCO,Me LCMS: Anal. Caled. for
“_CO.H
©/\/ CyHsNOg: 223; found:
222 (M-H)".
Cap-93 o C,) LCMS: Anal. Caled. for
H\\ifﬂ/ O CioH12N204: 224 found:
“r” "OH 205 (M+H)",
7]
. N
Cap-94 O LCMS: Anal. Caled. for
@NNOH CsH N304 213; found:
HN._ O
N e 214 (M+H)',
O
Cap-95 /(l)]\ LCMS: Anal. Calcd. for
\O NH O C13H17N04: 251; found:
WOH 250 (M-H)".
Cap-96 j\ LCMS: Anal. Caled. for
~o NH O CioH1sNOy4: 237, found:
OH 236 (M-HY.
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Cap-/ 17 0 --"OCANH 0 CH LCMs: Anal .

(114-1-HY . Cap-118 0 ..."

Cal cd.

f or

Cal ed.

for
OA NHO z/ Q) LOH C? LCVS: Anal .
C1LOH13NOARO 2013L17T0dund: 244 (114+11ii .

Cl12H15N04: 237;
Cal ed.

C10H13N04S: 243; found: 244 (M+H). Cap- 120
Cap-97 0 LCMS: Anal. Caled, for
\o’”\NH ? CoH}sNOg: 201; found:
@ OH 200 (M-HY".
Cap-98 o) LCMS: Anal. Caled, for
\O’U\NH 0 CyH sNOy: 201; found:
ULOH 202 (M+H)".
Cap-99 0 "HNMR (400 MHz,
\OJ\NH CD;0D) & 3.88 — 3.94 (m,
Q 1H), 3.60, 3.61 (s, 3H),
COH 2.80 (m, 1H), 2.20 (m 1H),
1.82 ~ 1.94 (m, 3H), 1.45
~1.71 (m, 2H).
Cap-99a 0 "THNMR (400 MHz,
o NH CD;0D) & 3.88 ~ 3.94 (m,
Q 1H), 3.60, 3.61 (s, 3H),
“CoH 2.80 (m, 1H), 2.20 (m 1H),
1.82 - 1.94 (m, 3H), 1.45
~1.71 (m, 2H).
Cap-100 O LCMS: Anal. Calcd. for
SOTNH O C12H14NO4F: 255; found:
OH 256 (M+H)",
F
Cap-101 O LCMS: Anal. Calcd. for
\O)LNH C11HisNO4: 223; found:
5@02;4 222 (M-HY.

-1l6-

found: 238
for

Cap-119 0 A ONHO PETIUSMBO/02G989 .



O NOANH O }-)LOH N\--8 LCVS: Anal. Caled. for Cl01-113N04S: 243; found:
244 (WH)'. - 120- WD 2010/ 117704PCT/ US2010/ 028999 Cap-121 0 -.0IN I-1
n....O02HWORNNR1IIHE0 MHz, CDCll) 6 4.06 - 4.16 (m 1H), PeTAB2¢18/028p) , 3. 43

(s, 1H, 2.82 and 2.66 (s, br, 1H, 1.86 - 2.10 (m 3H), 1.64- 1.76 (m
2H), 1.44 - 1.53 (m _1H). Cap-122 0 -.0)1. N H
Cap-102 O LCMS: Anal. Caled. for
\OJLTQJH C1H13NO4: 223; found:
5002H 222 (M-HY
Cap-103 0 LCMS: Anal. Caled. for
‘“‘o)J\r;m C1H1N,04: 224 found:
6\(302[4 225 (M+H)".
Z "N
<
Cap-104 N —O—-COZH 'HNMR (400 MHz,
o=x CD;0D) & 3.60 (s, 3H),
/O 3.50 —3.53 (m, 1H), 2.66
—2.69 and 2.44 ~ 2.49 (m,
1H), 1.91 ~2.01 (m, 2H),
1.62 — 1.74 (m, 4H), 1.51
~1.62 (m, 2H).
Cap-105 " O_CO2H "HNMR (400 MHz,
o< CD10D) § 3.60 (s, 3H),
/O 3.33-335(m, 1H,
partially obscured by
solvent), 2.37 — 2.41 and
2.16 —2.23 (m, 1H), 1.94
~2.01 (m, 4H), 1.43
1.53 (m, 2H), 1.17 - 1.29
(m, 2H).
Cap-106 |~ \, —<:>—COZH "HNMR (400 MHz,
—/ CD;OD) § 3.16 (¢, J =
7.3 Hz, 4H), 2.38 - 2.41
Prepared from cis-4- (m, 1H), 2.28 - 2.31 (m,
aminocyclohexane 2H), 1.79 — 1.89 (m, 2H),
carboxylic acid and
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,,,CRH IHNWVR profile is simlar to that of its enantioner, Cap-121.
Cap-123 NHo/ it LCVS: Anal. Calcd. for C2711261\206: 474; found: 475
(1V1+1- 1)WO 20101147704, NH W rOH  Cap-124 The hydr ochl B€TAB26&18/028999
L-threonine tert-butyl ester was carbanoyl ated 5according to the procedure

for Cap-51. The crude reaction mxture was acidified with 1IN HC1 to pH A
and the m xture was extractedaldthtyde ByOAC ( 2X5.04 fdpp, ddhé =cofrbi ngd or gani c
phases were concentrated in vacuo tq give ajcolorless oil which solidified
on standing. The aqueous | SV@PYW% entr ai_%& =N @éc@_@%ﬁ”& the resulting
E‘t’étAgf‘a ?flzglg?lﬁ/gmand | NOLARRNGe 3BlHBedRS | fdph'd 2LEHo WA,
the synthesis of Cap-2. | 2H), 1.26 (t,/=7.3 Hz,
The crude HCl salt was | 6H)
passed through MCX
(MeOH/H,0/CH,Cl,
wash; 2 N NH3/MeOH
elution) to afford an oil,
which was dissolved in
CH;CN/H,;0 and
lyophilized to afford a
tan solid.
Cap-107 O LCMS: Anal. Caled. for
(N]/\HLOH CsH1oN;04: 230; found:
S HNTO\ 231 (M+H)".
O
Cap-108 Q LCMS: Anal. Caled. for
(Nmkgt% C15H;7N304: 303; found:
o //N 7Or ~ | 304 (M)
Cap-109 9] LCMS: Anal. Caled. for
\O/U\L\:IH Cy0H12N204: 224; found:
'. COxH 225 (M+H)".
&
N
Cap-110 Q LCMS: Anal. Caled. for
\O)J\T;IH CioH12N20O4: 224; found:
~coH 205 (M+H)",
]
SN
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10(1:1:0.1) and then the organi c phase concentrated in vacuo to give a

col orl ess oil

whi ch was shown by LCVS to be the desired product.

Bot h crops

wer e contwOedlyid7®witve 0.52 g of a solid. 1HNNR (400 MHz PCTVBRDY/0ZIB0 (m

1H),

for

4.04 (d, J

= 5.0 Hz,

f ound:

1H), 1.49 (d, J
146 (I\/|+11\+ -

’I?’I -

= 6.3 Hz, 3H). LOMVES:
(‘;m’l?'—'a-

BocHN To a suspen
w, 4 n), acetic

(S)-4-am no-2-(tef

The reaction was
overnight with an
filtered through
conmponent was rem
for the next step
(MrH) +. Cap- 126
Cap-51. To a 15su
THF (10nmL) and 11

C51-171804: 145;
sCapr 181 |

pur ged sé

a pad of

acid, (¢
t- 5 but

hydr oger

pved in \
LC ME:

This pr
5pensi on

sver al

3d(CH)2 (20@6 100
) 5 met hano
oxycarbOﬂyIanlno)

1 ball o
di at @

unroomtem
Ceous eart
acuo.xJphe resul ti
Anal, Cal cd. for

ocedwr® is a nodi
dfe®- vt hyl - L- hi sf

GtARgTle g PR
Ny gy ﬁ\g

REMS: dqab olisled.ofaral

epyand was sti

reacti on m xt
n (Celite ), and the
ng crude material wg
Cl 11 - I nN204: 246; 10
ication of that use
idine (0.80 g, 4.70
NaHCO3 (0.88 g, 10

resulting mxture
m xture al |l owed t
starting materi al
MCl . 20The sol vent
20 mL of 20% MeOH
give a light yell«
be a 9:1 m xture (¢
was taken up in TI

0 (10
Wag-it/i2ed
b stir at
remai nin
S were r

pw f oam (
pf the nyg
-1 F (101

in CH2Cl12.

) at 0C was added
ited wbth ClCO2Me

o€ ter stirri
g. f%e § acti on w

LBCUo a
m xture was
LCMS an(

&Hér
nd 1120 (10niL

8ol o

and t he

DCMS:minal 5Cald nfiml )

1g6gp@[ fi§si due was s
5 filtered and conce
i1 1H NVR showed t he
desi red product.

cooled to OC and

T

Anal . Cal cd.
\ Th-j <CH
dehyde (37%

4.48 mol ).
rred

ure was

vol atile

s used as i s
found: 247
d to prepare
nol ) in

5 Mol ) The
and the
showed no
2wth 6 N
uspended in
ntrated to
material to
hi s nmateri al
Li OH (249.1

ng, 10.4 mmol) was
remai ni ng. Ther ef ¢
renoved i n vacuo.
ester.
inorganic salts (
steps w thout furt
7.35 (s, 1H), 4.5
3.35 (dd, J

The title ¢
1.91 g,

P (APUEG.
)regt he 1
LCMS ang
onpound

N
A

her puri
P (dd, J

ZoATEer stirring ¢q
nxUJevmsamdﬁl
ID - 122 -
ﬁd as it
é '‘conmpoun
| HNMR (4
9.1 Hz, 1H)

éjmnth 6N HCl and
€ LN 1399; Alwmdnce

1 t contam n
33 *ide

das is in
100 MHz, all 30D) 88.

3.89 (s, 3H), 3.6

NS ASYBcafawed no ester

t he sol vents
of the

ated with
subsequent
B4, (s, 1H),
2 (s, 31-1),

Cap-114

'HNMR (400 MHz,
CDCly) & 4.82 - 4.84 (m,
1H), 4.00 — 4.05 (m, 2H),
3.77 (s, 3H), 2.56 (s, br,
2H)

Cap-115

COLH
NHCO,Me

'THNMR (400 MHz,
CDCly) & 5.13 (s, br, 1H),
4.13 (s, br, 1H), 3.69 (s,
3H), 2.61 (d,J = 5.0 Hz,
2H), 1.28 (d,J = 9.1 Hz,
3H).

Cap-116

COLH
NHCO,Me

'HNMR (400 MHz,
CDCL) & 5.10(d, J=8.6

Hz, 1H), 3.74 —3.83 (m,
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5= 4.5, 15.6 Hz, 1H, partially obscured by solvent), 3.12 (dd, J = 9.0,
15.6 Hz, 1H).LCVS: Anal. Calcd. for C9HL3N304: 227.09; found: 228.09 (MH).
Cap- 127 WO2R0021703 cj - 26 Cl CO2Me, NaHCO3 THF / H20 / POTUS20M0MN28999
MeO2CHNCOR21-1 cap-127 10Cap-127 was prepared according to the nmethod for
Cap- 126 above staffing from
(S)-2-am no- 3- (1- pret hy1- 1H i i dazol . - 4-yl ) pr bBaRdiS(sadid2(¢411 |g, 6.56
mmol . ), NaHCO3 (1;21 g, 14.4 mmol) and CLCQR ((0. qtglgo(é 8er)l.). The
title conpound wals obtained a.s its HO sal ty?l.nf@;]g?’ STO6%" “cqnt am nat ed
with inorganic salts. L and 1H NWVR shoped ¢ he, gr;)g@@lgqg,pig ca. 5% of
the nmethyl ester.|The 15cfude m xture wa.s used a.s i's w thout |further
purification, |IHNVR (400 , CD30D) 88.90 (€0HA6H), 7.35 (s, || H, 4.48
(dd, J- 5.0, 8.6 Hzy—tHp3+89H(s5—3H+—3F+62(55——33H)+—335tm—1H), 3.08
(m 1H); LCVS: Anal. Calcd. for COHL3N304: 227.09; found: 228 (MtH). - 123
- Preparation of Cap-128 St epyl 7 7Rs eRaraii on of (S)-benzyl

2- (tert-butoxycarbonyl am no) pent-4-§;r koat e ?cj 527b). BocHN CO2Bn cj-27b

To a sol ution of Fot éi2faeatatvh of Cop- N4 ton@iap) 1 23EMABO¢ BiBimupcidd . wkTiSobmimed and

iPr2NEt (1.7 nL, 9.8 mpl) in CT-T2C12 (100 |l a) at OC was .Chz-C1
(0.68 L, 4f®pm ?%WC%@O%FW%W%W&MC trsgtnagnt W%%%ﬁg&fi 0C,

washed (IN Khig Aﬁaréoagﬁ?t? Ii’éeaigﬁ&h NSy LENKHEE §lveRNeCqBRERd ft ed i n

vacuo. The residue was puar
vacuo and the corresponding TFA salt of the amino acid was carbamoylated with

methyl chloroformate according to the procedure described for Cap-51.

Cap Structure LCMS
Cap-117 O LCMS: Anal. Caled.
\O)I\NH o for C12H1sNOy: 237;
OH found: 238 (M+H)".

Cap-118 LCMS: Anal. Caled.
O NH O for C1(}H;3NO4SI 243;

OH found: 244 (M+H)".

Cap-119 LCMS: Anal. Caled.
for C10H13NO4SI 243,

found: 244 (M+H)".

LCMS: Anal. Caled.
Q” NH © for C1oH1sNQ4S: 243;
OH found: 244 (M+H)".

Cap-120
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by flash col um chromat ography (TLC 6:1 hex: EtOAc) to give the title

conpound (1.30

g, 91%

as a colorless oil.

1HNVR (400 MHz, CDC13) 67.35 (s,

5H), 5.35W0a010417703 = 8.1 Hz, 1H), 5.23 (d, = 12.2 Hz, PHI/USE010/P289%9 J =
12.2 Hz, 1H), 4.48 -4.53 (m 1H), 2.68 - 2.81 (m 2H), 2.00 (t, J = 2.5 Hz,
1H), 1.44 (s, OH) lelvlS Anal 15Calcd for Q7H2INIO4A: 303; found: 304
(M(1-1)1. StepCap-IP{eparation of? (S)-benzyl HNMR (400 MHz,
3-(1-benzyl-1H1, 2, 3-t r| azol - C%AL) 6 (tertbutoxycar o&y)ISBanbno) pr opanoat e
(cj-28). - 12 - ph-[th N14, & "301 BocHN copBn CHEDP 406~ 4 5 5 i xt ure
of (S)-benzyl 2-(tert-butoxycarb o) pent - 4y gng 65 mmol )
sodi um ascorbate (0.036 g, 0.18 ), CuS™4-5H20 (0, 0 2 g 3 nmmol ) and
NaN3 (0.13 g, 2.1 mmol)) in DVW-H20 (5 ni, 4:1) at BﬂﬁmaﬁfﬁdﬁéﬁaﬁhBr 5(0. 24
m., 2 02 nmrnol) and the m xture was walined to 65C§ Aitgr gﬁ t%WB i ndi cat ed
| ow conversion. A further portion of NaN3 (100 ng) fR& atd “heating
was continued for 12h.| The reaction was poured into f ngéwzo and
shaken. The | ayers werge separated and the aqueous laye extfact ed Bx with
Et 0OAc and the gconbi ned organi ¢ phases washed (H2Q X376 om,i2i8) }.4dri ed
(Na2SO™4), filtered, and 10 concentrated. The re5|due ?%é purified py flash
(Biotage, 40+M 0-5% MeOH in CJ-12C].2; TLC 3% MeQ é1p) Hlo afford a
| i ght yeIIowo ﬁ”ﬁb% solTdirfieg O standing (7438 é" e NVR was
consistent with esired prodyct but suggests the présence OVF. The
material was used as is withouto NHher purificatloﬂnn&ﬂﬁNMRcﬁﬁﬁo VHz
DVSO-d6) 5 7,84 (s, 1H), 7.27 7.32 OH) , 15E 5. 07 (s,
211), 4.25 (inj, 1H, 116 (dd 1 r%o%« Hz, eBallg‘G’H{eadl_%a% 13, 14.7 Hz),
2.96 (dd,/ - 91, 14.7| Hz, (s, 9H). LCNB Anal . Cal e& fof
C24H281\ 1404 4@;@ jfggund: 437 ( ) . Step 3. ,Prepanatvenarll., Blcdbehzyl
3-(1-benzyl-1H 1 5 triazol-4- 2 (metié%xyc ar bonyl am no) pr opgnoat e
(cj-29). Ph-\ Me02CHN Q5 -2 A Put|i dor GfHiSHObetVAy |
3-(1-benzyl-1H1, 2, 3-tri -y1l)-2-(t oxygar bonyl ami Lopanoat e
(0.52 g, 1.15 fmml) in s added TFA (4 nt).o?ﬂétﬁgkgﬁﬁﬁ'was al | oned
to stir at roomtenper 2h. The m xture Jas
Cap-124
E O
/.
03/ CH
0
The hydrochloride salt of L-threonine tert-butyl ester was carbamoylated
5  according to the procedure for Cap-51. The crude reaction mixture was acidified with
IN HCI to pH~1 and the mixture was extracted with EtOAc (2X50 mL). The
combined organic phases were concentrated in vacuo to give a colorless oil which
solidified on standing. The aqueous layer was concentrated in vacuo and the resulting
mixture of product and inorganic salts was triturated with EtOAc¢-CH,Cl,-MeOH
10 (1:1:0.1) and then the organic phase concentrated in vacuo to give a colorless oil

which was shown by LCMS to be the desired product. Both crops were combined to
give 0.52 g of a solid. "HNMR (400 MHz, CD;0D) & 4.60 (m, 1H), 4.04 (d, J = 5.0
Hz, 1H), 1.49 (d, J = 6.3 Hz, 3H). LCMS: Anal. Calcd. for CsH7NO4: 145; found:

146

(M+H)",
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- 125 - concentrated in vacua to give a colorless oil which solidified on
standing. This material was dissolved in TF117-H20 and cooled to 0OC. Solid
Nat | CO8 (WO28104117®400 mmol ) was added fol |l owed by CLCO2RET(U32®8/0p8999 3. 25
mol ). After stirring for 1.5h the m xture was acidified to pH2 with 6N
HC1 and then poured into H20- 5Et 0Ac. The | ayers were separated and the aq
phase extracted 2x with Et 0Ac. The cofbp+iéd org | ayers were washed (H20,
brine), dried (Na2SO4), flltered and concentrated in vacuo to give a

colorless oil (505.8 ny, 111% ggeste the presence of an
unidentified inpurity) which soI [ d| fi e standing on the punp. The
material was used as is wthout further i,cation. |IHNMR (400 MHz, DMSO-

10(16) 8 7.87 (s, 1H), 7.70 (d, J= 8Bbch, , 7.27 - 7.32 (m 10H), 5.54
(1 5049 (s Toagisosishe Tagon:-C4% lﬁ%g% spoi gl A5 o g
14. 7 Hz, 1Hy,bQic 5&1&'(0 SQﬁtgfﬁ mét%n&%ﬂslﬂa%’b}b&%%dde%%; 4fa9diﬁ&12 (?e% (MeH) +.

15Step 4. Preparation of nmet hoxycar bonyl am no

,2,3-tri ézobuﬂ}xyydrb)anydmmmo)hutmmchc(mpg, ﬂ%)mlnoHN%mm&purg@ép 128
(S)-benzyl 3-%% benzyl-1 2,3-triazq

( met hoxycar 56 ‘Fé}ﬁl‘ﬁdy’ﬁt} &éﬂ%ﬁ’é‘t"’é’d("%ﬁnﬁﬁd {ﬁlgﬁ%’fﬂt& hEdReHh FYORRIMI i n t he
20 presence gf, P xthd {2 tlohighh p3d BPGRIMIdcEnRIaRRUr € for 12h.
The m xture % ?hﬁegf&goc]m%rouéﬁﬁgmetomce us earth1 Oeclct)e ) and

concent r at edCehte¥pandthe volatile component was removed in vacuo. The resulting crude

(S)-2-(net hoxycar bonyl am no)-3-(1H 1, 2, 3-tri azol - ppropangi ¢ _aci d was
obt ai ned as matewal oyas aiged ‘g‘?t}ﬁnf?f%%ﬂ% Stemli%M\ﬁhA@ﬂl v%%ccgoﬁ% GmitheN4Y: & h ca.

10% of t,he + The material was used as is without further
purific t6| on%ﬁl?%kllvﬁm(%% '25MHz, DMBO-d6) 812.78 (s, br, 1H), 7.59 (s, 1H),
7.50 (d, J = 8.0 Hz, li-f), 419 - 424(m 1H), 3.49 (s, 3H), 3.12 (dd, J =
4.8 Hz, 14.9 Hz, 1H), 2.96 (dd, J = 9.9, 15.0 Hz, 1H). LCMS: Anal. Cal cd.
for C71410N404: 214: found: 215 (M+H) £2ap-126 Wp 2010/ 117704PCT/ US2010/ 028999
Preparation of Cap- 129 rNCO2H 1) H2 Pd-C / MeOH(. ll)g\wg:szNO CH3CN / 50C

CbzHNX2) Cl cozlvelveozq;g@%\mm i - 38o,me, NaHCO, N

HN" > CO,H THF /H,0/0°C MeO,CHN™ ~CO,H
Gj-25 cap-126
This procedure is a modification of that used to prepare Cap-31. Toa

15 suspension of 3-methyl-L-histidine (0.80 g, 4.70 mmol) in THF (10mL) and H,O (10
ml) at 0°C was added NaHCO;(0.88 g, 10.5 mmol). The resulting mixture was
treated with C1CO,Me (0.40 mL, 5.20 mmol) and the mixture allowed to stir at 0°C.
After stirring for ca. 2h LCMS showed no starting material remaiﬁing. The reaction
was acidified to pH 2 with 6 N HCL

20 The solvents were removed in vacuo and the residue was suspended in 20 mL
of 20% MeOH in CH,Cl,. The mixture was filtered and concentrated to give a light
yellow foam (1.21 g,). LCMS and "H NMR showed the material to be a 9:1 mixture
of the methyl ester and the desired product. This material was taken up in THF
(10mL) and H,0 (10mL), cooled to 0°C and LiOH (249.1 mg, 10.4 mmol) was added.

25  After stirring ca. 1h LCMS showed no ester remaining. Therefore the mixture was
acidified with 6N HCI and the solvents removed in vacuo. LCMS and 'H NMR
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Step 1. Preparation of

(S)-2-(benzyl oxycar bonyl am no) - 3- (1H pyrazol - 1-yl ) propanoi ¢ 5acid (cj-31).
r, N cbozH\WOQ-202H7Wj# - 31 A suspensi on of (S)-benzyl PCT/US2010/028999

2- oxooxet an- 3-yl carbamate (0.67 g, 3.03 nrnol), and pyrazole (0.22 g, 3.29
mml) in CH3CN (12 nL) was heated at 50 C for 24h. The m xture Was cool ed
to rt over ncgifirnaihd absvacsof thd eftet. t Bredidletaompioting wag gytaimed as its HCl salt

10( benzyl oxycar bonyli uni no)-3: (1 zol-1-v1)propanoic acid (330.1 ng).
The f111r ar BORABTEGICUA: Pt SIS EY o B Db TBF PREPSEaRGH 6 878k
anmount  of C%aﬂsé&bén(a@pl it f@hRbiAfichiRnS SARMR CARPMER3CD,0D) & sTl &, viel d
370.4 ng (44% . 'mp. 165.5- 168C “lit inp, 168.5 - 169. 5 [ Vederas etal . J.
Am Chem Sdgl), 1986, 1HD7A,.527AA5T = 3. HINMRHEATD), B2 (s, GEBODP2 65 36, 1.3 (dd1£2. 0,
1H), 7.48 (s, . =1,511z, 151H), .7.24 - 7.34 (m. . 514). 6. 1H), 5.05 (d,
12.7 H, mf%.gols‘?-?gl?a unaitzaﬁ?ﬂql&?ﬂfiﬁlwsczﬁ%)»g]-wé@J("mg-(gﬁqffg%%mz - 4.49
(m 1H). LC'Y%?.L@M@:-A I edicdl 96r EHALRNB047 0288und: 29890 (ARt MHH) .

Step 2. Preparation o

(S)-2-(net hoxycar bonyl am no) - 3- (1H pyrazol -1 - Apr opanoi ¢ 20aci d (Cap-129).
(N MeO2CHN) % 02H cap-129

(S)-2-(benzyl oxycar bonyl am no) - 3- OH pﬁaﬁ'z@l’]- 1-yepropanoic acid (0.20 g,
0.70 mml) was hydrogenated in. the presence of P (45 nmg) in Me0l-1 (5
m) at - 127 - atno q ic pressure for 2h. The pr@d ct appeared to be
insoluble in MeOH, th re the FESMPIRTHet ure was oyl uted with 5nl H20
and a few drops of 6N HC. I} The honpgeneous sol ution wad filtered through
di at omaceous earth (Celi,n€) capd t HETNERR/ PénovedePAHN cUBO:HThe remai ni ng
solution was frozen and | yophyllized to 5give a yellow foam (188.9 ny).
This material was suspendeéd26n THF-HOO (1:1, 10nL) &Aet’€hen cool ed to OC.

To th |d m xt dded HC(OB,. (146, 0 , 7 full

(ovol ot B o - P e Rt miogr oy e e Bed iy ¢ w124 B it hone
0.06 nL, O. D) S+ Al ] hs e i | ti

( £cn (N Izu HRS3 ?p%ﬂl)}gﬁ@ﬂtﬁﬁﬁ%ﬁl Egﬁ)g’b&ié%gfcead’é?@ﬂ 4, 8Wgdnihepst i 1

for 2h and was iditied to pH2 w ured into EtOAc. e
10l ayer s werNzIs@pafialleg ldndmitud) aguedisMeiseé ekt .2& wecblwi The tHeOAC (x5) .

The conbi ned organic | ayers were she bri dried, 2SO1), filtered,
and concent r9PPgURY WS %Wlﬁ%a’i 18 Hﬁé@h@o n%l>2§60é’) CoptERY ‘g'gﬂ“&rg(a?f?. 8 ny,
799 . 1 HNWR &M@ Kovied tRépiesoncd bY ca. 59881 (il methl etef the 1H),
7.48 (d, J sgé’flwgﬁ ﬁ’ﬂ gﬁ?@@f%&% Jrapresaee oY gy o R ig Toen esteR T "0 e,
1H), 4.4% (ddudemBZt@e whShBedasHr withayt, fudh@Purifidatich, ('MNMRIN00 BIHB (s, 311).
LCVS: Anal. Caled. for C441-LIN304;: 213; found; 214H(MFH)t.

CD;0D) 8 8.90 (s, 1H), 7.35 (s, 1H), 4.48 (dd, J = 5.0, 8.6 Hz, 1H),3.89 (s, 3H), 3.62

(s, 3H), 3.35 (m, 1H), 3.08 (m, 1H); LCMS: Anal. Caled. for CoH;3N3O4: 227.09;

found: 228 (M+H)".
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Cap- 130 AcHNCO2H 20Cap- 130 was prepared by acylation of commercially

avai l abl e (R)- phenyl gl yci ne anal gous to the procedure given in: Calnes,

M ; Dauni¥O 2010/113&dqui er, R ; Verducci, J. Tetrahedron, PCI8R2010828099 , 2285.
Cap- 131 Step a: Dinethyl carbanmoyl chloride (0.92 nL, 10 mmol) was
added slowy to a solution of (S)-berizyl 2-am no-3-nethyl butanoate

hydr ochl or i deef@adan of, CgBl¥ol ) - 128 - and Hunig's base (3.67 ni, 21
namol) in THF (50 ni). The resulting white suspension was stirred at room
tenperature overnight (16 hours) and concentrated under réduced pressure.
The residue was part%ﬁ'r@ﬁ’@ﬁ%t en et hyl BagetCate,-angd wat gr.{ The organic

| ayer was washethw t 3/ W2 r | (MySO4)—fittrered, ™and % ntrated
S5under reduced prpssure. ;I'(?e resulting yel FORTURSCORRE purified! by flash

chr omat ogr apysHN ),Ag 8% h mehy sat N BES HeD: 1) . BoENT eEiCREn
fractions were co%)/l_(‘?_gg\trat ed under yagpum pro8&AV mYh2. 35 g (8% of clear
oil. 1H NMR (300 , DMBO-c15) 8 ppm 0.84 (d, J=6.95 Hz, 3H), 0.89 (d,
J=6.59 Hz, 3H), 1.98-2.15 (m 1H), 2.80 (s, 6H), 5.01-5.09 (m J=12.44 Hz,
1H), 5.13 (d, J-12.44 Hz, 1HPh6y22 (d, 10 J=8.05 Hz, 1H), 7.26-7.42 (m
SH). LC (Cond. 1): RT = 1.76 m nN-MS: Anal . | Gd ~ for [ MrHIN-G16H22N203:
279.17; found 278783.cH,Cl, St epxl\\b:\ To a Me ) sol utNi\\oﬁ of the

i nt er medi ateW(Z.SSNg; 8 45 mmol yemas added PdNT [y10% 200
ng) and the re ks suspensi s flushed with ( | aced
under 1 atm of FlZTHﬁhg)rﬁxtuP’@B\?\%liN stp\ﬁﬁ%'d at room 15te%@?§g%r egg\?’gr ni ght
and filtered though a microfiber filgt® to renove the catal yskp-13he
resulting clear solution was then concentrated under reduced pressure to
obtain 143 g (89% of Cap-131 as a white foam which was used w t hout
further purifiycat Peparafibh dVR)-(Le0H/! WHzert-BINGG-odonBlapim) PerB-A-(robatdAcj-3H) , 0. 88
(d, J=3.97 Hz, 3H), 1.93-211 (m | H), 2.80 (s, 6H), 3.90 (dd, J-8.39, 6.87
Hz, 111) 3 5.25@-20(d, J=8.54 Hz, 1H), 12.36 (s, 1H). LC (Cond. 1): RT = 0.33
mn; Ms: Anal. Calcd. for [MrH C8l-11 |N203: 189.12; found 189.04. Cap-132
0O ,Bn O

BocHN™ "CO,Bn
of-27b

To a solution of ¢j-27a (1.01 g, 4.74 mmol), DMAP (58 mg, 0.475 mmol) and

iPr;NEt (1.7 mL, 9.8 mmol) in CH,Cl; (100 mL} at 0°C was added Cbz-Cl (0.68 mL,
4.83 mmol). The solution was allowed to stir for 4 h at 0°C, washed (1N KHSO4,

10 brine), dried (NaySOy), filtered, and concentrated in vacuo. The residue was purified
by flash column chromatography (TLC 6:1 hex:EtOAc) to give the title compound
(1.30 g, 91%) as a colorless oil. "HNMR (400 MHz, CDCl;) 8 7.35 (s, SH), 5.35 (4,
br,J = 8.1 Hz, 1H), 5.23 (d, J = 12.2 Hz, 1H), 517 (d, J = 12.2 Hz, 1H), 448 — 4.53
(m, 1H), 2.68 — 2.81 (m, 2H), 2.00 (t, J = 2.5 Hz, 1H), 1.44 (s, 9H). LCMS: Anal.

15 Caled. for Ci17H2NO.: 303; found: 304 (M+H)".

Step 2. Preparation of (S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-y1)-2-(tert-

butoxycarbonylamino)propanoate (cj-28).
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NH2 HCI 25Cap- 132 was prepared from (S)-benzyl 2-am nopropanoate

hydr ochl ori de according to the nethod described for Cap-131. 1H NMR (500
MHz, DMVSOVOEY10hLipia 1. 27 (d, J=7.32 Hz, 3H), 2.80 (s, 6GHCT/US2@8/0289P9 1H),
6.36 (d, J=7.32 Hz, 1H), 12.27 (s, 11-1). LC (Cond. 1): RT = 0.15 min; M5
Anal . Calcd. for [M+H CoH 3N203: 161.09; fad 161.00. - 129 - "ryiL.0 osc
NH2 HCI Cap-133 was prepared froﬁ”ih('s -tert-butyl 2-am no-3-nethyl butanoate
hydrochl ori de and 2-fl uoroethyl chlor®fgrmate according to the nethod
described for 5 Cap-47. 1H NWR (500 DMSO-d0 8 Pom 0.87 (t, J =6.71
Hz, 6H), 1.97-2.10 (in, 1H), 3.83 (dd, J=B.39, 5.95 Hz, 1H), 4.14-4.18 (m
1H), 4.20-4.25 (m, | H), 4.50- 4.545(my @Bﬂ 59- 4. 65 (m 1H), 7.51 (d, J
= 8.54 Hz, 1H), 12.54 (s, 1H). Cap-134 ﬁé Cap 134 was prepared from
(S)-diethyl alanine and. nethyl chl oroforfiite according to the nethod

descri bed for Ca
1. 15.1.38 (i, 410 3‘1‘“"{%fgss)o% “w\ 2 Ef‘%y%g?%%ﬁg&ggg“?ng@% Hnddit @50
g, 1 65 mmoi) sodium ascorbate (0.036 g, 0.18 mmol}, CuSO4-5H,0 (0.022 g, 0.09
mmol) and NaNj3 (0.13 g, 2.1 mmol) in DMF-H;0 (5 mL, 4:1) at 1t was added BnBr
5  (0.24 mL, 2.02 mmol) and the mixture was warmed o 65°C. After Sh LCMS

indicated low conversion. A further portion of NaNs (100 mg) was added and heating
was continued for 12h. The reaction was poured into EtOAc and H,0 and shaken.
The layers were separated and the aqueous layer extracted 3x with EtOAc and the
combined organic phases washed (H,0 x3, brine), dried (Na,S0y), filtered, and
10 concentrated. The residue was purified by flash (Biotage, 40-+M 0-5% MeOH in
CH,Cly; TL.C 3% MeOH in CH,Cl,) to afford a light yellow oil which solidified on
standing (748.3 mg, 104%). The NMR was consistent with the desired product but
suggests the presence of DMF. The material was used as is without further
purification. 'THNMR (400 MHz, DMSO-ds) & 7.84 (s, 1H), 7.27 — 7.32 (m, 10H),
15 5.54 (s, 2H), 5.07 (s, 2H), 4.25 (m, 1H), 3.16 (dd, /= 1.0, 5.3 Hz, 1H), 3.06 (dd, J =
5.3, 14.7 Hz), 2.96 (dd, J = 9.1, 14.7 Hz, 1H), 1.31 (s, 9H).
LCMS: Anal. Caled. for Co4HeN4Oy: 436, found: 437 (M+I—£)“”.

Step 3. Preparation of (S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-y1)-2-
20  (methoxycarbonylamino)propanoate (cj-29).

MeO,CHN COsBn
¢j-29

A solution of (8)-benzyl 3-(1-benzyl-1H-1,2 3-triazol-4-y1)-2-(tert-
butoxycarbonylamino)propanoate (0.52 g, 1.15 mmol) in CH,Cl, was added TFA (4

mL). The mixture was allowed to stir at room temperature for 2h. The mixture was
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4.09 (d.d., J =8.85, 5.19 Hz, 1H), 7.24 (d, J = 8.85 Hz, 1H), 12.55.(s,
1B). LC (Cond. 15 2): RT = 0.66 mn; LC/Ms: Anal. Calcd. for [MtHr
CO9H18N0O4:woaa1012770found 204. 02. Cap- 135 20A sol ut i onPEM/US2010/028999

D- 2- ami no- (4-fl uorophenyl)acetic acid (338 ng, 2.00 nmol), INHCL in

di ethylether (2.0 nL, 2.0 mmol) and formalin (37% 1 nL) in nethanol (5 nl)
was subj ect edndeptriiafl kmmwthgwgewaiomss @l whichGoligificd ansiandiog &"&eron (60 ny)

for 16 h at 2 ty filt ford
the Hor sl Pegmape Fimoed i TalP ROl RR Soqd Bt SR SR ds €336 e
MeOH-44) 67,380 véh@@ddeci fﬁﬂ@lwedey @1@@21\45(01@5!?1&.,3%51&11105 A%ref §nmng$ar6 Hz
214), 5.17 (s, 1, 3. (v b 1) his, 3H); , 19 ruin

( Cond. - N5~ WB)3h t@s%thm\qu@xﬁed]mﬁ~mmﬁwal andc;éerwoured)mtcp Icwr

C101-113 : 98.09: found: 198. | ed
00 & RS E B o haypRits sepniited snctizs B BRede Paiecged Towih BQRS: Tr8' ©
anhydr ous d'c%ﬁﬂ%ﬁied%&é‘%&er@%r%ﬁsﬁéﬂ‘éﬁ%() rﬁﬂrfe?gﬁf%d\(“ﬁﬁgﬁﬂgqﬁte?edbb‘ﬁd’ I 1i thium

(2.5 Min hexanes : dropwi se. After being stirred for 20
mn at - 1050@entrieddarden tdgoriadeldisassié G 0SH mpghl 106, NYIRt ssgestest theibbl ed

into the reaction mxture 'fbr. 10 m.n hefore. it | I owed warmup to
25 G The heav i B pPidpun Ry HaGh Sl VhT TertUE R BT do o
the reacti orpyripfibe 8 vyé@%séd isti%ﬁtﬂoﬁtofu}’th&lﬁﬁrﬁcm&{ O$BOARG400WIHE Agkbd whi ch
was taken up in water (7 nL), acidified to 3, cooled, and i nduced,

to crystiél | idgko WeTHs,dEN)at.coid)d. = BillHz elﬂ)p’hZ’Df— ‘7t3*2| (&, A0ED, 54 at BHL3gdve a
white solid which was suspended in nethanol, treated with 1. N HC%/dI et hyl

ether (4 m)(dahd.|2¢oReddDr aPeedifiVad e LYot Azt o Hor 3 406, PBSI due i m

P I L e A A Al W

7.50-7. 31 (raat&d)for By Hh N8, 24); folid: 399 (dEHYM (Cond. - M5- WB) ; 95% hom)genl ty
i ndex; LRMS: 20Anal. Cale. for [MH ] C11F112N202: 203.08; found: 203.11.
- 131 -

15 Step 4. Preparation of (S)-2-(methoxycarbonylamino)-3-(1H-1,2,3-triazol-4-
yhpropanoic acid (Cap-128).

MeO,CHN™ “CO,H
Cap-128
{S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-yl)-2-

(methoxycarbonylamino)propanoate (502 mg, 1.11 mmol) was hydrogenated in the
20 presence of Pd-C (82 mg) in MeOH (5 mL) at atmospheric pressure for 12h. The

mixture was filtered through diatomaceous earth (Celite®) and concentrated in vacuo.

(8)-2-(methoxycarbonylamino)-3-(1H-1,2,3-triazol-4-yl)propanoic acid was obtained

as a colorless gum (266 mg, 111%) which was contaminated with ca. 10% of the

methyl ester. The material was used as is without further purification. "HNMR (400
25  MHz, DMSO-ds) 8 12.78 (s, br, 1H), 7.59 (s, 1H), 7.50 (d, J = 8.0 Hz, 1H), 4.19—

4.24 (m, 1H), 3.49 (s, 3H), 3.12 (dd, / = 4.8 Hz, 14.9 Hz, 1H), 2.96 (dd, J = 9.9, 15.0

Hz, 1H). LCMS: Anal. Calcd. for C;H oN4O4: 214; found: 215 (M+H)+.
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Cap- 137" step a OCN A suspension of 1-chloro-3-cyanoi soquinoline (188 ny,
1.00 mmol ; prepared according to the procedure in WO 2003/ 099274) (188 ny,
1. 00 nmolWO 206661z 5f | uori de (303.8 ng, 2.00 nmol), PCT/US2010/028999
bis(tri-tert-butyl phosphi ne)pal | adium di chloride (10 ng, 0.02 nmol) and
2-(tributylstannyl)furan (378nL, 1 20 nmol) in anhydrous di oxane (10 ni)
under nitrogen was heated at 80 Erdporatit df dmpfid¥% it was cooled to 25 C and
treated with saturated, agueous potassium fluoride solution with vigorous
stirring for 1 h. The rrixEur was partitiFoped between ethyl acet at'd xnd
water and the 10 ni c e was separmtegd, MastEd PP brine, @Ni&d over
Na2SO4, fil tered?;ﬁ concentrated. Puri ficationm—of—the-resi due£ silica
gel (el utiorCiin 090t &HBOY B8Ry |y, £6/leXafeSpMaf f or led,GBHf- 180;Hstep a
(230 ng, 105% as-@ white solid which yas canai@o; foirvwaod di rC%E"é?' R4 =
1.95 mn (0.-ind.-M-W2); 90% hormgen’el ty index; LRIV1S: Anal. e. for
[Mi-HL C 41-4N20: 221.07; found: 221.12. 15 Cap-137 To a suspensi on
of Cap 137, 9. $P, W . i Y,

2. 05 mmol) is?iépggrgrgg&% %‘?}%P gr(?gneﬁgl m@%&%ﬁﬁg%{@%@%ﬂ?%ﬁgﬁp&ﬁ%t er
(1.5 nl) Swascaiddedll)x ut heniumtrichloride hydrate (2 ng, 0.011 mnol). The
20 m xture was stirred at 25 Cfor 2 h and en partitioned between

di chl oronet hane and water. The aqueous Iay'«gF’ S separated, extracted tw ce
nore with dichl oronethane and the conbi ngdNdg¥chl or onet hane extracts were
dried over Na2SO4, filtered and concentrdted. Trituration of the residue
with hexanes afforded Cap-137 (55 n§bzH8b%)C@stia grayi sh-colored solid. It,
= 1.10 m n (Cond. - M5-W2); 90% honogenei ty.si ndex; 25LCVMS: Anal . Calc. for
[MVH+H | C: 11-1814202: 200.08; found: 200.08. - 132 - Caps .138 to 158

Synt hetic Strat egy sudfeidi@tofAS)-ben#s@ R-0k3Bxetd R Hlcarbamate (0.67 g, 3.03 mmol),

and pyrazole (0.22 g, 3.29 mmol) in CH3CN (12 mL) was heated at 50 °C for 24h.
The mixture was cooled to rt overnight and the solid filtered to afford (S)-2-

10 (benzyloxycarbonylamino)-3-(1H-pyrazol-1-yl)propanoic acid (330.1 mg). The
filtrate was concentrated in vacuo and then triturated with a small amount of CH;CN
(ca. 4 mL) to afford a second crop (43.5 mg). Total yvield 370.4 mg (44%). m.p.
165.5 - 168°C. litm.p. 168.5 ~169.5 [Vederas et al. J. Am. Chem. Soc. 1985,
107,7105]. "HNMR (400 MHz, CD;0D) § 7.51 (d, J = 2.0, 1H), 7.48 (s, J = 1.5 Hz,

15 1H),7.24 ~7.34 (m, 5H), 6.23 m, 1H), 5.05 (d, 12.7 H, 1H), 5.03 (d, / = 12.7 Hz,
1H), 4.59 — 4.66 (m, 2H), 4.42 — 4.49 (m, 1H). LCMS: Anal. Calcd. for
C14H;sN304: 289; found: 290 (M+H)".

Step 2. Preparation of (S)-2-(methoxycarbonylamino)-3-(1H-pyrazol-1-yl)propanoic
20 acid (Cap-129).

L

MeQ,CHN™ "CO,H
cap-129

(S)-2-(benzyloxycarbonylamino)-3-(1H-pyrazol-1-yl)propanoic acid (0.20 g,
0.70 mmol) was hydrogenated in the presence of Pd-C (45 mg) in MeOH (5 mL) at
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Cap-1 38, step a 10 To a stirred suspension of 5-hydroxyisoquinoline
(prepared according to the procedure in WD 2003/ 099274) (2,0 g, 13.8 nmol)
and tri phEQRPPHNIGEIHI ne (4.3 g, 16.5 nmol) in dry tetrahpdTaisaeian2g§929 ni)
was added dry nethanol (0,8 nL) and diethyl azodicarboxylate (3.0 nL, 16.5
nunol ) portionw se. The m xture was stirred 15at roomtenperature for 20 h
before it wagn@ﬁphmcemewurmfméthﬁh%@@@a@@pame@@shﬁeasw&lﬁIIbMeQéI, dried over

Na2so4, fil d trated. Th |
ot oomd chr SRESIAS GRS RSt R FRL SE PRI LARPALRCH ORI L1 °8
Cap- 138, st qme@ofrﬁjg&{bogs scﬁét%n @&g ﬁitérb{gﬂirm)(ﬁ%diﬁmwd(u@ eartd GCeﬁ‘iW a@@fﬁa@ 500

MHz) 8 9.19 (s , J= 6.
732-7.50 (mM@DHhﬁmoWedOG v@c@:@ ”J(hqarem&{pmgélsoﬁ}lmo(rlSNasWen Rad:ly@p]@éhmdrto

Cond 95% h d Cl oH oNG
L6005 % buierp v aas. (b N s Bt Ve suginded b MGH O of Cop
138, step aj0mI34nd the%o&em@@do Té‘t&%&'@ﬁﬂiﬁ‘m%&%%@é@ﬂﬁ%@@glé(é@m@—) at

room tenperature was added neta-ohl oroperbenzoic acid (77%
mol ) in ond.Pontiodmarefiliefevbleiiog o8 COp). ediftérqas Eﬂoiht,lorphuddaawd (m)tbisa um

carbonate (2 a the tur s stirred for |

S eoorar s aigsPlodie B8N Posratodnes dkd Ror ey Thempapissvagiareg. o

Cap- 138, step b &gZIJfén(gwa@gt%lﬁ@é tc ﬂai %ﬁlth@\i H@I"aﬁd) hifeMUERIORS The
sufficiently pure to carry forward directly. (CDbCl 3, 400 MHz) 8 8.73

(d, J= 105 Hazyerd¥ire sBpa:tatetﬂ aiet] thd agucbu¥ phizse ekbﬂ)lqte@wﬂh RAACH=T). 1Tz, lH) 7.52
t, J= 8.1 Hz, .1 J= 7.8, Hz, 4. 00
Es, 3H): Rt m@lrg")é PgeRic 1@@%&&%@1&8@5@3@%&361\1@#@8 filtresd apne: Anal

Calc. for | %32” pﬁaypg @jep ¢ To a
stirred sol tI\JéItB?I%E]rllﬂ% egéagq@ %etlgeogn}%%?% %@gi,orlg’l%%gg%o ) 11%37%?%? et hyl am ne
15(1. 1 inl" 'gINMRH00 MszmnSOLdﬁ)eéﬂ@nht(sillﬂa ?EE)(dIU) alﬁ H@Q@;E%@,aﬁmre
under nitrogen was added trinmethylsilylcyanide (1 mmol ), The
m xture was g&mbé&lebﬁhﬂ 4pgd e Fded %Hbéfl&(épn B v Wl H?@éﬂé& %7o(d1d06m3 0,

tenperature,, 5 h d t ted sodi um
bi car bor%gt e : dgih?’i 0 g bﬁ'ﬂ@l’prl %%'%Z ’g%ri’sl \r;ﬁgﬁ\gge‘?x\%\lagg%g g‘?\% sol vent
concent r at i aryH, THOF eﬁ,dmdtvasz; fN1asiy”. chr omat ogr aphed on silica 20gel
(gradient elution with 5% ethyl acetate in hexanes to 25% ethyl acetate in
hexanes) to afford Cap-138, step c (498.7 ny, 68% as a white, crystalline
solid along with 223 ng (30% of addi t(gaorj Cap-138, step c recovered from
the filtrate. 1H NVR (CDC13, 500 MHz) : (d, J= 5.5 Hz, 1H), 8.26 (d,
J= 5.5 Hz, 11-1), 7.88 (d, J= 8.5 Hz, 7.69 (t, J= 8.0 Hz, 1H), 7.08
(d, J= 7.5 Hz, 1H), 4.04 (s, 31-1); R

AcHN/\oozH
20 Cap-130 was prepared by acylation of commercially available (R)-
phenylglycine analgous to the procedure given in: Calmes, M.; Daunis, J.; Jacquier,
R.; Verducci, J. Tetrahedron, 1987, 43(10), 2285.

Cap-131
o o BN OH
a b
M _Bn —_— 0 8]
O | HN.__O
NH; H \f Y
HGI N ~Nu
25 AN

Step a: Dimethylcarbamoyl chloride (0.92 mL, 10 mmol) was added slowly to
a solution of (8)-benzyl 2-amino-3-methylbutanoate hydrochloride (2.44 g; 10 mmol)
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25 = 1.75 mn, (Cond.-Dl); 90% honogeneity index; LCMS: Anal. Cale. for

[ mH] * c11HON20: 185.07; found: 185.10. Cap-138 Cap-u8, step ¢ (0.45
g, 2.44 WwOI2P108d3708r eat ed wi t h 5N sodi um hydr oxi de sol uPCHAISEAIO/028999 and t he
resul ting suspension was heated at 85 C for 4 h, cooled to 25 C, diluted

wi th dichl oronet hane and acidified with 1N h%dr ochl oric acid. The 5organic

phaseI was séﬁ@fﬁ?@ds b%ﬁ%é’ﬂﬁh 1:22 ngpelhé THF (@ mdv e Thapesgting whifscent rated to
A f
sol 0. R ( Dueehtiet Wbt g 8 st iR PSRk B

8.16 (d, T zmnferQeditced pidssurs. @ﬁe ﬁe@bdué waSp&tbenecﬂlb’é)tweer eflyl Geidte @it whidk, 7 30
(d, J= 8.0 Hz, 111), 4.02 (s, 70 mn (Cond.-D1); 95% honogenity

i ndex: LOVSThamsganicdayes Waﬁorfaslw[ W]Il-l]?tm@ﬁllfd (Ygfos), fiftgred oand dosemiratedos. 05.
CO2H Capz139, ,ste t.hi ial containing an
ar gon- dgaasélggersru‘g‘t?gﬁgf%ﬁlﬂgf ¥% %ﬁ?%?gy%ﬁ\%%?ﬁg&aﬁ’g%ﬁﬁ{ﬁ}gﬁf’l%e (1.2 g, 6. Zg
ol ;  prepakcpehns tife g GEAAE Betdh Q31089 %4 assi um
cyani dg (8 A(:gﬂjg @Zﬂlyngm 1ﬁg1 Seﬂ%?)s(dl heenyI(AA/\‘%?og)0 |ng g)ent g%%ns?vgﬁrﬂ g,

0.62 mol) anmcqnaaﬂeédnmnv@mm amchn@wm (ﬁ@% of 3 ahﬂtbl HNMBABYY

2”45 mrol ). DRISOHaP rke? Bl do S 5 8150 Y eShilts 2%??1'93?%%??5 h al owkd

to cool to 3G silee 8&@1@@9@%%{@4% ghigd, & Bctd Wthuetiyinasebate,

washed with water andHZrl ne, dried over 2S04, filtered and concentrat ed.
The resilflue fw&d5piz,i H)ed 2647 .42 (i, SA) gé&lC (Qy)nédl)atﬁ’l‘ elltﬁélmm, M Ao et hyl

/h % / fford Cap-139,
(6eo v . 350, e VT Ol S e . Eoo%z) b 554 (d. = 6.0
Tsz | 1;') 138 (32 \?_(‘Sgepg‘Tga(ﬁ/Il_éigH éf]{f%L ollfo l_égfthé'rnt%d Fﬁm%gtb':f]\;e 1()% 3%80&) m

honogeni ty ign@ebs; minGNBvasAdddd PAEl (éO%f 260 olprdadifhe @tsuiti-r@m@k st&&nlidn wasund:

185.2. Cap-139 10 | 39 was d fromthe bhasic droI sis of Cap-139,
Step a w ¢ BRAHECH A r g et PR BB e Te SRR IR S ey it

| FI NMR (1400 E‘@@ t tefetl th &%fﬁm@%&% ém%én
8.45 (d, 1472 ffier %\Lﬁ?‘@} %@?5 > ‘éé%{ fRcr CARAS 51y
7.44 (dd, J=He. rasulmnéclbﬂ sofbHpn was ﬁfen(c@nc@xltiﬁ;ed?ﬁnder r@d@éd @rassx(rélmdataiﬁl) 90%
bonmogeni ty i ndex Anal . Cale. for i[ WM Ft C, 1111 - 204.07; found:
204. 05. 143 g (89% of Cap 131 as a white foam, which was used Wit out urther

purification. 'H NMR (500 MHz, DMSO-dg) & ppm 0.87 (d, J=4.27 Hz, 3H), 0.88 (d,

J=3.97 Hz, 3H), 1.93-2.11 (m, 1H), 2.80 (s, 6H), 3.90 (dd, ./=8.39, 6.87 Hz, 1H), 5.93

20 (d,J=8.54 Hz, 1H), 12.36 (s, 1H). LC (Cond. 1): RT =0.33 min; MS: Anal. Calcd.

for [M+HT" CgH7N»03: 189.12; found 189.04.

Cap-132
OH
o)
.Bn — o)
o
I, HNYO
HCl AN
25 Cap-132 was prepared from (S)-benzyl 2-aminopropanoate hydrochloride

according to the method described for Cap-131. '"H NMR (500 MHz, DMSO-dg) 8
ppm 1.27 (d, J=7.32 Hz, 3H), 2.80 (s, 6H), 4.06 (qt, 1H), 6.36 (d, /=7.32 Hz, 1H),
12.27 (s, 1H). LC (Cond. 1): RT =0.15 min; MS: Anal. Caled. for [M+H]"
CeH:aN20O5: 161.09; found 161.00,
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Cap- 140 20Cap-140, step a CN To a vigorously-stirred m xture of

1, 3-di chl oro-5- et hoxyi soqui noline (482 ng, 2.00 nmol; prepared according to
t he procedOr281/r7W® 2005/ 051410), palladium (I1) acet aPET(US2¢1§/0289904
mol ), sodi um carbonate (223 ng, 2 10 mml) and 25

1, 5- bi s(di phenyl phosphi no) pentane (35 ng, 0.08 mml) in dry

di et hyl acetam de (2 nL) at 25 C w def4hit3fogen was added

N, N, N, N -tetramet hyl et hyl enedi agine (60 m, 0.49 num). After 10 min, the
m xture was heated to 150 C, andlt a stoc ution of acetone
cyanohydrin (prepared from 457 pL “%f\ acetone a@ohydrin in- 136- 4,34 nL
DVA) was added in 1 nL portions’%ver 18 h usingfa syringe punp. The mixture
was then partitioned between ethyﬁmacetate and #atee and the organic |ayer

was separ at ed, hed with brin dried over 254, filtered and
concenfrated. TﬁgiW‘ 3&W§Rﬁﬁﬁﬁiﬁ?mﬂéhﬂ%ﬁb@VH?%ﬁﬂﬁﬁanﬁﬁéﬂF@HPﬁélution wi th
10% et hyl a L: I 9 i ford
Cap- 140, st dgcfiphifle MDY HScFIEre SRS B BRYBETE:Rd R

( Cond. - M5- W&)jp-00 YH-hSIVIRY €300t Hiz O RS O - NsprA0 &7 (1, Gt 6.71 iy 6 HMM17-2.10

Cl 2HOCLN20: 233.05; found: 233.08. C%$_|40 10Cap-140 masjg;epared bg t he
aci d hydr ol y& $Hpf3 . 8hisld) £o8-3%t5%3 Hzwin4 141 Ham.ddDed 484 5e@n, i1 hel-

procedure foret epapatd - j 2.24 mn
(Cond. - MB- By ‘gﬁﬁﬂbﬂ%‘%%n‘%ﬁ}‘?#agigl (s SR8 BR%, 29 ﬁ?M H

O 2H11CINO3: 252.04; found: 252.02. 15Cap-14 Cap-141, step a ON

20Cap- 141, step a was prepared from 1-brono-3-fl uoroi soquinoline (prepared
f r om 3- ani no- 1- br onoi soqui nol i ne usi n¢4he3%r ocedure outlined in J. Med.
Chem 1970, 13, 613) as described in the procedure for the preparation of
Cap- 140, step a (vide supra).!11iO NMR (500 Mz, i 8 8.35 (d, J= 8.5
Hz, 1H), 7.93 (d, J= 8.5 Hz, 7.83 (t, J=-Z 1H), 7.77-7.73 (m
1H), 7.55 (s, 1H): Ri= 1 60 m rk 259%HCond—=D1F: 90%khonBgeni ty i ndex; LCVE:
Anal . Cale. for [MrH 1 Cl OH6FNNH:73.05; found: 1%2‘.@9 - 137-

10 SN
Cap-134 was prepared from (S)-diethyl alanine and methyl chloroformate
according to the method described for Cap-57. "H NMR (500 MHz, DMSO-dg) &
ppm 0.72-0.89 (m, 6H), 1.15-1.38 (m, 4H), 1.54-1.66 (m, 1H), 3.46-3.63 (m, 3H),
4.09 (dd, J = 8.85, 5.19 Hz, 1H), 7.24 (d, J = 8.85 Hz, 1H), 12.55 (s, 1H). LC (Cond.
15 2): RT =0.66 min; LC/MS: Anal. Caled. for [M+H]" CoHgNO4: 204.12; found
204.02,

<N
20 A solution of D-2-amino-(4-fluorophenylacetic acid (338 mg, 2.00 mmol),
1IN HCI in diethylether (2.0 ml, 2.0 mmol) and formalin (37%, 1 ml.) in methanol (5
ml) was subjected to balloon hydrogenation over 10% palladium on carbon (60 mg)
for 16 h at 25 °C. The mixture was then filtered through Celite to afford the HCI salt
of Cap-135 as a white foam (316 mg, 80%). "H NMR (300 MHz, MeOH-d;) & 7.59
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Cap-141 Cap-141, step a (83 ng, 0,48 mna]) was treated with 12N1-1Cl (3
m.) and the resulting slurry was heated at 80 'V for 16 h before it was

cool ed t ovpaomvtIgwper ature and diluted with water (3 nLPCTRS20M040289PE was
stirred for 10 min and then filtered to 5afford Cap-141 (44.1 ng, 48% as

an off-white solid. The filtrate was diluted with di chl oronet hane and
washed wi t h (& i/rel.8eirS. EyHeya), R@QW &0 dlzc dHe Nt T Gt bld),ﬁé)Sa(fffom,oBPb)ddi ti onal

Cap-141 (29 i uff re to. be forward
G Fectly. - TARNAY PbiecHE: 5o MRS MR 95eP bRphhyafl %‘%ﬁﬁ%

8.10 (d, J=pBab tHcd Lor B! @%ﬂamog MO8 2B foudd: 787071 (M 1H) R1=

mn 10(Cond.-D1); 90% honobgenity I ndex; L : Anal. Cale. for [MtH

Cl161- 17FNQ2: 192.05; found: 191.97. Cap-142 IS N CO2H Cap-142"step CN
Cap-192, .step a was prepared from 4-br oquinoline N- oxi de as descri bed
in the tao step procedure for the pre 3Pd?|on of Cap-138, steps b and c. =
1.45 20 mn (Cond.-M5-W); 90% honogenijgy ipdex; LCVS: Anal. Cale. for
[1vi+H ClOH6Br N2: 232.97; found: 233[2ql p-142, step b N To an
ar gon- degassed suspensi on of Cap-142, M 116 ng, 0.50 mmol), potassium
phosphate tribasie (170 ng, 0.80 mnol)} palladium (11) acetate (3.4 ny,

0. 015 mml ) and 2-(di cycl ohexyl phosphix0) bi phenyl (11 ng, 0.03 mnol) in
anhydrous toluene (1 nL) was added holine (61 RL, 0.70 mvl). The

m xture 5 was heated at 100C for 16 "R cooled to 25 C, filtered through

eat due.on ai 1 cd oot Gl e TaRaFRRRE R ALIA s FHOANE AR Bt ate i n
hexanes) af fiphegeh Qﬂgﬂﬂ(ﬂ@m&ﬁﬁ@ﬂi@r B Yunde2 e I\%@n day Bideaw-sialiiehivkd ch was

carried forward directly mm ( Cond. - 90% honogeni ty i ndex;
LCVB: Anal . (BalM.in h@ranpw;ﬂl mp lmmqlldmmsemﬁmbemmmdd fa@P40ings -

RIS ot M TR ST EN e e,
(Cond. - M5- Wh)ixt::98%r 10 min before it was allowed to warm up to 25 °C. The heavy precipitate
which formed on addition of carbon dioxide to the reaction mixture was filtered to
yield a hygroscopic, white solid which was taken up in water (7 mL), acidified to pH
=3, cooled, and induced to crystallize with scratching. Filtration of this precipitate
15 gave a white solid which was suspended in methanol, treated with 1V HCl/diethyl
ether (4 mL) and concentrated in vacuo. Lyophilization of the residue from water (5
mL) afforded the HCI salt of Cap-/36 as a white solid (817 mg, 40%). 'H NMR (300
MHz, DMSO-dg) 6 7.94 (d, /= 1.5 Hz, 1H), 7.71 (d, /= 1.5 Hz, 1H), 7.50-7.31 (m,
5H), 5.77 (s, 2H); Ry = 0.51 min (Cond.-MS-W5); 95% homogenity index; LRMS:
20 Anal, Calc. for [M+H]" C;1H;2N,0,: 203.08; found: 203.11.

Cap-137

\CN

N

CO,H

25
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15honogenity index; LCMS: Anal. Cale. for [MI-H ' Cl41115N203: 259. 11;
found: 259.08. Cap-143 CO2H 20 Cap-143, step a Co Br To a stirred
sol uti on ¥ 281047 HW- | - br onoi soqui nol i ne (444 ny, 2.00 mMREMHUSRHOARENWUr ous

di mret hyl f ormam de (10 nL) was added sodi um hydride (60% unwashed, 25 96
ng, 2.4 mmol) in one portion. The m xture was stirred at 25 Cfor 5 mn

bef ore 2-bronoet hyl ether (90% 250C&-L37.2t@® nmol) was added. This mixture
was stirred further at 25 Cfor 5 h and at 49 Cfor 72 h before it was
cooled to 25 X; quenched with satura i i i
diluted with ethyl acetate. The organ dyer was separated, washed with
wat er and brine, dried over Na2804,
of the residue on silica gel (gradient €l

gtion with 0%to 70%ethy| acetate
i n hexanes) afforded Cap-143, step a (189 ng, 31% as a yellow 5solid. Rt -

1.75 min (Cond. - MEsddhdrsi O haNB@ENt$ahoish zsohrlecéh@@ 2l00 nzabe prep@fed
[Mr1-1]+ C H1413rN2d0% 293. 03; found: §1293 ) mlgl‘lo a col dp egj60 @)

sol ution of a@a@dmg@ tl@tmqmcedu(eﬂﬁm g00y. (192327%83 mgh 1.00 I@mh@,cn@@lugl

tetrahyd f dd J b | i.t hi
(55 5 ol Bt 3R b Bho AR B AR RTHEST o
into the req&é 'oqn ﬁlhf&b%ﬁ 2f 1b&gtsur %ﬁh%% waqsmaﬁﬁqmdmmreué N HC1 and

allowed to mto s then extracted wit
di chl or onet hidmené Bl()(rnaﬁ)mndf:) nérgeh s beatid stk °Cr fgahb b bekire acwas cogleé to
concentrat ed in vacua. Purification of the 15 r si due P%/l?rev rse ghase HPLC

(NT e0H wal 251" §a epied PR SR BIE4 PSUEO s g las Dt Tugde So yigorou
Co M5- W,
g:142115 N203: Ql%éopf%?%%ggﬁ&égéégggéa%a%ﬁw &, 361%38 t tfe%ﬁ%w "ﬂrléiﬂt1 dhe

10 organic phase was separated, washed W1th brine, dried over Na;SO,, filtered and

concentrated. Purification of the residue on silica gel (elution with 0% to 30% ethyl
acetate/hexanes) afforded Cap-137, step a (230 mg, 105%) as a white solid which was
carried forward directly. R;= 1.95 min (Cond.-MS-W2); 90% homogeneity index;
LRMS: Anal. Cale. for [M+H]" C14HgN,0: 221.07; found: 221.12.

15

Cap-137
To a suspension of Cap 137, step a, (110 mg, 0.50 mmol) and sodium

periodate (438 mg, 2.05 mmol) in carbon tetrachloride (I mL), acetonitrile (I mL) and
water (1.5 ij was added ruthenium trichloride hydrate (2 mg, 0.011 mmol). The

20  mixture was stirred at 25 °C for 2 h and then partitioned between dichloromethane and
water. The aqueous layer was separated, extracted twice more with dichloromethane
and the combined dichloromethane extracts were dried over Na;SOy, filtered and
concentrated. Trituration of the residue with hexanes afforded Cap-137 (55 mg, 55%)
as a grayish-colored solid. R;= 1.10 min (Cond.-MS-W2); 90% homogeneity index;

25  LCMS: Anal. Calc. for [M+H]" CHgN;Oz: 200.08; found: 200.08.
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a 1,3-Dichloroisoquinoline (2.75 g, 13.89 mmmol) was added in small portions
to 25a cold (0 C solution of fumng nitric acid (10 nL) and concentrated
sul furic WOI2010(1LQ70AL) . The m xture was stirred at 0C f oPCO/UB2010/92898% e it
was gradually warnmed to 25 C where it stirred for 16 h. The m xture was
then poured into a beaker containing - 140 - chopped ice and water and the
resul ting suspension wa.s stirred. Gaw /380 4180 C before it wa.s filtered

o '"afford Cap-144, step a (2.73 g, 81% as a yellow solid which was used
directly. Rt = 2.01 mn (Cond.-D1); 95% honogenity index; LCVMS: Anal. Calc.

for [M-H ClkhhiadRRAeeR4dehéa A ound: 242.92. S Cap- 144, step b ci
Cap-144, step a (0.30 g, 1.23 mmol) was taken up |n rrethanol (60 nL) and

treated with phati num oxicde (30 ng),oand the suspefsSion was subj ect ed to
Pan 10hydr og f nﬂw, f H,?,CPE,Qr h bﬁis@re I Bungdd
addi tional pl M x| @T dets Aﬁme ensﬁmn

resubj ected to ParE¥hierr ogenation at 45 pSI H2 for 13.)h before |tcuyas
suction-filtered through di at onaceous earth (Cellte ) and concentrat ed
down to 5A volune, Suction-filtration of the ensuing precipitate afforded
the title conpound as a yellow soli d c ghas fl ash chromat ographed on 15
silica gel (gradient elution with 5% Sacetate in hexanes to 25% et hyl
acetate in hexanes) to afford Cap- 144\ostep b (231 ny, 78% as a pale,
yellow solid. Rt - 2.36 nm (Cond.-D1);195% honogenity index; NWVR (400 MHz,
CDC13) 8 8.02 (s, 1H), 7.95 (d, J= 8.6 Wz, J1H), 7.57-7.53 (m 1H), 7.30 (d,
J=7.3 Hz, 1H), 2.88 (s, 6H); LCM5: A alc. for [MtH Cl1li 11C12N2:
241.03; found: 241.02. HRVS: 20Anal . Cal CCO;['or [MFIi]t CHHHCL2N2:

241.0299; found: 241.0296. Cap-144, step c CN Cap- 144, step c
was prepared from Cap-144, step b accordi ng to the procedure 25descr| bed
for the preparation of Cap-139, ste = 2.19 min (Cond.-DI); 95%- 141
- honogenity index.; LCVS: Anal.. c%%* 3?0%‘€HCM+H| + CL2HLI CI N2: 232. 06;
found: 232.03. HRVS: Anal. Cale. for fM+rH ' O 21 TECI N3: 232.0642; found:
232. 0631.

~
10 =N

To a stirred suspension of 5-hydroxyisoquinoline (prepared according to the

procedure in WO 2003/ 099274) (2.0 g, 13.8 mmol) and triphenylphosphine (4.3 g,
16.5 mmol) in dry tetrahydrofuran (20 mL.) was added dry methanol (0.8 ml.) and
diethyl azodicarboxylate (3.0 mL, 16.5 mmol) portionwise. The mixture was stirred

15  atroom temperature for 20 h before it was diluted with ethyl acetate and washed with
brine, dried over Na,SQy, filtered and concentrated. The residue was preabsorbed
onto silica gel and chromatographed (elution with 40% ethyl acetate/hexanes) to
afford Cap-138, step a (1.00 g, 45%) as a light yellow solid. "H NMR (CDCls, 500
MHz) d 9.19 (s, 1H), 8.51 (d, /= 6.0 Hz, 1H), 7.99 (d, J= 6.0 Hz, 1H), 7.52-7.50 (m,

20 2H), 7.00-6.99 (m, 1H), 4.01 (s, 3H); R;= 0.66 min (Cond.-D2); 95% homogeneity
index; LCMS: Anal. Cale. for [M+H]" C;oH1oNO: 160.08; found 160.1.

Cap-138, step b

™o

~
+
o \O--*
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Cap-144 5Cap- 144 was prepared according to the procedure described for
Cap-141. Rl= 2.36 mm (Cond.-D1); 90% LCVS: Anal. Calc. for [M:H |
Cl2H12C1N®0201021337081; found: 238.09. Caps-145 to -162 10CAAS2010528989 162
were prepared fromthe appropriate 1-chloroisoquinolines according to the
procedure described for the preparation of Cap-138 (Method A) or Cap-139
(Met hod B) unl esé“omoettlé@d@@mrmpgwaé%mw 4114w, moap 1#3@)@5&%@ hod

I( logﬁé()l_ ysis dli%tlﬂcgrldr%éthgr?en&'ﬁ)rfm)o@t Q‘(%TIB ggrrrl]pe%eiltﬁ% \;\félsda%ééd %%taqﬁ{lgroperbergzo%éacrﬂ n
(77%, 3.42 g, 19.8 mmol) in one portion. After being stirred for 20 h, powdered
potassium carbonate (2.0 g) was added and the mixture was stirred for 1 h at room

5 temperature before it was filtered and concentrated in vacuo to afford Cap-138, step b
(2.15 g, 83%) as a pale, vellow solid which was sufficiently pure to carry forward
directly. '"H NMR (CDCl;, 400 MHz) § 8.73 (d, J= 1.5 Hz, 1H), 8.11 (dd, J = 7.3,
1.7 Hz, 1H), 8.04 (d, /=7.1 Hz, 1H), 7.52 (t, J=8.1 Hz, 1H), 7.28 (d, J = 8.3 Hz, 1H),
6.91 (d, J=7.8 Hz, 1H), 4.00 (s, 3H); R,= 0.92 min, (Cond.-D1); 90% homogenity

10 index; LCMS: Anal. Cale. for [M+H]" CoH1oNO,: 176.07; found: 176.0.

Cap-138, step ¢

~p

=

N
CN
To a stirred solution of Cap 138, step b (0.70 g, 4.00 mmol) and triethylamine
15 (1.1 mL, 8.00 mmol) in dry acetonitrile (20 mL) at room temperature under nitrogen
was added trimethylsilylcyanide (1.60 mL, 12.00 mmol). The mixture was heated at
75 °C for 20 h before it was cooled to room temperature, diluted with ethyl acetate
and washed with saturated sodium bicarbonate solution and brine prior to drying over
NaySO; and solvent concentration. The residue was flash chromatographed on silica
20  gel (gradient elution with 5% ethyl acetate in hexanes to 25% ethyl acetate in
hexanes) to afford Cap-138, step ¢ (498.7 mg, 68%) as a white, crystalline solid along
with 223 mg (30%) of additional Cap-138, step ¢ recovered from the filtrate. 'H
NMR (CDCls, 500 MHz) 6 8.63 (d,/=5.5 Hz, 1H), 8.26 (d, /= 5.5 Hz, 1H), 7.88
(d, /= 8.5 Hz, 1H), 7.69 (t, /= 8.0 Hz, 1H), 7.08 (d, J= 7.5 Hz, 1H), 4.04 (5, 3H); R,
25 =1.75 min, (Cond.-D1); 90% homogeneity index; LCMS: Anal. Calc. for [M+H]"
C11HgN,O: 185.07; found: 185.10.
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M5- W) ;

90% a O N LCV5, Cap- co2H Anal. 145 Prepared from

WO 2010/117704 PCT/US2010/028999

10

15

20

25

Cap-138

Cap-138, step ¢ (0.45 g, 2.44 mmol) was treated with SN sodium hydroxide
solution (10 mL) and the resulting suspension was heated at 85 °C for 4 h, cooled to
25°C, diluted with dichloromethane and acidified with 1V hydrochloric acid. The
organic phase was separated, washed with brine, dried over Na,SQq, concentrated to
Y4 volume and filtered to afford Cap-138 (0.44g, 88.9%) as a yellow solid. TH NMR
(DMSO-dg, 400 MHz) & 13.6 (brs, 1H), 8.56 (d, /= 6.0 Hz, 1H), 8.16 (d, J = 6.0 Hz,
1H), 8.06 (d, J= 8.8 Hz, 1H), 7.71-7.67 (m, 1H), 7.30 (d, /= 8.0 Hz, 1H), 4.02 (5,
3H); R, = 0.70 min (Cond.-D1); 95% homogenity index; LCMS: Anal. Calc. for
[M+HT" C,1HoNO3: 204.07; found: 204.05.

Synthetic Strategy. Method B (derived from Tetrahedron Letters, 2001, 42, 6707).
| ] l

s}
=y, KON, dpppe © = 5N NaQOH © =
=N PA{OAC), =N N
TMEDA, 150°C

Ct toluane CN COH
WO 2003/ 099274
Cap-139
A0 =
=N
COH

Cap-139, step a

A e
=N

To a thick-walled, screw-top vial containing an argon-degassed suspension of
1 -chloro-6-methoxyisoquinoline (1.2 g, 6.2 mmol; prepared according to the
procedure in WO 2003/ 099274), potassium cyanide (0.40 g, 6.2 mmol), 1,5-
bis(diphenylphosphino)pentane (0.27 g, 0.62 mmol) and palladium (II) acetate (70
mg, 0.31 mmol) in anhydrous toluene (6 mL) was added N NN’ N'-
tetramethylethylenediamine (0.29 mL, 2.48 mmol). The vial was sealed, heated at

150 °C for 22 h and then allowed to cool to 25 °C. The reaction mixture was diluted
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commercially available 1,3- B 12N HE Cale. for [mtFir
di chl oroi soquinoline ¢ Hr7cl ,, NO2: 208. 02; found: 208,00, - 142-
WO 2010/117704 PCT/US2010/028999

with ethyl acetate, washed with water and brine, dried over Na,; SOy, filtered and
concentrated. The residue was purified on silica gel (gradient elution with 5% ethyl
acetate/hexanes to 25% ethyl acetate/hexanes) to afford Cap-139, step a (669.7 mg,
59%) as a white solid. "H NMR (CDCls, 500 MHz) & 8.54 (d,.J= 6.0 Hz, 1H), 8.22

5 (d,J=9.0Hz, 1H), 7.76 (d, J= 5.5 Hz, 1H), 7.41-7.39 (m, 1H), 7.13 (d, /= 2.0 Hz,
1H), 3.98 (s, 3H); Ry= 1.66 min (Cond.-D1); 90% homogenity index; LCMS: Anal.
Cale. for [M’*H]+ C1:HoN,O: 185.07; found: 185.2.

Cap-139
10 Cap-139 was prepared from the basic hydrolysis of Cap-139, step a with SN
NaOH according to the procedure described for Cap 138. '"H NMR (400 MHz,
DMSO-dg) & 13.63 (v brs, 1H), 8.60 (d, /=9.3 Hz, 1H), 8.45 (d, /= 5.6 Hz, 1H),
7.95(d,J=5.9Hz, 1H), 749 (d, /=2.2 Hz, 1H), 7.44 (dd, /= 9.3, 2.5 Hz, 1H), 3.95
(s, 3H); R, = 0.64 min (Cond.-D1); 90% homogenity index; LCMS: Anal. Calc. for
15 [M+H]" Cy1H;NOs: 204.07; found: 204.05.

Cap-140
o
O
N
Ot
20 Cap-140, step a
-0
x Cl
N
CN

To a vigorously-stirred mixture of 1,3-dichloro-5-ethoxyisoquinoline (482
mg, 2.00 mmol; prepared according to the procedure in WO 2005/ 051410),
palladivm (II) acetate (9 mg, 0.04 mmol), sodium carbonate (223 mg, 2.10 mmol) and
25  1,5-bis{diphenylphosphino)pentane (35 mg, 0.08 mmol) in dry dimethylacetamide (2
mL) at 25 °C under nitrogen was added N,N,N’,N’-tetramethylethylenediamine (60
ml., 0.40 mmol). After 10 min, the mixture was heated to 150 °C, and then a stock

solution of acetone cyanohydrin (prepared from 457 uL of acetone cyanohydrin in
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1.40 m |

(Cond.- DI); 95% O N LCMs: Cap- Anal . 146 Prepared from

commercially avail abl e 3- hydroxyi soqui noline A 5NNaCH Cale. for [M-11]
Cl EHI ON WO 2010/117704 PCT/US2010/028999

10

]

20

25

4.34 mL DMA) was added in 1 mL portions over 18 h using a syringe pump. The
mixture was then partitioned between ethyl acetate and water and the organic layer
was separated, washed with brine, dried over Na,SO,, filtered and concentrated. The
residue was purified on silica gel (gradient elution with 10% ethyl acetate in hexanes
to 40% ethyl acetate in hexanes) to afford Cap-140, step a (160 mg, 34%) as a yellow
solid. R;=2.46 min (Cond.-MS-W2); 90% homogenity index; LCMS: Anal. Calc,
for [M+H]" C12HeCIN,0: 233.05; found: 233.08.

Cap-140
Cap-140 was prepared by the acid hydrolysis of Cap-140, step a with 12N HCI
as described in the procedure for the preparation of Cap 141, described below. R;=
2.24 min (Cond.-MS-W2); 90% homogenity index; LCMS: Anal. Calc. for [M+HT"
Ci2HyCINO;: 252.04; found: 252.02,

Cap-141

\F
=N

o;H

Cap-141, step a

™ E

=N

CN

Cap-141, step a was prepared from 1-bromo-3-fluoroisoquinoline (prepared
from 3-amino-1-bromoisoquinoline using the procedure outlined in J. Med. Chem.
1970, 13, 613) as described in the procedure for the preparation of Cap-140, step a
(vide supra), "H NMR (500 MHz, CDC13) 8 8.35 (d, /= 8.5 Hz, 1H), 7.93 (d,J =
8.5 Hz, 1H), 7.83 (t, /= 7.63 Hz, 1H), 7.77-7.73 (m, 1H), 7.55 (s, 1H); Ry=1.60 min
(Cond.-D1); 90% homogenity index; LCMS: Anal. Cale. for [M+H]" C1oHFNy:
173.05; found: 172.99.
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03: 204. 07; found: 204. 06. 0.87 mn (Cond. -

WO 2010/117704 PCT/US2010/028999

Cap-141
Cap-141, step a (83 mg, 0.48 mmol) was treated with 12N HCI (3 mL) and the

resulting slurry was heated at 80 °C for 16 h before it was cooled to room temperature
and diluted with water (3 mL). The mixture was stirred for 10 min and then filtered to
5  afford Cap-141 (44.1 mg, 48%) as an off-white solid. The filtrate was diluted with

dichloromethane and washed with brine, dried over Na,SOs, and concentrated to
afford additional Cap-141 (29.30 mg, 32%) which was sufficiently pure to be carried
forward directly. "H NMR (DMSO-ds, 500 MHz) & 14.0 (br s, 1H), 8.59-8.57 (m,
1H), 8.10 (d, J= 8.5 Hz, 1H), 7.88-7.85 (m, 2H), 7.74-7.71 (m, 1H); Ry= 1.33 min

10 (Cond.-D1); 90% homogenity index; LCMS: Anal. Calc. for [M+H]" C1oH;FNO;:
192.05; found: 191.97.

Cap-142
0
L)
=
=N

CO,H

15

Cap-142, step a

=
=N

CN
Cap-142, step a was prepared from 4-bromoisoquinoline N-oxide as described
in the two-step procedure for the preparation of Cap-138, steps b and ¢. Ri= 1.45
20 min (Cond.-MS-W1); 90% homogenity index; LCMS: Anal. Calc. for [M+H]"
C1oHgBrN;: 232.97; found: 233.00.

Cap-142, step b
ol
(/)
=

o

CN
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10

15

20

25

' 95% ---... LCMS: N Cap- 021 Anal .

WO 2010/117704 PCT/US2010/028999

To an argon-degassed suspension of Cap-142, step a (116 mg, 0.50 mmol),
potassium phosphate tribasic (170 mg, 0.80 mmol), palladium (II) acetate (3.4 mg,
0.015 mmo!) and 2-(dicyclohexylphosphino)biphenyl (11 mg, 0.03 mmol) in
anhydrous toluene (1 mL) was added morpholine (61 pL, 0.70 mmol}. The mixture
was heated at 100 °C for 16 h, cooled to 25 °C, filtered through diatomaceous earth
(Celite®) and concentrated. Purification of the residue on silica gel (gradient elution
with 10% to 70% ethyl acetate in hexanes) afforded Cap-142, step b (38 mg, 32%) as
a vellow solid which was carried forward directly. R;=1.26 min (Cond.-MS-W1);

90% homogenity index; LCMS: Anal. Cale. for [M+H]" C4HsN;0: 240.11; found:
240.13.

Cap-142
Cap-142 was prepared from Cap-142, step b with 5N sodium hydroxide as
described in the procedure for Cap 138. R. = (.72 min (Cond.-MS8-W1); 30%
homogenity index; LCMS: Anal. Calc. for [M+H]" C14H;sN;01: 259.11; found:
259.08.

Cap-143

e

N

GO.H

Cap-143, step a

(\o

PN

N

Br

To a stirred solution of 3-amino-1-bromoisoquinoline (444 mg, 2.00 mmol) in

anhydrous dimethylformamide (10 mL) was added sodium hydride (60%, unwashed,
96 mg, 2.4 mmol) in one portion. The mixture was stirred at 25 °C for 5 min before
2-bromoethyl ether (90%, 250 pL, 2.00 mmol) was added. This mixture was stirred
further at 25 °C for 5 h and at 75 °C for 72 h before it was cooled to 25 °C, quenched
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147 Prepared from comercially avail abl e 1- chl oro-4- hydroxyi soqui noline B
5NNaCH Cale. for [M41ll C1[H 9N 03: 204. 07; found: 204.05. O N
0. 70 mi n WO 2010/117704 PCT/US2010/028999

with saturated ammonium chloride solution and diluted with ethyl acetate. The
organic layer was separated, washed with water and brine, dried over NaySOq, filtered
and concentrated. Purification of the residue on silica gel (gradient elution with 0%
to 70% ethyl acetate in hexanes) afforded Cap-143, step a (180 mg, 31%) as a yellow

5  solid. Ry=1.75 min (Cond.-MS-W1); 90% homogenity index; LCMS: Anal. Calc.
for [M+H]" C13H14BrN,O: 293.03; found: 293.04.

Cap-143
To a cold (-60 °C) solution of Cap-143, step a (154 mg, 0.527 mmol) in

10 anhydrous tetrahydrofuran (5 mlL) was added a solution of #-butyllithium in hexanes
(2.5 M, 0.25 mL, 0.633 mmol). After 10 min, dry carbon dioxide was bubbled into
the reaction mixture for 10 min before it was quenched with 1N HCl and allowed to
warm to 25 °C. The mixture was then extracted with dichloromethane (3 x 30 mL)
and the combined organic extracts were concentrated in vacuo. Purification of the

15  residue by reverse phase HPLC (MeOH/watet/TFA) afforded Cap-143 (16 mg, 12%),).
R¢= 1.10 min (Cond.-MS-W1); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" C14H,;5sN2O5: 259.11; found: 259.08.

Cap-144

'\N/

20 COzH

o
1,3-Dichloroisoquinoline (2.75 g, 13.89 mmol) was added in small portions to
25  acold (0 °C) solution of fuming nitric acid (10 mL} and concentrated sulfuric acid (10
mlL). The mixture was stirred at 0 °C for 0.5 h before it was gradually warmed to 25

°C where it stirred for 16 h. The mixture was then poured into a beaker containing
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Cap- co2H (Cond.- 148 Prepared fromcommercially avail able 7-

hydr oxyi soqui noline A 5N NaOH DI ); 95% LCVs: WD

2010/ 117 NORCWY1UEPA10/ 028999 Anal . Calc. for 1MtEl f PCEJISRINOOZB999204. 07,
f ound.

chopped ice and water and the resulting suspension was stirred for 1 i at 0 °C before it
was filtered to afford Cap-144, step a (2.73 g, 81%) as a yellow solid which was used
directly. Ry=2.01 min (Cond.-D1); 95% homogenity index; LCMS: Anal. Calc. for
[IM+H]" CoHsCloN,Oy: 242.97; found: 242.92.

Cap-144, step b

.
N/

\Cl

N
cl
Cap-144, step a (0.30 g, 1.23 mmol) was taken up in methanol (60 mL) and
treated with platinum oxide (30 mg), and the suspension was subjected to Parr
10 hydrogenation at 7 psi H; for 1.5 h before formalin (5 mL) and additional platinum
oxide (30 mg) were added. The suspension was resubjected to Parr hydrogenation at
45 psi H; for '13 h before it was suction-filtered through diatomaceous earth (Celite®)
and concentrated down to ¥ volume. Suction-filtration of the ensuing precipitate
afforded the title compound as a yellow solid which was flash chromatographed on
15  silica gel (gradient elution with 5% ethyl acetate in hexanes to 25% ethyl acetate in
hexanes) to afford Cap-144, step b (231 mg, 78%) as a pale, yellow solid. R;=2.36
min (Cond.-D1); 95% homogenity index; 'H NMR (400 MHz, CDCl3) & 8.02 (s,
1H), 7.95 (d, /= 8.6 Hz, 1H), 7.57-7.53 (m, 1H), 7.30 (d, /= 7.3 Hz, 1H), 2.88 (5,
6H); LCMS: Anal. Calc. for [M+H]+ Ci1H1iClaNy: 241.03; found: 241.02. HRMS:
20 Anal. Calc. for [M+H]" Cy;H;;CLNy: 241.0299; found: 241.0296.

Cap-144, step ¢

\.N/

SN Cl
=N

CN

Cap-144, step ¢ was prepared from Cap-144, step b according to the procedure
25 described for the preparation of Cap-139, step a. Ri= 2.19 min (Cond.-D1); 95%
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204.05. Cap- 149 410N co2H Prepared fromcomercially avail abl e 5-
hydr oxyi soqui noline A - 5N NaOF1 0.70 mn (Cond.- HD;, 95% LCMS. Anal.
Cal e. forWDNP1O/IT7T0H-| u, N 03: 204.07; found: 204.05. CapPCIABB2NVEZIACCO2H
Prepared from 8-net hoxy-chl or oi soqui nol i ne, which can be synthesi zed
followi ng the procedure in WO 2003/ 099274 . (Cond. -

homogenity index; LCMS: Anal. Calc. for [M+H]+C12H11C1N3: 232.06; found:

232.03. HRMS: Anal. Cale. for [M+H]" C3H;CINs: 232.0642; found: 232.0631.

Cap-144
5 Cap-144 was prepared according to the procedure described for Cap-141. Ry=

2.36 min (Cond.-D1); 90%; LCMS: Anal. Calc. for [M+H]+ CioH;pCIN,O,: 238.01;
found: 238.09.

Caps-145 to -162
10 Caps-145 to 162 were prepared from the appropriate 1-chloroisoquinolines
according to the procedure described for the preparation of Cap-138 (Method A) or
Cap-139 (Method B) unless noted otherwise as outlined below.

R; (IC-
Cond.);
%
Cap # Cap Method Hydrolysis homogen
ity
index;
MS data
1.14 min

(Cond.-
MS-W1);
90%;
LCMS:

\CI

N

Cap- o Anal.

145 Prepared from B 12N HC1 Cale. for

commercially available 1,3- [M+H]"
dichloroisoquinoline CioH:Cl
NO;:
208.02;
found:
208.00.
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A 12N HCL 0 26 mn D1);

( Cond. -

95% LCMS; Anal. Cale, for [NDHy Cul-LoN 03 WO
2010/ 117704PCT/ 1JS2010/ 028999 204.07; found: 204.04. L78 m n
WO 2010/117704 PCT/US2010/028999
1.40 min
(Cond.-
D1}
95% ;
S LCMS:
Cap- ;?H Anal.
146 Prepared from A SN NaOH Calc. for
commercially available 3- [M+H]'
hydroxyisoquinoline CiiHioN
Qs
204.07;
found:
204.06.
0.87 min
(Cond.-
DI1);
"o 95%;
! LCMS:
Cap- COH Anal.
147 Prepared from B SN NaOH Calc. for
commercially available 1- [M+H]"
chloro-4- Cy1HioN
hydroxyisoquinoline Oa:
204.07;
found:
204.05.
- 0.70 min
~g =N
Cap- oH (Cond.-
148 Prepared from A 5N NaOH D1);
commercially available 7- 95%;
hydroxyisoquinoline LCMS:
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D); C 90% ON LCVs: Cap- 02H Anal. Prepared from 5-nethoxy-
151 B 12N HC1 Cal a for
WO 2010/117704 PCT/US2010/028999

Anal.
Cale. for
[M+H]
CiiHpoN

Os:
204.07;
found:
204.05.
0.70 min
(Cond.-

D1y,
- 95%;

S LCMS:
Cap- @\l Anal,
149 o A SNNaOH | Cale. for
Prepared from {M+H]+
Cy HioN
0s:
204.07;

commercially available 5~

hydroxyisoquinoline

found:
204.05.
0.26 min
“ {Cond.-
2N TRA D1);

O COMH 95%,;
Prepared from 8-methoxy- LOMS:
150 I -chloroisoquinoline, which A 12N HCl Anal.

Calc. for
[M+HT
CriHoN

Os:

Cap-

can be synthesized
following the procedure in

WO 2003/ 099274
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1, 3-di chl or oi soqui nol i ne, which can be synthesized
procedure in

[MH I followi ng the
C ' 1E190 NO3: WD 2005 / 051410. 238.03; found:
WO 2010/117704 PCT/US2010/028999
204.07,
found:
204.04.
1.78 min
{Cond.-
- D1);
e 90%;
N LCMS:
Cap- o Anal.
151 Prepared from 5-methoxy- 1IN HCI Cale. for
1,3-dichloroisoquinoline, (M+H]'
which can be synthesized C1iHoCl
following the procedure in NO:
WO 2005/ 051410, 238.03:
found:
238.09.
1.65 min
(Cond.-
D1);
e e 95%;
=N LCMS:
Cap- C0eH Anal.
152 Prepared from 12NHCl | Cale. for
commercially available 6~ [M+H]
methoxy-1,3- C11HoCl
dichloroisoquinoline NO;:
238.00,
found:
238.09.
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238. 09.

1.65 mn

(Cond. - D); a 95% O N
WO 2010/117704 PCT/US2010/028999
1.18 min
(Cond.-
MS-W1);
Br
SN 05%;
7 LCMS:
COH
Cap- Anal.
Prepared from 4-
153 A 6N HC1 Cale. for
bromoisoquinoline, which .
[M+H]
can be synthesized
CmH“)BI‘
following the procedure in
NO;:Z
WO 2003/ 062241
' 251.97;
found:
251.95.
0.28 min
(Cond.-
MS-W1);
e o0
F 2
CO,H LCMS:
Cap- Prepared from 7-fluoro-1- Anal.
154 chloroisoquinoline, which B SN NaOH Calc. for
can be synthesized [M+H]"
following the procedure in CioH7FN
WO 2003/ 099274 Oq:
192.05;
found:
192.03.
= 0.59 min
ci N
Cap- Lo (Cond.-
155 Prepared from 1,7- 5N NaOH MS-W1);
: . I . 90%;
dichioroisoquinoline, which ’
can be synthesized LCMS:
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LCVMS: Cap- CO2 H Anal. 152 Prepared fromcomercially avail abl e 6-
nmet hoxy- 1, 3- di chl oroi soquinoline B 12N HCL Calc. for [MH f G ]HICL NOB:
238. 00; fWOrd10/117704

PCT/US2010/028999
following the procedure in Anal,
WO 2003/ 099274 Cale. for
FM+HT
C;oH,Cl
NO;:
208.02;
found:
208.00.
0.60 min
(Cond.-
MS-W1);
’ S 90%;
;jH LCMS:
Cap- Prepared from 1,6- Anal
136 | dichioroisoquinoline, which | B SNNaOH | Cale. for
can be synthesized [M+H]"
following the procedure in CioHyCl
WO 2003/ 099274 NO:
208.02;
found:
208.03.
1.49 min
& (Cond.-
D DY)
Cap- COM 5%,
I57 Prepared from 1,4- B B — LCMS:
dichloroisoquinoline, Anal,
which can be synthesized Calc. for
following the procedure in [M+H]"
WO 2003/ 062241 CioHpsCl
NO:
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238.09. - 145 - WD 2010/117704PCT/1JS2010/ 028999 Br 140N co,H 1,18
MIIT (CCs - M5-W); 95% LCMVMS: Cap- Anal . Prepared from 4-

WO 2010/117704 PCT/US2010/028999
208.02;
found:
208.00.

0.69 min
{Cond.-
MS-W1);
ol
R 90%;
N LCMS:
CO,H
Cap- Anal.
Prepared from 1,5-
158 B SN NaOH Cale. for
dichloroisoquinoline, .
[M+H]
which can be synthesized
' CioH,Cl
following the procedure in
NOZ:
WO 2003/ 099274
208.02;
found:
208.01.
0.41 min
(Cond.-
- MS-W1);
=S 90%;
A LCMS:
COH
Cap- Anal.
Prepared from 5-fluoro-1-
159 B 5N NaOH Calc. for
chloroisoquinoline, N
[M+H]
which can be synthesized
CioH/FN
following the procedure in o
WO 2003/ 099274 v
192.05;
found:
192.03.
Cap- " S 0.30 min
N B SN NaOH
160 o (Cond.-
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153 bronoi soqui noline, which A 6N HC1 Cale, for can be synthesized

[ MF1- 11+ followi ng the procedure in C501-17Br NC2: WO 2003/ 062241
WO 2010/117704 PCT/US2010/028999
Prepared from 6-fluoro-1- MS-W1);
chloroisoquinoline, 90%;
which can be synthesized LCMS:
following the procedure in Anal.
WO 2003/ 099274 Cale. for
[M-+HT"
CioH/FN
Oy:
192.05;
found:
192.03.
0.70 min
(Cond.
~ D1);
m 95%;
P ~co LCMS:
Cap- Prepared from 4- Anal.
161 bromoquinoline-2- - - Cale. for
carboxylic acid and IMH)
dimethylamine (DMSO, CizHisN2
100 °C) Os:
217.10;
found:
217.06.
m 0.65 min
o N > CopH (Cond.-
Cap- Prepared from m-anisidine M3);
162 following the procedure — - 95%;
- described in.J. Hetero. LCMS:
Chem. 1993, 17 and Anal.
| Heterocycles, 2003, 60, Cale. for
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251. 97;
co2H

f ound: 251. 95. 0.28 mn (Con d. - M5-W); 40 .

WO 2010/117704 PCT/US2010/028999

10

15

20

953. [M+HT"
CiHigN
Oa:
204.07;
found:

203.94.

Cap-163

OH
OH

O

To a solution of 2-ketobutyric acid (1.0 g, 9.8 mmol) in diethylether (25 ml)
was added phenylmagnesium bromide (22 ml, IM in THF) dropwise. The reaction
was stirred at ~25 °C under nitrogen for 17.5h. The reaction was acidified with 1N
HCI and the product was extracted with ethyl acetate (3 x 100 ml). The combined
organic layer was washed with water followed by brine and dried over MgSQO,. After
concentration in vacuo, a white solid was obtained. The solid was recrystallized from
hexanes/ethyl acetate to afford Cap-163 as white needles (883.5 mg). 'H NMR
(DMSO-dg, 8= 2.5 ppm, 500 MHz): 12.71 (br s, 1 H), 7.54-7.52 (m, 2H), 7.34-7.31
(m, 2H), 7.26-7.23 (m, 1H), 5.52-5.39 (br s, 1H), 2.11 (m, 1H), 1.88 (m, 1H), 0.79
(appt, J= 7.4 Hz, 3H).

Cap-164
O
OH
N
\

A mixture of 2-amino-2-phenylbutyric acid (1.5 g, 8.4 mmol), formaldehyde
(14 mL, 37% in water), IN HCI (10 mL) and 10% Pd/C (0.5 mg) in MeOH (40 mL)
was exposed to Hy at 50 psi in a Parr bottle for 42 h. The reaction was filtered over
Celite and concentrated in vacuo, the residue was taken up in MeOH (36 mL) and the

product was purified with a reverse phase HPLC (MeOH/H,O/TFA) to afford the
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90% LCVs: Cap- Prepared from 7-11luoro-1- Anal. 154 chl oroi soqui noli ne,
whi ch can be synthesized followi ng the procedure in B 5NNaCH Calc. for
[ 1144Hr CVORVEN177000 2003/ 099274 02: 192. 05; PCT/US2010/028999

TFA salt of Cap-164 as a white solid (1.7 g). "H NMR (DMSO-d, 8= 2.5 ppm, 500
MHz) 7.54-7.47 (m, 5H), 2.63 (m, 1H), 2.55 (s, 6H), 2.31 (m, IH), 0.95 (app t, J =7.3
Hz, 3H).

To a mixture of 2-amino-2-indanecarboxylic acid (258.6 mg, 1.46 mmol) and
formic acid (0.6 ml, 15.9 mmol) in 1,2-dichloroethane (7 ml) was added
formaldehyde (0.6 ml, 37% in water). The mixture was stirred at ~25 °C for 15 min

10 then heated at 70 °C for 8h. The volatile component was removed in vacuo, and the
residue was dissolved in DMF (14 mL) and purified by a reverse phase HPLC
(MeOH/HzO/fFFA) to afford the TFA salt of Cap-165 as a viscous oil (120.2 mg). 'H
NMR (DMSO-ds, 6 = 2.5 ppm, 500 MHz): 7.29-7.21 (m, 4 H), 3.61 (d, ] = 17.4 Hz,
2H), 3.50 (d, J = 17.4 Hz, 2H), 2.75 (s, 6H). LC/MS: Anal. Caled. for [M-+H]"

15 CjoHeNO;: 206.12; found: 206.07.

Cap-166a and -166b

0
*
OH Cap-166g: Diastereomer-1

N Cap-166D: Dizastereomer-2
oA
Caps-166a and -166b were prepared from (18, 4S)-(+)-2-methyl-2,5-

20  diazabicyclo[2.2.1Theptane (2HBr) according to the method described for the
synthesis of Cap-7a and Cap-7b, with the exception that the benzyl ester
intermediate was separated using a semi-prep Chrialcel OJ column, 20 x 250 mm, 10
um eluting with 85:15 heptane/ethanol mixture at 10 mL/min elution rate for 25 min.
Cap-166b; "H NMR (DMSO-ds, 8 = 2.5 ppm, 500 MHz): 7.45 (4, J = 7.3 Hz, 2H),

25 7.27-7.19 (m, 3H), 4.09 (s, 1H), 3.34 (app brs, 1H), 3.16 (app br s, 1H), 2.83 (d,
J=10.1 Hz, 1H), 2.71 (m, 2H), 2.46 (m, 1H), 2.27 (s, 3H), 1.77 (d, ] = 9.8 Hz, 1H),
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f ound: 192.03. Cap- ci 40N co2H 0.59 mn (Cond.- 155 Prepared from
1,7- B 5N NaOH M5-WL); dichl oroi soqui noline, which 90% can be
synt hesi 2%6 2010/117704 PCT/US2010/028999

1.63 (d, ] = 9.8 Hz, 1H). LC/MS: Anal. Caled. for [M-FI—I]+ Ci1sHgN,O5: 247,14,
found: 247.11.

Cap-167
N_

OH
5 O

A solution of racemic Boc-1,3-dihydro-2H-isoindole carboxylic acid (1.0g, 3.8
mmol) in 20% TFA/CH,Cl, was stirred at ~25 °C for 4h. All the volatile component
was removed in vacuo. A mixture of the resultant crude material, formaldehyde (15
ml, 37% in water), IN HCI (10 mL) and 10% Pd/C (10 mg) in MeOH was exposed to

10 H; (40 PSI) in a Parr bottle for 23 h. The reaction mixture was filtered over Celite

and concentrated iz vacuo to afford Cap-167 as a yellow foam (873.5 mg). 'H NMR
(DMSO-dg, 8 = 2.5 ppm, 500 MHz) 7.59-7.38 (m, 4H), 5.59 (s, 1H), 4.84 (d, ] = 14
Hz, 1H), 4.50 (d, J = 14.1 Hz, 1H), 3.07 (s, 3H). LC/MS: Anal. Calcd. for [M+H]"
CioH12NO;: 178.09; found: 178.65.

15
Cap-168
o OH
NMEz

Racemic Cap-168 was prepared from racemic Boc-aminocindane-1-carboxylic
acid according to the procedure described for the preparation of Cap-167. The crude

20  material was employed as such.

Cap-169

O
OH
N._..

|
A mixture of 2-amino-2-phenylpropanoic acid hydrochloride (5.0 g, 2.5
25 mmol), formaldehyde (15 ml, 37% in water), IN HCI (15 ml), and 10% Pd/C (1.32 g)
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LCVS: - 146- WD 2010/117704PCT/ US2010/ 028999 co,H Prepared from1., 6-
di chl or oi soqui noline, which can. be synthesized follow ng die procedure in
WO 2003/ wWO2Im11T104 co, u Prepared from 1, 4- di chl or oi sogGIrASGRIAA289%NI ch can
be synthesized follow ng the procedure in WD 2003/ 062241 0.60 mn (Cond. -
M5-WL); 90% LCMS: Anal. Cale. for [MFHTI. Cjoil7ClL NO2: 208.02; found:
208. 03. 1. 4% MeH G6mdl) whiplacgbam HagNmttle and shaken under hydrogen (55 PSI) for

4 days. The reaction mixture was filtered over Celite and concentrated in vacuo. The
residue was taken up in MeOH and purified by reverse phase prep-HPLC
(MeOH/water/TFA) to afford the TFA salt of Cap-169 as a viscous semi-solid (2.1 g).

5 'HNMR (CDCl;, 8 = 7.26 ppm, 500 MHz): 7.58-7.52 (m, 2 H), 7.39-7.33 (m, 3H),
2.86 (br s, 3H), 2.47 (br s, 3H), 1.93 (s, 3H). LC/MS: Anal. Caled. for [M+H]"
CpHiNO,: 194.12; found: 194.12.

10
To (S)-2-amino-2-(tetrahydro-2 H-pyran-4-yl)acetic acid (505mg; 3.18mmol;

obtained from Astatech) in water (15ml) was added sodium carbonate (673mg;
6.35mmol), and the resultant mixture was cooled to 0 °C and then methyl
chloroformate (0.26ml; 3.33mmol) was added dropwise over 5 minutes. The reaction

15 was allowed to stir for 18 hours while allowing the bath to thaw to ambient
temperature. The reaction mixture was then partitioned between IN HCI and ethyl
acetate. The organic layer was removed and the aqueous layer was further extracted
with 2 additional portions of ethyl acetate. The combined organic layers were washed
with brine, dried over magnesium sulfate, filtered and concentrated in vacuo to afford

20 Cap-170 a colorless residue. 'H NMR (500 MHz, DMSO-ds) & ppm 12.65 (1 H, br s),
7.44 (1 H,d, /~8.24 Hz),3.77-395(3 H,m), 3.54 3 H, s),3.11 - 3.26 (2H,m), 1.82
-1.95(1 H,m), 1.41 -1.55 (2 H, m), 1.21 - 1.39 (2 H, m); LC/MS: Anal. Caled. for
IM+H]" CoHiNOs: 218.1; found 218.1.

25 Cap-171
O O
OLi

HN._.O
\f

0
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Anal . Calc. for [MtH CLoH 7C1 NO WD 2010/ 117704PCT/ 13S2010/ 028999
F208. 02;

di chl or 0i¥W0Qq010Mdr10e, whi ch can be synt hesi zed B 5N NaORCO/US2016i02890Cond. -
90% LC\VE:

MS- W) ;

10

15

20

25

30

found: 208.00. Cap- 158 a O N co2H Prepared from 1, 5-

A solution of methyl 2-(benzyloxycarbonylamino)-2-(oxetan-3-ylidene)acetate
(200 mg, 0.721 mmol; 11 Farmaco (2001), 56, 609-613) in ethyl acetate (7 ml) and
CH;Cl; (4.00 ml) was degassed by bubbling nitrogen for 10min. Dimethyl
dicarbonate (0.116 ml, 1.082 mmol) and Pd/C (20 mg, 0.019 mmol) were then added,
the reaction mixture was fitted with a hydrogen balloon and allowed to stir at ambient
temperature overnight at which time TLC (95:5 CH,Cl; / MeOH: visulalized with
stain made from 1g Ce(NH4),S04, 6g ammonium molybdate, 6ml sulfuric acid, and
100m! water} indicated complete conversion. The reaction was filtered through celite
and concentrated. The residue was purified via Biotage® (load with dichloromethane
on 25 samplet; elute on 258 column with dichloromethane for 3CV then 0 to 5%
MeOH / dichloromethane over 250ml then hold at 5% MeOH / dichloromethane for
250ml; 9mi fractions). Collected fractions containing desired material and
concentrated to 120mg (81%) of methyl 2-(methoxycarbonylamino)-2-(oxetan-3-
yDacetate as a colorless oil. "H NMR (500 MHz, CHLOROFORM-D) & ppm 3.29 -
3.40 (m, J=6.71 Hz, 1 H) 3.70 (s, 3 H) 3.74 (s, 3 H) 4.55 (t, /=6.41 Hz, 1 H) 4.58 -
4.68 (m, 2 H) 4.67 - 4.78 (m, 2 H) 5.31 (br s, 1 H). LC/MS: Anal. Caled. for
[M+H]" CsH1aNOs: 204.2; found 204.0.

To methyl 2-(methoxycarbonylamino)-2-(oxetan-3-ylhacetate (50 mg, 0.246
mmol) in THF (2 ml.) and water (0.5 mL) was added lithium hydroxide monohydrate
(10.33 mg, 0.246 mmol). The resultant solution was allowed to stir overnite at
ambient temperature. TLC (1:1 EA / Hex; Hanessian stain [1g Ce(NH4),S04, 6g
ammonium molybdate, 6ml sulfuric acid, and 100ml water]) indicated ~10% starting
material remaining. Added an additional 3mg LiOH and allowed to stir overnight at
which time TLC showed no starting material remaining. Concentrated in vacuo and
placed on high vac overnite providing 55mg lithium 2-(methoxycarbonylamino)-2-
(oxetan-3-yl)acetate as a coloriess solid. 'H NMR (500 MHz, MeOD) & ppm 3.39 -
3.47 (m, 1 H)3.67 (s, 3 H) 4.28 (d, /=7.93 Hz, 1 H) 4.64 (1, /=6.26 Hz, 1 H) 4.68 (t,
J=7.02 Hz, 1 H) 4.73 (d, J/=7.63 Hz, 2 H).
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for Goli2C NO2: 208.02; found: 208.01. follow ng the

procedure in WO 2003/ 099274 Cap- 159 F co2H Prepared from5-fluoro-1 -
chl or oi sOYO20Wi1A®4 whi ch can be synt hesi zed e90% B S5NPNAOS2@0428%M
M5-W); LCVS: Anal. Calc. for [M+l1l]
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Cap-172

A %

The following diazotization step was adapted from Barton, A.; Breukelman, S.
P.; Kaye, P. T.; Meakins, G. D.; Morgan, D. 1. J. C. §. Perkin Trans I 1982, 159-
164: A solution of NaNO; (166 mg, 2.4 mmol) in water (0.6 mL) was added slowly
to a stirred, cold (0 °C) solution of methyl 2-amino-5-ethyl-1,3-thiazole-4-carboxylate
(186 mg, 1.0 mmol), CuS04*5H,0 (330 mg, 1.32 mmol), NaCl (260 mg, 4.45 mmol)
and H,S04 (5.5 mL) in water (7.5 mL). The mixture was stirred at 0 °C for 45 min
and allowed to warm up to room temperature where it stirred further for 1 h before
CuCl (118 rﬁg) was added. This mixture was stirred further at room temperature for
16 h before it was diluted with brine and extracted with ether twice. The organic
layers were combined, dried over MgSOy and concentrated to give methyl 2-chloro-5-
ethylthiazole-4-carboxylate (i.e. Cap-172, step a) (175 mg, 85%) as an orange oil
(80% pure) which was used directly in the next reaction. R; =1.99 min (Cond.-

MD1); LC/MS: Anal. Caled. for [M+H]" C;HCINO,S: 206.01; found: 206.05.

Cap-172

To a solution of methyl 2-chloro-5-ethylthiazole-4-carboxylate (175 mg) in
THF/HgO/M;:OH (20 ml/ 3 mL/ 12 mL) was added LiOH (305 mg, 12.76 mmol).
The mixture was stirred at room temperature overnight before it was concentrated
down and neutralized with 1N HCl in ether (25 mL). The residue was extracted twice
with ethyl .acetate and the organic layers were combined, dried over MgSO, and
evaporated to yield Cap-172 (60 mg, 74%;) as a red solid which was used without
further purification. 'H NMR (300 MHz, DMSO-ds) 8 ppm 13.03-13.42 (1 H, m),
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C. 01-12FN 02: 192.05; found: 192.03. followi ng the procedure in WO 2003/
099274 Cap- 160 O N COpH B 5N NaOH 0.30 min (Cond. - 148 - WO

2010/ 117 MNOROVIUEPA10/ 028999 Prepared from 6-fl aor o- 1- PERIUS2G04H28989 nol i ne,
whi ch can be synthesized follow ng the procedure in

3.16(2H,q,J=74Hz),1.23 3 H,t,J=175Hz). R,=1.78 min (Cond.-MD1);
LC/MS: Anal, Caled. for [M+H]" CsH;CINO,S: 191.99; found: 191.99.

Cap-173
5N OH
5 iQN 0

The following diazotization step was adapted from Barton, A.; Breukelman, S.

10 P.; Kaye, P. T.; Meakins, G. D.; Morgan, D. J. J. C. 8. Perkin Trans I 1982, 159-
164: A solution of NaNO, (150 mg, 2.17 mmol) in water (1.0 mL) was added
dropwise to a stirred, cold (0 °C) solution of methyl 2-amino-5-ethyl-1,3-thiazole-4-
carboxylate (186 mg, 1.0 mmol) in 50% H;PO; (3.2 mL). The mixture was stirred at
0°C for 1 h and allowed to warm up to room temperature where i stirred further for

15 2h. After recooling to 0 °C, the mixture was treated slowly with a solution of NaOH
(85 mg) in water (10 mL). The mixture was then diluted with saturated NaHCO;
solution and extracted twice with ether. The organic layers were combined, dried
over MgSO, and concentrated to give methyl 5-ethylthiazole-4-carboxylate (i.e. Cap-
173, step a) (134 mg, 78%) as an orange oil (85% pure) which was used directly in

20 the next reaction. R;=1.58 min (Cond.-MD1); LC/MS: Anal. Caled. for [M+H]"
C7H¢NO,S: 172.05; found: 172.05.

Cap-173
To a solution of methyl 5-ethylthiazole-4-carboxylate (134 mg) in
25  THE/H,0/MeOH (18 mL/ 2.7 mL/ 11 mL) was added LiOH (281 mg, 11.74 mmol).
The mixture was stirred at room temperature overnight before it was concentrated
down and neutralized with 1N HCl in ether (25 mL). The residue was extracted twice

with ethyl acetate and the organic layers were combined, dried over MgSO4 and
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evaporated to yield Cap-173 (90 mg, 73%) as an orange solid which was used without
further purification. 'H NMR (300 MHz, DMSO-dg) § ppm 12.74-13.04 (1 H, m),
3202 H,q,/=73Hz),1.25 (3 H,t,/=7.5Hz). Rc=1.27 min (Cond.-MD1);
LC/MS: Anal. Caled. for [M+H]" CsHsNO,S: 158.03; found: 158.04.

Cap-174

NS
. OH
N

!

Cap-174, step a

2 ~0S05CF3
O
Triflic anhydride (5.0 g, 18.0 mmol) was added dropwise to a cold (0 °C)
solution of methyl 3-hydroxypicolinate (2.5 g, 16.3 mmol) and TEA (2.5 mL, 18.0
mmol) in CH,Cl; (80 mL). The mixture was stirred at 0 °C for 1h before it was
allowed to warm up to room temperature where it stirred for an additional 1 h. The
mixture was then quenched with saturated NaHCO; solution (40 mL) and the organic
layer was separated, washed with brine, dried over MgSOy4 and concentrated to give
methyl 3-(trifluoromethylsulfonyloxy)picolinate ({.e. Cap-174, step a) (3.38 g, 73%)
as a dark brown oil (>95% pure) which was used directly without further purification.
'H NMR (300 MHz, CDCl3) & ppm 8.72-8.79 (1 H, m), 7.71 (1 H, d, J = 1.5 Hz),
7.58-7.65 (1 H, m), 4.04 (3 H, s). R,= 1.93 min (Cond.-MD1); LC/MS: Anal.
Caled. for [M+H]™ CsH7F3NOsS: 286.00; found: 286.08.

Cap-174
To a solution of methyl 3-(trifluoromethylsulfonyloxy)picolinate (570 mg, 2.0
mmol) in DMF (20 mL) was added LiCl (254 mg, 6.0 mmol), tributyl(vinyl)stannane
(761 mg, 2.4 mmol) and bis(triphenylphosphine)palladium dichloride (42 mg, 0.06

mmol). The mixture was heated at 100 °C overnight before a saturated solution of KF
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(20 mL) was added to the reaction mixture at room temperature. This mixture was
stirred for 4 h before it was filtered through Celite and the pad of Celite was washed
with ethyl acetate. The aqueous phase of the filtrate was then separated and
concentrated down in vacuo. The residue was treated with 4N HCl in dioxanes (5
mL) and the resulting mixture was extracted with methanol, filtered and evaporated to
afford Cap-174 (260 mg) as a green solid which was slightly contaminated with
inorganic salts but was used without further purification. "H NMR (300 MHz,
DMSO-dg) S ppm 8.21 (1 H, d, /= 3.7 Hz), 7.81-7.90 (1 H, m), 7.09 (1 H, dd, /=77,
48 Hz),6.98 (1 H,dd, /=17.9,11.3 Hz), 5.74 (1 H, dd, /= 17.9, 1.5 Hz), 5.20 (1 H,
d, J=11.0 Hz). Ry=0.39 min (Cond.-MD1); LC/MS: Anal. Caled. for [M+H]"
CeHgNO;: 150.06; found: 150.07.

Cap-175

To a solution of methyl 3-(trifluoromethylsulfonyloxy)picolinate (i.e. Cap
173, step a) (570 mg, 2.0 mmol), an intermediate in the preparation of Cap-174, in
DMF (20 mL) was added LiCl (254 mg, 6.0 mmol), tributyl(vinyl)stannane (761 mg,
2.4 mmol) and bis(triphenylphosphine)palladium dichloride (42 mg, 0.06 mmol). The
mixture was heated at 100 °C for 4 h before the solvent was removed in vacuo. The
residue was taken up in acetonitrile (50 mL) and hexanes (50 mL) and the resulting
mixture was washed twice with hexanes. The acetonitrile layer was then separated,
filtered through Celite, and evaporated. Purification of the residue by flash
chromatography on a Horizon instrument (gradient elution with 25% ethyl acetate in

hexanes to 65% ethyl acetate in hexanes) afforded methyl 3-vinylpicolinate (i.e. Cap-

- 158 -



95% 0 NCO2H LCWs: Cap- Anal . Prepared from 4- . 161
br onmoqui nol i ne-2- carboxylic acid and Cale. for i MA-1-Ir dinethylam ne
( DVBO, WO 2010/117704 PCT/US2010/028999

175, step a) (130 mg, 40%) as a yellow oil. "H NMR (300 MHz, CDCl3) & ppm 8.60
(1H,dd,J=4.6,1.7Hz),7.94 (1 H,d, J= 7.7 Hz), 7.33-7.51 2 H,m), 5.72 (1 H, d,
J=172Hz),547(1 H,d,J=11.0 Hz), 3.99 3 H, 5). R¢~ 1.29 min (Cond.-MD1);
LC/MS: Anal. Caled. for [M+H]+ CoHigNO,: 164.07; found: 164.06.

Cap-175, step b

Palladium on carbon (10%, 25 mg) was added to a solution of methyl 3-
vinylpicolinate (120 mg, 0.74 mmol) in ethanol (10 ml.). The suspension was stirred
10 at room temperature under an atmosphere of hydrogen for 1 h before it was filtered
through Celite and the pad of Celite was washed with methanol. The filtrate was
concentrated down to dryness to yield methyl 3-ethylpicolinate (i.e. Cap-175, step b
) which was taken directly into the next reaction. Ry=1.15 min (Cond.-MD1);
LC/MS: Anal. Caled. for [M+H]" CoH2NO,: 166.09; found: 166.09.
15
Cap-175
To a solution of methyl 3-ethylpicolinate in THF/H,0/MeOH (5 mL/ 0.75 mL/
3 mL) was added LiOH (35 mg, 1.47 mmol). The mixture was stitrred at room
temperature for 2 d before additional LiOH (80 mg) was added. After an additional
20 24 h at room temperature, the mixture was filtered and the solvent was removed in
vacuo. The residue was then treated with 4N HCI in dioxanes (5 mL) and the
resulting suspension was concentrated down to dryness to yield Cap-175 as a yellow
solid which was used without further purification. '"H NMR (300 Mﬂz, DMSO-dg) &
ppm 8.47 (1 H,dd, J=4.8, 1.5 Hz), 7.82-7.89 (1 H,m), 7.53 (1 H,dd, /=77, 4.8
25 Hz),282(2H,q,J=73Hz), 1.17(3H,t,J=7.5Hz). R=0.36 min (Cond.-MD1);
LC/MS: Anal. Calcd. for [M+H]" CgHgNO,: 152.07; found: 152.10.
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A solution of 1,4-dioxaspiro{4.5]decan-8-one (15 g, 96 mmol) in EtOAc (150
mL) was added to a solution of methyl 2-(benzyloxycarbonylamino)-2-
(dimethoxyphosphoryhacetate (21.21 g, 64.0 mmol) in 1,1,3,3-tetramethylguanidine
(10.45 mL, 83 mmol) and EtOAc (150 mL). The resulting solution was the stirred at
ambient temperature for 72 h and then it was diluted with EtOAc (25 mL). The
organic layer was washed with 1N HCI (75 mL), H20 (100 ml.) and brine (100 mL),
dried (MgSOQ, filtered and concentrated. The residue was purified via Biotage (5%
t0 25 % EtOAc/Hexanes; 300g column). The combined fractions containing the
product were then concentrated under vacuum and the residue was re-crystallized
from hexanes/EtOAc to give white crystals that corresponded to methyl 2~
(benzyloxycarbonylamino)-2-(1,4-dioxaspiro[4.5]decan-8-ylidene)acetate (6.2 g) 'H
NMR (400 MHz, CDCls-d) 6 ppm 7.30 - 7.44 (5 H, m), 6.02 (1 H, br. 8.),5.15 (2 H,
8),3.97 (4 H,5s),3.76 (3 H, br. s.),2.84-2.92 (2 H,m), 247 (2 H, t, J=6.40 Hz), 1.74
-1.83 (4 H, m). LC (Cond. OL1): R;=2.89 min. LC/MS: Anal. Calcd. For
[M+Na]" C1sH;NNaOQg: 745.21; found: 745.47.

Cap 176, step b

N/&O
H

O

S
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Prepared fromin-ani sidi ne MB); 162 follow ng the procedure 95%
described in J. Pieter. LCMS:  Chem 1993, 17 and Anal . Heterocycles,
2003, 60 wWOQal0a17T0dr - 149- PCT/US2010/028999

Ester Cap 176, step b was prepared from alkene Cap 176, step a according to
the method of Burk, M. JI.; Gross, M. F. and Martinez J. P. (J. 4m. Chem. Soc.,
1995, 717, 9375-9376 and references therein): A 500 mL high-pressure bottle was
charged with alkene Cap 176, step a (3.5 g, 9.68 mmol) in degassed MeOH (200 ml.)

5 under a blanket of N;. The solution was then charged with (-)-1,2-Bis((28,55)-2,5-
dimethylphospholano)ethane{cyclooctadiene)rhodium (I) tetrafluoroborate (0.108 g,
0.194 mmol) and the resulting mixture was flushed with N; (3x) and charged with H;
(3x). The solution was shaken vigorously under 70 psi of H; at ambient temperature
for 72 h. The solvent was removed under reduced pressure and the remaining residue

10 was taken up in EtOAc. The brownish solution was then filtered through a plug of
Silica Gel and eluted with EtOAc. The solvent was concentrated under vacuum to
afford a clear oil corresponding to ester Cap 176, step b (3.4 g) ."H NMR (500 MHz,
CDCly-d) 8 ppm 7.28 - 7.43 (5 H, m), 5.32 (1 H, d, /=9.16 Hz), 5.06 - 5.16 (2 H, m),
437 (1 H, dd, /=9.00, 5.04 Hz), 3.92 (4 H, t, J=3.05 Hz), 3.75 3 H, 5), 1.64 - 1.92 (4

15 H,m)}, 1.37-1.60 (5 H,m). LC (Cond. OL1}: R;=1.95 min. LC/MS: Anal. Calcd.
For [Mﬂd]+ Ci1oHz6NOg: 364.18; found: 364.27.

Cap 176, step ¢
AO-0 O/©
N/&O

H

20 Ester Cap 176, step b (4.78 g, 13.15 mmol) was dissolved in THF (15 mL)

o

followed by sequential addition of water (10 mL), glacial acetic acid (26.4 ml., 460
mmol) and dichloroacetic acid (5.44 mL, 65.8 mmol). The resulting mixture was
stirred for 72 h at ambient temperature, and the reaction was quenched by slow
addition of solid Na,CO; with vigorous stirring until the release of gas was no longer

25  wvisible. Crude "product was extracted into 10% ethyl acetate-dichloromethane and the
organic layers were combined, dried (MgSQy) filtered and concentrated. The
resulting residue was purified via Biotage (0 to 30% EtOAc/Hex; 25 g column) to
afford ketone Cap 176, step ¢ (3.86g) as a clear oil. "H NMR (400 MHz, CDCls-d) &
ppm 7.28 - 7.41 (5 H, m), 5.55 (1 H, d, /=8.28 Hz), 5.09 (2 H, s), 4.46 (1 1, dd,
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J=8.16, 5.14 Hz),3.74 (3 H, 5), 2.18 - 2.46 (5 H, m), 1.96 - 2.06 (1 H, m), 1.90 (1 H,
ddd, /=12.99, 5.96, 2.89 Hz), 1.44 - 1.68 (2 H, m, J/=12.36, 12.36, 12.36, 12,36, 4.77
Hz). LC{(Cond. OLI): Ri=1.66 min. LC/MS: Anal. Caled. For [M+Na]"
Cy4H, 1 NNaOs: 342.13; found: 342.10.

Cap 176, step d

Deoxo-Fluor® (3.13 mL, 16.97 mmol) was added to a solution of ketone Cap
176, step ¢ (2.71 g, 8.49 mmol) in CH,Cl; (50 mL) followed by addition of a catalytic
ammount of EtOH (0.149 mL, 2.55 mmol). The resulting yellowish solution was
stirred at rt overnight. The reaction was quenched by addition of sat. agq. NaHCO;
(25 mL) and the mixture was extracted with EtOAc (3X75 mL)). The combined
organic layers were dried (MgSOy), filtered and dried to give a yellowish oil. The
residue was purified vié Biotage chromatography (2% to 15% EtOAc/Hex; 90g
column) and a white solid corresponding to the difluoro amino acid dilforide Cap
176, step d (1.5 g) was recovered. "H NMR (400 MHz, , CDCls-d) 8 ppm 7.29 - 7.46
(5H, m), 5.34 (1 H, d, /=8.28 Hz), 5.12 (2 H, s), 4.41 (1 H, dd, /=8.66, 4.89 Hz), 3.77
(3 H, 5),2.06-2.20 (2 H, m), 1.83 - 1.98 (1 H, m), 1.60 - 1.81 (4 H, m), 1.38 - 1.55 (2
H, m). F NMR (376 MHz, CDCls-d) & ppm -92.15 (1 F, d, /=237.55 Hz), -102.44
(1F,d,/=235.82 Hz). LC (Cond. OL1): R;=1.66 min. LC/MS: Anal. Caled. For
{ZM%—Na]+ C14HgF4NyNaOg: 705.28; found: 705.18.

Cap 176, step e
_0._.0
NH,
F'.’

F
Difluoride Cap 176, step d (4 g, 11.72 mmol) was dissolved in MeOH (120

ml) and charged with Pd/C (1.247 g, 1.172 mmol). The suspension was flushed with

N; (3x} and the reaction mixture was placed under 1 atm of H; (balloon). The
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Cap-163 OH OH 0 To a solution of 2-ketobutyric acid (1.0 g, 9.8 mmol) in
diethylether (25 m) 5 was added phenyl magnesi um bromde (22 m, 1Min THF)
dr opwi se. WORB1WHAD®HI on was stirred at -25 C under nitro@€m/Usae1007893h. The
reaction was acidified with IN HCL and the product was extracted with ethyl
acetate (3 x 100 nil). The conbi ned organic | ayer was washed with water

thl 1 ovwed by mixiumewanstirchdi a¢ dmbicat tevp8®4ure At 4 h.c Bimcampenatonorasithen/bitared  a

o e A bl AR B REeRo0 s o,
= 2.5 ppm @Qﬁ’eé}@ﬁ&ed t%%mzﬂo 5@5 6%8 1% Hf)tezp d &2@4‘ ) &a tﬁdt 'ilvas %@é'd) Wlﬂz wurthedl (M

2H), 7.26-7 , 1.88 (m 1H),
0.79 (app t pudficatidbnd . HﬁMﬁMOOM@a@MG@de)Spme@Q@HIS)IIEZ@)(I H d,

carsy PRI okl By ST G Sl 1
H2 50 T was &

Cel ?"Ee angSI o’}% tﬂk%@ v (:Jﬁgég ?%th? edéil}gﬁgezeg\ﬁclafs&)?"keh u({)I“de ﬁ%ﬁ%F% m.)

and the pro t”\@mvgvulofxlmﬁzvmmoad E@hﬁﬁ“]ﬂoilla@eclﬁiﬁdi(lm@ﬂlt”m/ TFA) to

afford the - 150 - TFA salt of as a white solid &);:i 1H NMR
(DVBO- d6, 6/=24025 238M0 BO0S M § iﬁa $A517391(71 Crm). 123 (1 Q, 18380;1312 13383, 55

& xture of 25 BT Rothlt fifhlad @525@4 PG Can o e ang

formc agidg, Q@Qﬁﬂmn I5CAVSTRAAL. (Rlck, Zofl[ AT @ELhAReN{D,: 13 20esurEded

f or mal dehyde (0.6 , 37%in water). The m xture was stirred at -25 "C for
15 mn 10 thléﬁﬁlﬁeat ed at 70 C for 8h. The volatile conponent was renoved in
vacua, and the residue was dissolved in DVF (14 nL) and purified by a
reverse phase HPLC (MeOH H20/ TFA) to afford the TFA salt of Cap-165 as a
viscous oil (120.2 mg). 1H NWR (DlVBQ-:‘QI§17§-S[e%f5 ppm 500 MHz): 7.29-7.21
(m 4 H, 3.61 (d, .1= 17.4 Hz, 211), S =17.4 Hz, 214), 2.75 (s,
611). LC/ MS: Anal . Cal cci. for MFHj 15@ 03616NO2 206, 12; found: 206.07.
Gap-.1 66a and -1 66b Cap-166a: Diastere rregj—\l}(NACap- 166b: Di ast er eoner -2
N O

F

F
15 Methyl chloroformate (1.495 mL, 19.30 mmol) was added to a solution of

amino acid Cap 1706, step e (2 g, 9.65 mmol) and DIEA (6.74 mL, 38.6 mmol) in
CH,ClL; (100 mL). The resulting solution was stirred at 1t for 3 h and volatiles were
removed under reduced pressure. The residue was purified via Biotage (0% to 20%
EtOAc/Hex; 90g column). A clear oil that solidified upon standing under vacuum and

20 corresponding to carbamate Cap-176, step f(2.22 g) was recovered. 'H NMR (500
MHz, CDCl;-d) 6 ppm 5.27 (1 H, d, /=8.55 Hz), 4.39 (1 H, dd, /=8.85, 4.88 Hz), 3.77
(3H,5s),3.70(3H,s),2.07-220(2 H,m), 1.84-1.96 (1 H, m), 1.64 - 1.82 (4 H, m),
1.39-1.51 (2 H, m). "*F NMR (471 MHz, CDCl3-d) & ppm -92.55 (1 F, d, J=237.13
Hz), -102.93 (1 F, d, /=237.12 Hz). *C NMR (126 MHz, CDCls-d) & ppm 171.97 (1

25 C,8),156.69(1C,s), 119.77- 12559 (1 C,m), 57.24 (1 C, br. 5.),52.48 (1 C, br.
§.),52.43 (1C,s),39.15(1C,s),32.50-33.48 (2 C,m), 2530 (1 C, d, J=9.60 Hz),
2403 (1 C, d, J=9.60 Hz). LC (Cond. OL1): R;=1.49 min. LC/MS: Anal. Calcd.
For [M+Na]® C;;H;7F,NNaQ,: 288.10; found: 288.03.
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Caps- 166a and -166b were prepared from (1S, 4S)4+)-2-nethyl-2,5-

20di azabi cycl o[ 2. 2. 1] heptane (2HBr) according to the nethod described for
t he synt N©i28106f17TWdp- 7a and Cap-7b, with the exception PREAUS2ZHE/ORAYYI
ester internedi ate was separated using a sem -prep Chrialcel QJ colum, 20
X 250 nm 10 Jimeluting with 85:15 he tane/ethanol m xture at 10 nlL/mn
elution rate for 25 nmin. Cap-166b: 1H I{OVBO-d6, 8 = 2.5 ppm 500 MHz):

S UIH 3 16 (apf BpuEhayOrogio b 56h Byt Whihfod 0, gl oL 5P

(in, 1H), 2s6tibssof Hdamake Z”é;;(ﬂ% se ﬁ(281 127,921hmb)) in THIBG 5-mLar@3hé d, J -
9.8 Hz, 11-). LC/ Ms: Anal. | cd or Ht C 4H19N202 247.14; found:

247.1.1.. Cg@uﬁ'@g rgixu@{was stirred o4 agiiqpt ;mpemtunea"@véﬁhc THF was removed under

Boo- 1, 3-di hyd 2H-j soi ndol b %
o Gty Yaetinf pid B8 8 8nEs SRS P RO PN TRMshaA e
renoved i n VAS URn eRtridtXd Mtﬁ E?(DAE EXfﬁﬁMﬁ anke %ﬂlﬂﬁed'&%ﬁhb@dycrsf\%rgﬂhg&hyde
(15 m., 37%in water), INHCL (10 nL) and 10% Pd/C (1 ng in MeOH was

exposed to iMﬂSO@mﬁhP@ki)and nosapenb:atpd bogive @ vitate fo@n lgorraipendiogét Cepr /A xt ur e

filt
oo ot 31 SR AR PGt ESUER RS 75
4 5. 1; 4- 4;
Sor s 3 %@9@* g A0 A 44T 0 ol d B m). 15T 7 S
178. 65. 185 @apn), 168 - 1.48 (1 H, mRacHril ¢, @dp1=31628724\/a§6[ﬂz§péﬁ@dm@ﬂﬁﬂ\éﬁe,m c
Boc- am noi ndane- 1- c&boxgl ic acid according to the procedure described for

t he prepar atl?MﬁOtﬁﬁ) 9-621hE: eriTdé2 20 Bt at-Pall fied Jarpt oy 8d)-asCsuch.
25 25mmot ) P Ol Bkn fdeg??%“g e R TR SO S

Pd/ C (1.32 @50:091fdnd: 250m0oVeOH (60 m |1 d) was placed in a Parr bottle and
shaken under hydrogen (55 PSI) for 4 days. The reaction m xture was
filtered over Celite and concentrated in vacua. The residue was taken up in
MeOH anqspurlfl ed by reverse phase pﬁﬁ?ﬁ\{f? (MeOH wat er/ TFA) to afford the
TFA sal t “of Cap-169 as a vi scous seni-so 2.1 9).

The present disclosure will now be described in connection with certain
embodiments which are not intended to limit its scope. On the contrary, the present
disclosure covers all alternatives, modifications, and equivalents as can be included
within the scope of the claims. Thus, the following examples, which include specific

20 embodiments, Will iltustrate one practice of the present disclosure, it being understood
that the examﬁles are for the purposes of illustration of certain embodiments and are
presented to provide what is believed to be the most useful and readily understood
description of ifs procedures and conceptual aspects.

Solution percentages express a weight to volume relationship, and solution

25 ratios express a volume to volume relationship, unless stated otherwise. Nuclear
magnetic resonance (NMR) spectra were recorded either on a Bruker 300, 400, or 500
MHz spectrometer; the chemical shifts (8) are reported in parts per million.

Purity assessment and low resolution mass analysis were conducted on a
Shimadzu LC system coupled with Waters Micromass ZQ MS system. It should be

30  noted that retention times may vary slightly between machines. Unless noted

otherwise, the LC conditions employed in determining the retention time (R:) were:
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51-1 NWR (CDC13, 8 = 7.26 ppm 500 MHz): 7.58-7.52 (m 2 H), 7.39-7.33 (m
3H), 2.86 (br s, 3H), 2.47 (br s, 3H), 1.93 (s, 3H. LOMs: Anal. Calcd.
for fivlAMO200IM7DIEGNC2: 194. 12; found: 194.12. Cap- 170POTQSS@LIORN99 50 100
To (S)-2-am no-2-(tetrahydro-2H pyran-41-yl)acetic acid (505ng; 118nmol ;
obt ai ned from Astatech) in water (15nl) was added sodi um carbonate (673i ng;
6. 35mml ), &989%498 Ir esul tant mixture was cooled to 0 C and then met hyl

chl oroformats(?argg. opt; 3.33mmol ) was added dropwi se over 5 nminutes, The
reacti on 15Was allowed to stir for 18 hours while allowing the bath to thaw
to anbi ent TaoperBEU06. The reaction m xture was then partitioned between
IN He] and ethyl acetate The organic | ayer was renoved and t he agueous

| ayer was f §fadient tBRe FadP@d with 2 additional portions of ethyl acetate.
The conbi.ne L.C ers were washed with brine, dried over nagnesium
sul fate,sfi %tt%{%ggand'd}n@%ncentrat ed in vacua to afford 20 Cap-170 a

col orl ess r 3w Rate L HnNIVRif 500 MHz, DWVb0-d6) 8 ppm 12.65 (1 H, br 7.44(1 H,
d, J=8.24 Hz), 3.77- 3.95 (3 H m, 3.54(3 H s), 3.11 - 3.26 (2 H m,
1.82 - 1.95Wavelengih=220am - 1.55 (2 H, nm), 1.21 - 1.39(2 H m); LC MS:

Anal . Cal Cd'Sfoﬁ‘%é%%{E@WA%&?0%111&9%%%3@%@ 25Cap-171 0 - 153 -

A solution o enzyl oxycar M Nno) - 2- (oxet an- 3-yli dene) acet ate

(200 ng, 0. Ralvent BGH 0.1%ITIFAUNE%,)mdRAY) 0%56ate609- 613) in ethyl acetate (7
m ) and CH2Cl12 (4.00 rri%) was degasse]czig bé bubbling nitrogen for 10m n.

Di net hy10di deriwonat BIEROMBNEK® h0ugg f9 mmd Pd/ C (20 ng, 0.019 nine
were then added, 5the reaction mxture was fitted with a hydrogen ball oon
and allowed to stir at anbient tenperature overnight at which time TLC
(95:5 CH2C1Zodngiefte visulalized with stain made fromlg Ce(NH4) 2SU4, 69
ammoni um nol ybdate, 6nl sulfuric acid, and 100mlL water) indicated conplete
conversi on. Stié%teaéti on was filtered through cern and concentrated. The
resi due was urli(g}' g_d]é]Y)i a Biotage(r) (load with dichloronethane 10 on 25
sanpl et; el & gh- 258 col urm with di chl or onet hane for 3CV then 0 to 5% MeOH
[ di chl gsomethane: @ver 2581 then hold at 5% MeOH / di chl or onet hane for
250mL; 9nl fractions). Collected fractions containing desired materi al and
concent r at edPtoptineeGnymiB81% of net hyl 2- (nmet hoxycarbonyl ani no) - 2- (oxet an- 3-
ypacet at e aﬁFl'a ctolzoilﬁ/ss oil. 1H NML4 (500 MHz, CHLOROFORMI D) 8 ppm 3.29 -
15140 (in, JFOVTA°RT™™ 3.70 (s, 3 H) 3.74 (s, 3 1-1) 4.55 (t, J-6.41
Hz, 1 H 4.5§¢e1dad@®=0Mypn& H) 4.67 -4.78 (m 2 11) 5.31 (br s, 1 H. LCMs:
Anal . Calcd. cc"- [MH CB1-114N05: 204, 2; round 204.0. To met hyl

2- ( et hoxy c dydbomy Bamil )Mo Ha08PaH:3-/ YddecdFat e (50 ng, 0.246 nrnol) in THF

(2 ) d er (0. s, .ag | i.t.hj hydr oxi de nonohydrate 20(10. 33
my, O. 2?12@ n%tl‘fen?ﬁe_ ?%g’b%l?(ﬁﬁt/ @6‘?@?@6#“\@3?@ lowed to stir overnite at

anbi ent t enmesiatre- pRERANIENE® L uie%i0 Hengsskan stain [1g Ce(NH4) 2S04, 6g
ammoni um nol ybdate, 6nl sul furic acid, and 100nl water]) indicated -10%

starting material remaining. Added an additional 3ng LiOH and allowed to
stir overni ggt f &}ich time TLC showed no starting material remaining.
Concent r at ed-91¥% and 25 placed on high vac ovenmite providing 55ng
l'ithium 2- ( ngthexyear bonyl am no)-2- (oxetan-3-yeacetate as a col orl ess
solid. IFINVR (500 MHz, MeOD) 5 ppm 3.39 - 3.47 (m 1 H 3.67 (s, 3 H 4.28
(d, J=7.293 HzipalPeB=M064 (t, J=6.26 Hz, 1 1-1) 4.68 (t, J=7.02 Hz, 1 H)
4.73 (d, J=7.63 Hz, 2 . .30

Gradient time = 3 min
Stop time = 4 min
Flow Rate = 4 ml./min
Wavelength = 220 nm
30 Solvent A =0.1% TFA in 10% methanol/90%water
Solvent B = 0.1% TFA in 90% methanol/10% water

Column = PHENOMENEX®-Luna 3.0X 30 mm S10
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- 154- Cap-172 Cap-172, step a 5C The follow ng diazotization step
was adapted fromBarton, A ; Breukelman, S. P.; Kaye, P. T.; Makins, G
D.; Morgaw02mo/137703. C. S. Perkin Trans | 1982, 159- 16&CTA/S2U0G2899h of
NaNC2 (166 ng, 2.4 mmol) in water (0.6 nl) was added slowy to a stirred,
cold (0 C) solution of nethyl 2-am no-5-ethyl-1,3-thiazol e-4-carboxylate 10
(186 ny, 1. Gopdislor3 CuSO4. 5H20 (330 ng, 1.32 m"rDI) NaCl (260 ngy, 4.45
nanoD and 1%6&9281( 5nm) inwater (7.5 nL). The m xture was stirred at 0 C
for 45 mn { dto warmup to roomtenperature where it stirred
further for Final8;efipne CuCl (118 ng) was added. This m xture was stirred
further at roomtenperature ter 16 h before it was diluted with brine and
extract ed wilradigattfene vine®. The organi ¢ 15l ayers were conbi ned, dried over
MySO4 ang1 %n tratfd to give nethyl 2-chloro-5-

et hyl t hi 3zolPe2 A @& 5o%A ate (i.e. Cap-172, step a) (175 my, 85% as an
orange oi |l (BOYRW =Ll rhsh was used di rectly in the next reaction. Rt =
1.99 mn (Cond.- MD1); LCMS: Anal. Calcd. for [M+l-1]+ C7HOCLNORS: 206. 01,
found: 206. 0Baved@@ip= 220 nm To a soI ution of nethyl

2- chl or o- 5- | t hiazol te 5 ) in THF/ H20/ MeOH (20 ni/ 3
m./ 12 nl) %ﬁﬁ’i%&héedéql/%ff‘ w %&JM? The m xture was stirred at
room t enper ajofet pves. mygmAmg@%%étgaﬂWQO%%@rnt rated down and neutralized
with 1IN HCL in ether (25 nL) The residue was extracted twice 25with ethyl

acet at e land Gdiemp rgRinEN OMEBREX Babve CohbindaX Wred over MySO4 and
evaporated to yield Cap-1 72 (60 ng, 74% as a red solid which was used
wi t hout further purification. 1H NVR (300 MHz, DVSO d6) 8 ppm 13.03-13. 42
(11-1, M, chbPign43-16 (2 H q, J- 7.4 H), 1.23 (3ff, t, 17.5 Hz). R =
1.78 mn (Cond.-MJ1); LC/MS: Anal, Gated. for [M1-111- C61-J7CLNO2S:
191.99; fouridart ¥ =9®9. Cap-1 73 5 Cap-1 73, step a The follow ng

di azoti zatl ﬁt/aﬁ—ga&% adapted from Barton, A.: Breukelman, S. 10P.; Kaye,
P. T.; Meaki ﬁ%a Morgan, D. J. J. C. S. Perkin Trans 1 1982, 159-

15 Gradient time = 3 min
Stop time = 4 min
Flow Rate = 0.8 mL/min
Wavelength = 220 nm
Solvent A = 0.1% TFA in 10% methanol/90%water

20 Solvent B =0.1% TFA in 90% methanol/10% water
Column = PHENOMENEX®-Luna 2.0X 50 mm, 3 pum
Oven Temp. =40 °C

Example QC-1

25 N /
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164: A solution of NNtNO2 (150 ng, 2.17 mml) in water (1.0 nal) was added
dropwise to a stirred, cold (O T.) solution of nethyl

2- am no- 5SWet2hIL1703- t bi azol e- 4- ear boxyl ate (186 ng, 1. @CAAIR01)/02§99%0%
H3P02 (3.2 nlL). The m xture was stirred at O "V for 1 h and allowed to warm
up to roomtenperature where it stirred further for 152h. After recooling
to 0 'V, the mxture was treated sl@&d@iploidChia sol ution of Na01l (85 mg) in

and extracted twice wth ether. & ©ffS were conbi ned, dried
over MgSO4 and concentrated to give ' et hyl t hi azol e- 4- car boxyl ate
(i.e. Cap-173, step a (134 /8% as an orange oil (85% pure2 whi ch was
used directly in Pt uweﬁfbaefa@lpwonpﬁ%& Zée??ﬁrwf BSal- NPl L vs:

Anal . Cal cd. %ﬁ; (%@i& 173 To a
sol ution of h&?cﬂ Flléé—é’t%{nh ljnl - -caré%’ ?1?1]‘09%%%26%%3?%%@&

THF/ H20/ B/EOHnIlﬂcﬂld&KD 18 117L /6 hinoll- ) Theassudigedidtlobhl(s28iredyt rodh 74 Mol ) .
The mixture was stirred at room tenperature overni ght before it was

concent r at edeEPUATIENRV eHE gt dileselyend was remopshundsr sagyam. (Hs raigue wie resi due

conbi ned. sl by ErShigeR Sl BET R Pl DR PRI N RORAERE, 1o,
a.s an or angkheS@tdnik lavdr vody m&m&e@twshmwrbémd iiﬁrcoawdtﬁate@latml@mmdkl 1 NVR

(300 MHz, DVBO-d6) 8 ppm 12.7413.04 (1 H, (2
1.25 (3 H, tprodust waspygfied tpra fash Cimmw @@nb(sﬂwegyl %@tha:’s acq&ﬁf&{hexwrs}:d for

[ah”ﬁ?lj?. I8 258G e olla 00 B0 G2 Pl Slyre gt it} . on o

net hyl 3- hy(NMW(@UGMHf‘@BCKa%@pQI 4%6. Bsmmom)arsd -TEQY (. 6H) pl1o - 2830 mol )
in Cl-12C12 (80 inL). The m xture was stirred at 'C for Ih before it was

al lowed to vax ﬁlf@DpS G- 5@61&%%@&@@@&%&@% thIS&M’rH]adJrﬁHnFa%Saddl tional 1
h. The 15 m n ed .w t h,saturated NaTl solution (40 M
B e or oo i8R GER e ST S S e PRI 00 bver wysod

and concentrated to give nethyl 3 (trifluoronethyl sul fonyl oxy) pi colinate
(i.e. Cap-174, step a) (3.38 e, /% as a dark brown oil (>95% pure) which
was used3directly without further pbxémpleddG-dh. NWVR (300 MHz, CDC13) 8 ppm
872879(1Hn)771(1Hd115Hz 20758765(1Hrr)404(3
H s). R=1.93 mnm (Cond. - VD1 Cal edy"for [ MtH).

C81- 17F3NC3S: 286. 00; found: 286. B. { foBa sol uti on of nethyl
3-(trifluoronethyl sul fonyl oxy. ol i) (570 mg@ 20 25 =lop in DWF (20
m.) was added LiCl (254 ng, 6.0 muol ), tributylevinypstannane (761 ng, 2.4
mna') and bis(trTephémy \mh]mbmtpxm)amd)ﬁaﬂrmmzmmIId)JOirdﬁo(),él{z’otmgiun@. 06 nmol ).
The m xture was heated at 'V over@& %‘ht before a saturated solution of

KF (20 i nL)Phgaglaieddd & &S pﬁ’émP]éa%‘%q Ix it leg:dh3 thperature. This
m Xture was tﬁb&%@%fsﬁ{e 1&34 1t6ﬁ§f00<§ﬁxllﬂc}1) %@éacfde&}%@%ﬂijof %'IQ el ¢ ?&) (%Q@ the

pad of Celite acetate e aqueous ase o0
filtrat @masg,Siemnsgpar E@tr@ﬂﬁ@r@mxmr@ was stirred at 50 °C for 3 h. The reaction was

guenched with water and extracted with toluene. The organic layers were combined,
washed with brine, dried with MgSO, and concentrated. The crude product was
purified by flash chromatography (silica gel, 5-80% ethyl acetate/hexanes) to give
Example QC-1b as a white solid (1.14 g, 55%, mixture of diastereomers). 'H NMR

25 (500 MHz, CDCl3) § ppm 1.10 - 1.19 (m, 2 H) 1.24 (s, 24 H) 1.31 - 1.43 (m, 2 H)
1.73-1.90 (m, 4 H) 1.97 - 2.29 (m, 6 H) 6.52 - 6.58 (m, 2 H).
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concentrated down in vacua. The residue was treated with 4N HCl in di oxanes
(5 5nm) and the resulting m xture was extracted with nethanol, filtered and
evapor at e§O0t201041fed Cap- 174 (260 ng) as a green solid RETAIS2489289P9 ght | y
contam nated with inorganic salts but was used w thout further
purification. 1H NWVR (300 MHz, DVM5O-d6) 8 ppm 8.21 (1 H, d, J= 3.7 Hz),
7.81-7.90 (1 H m, 7.09 (1 H. dd, @@WIWQCQQ Hz), 6.98(1 H, dd, J= 17.9,
11.3 Hz), 5.74(1 H, dd, J=17.9, 1.5 Hz), 5.20(1 H 10 d, J=11.0 Hz). R =
0.39 mm (Cond. - MD1) ; LC/ MB: Anal . CaIHd. for flvli+H C81-181\102: 150. 06;
found: 150.07. Cap-175 15 Cap-175, \st Sj To a solution of nethyl
3-(trifluoronethyl sul fonyl oxy) pi col i e (N’e. Cap 173, step a) (570 ny,
2.0 mmol ), an intennediate in the preparg@éon of Cap-1 74, in 20 DMF (20
m.) was added LiCl (254 ng, 6.0 mol ), tributyl (vinyl)stannane (761 ng, 2.4

mol ) and bi S(triCﬂ?@@Y[iﬂhﬁE@'ﬂHO%)iﬁ&&dt@ﬁWﬂk&ie@@k@f—iv@b% okvéi21 Mghin ©.06 nmol ) .
The m xture was heated at 100 C for 4 before the sol vent was renoved in

vagluah The methapab(GRasl} sokepnuy amgn%@néwﬁwideé?’% 50l (BnBotptelings (50I m.)
o e S A0, P P R bbb PRI, TOSBBR o e

Puri ficati oRoRbohdh wag sdrebiedbY vid@d ehy RFBLOFaaPhyficdbygs fighi zon i nstrument
(gradient elution with 25% ethyl acetate in hexanes to 65% ethyl acetate in

hexanes) af febraasdogrenttyy(biliga gelngthpl aselaten Selbowed by a regiystalligggion (ethyl

2010/ 117704PCT/ US2010/ 028999 .175 30 | . NIVR
(300 M. CROES ROppsTEoRn PO ARl TR RLiGRE IR pas s SRyl YEl Sl |

7.7 Hz 7. 1 2= f d J—
s H)Z) 3%-3::9;?%)5 mm%mso 15%?5 ﬁ%el(-iw(m}&ft 1682E1|‘@gbr§ 14?) 61)4ld|s als, do J=

[ MeH + COHI 3@26 76,64 1H7=,4 Tolmd:H)1848@8. 1B, Ga%)’i 3_25 (msidp 2323 Pﬁ]i (dtld on

L300 0. 1A ror ot efRdRoC oD R bR B P B herpe T RCa Loat <
room t enper aicyR/es: WHAECaR. Al TRBINEICS, IENDY M TR08) 60k 2bghrobef ore it was

filtered through Celite and the pad of Celite was washed wi th nethanol. The
filtrate was condendazatedikatpinQt el ahradriass of 88 Ylewlemetaliyred 8ndariehirgli col i nat e

(i.e. Cap-1 tep,.b ) whi was taken directly into the next reaction. R
- 1.15 nun @n@"o@ﬁ%ﬁmﬁ@ W Anal . Calcd. for [Mrll]+ C911, 2NO2: 166. 09:
found: 166. Q%R CERil AD IOumT@()ak §phyt i on of nethyl 3-ethyl picolinate

in IIIf/H20/IVb011(5 . 3 n.) was added LiOH (35 ng, 1.47 mol).
The m xture Smé‘&:mth?%@dlaaol/ltetptnmwﬂsmreu@ture for 2 d before additional LiCH

(80 ng) was .added an addi tional 2024 h at roomtenperature, the
m xture was ?Wtr%t?gjm?ﬁﬂnt he sol vent was renoved in

Wavelength: either 220 or 256 nm
Relative retention time: 3.25min (R), 5.78 min (S)
20
Example QC-1d

SEM
N
(<]
E\§ N
Boc

To a solution of Example QC-1c (4.98 g, 21.0 mmol) in 35 mL of dry
dimethylformamide was added sodium hydride (0.88g of 60% in mineral oil, 22.0
25  mmol). The resulting mixture was stirred at room temperature for 40 min, 2-
(trimethylsilyl)ethoxymethyl chloride (3.75 mL, 21.0 mmol} was then added dropwise

over 5 min. The resulting solution was stirred at room temperature for 2h. The
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vacuo. The residue was then treated with 4N HCLl in di oxanes (5 nL) and the
resul ti ng suspensi on was concentrated down to dryness to yield Cap-175 as a
yel | ow saWDQ0MilZW4was used wit hout further purificati oRCTAN2NWMR289300 MHz,
DVSO-d6) 8 ppm 8.47(1 H, dd, J= 4.8, 15Hz) 7.82-7.89(1 H m, 7.53 (1 H,
dd, .1= 7.7, 4825Hz)282(2H q, J= 7.3 Hz), 1.17 (3 H t, J= 7.5 Hz).
R = 0.36 miactonwas W@yhei@watmﬁ exc;a¢t@<é1Wlth@FhYE aeHte ERHENER: 152, 07:
found 152. sol u

1 oxaspireaTer agbRines. e wih g Rededf Mesee rpheor ety s added
to a sol uti efudef préichhs IZuT(ﬂ?bﬁ a@mﬁ@hﬁm‘g\&;@m(ﬁﬁ&a gel, 35-50% ethyl

di net hoxyphos hor acet ate
115 511 o mesteie byl paahio @ e aTia g d o5 et Pl BREQ1TONVE") . The

then 1t es it MBI YErdh 055 By O of B TP 20R Y Bl g it
IN HC1 (75 wmlp) 148026308, ﬂmia)s 3amd3 by (g4 H3AR&0MS).03 @ﬁlleld)ﬁws@i)s (od, Hz er ed

and concentrated. The residue was urlf ed via Biotage %S%to 25 %

El CAc/ Hexanddth) 340§ 78draiemyrs, Fel féﬁrﬁﬂﬁ@d’%ﬂ%\dﬂ)éﬁ (éoh AP0y 1tk product

were then c rat crystallized
15from hexa F%&y& &5%@&%@%%?&% %ﬁ%?ggewvgiép%%ded to nethyl 2-
(benzyl oxycar bonyI am no) - 2- (1, 4-di oxaspi ro[ 4. 5] decan- 8-yl i dene) acetate (6.2
g)11-1 NWR (400 MHz, CDC13-d) 8 ppm 7.30 - 7.44 (5 H m, 6.02 (1 H, br.
s.), 5.48 (2 H, s), 3.97(4 H, s), FExengleQ4-lbr. s.), 2.84 - 2.92 (2 H m,
2.47 (2 H t, .1=6,40 Hz), 1.74 - 1.83 (4 H m. LC (Cond. OL1): R = 2.89
mn. LC/MS: Anal. Calcd. For 20[ MtNar @HZSNNaOG 745.21; found: 745.47.
- 160- Ester Cap 176"vtep S ared from al hene Cap 176, step
a according to the nethod of Burk, \%\PSE;S, M F. and Martinez .1. P.
Pl Am Chem Soc., 1995, 117, 9375- 98!76 a ferences therein): A 500 niL
hi gh- pressure bottle was charged wi t hBad kene Cap 176, step a (3.5 g, 9.68

mmol ) in degassed MeOH (200 nmL) 5 under a bl anket of N2. The sol ution was
t hen char ged V\ntﬁffl(ar%)hzﬁ‘i& csf(fi?@sxpéssﬂczlc?)@ 00 g, 5.45 mmol) in 30 mL of dry

(o108 g0 e Ay bR F RS R TR REHRE PO # 5 B8 il TR 5y
and char ged &ya&t&#ﬁtrﬁéaéopwm%v%p @Jhﬁ@ ”TH@&S&H%@&I}H&QQQQM?H@)& a‘t' od@rfm?@ psi

of H2 at anbient tenperature for 72 h. The solvent was renoved under
reduced 1pr eésﬁhesa}mmttvns remm&unﬂgrvmuﬂué’hﬁ@m@et\a&dakampm in Et0Ac. The

br owni sh sol yt.i.on s thepn filtered thro g of Silica Gel and el uted
wi th EtOAc. oregleieRe Ak yashsAdd Watfn‘edﬁ?ﬁw vﬁg YR Hep 608X a5 Wi | ear oi
correspondi "tg%g&(ogfeh%eo%ﬂe gﬂ%gmzz%y%ps \pel(a?éoﬂ’lbg')ed éﬂéd%f@% Mig, CDC13-d) 8

ppm 7. 28 - 5.06 = 5.16 (2 H m,
4.37 (1 H, olodtds@ted0 ThS cﬁﬁelﬂzoducswegpxqrmeez bytﬂasﬁcﬁro@'fatctgaphy&slﬁﬁa 64, H- s),

LGNS Anal 406k bl achpie/Ftest 1] 403 SREBRISEIC 3645 12T GHAT OB84S7 Cap 176,
Step € 20  68.3%). 'H NMR (500 MHz, CDCls) 8 ppm -0.02 (s, 9 H) 0.79 - 1.00 (m, 2 H)
1.21/1.39 (rotomers, s/s, 9 H) 1.81 - 2.08 (m, 2 H) 2.10 - 2.41 (m, 2 H) 3.36 - 3.74 (m,
4 H) 4.85/4.99 (rotomers, m/m, 1 H) 5.26 (m, 1 H) 5.39/5.75 (rotomers, d/d,
J=11.29/11.60 Hz, 1 H) 6.93/6.95 (rotomers, s/s, 1 H), LC/MS: Anal. Caled. for
C15H3a  BrN30;Si [M]" 446.15; found 446.39.
25
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O 0O0OO 20Ester Cap 176, step b (4.78 g, 13.15 mmol) was dissolved in THF
(15 nL) followed by sequential addition of water (10 niL), glacial acetic
acid (26.WOrD10/48®4mol ) and di chl oroacetic acid (5.44 RCT/US3018/028989 ). The
resulting mxture was stirred for 72 h at ambient tenperature, and the
reacti on was quenched by sl ow addition of solid Na2CO3wi th vi gorous
stiffing until the rel ease of gas wexane (¥hyer 25visible. Crude product
was extracted into 10% et hyl acetate-di chl oronet han @nd the organic |ayers
were conbined, dried (MyS ? i\ \ 3 Ox Cen .@rgg The resulting

resi due was pur|f|ed via Bi ot OA/ 25gco|urm) to
eaer H NMR (400 Mz,

afford ketone Cap 176, st (

CDCl 3-d) 5 rpm7.28 - 7.4 H, n) 5.55 (I El, ci, 28 Hz), 5.09 (2 11,
s), 4.46 (1 11, dd. - 161 - qu816 5.14 Hz) 59074(3H s), 2.18 -
2.46(5 11, n'),196-206 H, 1.90 (1 H, ddd,,T=12.99, 5. 2. 89

9
Hz), 1.44- 1.68 (?%Olﬁtwnﬁl@m@@ Qgolb3@56 me, 34 mmsl)gExamply RU4}s ?9890 ( Cond.

oLl Rt 1121 NNaO5: 342.13;
fou)nd 342 %%gGQ jTllnE]nOl)EL)gé be& Ger%ggﬁf%&%%zﬁggms added to a
sol uti on5of dlnﬁéthméoxﬁﬁmaaﬁad B i pofowdter. wds @lde@PAPPIEBI )27 mg, GRIGhZnd 60 nl)

foll owed by addition of a catalytic 10 ammount of EtOH (0.149 nL, 2.55
mol ). The rldsupsoltig splitiopwrasiciisy edtaif 85 “Grazcrgiaht.r The salvent wey EpevgHt . The

reacti on was_quenched addj tion sat.

xt ur 6 was BIPTACREE e AR AR (FendBinph%h B R AR RS e o
were dried (JMNBSRhter. Thd 6rg606 1386wWE Wethell @i Btfreaded Wil (Miahd The residue
was purified via Biot grge chromat ography (2% to 15% Et OAciliex; 90g

15col umm) arsdnesnivaictle The kiude pordustampliriftpdity reseevettase BPECamstan aci d

dil f d 00 , CDC13- 60
6 pom 7 190- UpelpRpliaElThal bigh b SR GO Shmpg Il e s ) P %0
H dd, J-8.6Rixnfle Bﬁdﬂa&heo%eg EBNMR @)00 MHQGCDc%)’é’%pﬁIZom ()18 11) @34- 1.98

(1H m, 1.60- 1.81 (4 H, 1.38- n . NVR (376 Mz,
CDC13-d) 8 dpﬁamzﬂrlilsi(li(&?? 138=(2$7H)554}iz 59{@2&47;&}2(14@ %DH}J?@%S 82

ks eatonmons 56 3558 sl ounget 1By M LS s 626 Adis

25D f | uori des £aps, ii@mbd/}lgg 6@5(( AJ—QZ zﬂﬂﬂz? HYT D - 586 (d] 5 89kbveds, nive0H (120

m.) and charged with g, 72 ol ) The suspension was flushed
with N2 1@3x)LCa[MS tArel. r(&det nf@owHseMOe’Szvx/él\é+H 28558y olend 89342m of 1- 12
(bal l oon).. The - 162 -

Example QC-1g

S
HN\.>

To a solution of Example QC-1f (164 mg, 0.18 mmol) in 2 mL of

4 HCI

20 dichloromethane was added HC1 (4 N in 1,4-dioxane, 2 mL). The resulting solution
was stirred at room temperature overnight. The solvent was removed under vacuum.
The residue was dissolved in minimal methanol and triturated with diethyl ether. The
resulting solid was collected by filtration and washed with diethyl ether to give the
HCl salt of Example QC-1g as a light yellow solid (88.7 mg, 85.2%. mixture of

25 diastereomers)‘ LC/MS: Anal. Caled. for CogHioNg [M-+HT" 433.31; found 433.56.
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m xture was stirred at anbient tenperature for 48 h. The suspensi on was
then filtered though a plug of Celite and concentrated w der vacuumto give
an oi |l tHO22WwKnég®¥ponded to am no acid Cap 176, step e PETASH2¢[)/02899 t hat
was used without further purification. 111 NVR (400 MHz, DVMSO46) 8 ppm 3. 62
(3 H s), 3.20 (1 H d, 5J=5.77 Hz), 1.912 - 2.09 (2 H m, 1.50- 1.88(7 H,
1.20- 1.45(2 H m. 19F NWR (37Exaihﬂl,e®§,60d6) 8 PPm-89.39 (1 F, d,

J=232.35 Hz), -100.07 3 1 DVBO- d6) 8
ppm 175. 51 %1 C, 192s Lﬁﬁmﬂ%i‘a@&et C %%ﬁg’@é@ﬁoﬁﬁ&(%gﬂ(l C, s§

39 C, C d,
? 1. 3 (()]2- o) ?Pheth%%}& cﬁ%la%m&r 3—11&%@113@%1.0@02301@ g%% 1) éﬁ@ 0 %‘1&1 148 %’i"méﬁ 51(5 3 o

LC Ms:  Anal miCaf é4. dxxﬁ@ﬁy{fé’x&z’dﬂﬂﬂd@aﬁ%&dlﬁﬁ@ﬁﬁpyl&hﬂaﬁﬂne (f7®qumd0 44&5 40. Cap
176, step f 0 0 0 NAO - 15Methyl chloroforrnate (1.495 In L, .19.30 mol)
was added t VBOROITHE FeSHItiE miNiUER VAR StHTedA raors fenateapiurs fpps g ISEUHASI ) and
DI EA (6.74 I 2 S
stirred at r 63“ %HQ V)cfl s tﬂﬁn%%sf%%r)oe%n%vg%r&a Hotoh{’%n@g%ﬂ}pr% Z%s%\?e

The residue ﬂ(\/als’leFSUNefll ©fh b vEl ofdeg adide. t The2ddah0ded Mex pulffigd Bl um) . A
clear oil that solidified upon standi n under vacuum and 20 correspondr ng

to car bamat éeCaw-pine; HRLegnrthepoliwatgy ThHAs Flcikechracgions menuropsesd, Mz

5778w IR it Hgflea YOO, 35%%%‘)%%03 ]a“dfxg%mﬂwgg??@ﬁé "D s
1.82(4 Hp MorgahicdRyerd wele diZedHyitiVigSEAFal\ntéhfrktdiHa ,gn@m%hﬁqﬂé ptae

-92.55(1 F, d, J=237.13 Hz), -102.93 (1 F, d, J=237.12 Hz). 13c NVR (126
MHz, CDCL3- dps@ mypstwre gfidigstgreomersis ayhita 88idd95 nog, 53)4%) 16/MB: RT25. 59(1 C,

350 - 23, 2B Fond s anl Guia E@;fwégx B g B ) o

Hz). LC (Comdw 7O BRNRS: Anal. dfcdnfbr CloBkMRO, 1" G gsks; E&Ind[?M‘?M@B?
C. 11- 117F2NNa0O4: 288.10; found: 288.03. - 163 - Cap- 176 A sol ution of

Li 011 (0.379 g, 1183 mmol) in Water (25 m,) was added to a sol ution of
car bamat,e Cap-176, step f (2.1 g 9 %ﬁ) HF (75 nmL) and the
resultlr} m xture was stirred at%%?éﬁ@?g Q?a ure for 4 h. THF was
renoved under 5 vacuum and e remai ni ng aqueous phaseswas acidified with
IN HC1 solution (2 nL) an t en extracted wrth EtOAc (Z X 50 nL) The

conbi ned organic |ayers we d concentrated to
give a white foam corresppeﬁdl ANINHNMR-R400 MHz, DVBO- d6)
8 ppm 12.73 (1 H, s)750§?H 397(@H dd, J=8.53, 6.02
Hz), 3.54(3 H, s) 5 1 1.48(1
H m, 1.27(1 H, %fﬁl ?%1(%8‘?%0 éééavrrrz";ofepw% Rl ?éé%i‘?\ﬁ%bmgrfs@’&&es@yppm
- 89. 62 (1 F substitdim e%gspkgt)ve acRR f&%e(p%fan@usm&%%@%arﬁ@rﬂéﬂ?od deberlbeamsl. OL2):
Rt =0.76 mn. LC Anal . Calcd. For [ MH Cl0H14F2N04: 250.09; found:
250 10. 15E>@WL}E@Q01 The present disclosure will now be described in
connecti.gn with certain enbodi ments which are not intended to limt its
scope. the contrary, the present disclosure covers all alternati ves

nodi ficati dn EaUT VaTENtS as| RNy Pecy PVILC I=To MY M Y

claims. Th s?ﬁx?’lﬂggf Dl | owi o exanp %s?L G rﬁﬁr n& é’gh é?té’clrl(? Ng% odr nts
will illustjrate one| prackice of the pr esent di scl osure, it being under stood
that the exanples are for the purposes of illustration of certain

embodi nent s aggC.ar el presenyed to prowv sles Whaled €G! eV EMKOARS. CARINDSE
useful and yreadily Jnde% description of its procedures and concept ual

aspects. So| ution percenyages expf s aelniQhiMti] 'Vl e fauetl 01 685 hi p, | and
solution HN\H/O\ HRMS: Anal. Caled. for CagHsgNgOg [M+H]

© 691.3932; found 691.3965
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25rati os express a volune to volune rel ationship,
magneti c resonance (NVR) spectra were recorded either on a Bruker
300, 400,WOr0BQ07NHz spectroneter;

Nucl ear

t he chem cal

unl ess stated ot herw se.

shifts P8Y/HPH02§989?ted in

parts per mllion. Purity assessnent and | ow resol uti on mass anal ysi s
were conducted on_a Shimadzu LC system coupled wth Waters M cromass 7Q MS
system |t |siouide Je 30noted t hatl Re(lenCond); &4 hesogayity ardyxsViBghtd y bét ween
machi nes. Unl ess nated ot/HiQrvvi se,l] the LC conditions enployed in date, i ning
the retentiion time |(R) VEBrer- 164- Condition 1 Start 98 - 0 Final 9®|= 100
Gadient tilne =3 mn 5 Stop tine = 4 mn Elow Rate - 4 nm/omn MWAvelength =
220 mu Sol yenQCA = |0. JFA G n 10BRTret2hidrobugsYvatd r!);ScT A itABL-LCded 9| TFA
in 90% net hanol / 10% Col u = + 18 3. 0X50. mm
Condition 2 Start 9%B Fhat’ %;%gﬂgf:@%ﬁt %?#ﬁg%ﬁnqwgﬁ'%}’op tijme .3
mn Flow rate = 4nl/ m n Vanel engtlyavid2 A kU @alcd. foréqéyﬁggomgiﬁg%NEOH I 90%
H20 / 0. 1% TEL\ 20 [Sol vent = 90% Me01-1 / 10% H20 . 1% TEA Col umm |2=
PHENOVENEX®- Luna 3.[0 x 50 nm 510 |Gdadi38V dioud8Bt.ad26 98 =0 25 Final %Bi= 100
QC-4 O RT = 1.54 minutes (Cond. 2); LC/MS: Anal. Caled.
\o/\I)\; for C3sHs4NgOg [M+H]" 751.41; found 751.34;
"NSON | HRMS: Anal. Caled. for CssHsNsOs [M+H]"
© 751.4143; found 751.4175
QC-5 = 0 RT = 1.61 minutes (Cond. 3); LC/MS: Anal. Caled.
\o’ﬁ)\;‘ for CagHsgNgOg [M+H]™ 779.45; found 779.26
HN\H,O\
O
Example QC-6
N" N\ N N’ ™N
HNMH
Q 0 0 - O
sffNH HN~4?
O\ 0O

10

Example QC-6a

SEM., -SEM
CH‘:*N N’;&“\\
! )
“Boc Boc”

To a solution of Example QC-1f (554 mg, 0.62 mmol) in 25 mL of methanol

in a hydrogenation flask was added palladium (10% on carbon) (125 rrig) under

nitrogen. The flask was then mixed on the Parr Shaker at 40 atm overnight. After the

reaction was complete, the mixture was filtered and the solvent was removed under
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Gadient tine - 3 mn Stop tine =4 mn Flow Rate = 4 nL/mn VWavel ength =
220 nm 30 Solvent A = 0.1% TEA in 10% net hanol/ 90%at er Sol vent B = 0. 1%
TEA i n 90WOrBt0dA®H/ 10% wat er Col umm - PHENOMENEX( r) - LURETZISQ08889%M 510 -
165 - Condition 3 Start B - 0 Final B = 100 G adient time - 3 mn 5 Stop
time =4 mn Flow Rate = 4 nL/ mn Wavel ength = 220 nm Sol vent A = 0. 1% TFA
in 10% et hanobioogiet Bxangdt Qshta B acdorless TRASY diagevemetihmiveiye (606 wat er 10

o8 =100 158 e s Geled i S R S Bl e 2 e

Wavel ength = 220 nm Sol vent A. - 0.1% TFA in 10% t net hanol/ 90%wat er 20
Solvent B = 0.1% TFA in 90% net hanol / 10% wat er Col unm = PHENOVENEXS8- Luna
2.0X 50 nm 3 pm Oven Tenp. = 40 Clzeaph @Cad 1 - 25

HN N’;l\’..\\
.9 A0

To a solution of Example QC-6a (506 mg, 0.56 mmol} in 10 mL of
dichloromethane was added 4N HCI in dioxane (5 mL). The resulting solution was
then stirred at room temperature overnight. The solvent was removed under vacuum.
The residue was dissolved in minimal methanol and triturated with diethyl ether. The

10 resulting solid was collected by filtration and washed with diethyl ether to give the
HCl salt diastereomeric mixture of Example QC-6b as a light brown solid (300 mg,
929%). LC/MS: Anal. Caled. for CogHaNg [M+H]" 437.34; found 437.41.

Example QC-6

15 BExample QC-6 was synthesized as free base from Example QC-6b and Cap-52
according to the procedure described for the synthesis of Example QC-1. LC/MS: RT
= 2.09 minutes (Cond. 1); LC/MS: Anal. Caled. for C1sHs4NgOg [M+H]" 695.42;
found 695.70; LC/MS: Anal. Calcd. for CagHs4NgOg [M+H]™ 695.4245; found
695.4275.

20

Examples QC-7 and QC-8

~

Examples QC-7 to QC-8 were prepared as free base diastereomeric mixtures
by substituting the respective acids for Cap-52 using the same method described for
25  Example QC-6.
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WO 2010/ 117704PCT/ US2010/ 028999 Exanple QC- 1 a TfOOIf To a sol ution of

bi cycl ohexanone (5.05 g, 26 0 mmol) and 2, 6-cliterbutyl phenol (11.75 g, 57
2 mol ) 1W0200/1L70éf dry di chl oronet hane was added frit PCTAIS3N198999 de
(9.10 nmL, 54.6 Mol ). The resulting solution was stirred at room
tenperature_qvernight . The solvent was.renoved under vacuum. The residue
was taken dhpE}iamm@xanes and filterdd(l.CFRend); P4 haheganady welshiddSwiateh 1 N HCL
and brine. { The orggnic Iajiq was [dried with potassium carbonate and
concentrat éd. The drude ™ rofjuct \ [

(silica gelw5%etH -
solid (8.22 gRCeh. G% m xt uPe of &BStWé@W@XCOM),(WM'

(2 W Lo M Al OCallcd. Pf o Bt %%%ﬁ%ﬁsgé%%%@%&%’ﬁf ound Al

(rmol ecul e did not ijonize N | IFASSISS DS, Qﬁ@ﬂb@fmg}]ﬁ@w C 11, .0b-TN
To a flask!w th bi g(pinac. olat O)CI boron (2.79 nmol ) , pot assi um

phenol ate (1. 98 g, [15.0 mmo ). Pcdﬁﬁ(@ﬁ‘%:ﬁ)?m(@?@‘l@ 0.3 mmol) and

triph | pho e {0-1+6—g; 06 nme—-and
(r1|a|)o (egyzg Qb% q mmlj)u Phe restﬁ%iln%brﬂi@?rcﬁ:ig%;&’sﬁtmw ¢ fgr 3
h. The reagti on was }M t h M%Hﬁﬁ%b SeEMmct@gugm fobnd ptusne. The

organi c | ayers were corrbl dovvas rine, dried with IVgSOi and
concentrated. The crude proglct vieSRpi: Mab@abgi fdr &aHeNs@ndogf aphy

(silica gell, 5-80%iethyl acetate/ anple QC-Ib as a white
solid (1.14 g, 55%| mixture of dlh@ii ?[g?mft? ﬁ?ﬁ-f&‘@woo MMz, CDC13) § ppm
1.10 - 1.19 (m Z H 1.2 (S, 24 H I.3I- 17423 (m 2 H I.73 - 1.90 (m 4
H 1.97 - 229 (m 6 H 6.52 - 6.58 (m 2 H. - 167 - Exanple QC1lc
G yoxal (11 nL of 40%in water) msﬂ%@%(@é@o W se over 11 mnto a

nmet hanol (32 nl) solution of ammoni Um Xide (32 nmL) and
(5)-Boc-prolinal 5(8.564 g,~42.98 mol) and stirred a‘kéanbl ent tenperature

for 19 h. The vol atil e ¢orfponient was rem)ved in vacuo and,the resi due was

purified by a flash chriomatog ' : By | e) followed by
a recrystallization (et cief| ave, ' ! ﬁ) aff rd |mdazole
Exanmple QG-I c asavé)}_LﬁHflgffy solid . 430) . | FI NV (W S = 2.50,
400 MHz): 11.68/11.5% (br s, IH), 6.94 (s,

N

5 Example QC-9a

Example QC-9a was synthesized as a diastereomeric mixture from 4-(4-
hydroxyphenyl)eyclohexanone according to the procedure described for the synthesis
of Example QC;ia. "H NMR (500 MHz, CDCl3) § ppm 1.89 - 1.99 (m, 1 H) 2.04 -

10 212(m,1H)2.25-2.61 (m,4H)2.85-2.95(m, 1 H) 5.83 -5.87 (m, I H) 7.20 -
7.24 (m, 2 H) 7.26 - 7.31 (m, 2 H). LC/MS: Anal. Caled. for [M+H]" C14H,F04S2:

453.99; found (molecule did not ionize well in mass spec chamber).

Example QC-9b
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101H), 6.76 (s, 1H), 4.76 (m 1H), 3.48 (m 1H), 3.35-3.29 (m 1H),
2.23-1.73 (m 4H), 1.39/1.15 (two s, 9H). LC (Cond. 2): RT = 0.87 min; >95%
honogenei W 20Hddx704LC/ V5. Anal . Calcd. for [MI-H Cl21- PCONSI®ORIBING;
found 238. 22. | m dazol e Exanple QC-1c had an cc of 98. 9% when

anal yzed under chiral HPLC condition noted below 15 Columm: Chiral pak AD,
10 urn, 4.6 x 50 Examglsl Qerpb: was systhesirrsies|y hiegiereerecrid wodvigtiia) EFponer at e: |

n /mn Wavelengt h: ei.t her,, 220 256 1 | at | t ept.i i e, 3. 25m
(R 5 78 md Pigecstiing Grf arostiyg deetbpd for Tl SRS S E Aol GE AP HETL
QC-1c (4.98 WR%(J@MHEQ@DG@ ﬁépmu.zqf(s,ﬂwoiﬁ}lh.mg@%hfzfgm fes wasl agded

sodi um hydride (0.88g of 60%in mnera , 2 . The resulting
m xture was 138+ r@¥(rat 1 Hoddvt-mpeinatiule?. For 246 (i, h H)5.60 - 6.67 (m, /=3.05

(i opu seSovdt? 8 Tt oo rvet i 2B Lol &7 S A P Ak A5 Rhas at ur e
for 2 h. Th%M+}$6&34H3§§m4i: 210 MR SoRMERSIER I N ol Sde walEl Rack kgt ed with
et hyl acetate. The organic |ayers were conbi ned, washed with brine, dried

with Ni gSai camdbepncentrated. The crude product was purified by flash
chromat ography (silica gel, 35-50% ethyl acetate/hexanes) to give Exanple
QC-Id as a colorless oil (6.30 g, 81.6%. LH NVWR (500 MHz, CDC13) 8 ppm
-0.083 (s, 9 H 0.76 - 0.99 (M 2 HrlnQtbB8: (rotonmers, sls, 9 H 1.76-
2.50 (m 4 H) 3.37 - 3.77 (m 4 H 4.80- 503 (m 1 H 5.07 - 5.16 (m Hz,
1 H 5.40/5.78 (rotoners, GEM, J = 099 BHHIM6.85 (s, 1 H) 6.96

(s; 1 H. LM Anal. Calcd. _ t 368.24; found 368.43.
e QC1d (2.00 g, 5.45
de

Exanple QC-le SEM\ Boc : .
mmol) in 30 nL of dry acetéeniitrile at 0 "C was ad Nobr onosucci ni m de

(0.97 g,,. 5.45 mmol) in 30 I E\@JC dry acetonitril g4 i se over 10 mn. The
resultirJfB solution was stirred at 0 "C for 2 15 h. The sol vent was renoved
under vacuum TheExaasildQe-Yewad ghtRsiugl asn dibgblcomereiiane fard Braspld W t h

wat er. The agueous | ayer was re-extracted wi th dichl gronet hane. The organic

| ayers wer e Qersicad fxaapledaCibrascagnedo Hrdresitat e ked. formhe sPrBERS Yr oduct
v o 1 By oy s cshony, ol ey Bilgol s 4B
H) 1.24 (s, 9 H) 1.39 (s, 9 H) 1.72 - 2.68 (m, 14 H) 2.73 - 2.96 (m, 1 H) 3.29 - 3.81
15 (m, 8 H)4.81-5.05 (m, 2 H) 5.06 - 5.23 (m, 2 H) 5.31 - 5.43 (m, 1 H) 5.76 - 5.90 (m,
1 H) 6.48 - 6.67 (m, 1 H) 6.74 (s, 1 H) 7.10 (s, 1 H) 7.22 (d, J=6.71 Hz, 2 H) 7.67 (d,
J=7.63Hz, 2 ,H)3 LC/MS: Anal. Caled. for CigH7NgOsSi; [Mw%H]"" 889.55; found
889.83.

20 Example QC-9d
O~
C#tHN N’A\,n\
NH HN\,>

Example QC-9d was synthesized from Example QC-9c¢ according to the
procedure described for the synthesis of Example QC-1g. LC/MS: Anal. Caled. for
CaHaaNg [M+H]™ 429.28; found 429.31.

25
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20 68.3% . 1H NMR (500 MHz, CDC13) 8 ppm-0.02 (s, 9 H 0.79- 1.00 (m 2 H)
1.21/1.39 (rotoners, s/s, 9 H 1.81 -2.08 (m 2 H 2.10 - 2.41 (m 2 H)
3.36 - 3.WO20my11270#) 4.85/4.99 (rotoners, mm 1 H 5. 28CTAS2010/6}8989 39/ 5. 75
(rotomers, did, J=11.29/11.60 Hz, 1 H 6.93/6.95 (rotoners, s/s, 1 H).

LC Ms: Anal. Calcd. for Cl8H3379BrN303Si [M + 446.15; found 446.39. 25 -
169- Exanple QC-If SEM eN, N Boo Esewle QCRI Boc' To a sol ution of

Ex | b (4 L 2..2 1), di
b o benat e (554 TagmRls GCra S SshmeSEoTR £aihasf abdiboiBrisZifalP Brl oot of
wat er was a@&@ﬁgmeﬂa?ahﬂ (ab291 dPdordtheltd thBodedutd\@estE5dd fof NG s§AhKIE &N Was

refluxed at 85 over ni The sol vent was renpbved under vacuum The
resi due was Bxakple Qp-1i. ELC?M% REt-h230 Intiohiko (Gfdr M; AhdViBadineld Galcdhfonat er . The

organi c Lay 4 br.i ri,ed with MpSO4 and concentrated. The
crude préd %%%‘ﬂﬁfﬁi&“}% 2?«5‘3’@1?1\739 hase HPLC system 10

(met hanol /wat er/ TEA) to give Exanpl e QC |f as a white solid (560 ng, 57%

m xture of diastereoners). |FINVR (500 MHz, CDC13) 6 ppm-0.02 (s, 18 H)
0.74 - 1.03 (m 4 H 1.19 (s, QE)aarmpIEBQ@élom—QCilMB - 1.59 (m 2 H 1.76 -
2.54 (m 20 H 3.32 - 3.58 (m 6 H 3.58- 3.77 (m 2 4.81 (s, 1 H 4.97
(s, H 5.07- 511(m2|—|).1532(m1|—|)560(~t J=11.29 Hz, 1 H)

5.71 - 5.96 (m 2 H) 6.79 NT) . 35 forC_|I8IN6008i2

p/1+Fill 893.58; found gg,s%gz ] @ g &a rsol ution of

Example QC-1f (164 ny, in SRl met hane was added

HO (4 Nin 1,4-dioxane, 2 nL) The resultlng solution was stirred at room

t enperature overrﬁ)@htples'[h(é-lﬁmb@éhmm&prepm&éw fgedmase dastareomelibe r esi due

was dissglved in nminipal nethanol and tr tur(g W|th di et hyl (ﬂer. The
i R

resul ting OO USFEERReRPeFTYeagtds SR GRR- WEERE el g et her
to Rive thedé'@rb%@'f&r]ﬁfan@f@@@@ QC-1g as a light yellow solid (88.7 ng,

85.2% m xture

Example 0O RT (LC-Cond); % homogeneity index; MS data
R)J\f
QC-10 0O RT = 1.94 minutes (Cond. 1); LC/MS: Anal. Caled.
9 for C3¢HasNsOs [M+H]" 687.36; found 687.13.
HN\H,O\
O
QC-11 0 RT = 1.98 minutes (Cond. 1); LC/MS: Anal. Caled.
\efj/kg‘ for CagHsoNzOg [M+H]" 747.38; found 747.46.
HN\{rO\
0]
QC-12 = 0 RT = 2.09 minutes (Cond. 1); LC/MS: Anal. Caled.
\O%j for C4oHs4NgOg [M+H]" 775.41; found 775.33.
HN\H,O\
0
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25di astereoners). LC/Ms: Anal. Calcd. for C26H37N6 [ Mt11] + 433. 31; found
433.56. - 170 - Exanple QC 1 To a solution of Exanple QC-1g (43.0
ng, 0. 074VORBI011EWd (S) - 2- (et hoxycar bonyl ani no) - 3- mret RETARAHAORE9ACi d
(Cap-51) (26.0 ng, 0.148 nunol) in 2 nL of dry dinethylfornmm de was added
di i sopropyl ethylamne (78 pL, 0.446 5 mol ). The resulting m xture was
stirred at roomtenperature for 5 nExampHARO-1359 ny, 0.156 Mol ) was then
added. The solution was stirred at roomtenperature fgor 2 h. The sol vent
was renoved under vacuum (Th§ crude product was purlf/kd by reverse phase

HPLC (et hanol / wat er/ THA) . N [ d; neutralized
M t 0Ac. The 10
ﬁ' centt gjVe Exanpl e CG1

wi th saturated NaH

organic |l ayers were @ri

(free base, mxture%” |astereorrers) as a white solid ng, 53.49%.
LOMS: RT. = 2.36 m I@L{t es (Cond. 1); LC MS: Anal. Cal cd o CAOH58N806

[ MFI £ 747, 46; found 747.72; HAMS: Anal. Calcd. for C40H58 06 [ M+H] i
747.4558; found 747. 4587. 15Exarrp| es QG2 to QG5 Exanples QC-2 to
QC-5 were prepared as free base diasteronerie mxtures by substituting the
respective acids for Cap-51 and usibxgmpkeQ€al®e net hod descri bed for Exanple
QC-1. 20 Exanple 0 R Lse RT (LC-Cond); % honbgeneity index; M data QG2 0
HN,Ir O RT = 2.08 mnutes (Cond. 1); LG Ms: Anal. Calcd. for C36HSON806
[MHFI]" 691, 39; found 691.58; HRMS: Apnak, Calcd. for C36HSON806 [M 1-El]E
691. 3932; found 691.3965 WO 2010/ 117} CT/ US2010/ 028999 Example 0 R LL/

Br

To a solution of 4-iodophenyl ethanone (14.76 g, 60.0 mmol) in 150 mL of
dichloromethane was added bromine (9.5 g, 59.5 mmol) dropwise. The resulting
solution was stirred at room temperature overnight. The solvent was removed under
vacuum. The crude product was recrystallized with dichloromethane/hexanes to give

10 Example QC-13a (11.8 g, 60.5%) as a grey solid. "H NMR (500 MHz, CDCl;) & ppm
4.38 (s, 2 H) 7.68 (d, /=8.55 Hz, 2 H) 7.86 (d, J/=8.85 Hz, 2 H); LC/MS: Anal. Calcd.
for CgH, 'BrlO [M+H]" 325.86; found 325.11.

Example QC-13b

15 (Ebz 0
To a solution of (S)-1-(benzyloxycarbonyl)pyrrolidine-2-carboxylic acid (6.5
g, 26.1 mmol) in 150 mL of ethyl acetate was added triethylamine (4.0 ml., 28.7
mmol) and Example QC-13a (8.5 g, 26.1 mmol) at 0 °C. The resulting mixture was
stirred at room temperature overnight. The reaction mixture was filtered. The filtrate
20  was washed with saturated sodium bicarbonate aqueous solution, and brine. The
organic layer was dried with MgSO4 and concentrated. The crude product was

purified by a flash chromatography (silica gel, 10-40% ethyl acetate/hexanes) to give
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R (LC Cond
1); LO ME:

HRVS: AnaWoO 2CHV1ig@04f or C50H66N802 [ MrHr 811. 5387;

"0"-yé&ssts
C38H54N308
C381- 1541\ 1
m nut es (Co
779.26 Exa
5
10
15
20
25

); % honogeneity index; Ms data QC-3 0 RT = 2.10 m nutes (Cond.
Anal . Cal ed. for C50H661\ 1802 [ M+1-1]i 811.54; found 811.63;

[ MM+ 751. 41; found 751. 34; Anal . Cal cd. for

f ound PETAUSZUIRM28IT 4 O
HN10 O RT = 1.54 mnutes (Cond. 2); LC/MS: Anal. Calcd. for

;. HAMS:
doeprpingties p whity salidiEamnple §1(rd 3l 615, 318,285 430- SHAYRUOOMEZ= 1. 61

. LCILNB: . fyor, 8 79, 45;
R lob B A0l LSO L RO R DN 7R
3.58 (m, 1 H}3.59-3.71 (m, 1 H) 4.45 - 4.58 (m, 1 H) 5.04 - 5.50 (m, 4 H) 7.27 -
7.38 (m, 5 H) 7.53 (d, /=8.24 Hz, 1 H) 7.59 (d, /=8.24 Hz, 1 H) 7.85 (dd, J=8.39,
3.81 Hz, 2 H). LC/MS: Anal. Caled, for CpHy;INOs [M+H]" 494.05; found 494.32,

Example QC-13c¢
HN

St

A\

Cbz |

A solution of Example QC-13b (15.3 g, 31 mmol) and ammonium acetate
(18.0 g, 233 mmol) in 250 mL of xylene was stirred at 110 °C overnight. The
reaction mixture was washed with brine, dried with MgSO4 and concentrated. The
crude product was purified by flash chromatography (silica gel, 25%-65% ethyl
acetate/hexanes) to give the product as a yellow solid Example QC-13¢ (14.1 g,
96.1%). 'H NMR (300 MHz, CDCl3) & ppm 1.88 - 2.03 (m, 1 H) 2.08 - 2.33 (m, 2 H)
2.82-3.16(m, 1 H)3.33-3.67 (m, 2 H)4.87-5.31 (m, 3 H) 7.20 (s, 1 H) 7.27 - 7.41
(m, 5 H)7.42 - 7.73 (m, 4 H) 10.38/10.76 (s/s, 1 H). LC/MS: Anal. Calcd. for
Co1Ha1IN5O, [M+H]" 474.07; found 474.20.

Example QC-13d

Cbz 1

To a solution of Example QC-13¢ (7.6 g, 16.06 mmol) in 30 mL of
dimethylformamide was added sodium hydride (0.706 g, 17.66 mmol). The resulting
mixture was stirred at room temperature for 40 min. 2-(Trimethylsilyl)ethoxymethy!
chloride (2.84 ml, 16.06 mmol) was then added dropwise over 5 min. After stirred at
room temperature for 2 h, the reaction was quenched with water and extracted with
ethyl acetate. The combined organic layers were washed with brine, dried with

MgS0, and concentrated. The crude product was purified by a flash chromatography
- 178 -
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To a solution of Exanple QC-If (554 nmg, 062 mml) in 25 nL of nmethanol in a

hydr ogenation fl ask was added pal | adi um (10% on carbon) (125 ng) under

ni trogen. WORBLHIIZ®K was t hen m xed on the Parr Shaker aPCZESaQ1§i02898% ni ght .

After the 10 reaction was conplete, the mxture was filtered and t he

sol vent was renoved under vacuumto give Exang -6a. as a. colorless
1@t

gl assy di asf{shetagabrdsdo-al%taing acgas/ hetpnegiogyy QCaid (3. ml&%@ aSor

Solut on of ‘exalpl a1 eoRatedtie s a & hshilia) RISt R Rrs P et nane

was added 4Netdfzhined.) dHORARE SO ML, CTHEL;Y ®pptht-0.09- s%qtdt@ﬂemga@s,@hem $8irred
at room tenperature overnight. The sol vent was renoved under vacuum The

resi due was -@i%9det vdd) 1.87 ni A2 kel 1 Ao 3%6@ 1 H) 23dat’etd Ad-2hh- 408t hyl

Gi et hyl Bt ndw e s vl - SR TRl o a iR BT Ol e oo b
as a |light Ryoweisoding/0300HMM, H}M%@ 5L1@/(M53 }Miié/sﬁal ffomdre)d/E26HA1NG
[ MEH| f 437. 34; found 437.41. Exanpl 6 -6 was synt hesi zed as

o
free base fHohd.EX &I, 61th6§405§)45(21,61&&)0? & "5 3¢ gy HED P B diT®eSsS

(Gona - 1) WePwh7-Sal 17 Bar af. FbR Cabeangat ey WeBlast) BURESs 7o

LC/ VB: Anal soGalcd. for C36H54N806 [M+H| 695.4245; found 695.4275. 20

Exanples QC-7 and QC-8 Exanples QC-7 to QC-8 were prepared as free
base di d8tereonerie m xtures by substituting the respective acids for

Cap-52 using the sane nethod desut iEg(ed L{)&GZ%?Exarrpl e QCG6. - 173 - WO
2010/ 117704PCT/ US2010/ 028999 Exanpl ) (LG Cond); % honogeneity
i ndex; Ms data QC-7 O

To a solution of Example QC-1d (8.5 g, 23.13 mmol) in 150 mL of methanol
was added 9 mL of 4 M HCI in dioxane. After stirring at room temperature overnight,
15  the reaction solution was concentrated under vacuum to give a yellow oil. The yellow
oil was placed under vacuum overnight to give (S)-4-iodo-2-(pyrrolidin-2-yl)- 1-((2-
(trimethylsilyl) ethoxy)methyl)-1 H-imidazole HCI salt as a yellow solid.
To a mixture of (S)-2-(pyrrolidin-2-yl)-1-((2-(trimethylsilyl Jethoxy)methyl)-
1H-imidazole HCI salt (7.03 g, 23.13 mmol) in sodium hydroxide agqueous solution
20 {254 mL, 50.9 mmol) at 0 °C was added benzyl chloroformate (3.63 mL, 25.4 mmol)
and sodium hydroxide aqueous solution (2M, 12.72 mL, 25.4 mmol) dropwise at the
same time over 1 h. After stirring at 0 °C for 1 additional hour, the reaction mixture
was extracted with ethyl acetate. The combined organic layers was dried with MgSO4
and concentrated. The crude product was purified by a flash chromatography (silica
25 gel, 25%-65% ethyl acetate/hexanes) to give Example QC-13e (8.8 g, 21.9 mmol,
95%). 'H NMR (500 MHz, CDCls) § ppm -0.07/-0.03 (rotomers, s/s, 9 H) 0.69 - 0.97
(m, 2 H) 1.84 - 2.00 (m, 1 H) 2.05-2.50 (m, 3 H) 3.23 -3.38 (m, 1 H) 3.42 - 3.85 (m,
3 H) 4.52/4.87 (rotomers, d/d, /=11.29 Hz, 1 H)4.89 - 5.14 (m, 3 H) 5.13/5.85
{rotomers, d/d, /=10.99 Hz, 1 H) 6.70/6.87 (rotomers, s/s, 1 H) 6.94 - 6.99 (m, 1 H)
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HNyO-, O RT = 2.09 mnutes (Cond. 1); LG/ MS: Anal. Calcd. for C38H58N808
[MH 1] f 755.45; found 75533; HRVS: Anal. Calcd. for C38H58N808 [ 1V1+H1+
755. 4456;WOa0Wil17®8. 4488 QC-8 -0 HN,,7 O RT = 1. 64 m nuP€I/(SSUHH28939 ;
LG/ MsS: Anal. Calcd. for C401462N808 [M+H] 1 783.48; found 783.29; HRVE:

Anal . Cal cd. for_ CAQOH62N808 [M=1114 783.4769; found 783.4807 Exanple QC9
5Exanpl e QCOGR - 7-05 (m, 1 Hiy#fp| e3¢ vk Mpninals L2ked: 08 Caltddt:ef eoneri e

m xture fro 4- r W ) cycl ohexanone according to the procedure
described for t 642%/‘.%?;@?5%'}&2 0 AExarrpI e QC-la.NWR (500 MHz, CDC13) 8 ppm

1.89- 1.99 (m 1 H 2.04 - 102.12 (m 1 H 2.25 - 2.61 (m 4 H 2.85 -2.95
(m 1H 583-587(m 1H 7.20 - 7.24 (m.2H 7.26 - 7.31 (m 2 H).
LG/ MB: Anal . Calcd. for [MrHL+ G 4Hropels 952131453 99: found (nol ecul e did
not ionize well in mass spec chanber)gpfxanple QC-9b 15 0, d - 174 -
Exampl e QC-9b was synthesized as a diastgreonerie m xture from Exanple
QC-9a according to the procedure dg¢s ib\@\or the synthesis of Exanple

QC-Ib. "I N N~ Br
5 é)bz
To a solution of Example QC-13e (8.8 g, 21.91 mmol) in 100 mL of

acetonitrile at 0 °C was added NBS (3.90 g, 21.91 mmol) in 60 mL of acetonitrile
dropwise over 10 min. After stirring at 0 °C for 2 h, the solvent was removed under
vacuum. The residue was dissolved in dichloromethane and washed with water. The

10 organic layer was dried with MgSO; and concentrated. The crude product was
purified by a flash chromatography (silica gel, 20%-30% ethyl acetate/hexanes) to
give Example QC-13f (7.5 g, 15.61 mmol, 71.2%)as a yellow oil. "H NMR (500
MHz, Chloroform-D) & ppm -0.06/-0.02 (rotomers, s/s, @ H) 0.67 - 1.00 {m, 2 H) 1.85
-1.99(m, I H)2.03-2.16 (m, T H) 2.16 -2.43 (m, 2 H) 3.36 (t, /=8.24 Hz, 1 H) 3.48

15 -3.79(m,3 H) 4.68/4.82 (rotomers, d/d, J=11.60 Hz, 1 H) 4.85 - 5..15 (m, 3 H)
5.27/5.81 (rotomers, d/d, /=11.29 Hz, 1 H) 6.93/6.94 (s/s, 1 H) 6.95-7.02 (m, 1 H)
7.25 - 7.36 (m, 4 H). LC/MS: Anal. Calcd. for C21H3079BrN303Si IM]" 479.12; found
479.26.

20 Example QC-13g
SEM

N
(4]
N N 7
é)bz N‘Boc

To a mixture of Example QC-13f(4.08 g, 8.49 mmol), fert-butyl 4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-y1) -5,6-dihydropyridine- 1 (2H)- carboxylate (2.63 g,
8.49 mmol), and sodium bicarbonate (2.140 g, 25.5 mmol) in DME (180 ml} and
25  water (60.0 ml) was added Tetrakis(triphenylphosphine)palladium (0) (0.491 g, 0.425

mmol). The resulting mixture was stirred at 85 °C overnight. The solvent was
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NVR (500 MHz, CDC13) 6 ppm1.27 (s, 12 H 1.32 (s, 12 H 1.62- 1.75 (m 1
H 1.88- 1.98 (m 1 H) 2.14 - 2.46 (m 4 H 2.73 - 2.85 (m 1 H 6.60 -
6.67 (m We3005115M¢, 1 H) 7.22 (d, J=8.24 Hz, 2 H) 7.74PCH/USILPOZIIMHz, 2
H. LC M Anal. Calcd. for CZ4H368204 410 28 found (nol ecule did

not ionize well in mass spec_chanber). Exanpl e QC-9c
was synt hesir&@BeVessinger yaguyay g@ﬁ@ﬁ‘ﬂ@uﬁﬂmﬁi%eewﬁ%&@ﬁé%ih@% 1.e and Exanpl e

& 17 rorm (uBhekPobBRIBREC A ELERER) DRG] Wi Pl BiERG Sl WAL €
(s, 9 1:1) MZ( aﬁnd cﬁml:‘éb)raﬂed? Zhe cidePrédunt wadphlficd. bi3 Aash. cﬂﬁmﬁdﬂ@gﬂpﬂj) 3. 29-

3.81 15(m 8 1) 5 (m 2 5.06 - 5.23 (m 2 31 - 5.43 (m
15. 76 -(5 9(§Slk1ﬁa, gei ?ﬁ)" véo%ee‘ihﬁ(é aeqfaf@f%)exaﬂq% tO@WE?(%?‘,(IPISQ@'IngS@OS g5 H) (7 22

1 ke BT SaeutPon Tl B g o ke gl o o0 for

QC-9d was S)(ﬂitdslﬁ&ls,zfﬁﬂ ﬁmmfxaﬂpl(m m)Q%SaE@@(ﬂm@erﬁ G/st henargscenod @n,
descri bed for the synthesis of MS: Anal. Calcd. for
C26H33N6 [ 1'LHEn2.9F+ @@émzéﬂ)f?e%%dZ ggéma?iH)é%O 3187(?5(m 6%&51%(%2@@

Examle QO 9 ERaPINNEIL 100 AT 3okier ase df peLerenTeis B HLULRL O

Exanpl e QC-9 accfor I'ng e procedure cribed
synt hesi s ofd/@sI&HTODBH%}I 1) 437 (VB HiXE.57/27&Qottnibd, €8, (Hgmdn (H)JWSL@H@ Anal .

Calcd. for 5 CAOH54N806 [ MtHr 743.42; found 743. 31 Exa QC-10 to QG- 12
Exanpl ed0Qc-111d) 7.49 Q@ﬁf AmpdrtD). pEAYST AgrlaSaled efor Ea%vhﬂq%& BYIéHHre?r83c33

10m xt ures t% t¢5t uting the respective acids for Cap-51 using the sane
nmet hod descri "Exanple QC-9. Exanple 0 0J>.)-

Example QC-13h

15 To a solution Example QC-13g (3.8g, 6.52 mmol) in 40 ml. of methanol was
added HCI (4N in dioxane, 10 ml, 40.00 mmol). The solution was stirred at room
temperature overnight. The solvent was removed under vacuum, To the residue was
added saturated sodium bicarbonate. The mixture was extracted with ethyl acetate.
The combined organic layers were washed with brine, dried with MgSO4 and

20 concentrated. The crude product was purified by flash chromatography (silica gel, 5%
methanol/dichloromethane) to give Example QC-13h (1.90 g, 3.94 mmol, 60.4%) as a
yellow solid. 'H NMR {500 MHz, Chloroform-D) & ppm -0.06/-0.02 (rotomers, s/s, 9
H) 0.69 - 1.05 (m, 2 H) 1.78 - 2.00 (m, 1 H) 2.01 - 2.52 (m, 3 H) 2.63 (s, 2 H) 3.23 -
3.76 (m, 6 H) 3.81 (5,2 H)4.45 - 5.87 (m, S H) 6.28 (s, 1 H) 6.65/6.84 (rotomers, s/s,

25  1H)6.93-7.09 (m, I H)7.17 - 7.42 (m, 4 H). LC/MS: Anal. Calcd. for
Ca6H39N40;8i [M+H]" 483.28; found 483.55.
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RT (LC-Cond); % honobgeneity index; M5 data QC-10 RT = 1.94 m nutes (Cond.
7); LG Ms: Ard. Cala for C361-146N806 [M+H]t 687.36; found 687.13. QC-11 O
. 9% - 0- ThAXOI20 IN1070RT = 1.98 minutes (Cond. 1); LC MsS: AREI/USGHOS28999 or
C38HSONBO8 [MtH] 1 747.38; found 747.46. QC-12 0 HN,r, O RT = 2.09 m nutes
(Cond. 1); LG M Anal. Calcd. for gg? 08 [ MtHI - 775.41; found 775. 33.
Exanpl e QC-13 Exanpl e QC-13a 50 To BaawleRioltior 4- |odophenyl et hanone
(14.76 g, 60.0 nmol) in 15Q-pL of dichl oromet hane vv%%Madded brom ne (9.5 g,
59.5 mol ) dropw se, The resurﬂx g tigh MTred at roomtenperature
overni ght. The solvent wa.s r er\\v uu = he crude product was
recrystallized, with. dic hane/ hexanes to gi 0 . Exanple QC 13a
(11.8 g, 60.5% as a grey Nid. 1H NWMR (500 M—Iz ) 6 ppm 438 (s, 2 H)
7.68 (d, J=8.55 Hz, 2 H) 7.86 (%, J=8.85 Hz, 2 1% L MS: Anal. Caied. for

CB11771Br 1 O [ M. -y A28 A6 ¢ by 33501l s, 2§)§%ﬁ9 heeneb a7 g,

3.52 mmol), copper(l) iodide (0.134 g, 0.704 mmol), L-proline (0.162 g, 1.409 mmol}
5  and potassium carbonate (0.973 g, 7.04 mmol) in DMSO (30 m}) was bubbled with

nitrogen for 10 min. The mixture was then stirred at 90 °C overnight. Water was

added into the reaction. The mixture was extracted with ethyl acetate. The combined
organic layers were washed with brine, dried with MgSQ4 and concentrated. The
crude product was purified by flash chromatography (silica gel, 10%-40% ethyl

10 acetate/hexanes then 40%-75% ethyl acetate/hexanes) to give Example QC-13i (1.30
g, 38.6%) as a yellow oil. [Note: the exact SEM-regiochemical make up of the
product was not determined.] 'H NMR (300 MHz, CDCl3) 6 ppm -0.19 - 0.10 (m, 18
H) 0.65 - 1.06 (m, 4 H) 1.69 - 2.01 (m, 2 H) 2.07 - 2.75 (m, 8 H) 3.22 - 3.99 (m, 12 H)
4.60 (t, /=10.61 Hz, 1 H) 4.77 - 5.29 (m, 9 H) 5.72 (d, /=10.61 Hz, 0.5 H) 5.80 - 5.97

15 (m, 1 H)6.06(s, 0.5H)6.84-7.11(m,5H) 7.17 - 7.24 (m, 2 H) 7.26 - 7.39 (m, 6 H)
7.62 -7.73 (m, 2 H); LC (Cond. 1): RT = 3.28 min; LC/MS: Anal. Calcd. for
Cs3H7N7O4S1, [M+H]" 958.51; found 958.84.

Example QC-13;
HN- \\/ <:> ND“(\NH
l A

A mixture of Example QC-13i (600 mg, 0.626 mmol) and palladium on

20

carbon (666 mg, 0.626 mmol) in methanol (10 ml) and ethyl acetate (10.00 mL)in a
hydrogenation flask and was placed under hydrogen (50 atm.) for 16 h. The catalyst
was filtered. To the filtrate was added 6 mL of 4 N HCI in 1,4-dioxane, and the

25  resulting solution was stirred at room temperature overnight. The solvent was
removed under vacuum. The residue was triturated with diethyl ether. The resulting

solid was collected by filtration and washed with diethyl ether to give the HCI salt of
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To a solution of (S)-1-(benzyl oxycarbonyl)pyn-olidine-2-carboxylic acid

(6.5 g, 26.1 nmmmol) in 150 nL of ethyl acetate was added triethylamne (4.0
m.., 28 WORBI11EaWd Exanpl e QC-13a (8.5 g, 26.1 nmmol) aPCl/US2019/28%%sul ti ng
m xture was stirred at roomtenperature overnight. The reaction m xture was

filt d T f t th t.e b t
hqueous. sol SrrBhle Ok nate TR g it SR L BT FRg e and
concent r at ethmIOED i PrOduass was purifiediby @H)'z@a@h;CJMGHBéHQQ%QhY
(silica gel, 10-40% ethyl acetat efhexanes) to give

2010/ 117704P@'9/6lﬂ$€2@if®l3)%99§21(1MG3 b dchigetS. 8 (na, WH) 6@3157010 @/sEXEypRe - QC- 13b

(m 1 Fy o 339 mish lCostip RTED 6T b oMY Anely Gt Br Gl 1 1y 7

445 4 gmn%ﬂi”kfﬁz@%und@ﬁﬁ)(m 4 H 7.27-7.38 (m 5H 7.53 (d,
J824HZ (d J=8.24 Hz, 1 H 7.85 (cid, J=8.39, 53.81 Hz, 2 H).

LC V. Anal Cal cd. for C21f1211N05 [ MtHr 494.05; found 494.32. A soI ution
of Exanple QC13b (15.3 g, 31 mmmol)_and a%@; um acetate 10(18.0 g, 233
mmol) in 250 nL of xylene was stirred™§ye overni ght. The reaction

m xture was washegaboldGOriNgas dhitedz b MK A0E. OBEECLS 3! athordihe O ude
product was purlflefgfpbe;pf ashascgﬁona%ography%@(?ca /e 65%ret§y

acet at e/ hexamﬁs)prdmdgne\ﬁbsctrﬁwdﬁmﬂﬁusﬁnt}mzsaofﬁedahm% QGI—II dv1ﬁ>¢hem;tcepﬁg® h3c (14.1

g, 96.1% . 1H 30 CDC13) .8 1.88 2.0 2.33 (m
3 12) 148, sl s matersl weorot bR ERRIe AL S % 1 720
(s, 1 H 7.2Fx sidichis: R 199 nilg Cf? dr M 1182138/ :

LO VB Anal - Caled-for: co11121 1RBd5° wﬂrﬁ%ﬁo‘gga]‘lgin%fg{% B %S?

QC- 13d SEM M&P@bi%% found 7#0%A sol uti on of Exanple QC-13c (7.6 g, 16 06
mmol) in 30 nL of dinethylformm de was added sodi um hydride (0.706 g,
17.66 mmol). The resulting mxture was stirred at roomtenperature for 40
mn. 2-(Trinethylsilyeethoxynet I 16. 06 mmol ) was then
added dropwi se over 5 mm After}zl’q%él |pr4r§e g'G\aﬁlé%%)omterrperature for 2 h, the

reacti on was quenched wth/water and extracted W|th yl acetate. The
conbi ned organic | ayers e vvashed vmth bri ne, r| ith MgSOH4 and
concentrated. The crude pr¢du / % chr omat ogr aphy -
178 - (silica gel, 25% Stuw /ac e/ exgne R Example QC-13d
(8.5 g, 188% as an yellow o [ Note: the exact SEMre i ocherni cal make up

of the_produot i Rcsd5¢ 957} e DUR 5804 hrr KRSy SoBR a2 - O-05

(rotoners,
respectlve acids for Cap-51 using the same method described for Example QC-13.

Example O RT (LC-Cond); % homogeneity index; MS data
R)J\f
QC-14 0 RT = 1.64 minutes (Cond. I); LC/MS: Anal.
\o/\)\; Caled. for C37Hs,NoOg [M+H]" 750.39; found
750.92;
O
QC-15 0 RT =1.93 minutes (Cond. 1); LC/MS: Anal.
Mf Calcd. for CqyHeoNoOs [M-+H]" 774.47; found
MO | 7746
O
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-0.99 (m 2 H 1.87 - 2.02 (m 1 H 2.09 - 2.34 (m 2 H 2.34 - 2.48/
2.50- 2.68 5(rotonmers, mMmm 1 H 3.26 - 3.44 (m 1 H 3.45 - 3.84 (m 3 H)
4.59/ 4. 85W0n20t001#104, did, J=11.29 Hz/12.21 Hz, 1 H) 4. 88CI/U52018/02§99 3 H)
5.16/5.90 (rotoners, J=10.99 Hz/10.99 Hz, 1 H 6.94 - 7.04 (m 1 H) 7.13
m 2 H). Anal. Calcd. for

-7.37 (m 5 H 7.50 (d, Hz, 2 :%@7.61 - 7.71

C27H351N303Si [ MrH 604. 15; f ouerane Q4416 asl @albol e QG- 13e SEM NN Chbz
To a solution of Exanple QC-1d (8.5 g, 23.13 mmmol) in 150 ni L of nethanol
was added 9 nL of 4 M HO /nwdi oxane. After stirring gr&?oomterrperature

overni ght, 15the reactjon ut |,on wa ent r ajed er \vacuumto give a
yellow oil. The yell oi i wag™ ¢d Wnde ] uhﬁgw&to gi ve
(S)-4-iodo-2- (pyri gl i DHWLY. 1% t Ayek-8iH 0

et hoxy) met hyl ) - 1H i N-€HdiFol € HO salt as a yellow solid. HN~To a mxture

of (S)-2-(pyrrolidigy2-y1)-14(2-(trimethylsilyeethoxy)nethyly- 1Himdazole
HC1 salt (7.03 g, 23\3 mml) in sodi um hydroxi de aqueous sdélution 20 (25.4
m., 50.9 nmol) at 0 C was added benzyl chlorofoiniate (3.63 nm., 25.4 ninol)
and sodi um hydr oxi de aqueous solution (2M 12.72 nL, 25 4 nmmol) dropw se at
the sane tine over 1 h. After stirring at g C for 1 additional hour, the
reaction m xture was extracted vm'tlgxé’é“ﬁ%Q cddfate. The conbined or gani c

|l ayers was dried with MySajgpand concentrated. The cryggdg product was
purified by a flash chromat ogNaphy i ca 25gel /6% 65% et hyl

acet at e/ hexanes) to give Exa ﬁo (3 9 mmol, 95% . 1H NMR
(500 MHz, CDC13) 8 ppm -0 -0.03 (rotoners, ) Ili) 0.69 - 0.97 (m 2
H 1.84- 2.00 (m 1 H 2. N2.50 (m 3 H 3.23 - 3.8 m 1 H) 3.42 - 3.85
(m 3 H)54.52/4.87 (rotomers, Bgbd, J-11.29 Hz, 1H9°4.89 - 5.14 (m 3 H)

5.13/5.85 (rotoners 7 6 87 ( s, 1 Fl)
6.94 - 6.99 (r nfmff iﬁoq{ltg%%{éﬁ@%geg@%“o@%g’ P‘Z"S\%‘&?Bﬁ%lp %ggﬁf‘?fr}??ﬁ‘ﬁ H) .

1., 0 MS: Anakas dGaéealfadtinCRl0Ys 3 ¢NBOBIN 0¢ Mihhidded @Rraldn. TaefdskRZs 1B

Exanpl e QG- 13f SEM 5Cbz To a_ sol ution of Exanple QC-13e (8.8 g, 21.91

mmol ) in 100ageumed andelushed withéldpr Dtimenad agbriae Keguped 9gaig, the migwremp| )
in 60 nL of acetanitri.l i Qv 0, m t irrd Cfor 2
h, the sol ve%efS%v‘darso e%a&%‘\f;glgdegﬁﬁgg?ﬁ%%c%# éé& Feéged%éd\a%svu icg %g?e\t/t%ghc? n

di chl or aet haiera s shadnwidsolahthas Rt vEQ ubdgantunh aygie Prgmplei ed wi th
MySH4 and concentrated. The crude product was purified by a flas

chr omat ogr apB§-10siab h geeagesolidxbagiIommeihipixtaget QB HéX aTn?eg@ miriey (¢ernéxanpl e

&l or of or m o K AGoB g BeCrt BRRARIMEtg sty sEEMSIRRE (T ™ 1y

1.85 - 1.99 (in, 1 1-1) 2.03 -2.16 (in, 111) 2.16 - 2.43 (in, 2 FI') 3.36
(t, J=8.24 Hz, 1 11)3.48
Example QC-16b

C‘){“N N”J\.\\\
NH HN\>

15
Example QC-16b was synthesized as a diastereomeic mixture from Example
QC-16a according to the procedure described for the synthesis of Example QC-l1g.
LC/MS: RT = 1.53 minutes and 1.64 minutes (Cond. I); 1.C/MS: Anal. Calcd. for
CacHisN [MAH]' 431.29; found 431.25 and 431.26.
20

Example QC-16 and QC-17
Example QC-16 and QC-17 were synthesized as free bases from Example QC-
13b and Cap-51 according to the procedure described for the synthesis of Example
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15- 3.79 (m 3 H 4.68/4.82 (rotoners, did, .1-11.60 Hz, 1 H 4.85 - 5.15
(In, 3 H 5.27/5.81 (rotorners, did, J=11.29 Hz, 1 IT) 6.93/6.94 (s/s, 1

I T) 6.95WOR200211{WW4 1 H) 7.25 - 7.36 (m 4Fl). LC Ms: AREI/USGHOH28999 or
C21.113079BrN303Si [M 479.12; found 479. 26. 20Exarrp| e QC13g SE NA, 0-4
Chz To a m xture of Exarrpl -13f (4.08 g, 8.49 mml ), tert-butyl
444, 4,5, 5- (- arfbe kpde resdiur-whis ébymﬂ@ewbysaﬁl’mdl hydr opyri di ne- 1(2H)-

ol - ovEpsRE e BeiBe L g?‘?fgt"% R IEa8 o (o 108625
Tetrakis(tr ”HW (Bb@mlt 159188l bad) sy 09563 ﬁ&hm), 04425 0maphBi), The

resulting mxture was stirred at overm he sol vent was - 180 -
renoved und@4Ova6H (m ovEep a\qi}vdeQﬁQ‘kYﬁm eeaké@ bEXxBdadmedverleptvigoyster

W L1 NpSos ARUOCOREL P S0 T e Ay P B Ul 0Pl By CE0f ash

chr onat ogr alqhm((al 1111}341 %'(br, 25%3 E@?Mst RY - 99@&@&%%% Ltevsgi XgalExanpl e
QC-13g (3.8 g, 6. as a yellow oil. (500 MHz, CDC13)

8 ppm - 0. OGIGmmﬂor(GMﬁh%@S [Mﬁ"Hé 7‘@ My fQmeg45.30; Q- (71‘1 HZNM)R ®0a5Hz7

(m 51 5 WS@%&”@@%% 709 6% 20, Dhontef e Al T PR altb B g °

J=11. 29 Hz, / 99 Hz,
1 H) .5 (s S’ﬁn‘l)v@éag) }V%h%dégos?gﬁg?%eﬁk)lé 13- 865 F&Iﬁoéw%ﬁﬁﬁ $vs1thq{rader pleall)o 2 101

1910 7.0% ((sntﬁH)fl 3HR, (m,@&w 04fra) 2H)CAI03 dim, TZHD, szMﬂiNﬁHESﬂ 2[5WHr

) .
5E§§n§f’e oo 18y [5onghr. BFERECRaSord i e HERGF: Ao cledot1cr”

(4N in di oxgney WOE M%"ﬁﬁ ngqmr)dm'g@q solution was stirred at room
e

tenperature overni g sol vent was renoved under vacuum To the residue
was added saturated sodi um bi carbonate. The m xture was extracted with

et hyl acetate. The conbi ned organic | ayers re washed with brine, dried
with MySO4 and 20 concentrated. The EFRe Prdduct was purified by flash
chronat ography (silica ge}, 5% nmethanol/dichloronmethane) to give Exanple
QC-13h (1.90 g, 3.94 moP, 60.4% as a yellow solid. LH NVMR (500 MHz,

Chl oroformD) 8 ppm 0. Oéw'&d) 02 (rotoners, sls, ) 1.05 (m 2 H)
1.78 - 200(m 1 H 2HR - 02 52 (m H) 3 - 3323 - 3.76 (in, 6
H 3.81 (s, 2 445\-6“\ ""t"'} 3 ~84 (rotoners,
s/s, 251 H 6.93 -7.09 (m {. Anal . Cal cd.
for

15

Example M-1a

G
(O
—0

A dichloromethane (13 mL) solution of bromine (2.25 g, 14.1 mmol) was
20 added drop-wise over 10 min to a heterogeneous refluxing mixture of 4-
(methoxycarbonyl)bicycle {2.2.2]octane-1-carboxylic acid (2.02 g, 9.52 mmol) and
mercuric oxide (3.5 g, 16.16 mmol) in dichloromethane (40 mL), and heating was
continued for 3.3 h. After the reaction mixture was allowed to cool to room
temperature, it was filtered and the resulting light orange filtrate was treated with
25  MgSO, and filtered again. The volatile component of the filtrate was removed in

vacuo, and the resulting residue was purified with a BIOTAGE® (5-10% ethyl
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C26H39N403Si [ M+H] + 483. 28; found 483.55. Exanple QC-13i SEM N e NN, Cbz
A mxture of Exanple QC-13d (3.19 g, 5.28 mmol), Exanple QC-13h (1.7 g,

3. 52 mMmolWO 208pi3é10¢1 ) i odide (0.134 g, 0.704 nmol), L-pPEMiUS2010028P689 ¢,
1.409 mmol ) 5 and pot assi um carbonate (0.973 g, 7.04 mmol) in HVSO (30 m)
was bubbled with nitrogen for 10 mn. The m xture was then stirred at 90 C
over ni ght . ‘dédtate/hesmes)ddedfoidhExanpie M-éaeas & omhite Fhial .3t & MR @XviSaet ed

with ethyl acetate,. T i i.C er r hed w th,brine,
dried with %&aﬁﬁﬁd@mﬂﬁﬁf gd%%&%ﬁ@@p@ﬂﬁﬁ“&gﬁ“ﬁu@ﬂi by flash
chr omat ogr a hnfEa -1 0% A) . 0% 75%
ethyl acet a?g%{’ﬁ%??in%g) 1?? ?f%?%%m%%?&?%%ﬁga zﬁggsg% ng'og’ yel | ow
oi | . [ Note: fouel &Gt SEM regi ochem cal nmake up of the product was not
determ n?d.] 111 NWMR (300 MHz, CDC13) 6 ppm-0.19 - 0.10 (in, 18 10 0.65 -
1.06 (m“4 H 1.69- 2.01 (m 2 H 2.07- 2.75 (m 8 H 3.22- 3.99 (m 12 I1)
4.60 (t, J=10.61 Hz, 1 11) 4.77 - 5}%@1',_\&)@ 9pH) 5.72 (d, "J-10.61 Hz, 0.5
H 5.80- 5.97 15(m 1 H) 6,06 (s, O. é\.{84- 7.11 (in, 5 H 7.17 - 7.24
(m 2H 7.26 - 7.39 (m 6 1-1) 7.6 7 211); LC (Cond. 1): RT -
3.28 mn; LCMS: Anal. Calcd. for C¢ [IVI+H i 958.51; fbund
958. 84. Exanple QC-13] 20 —A& m Xt Exanpl e QC-13i (600 nyg,
0.626 mml ) and pal | adi um on carbon (666 mmlé i n net hanol (10

, 0.626
m) and ethyl acetbtraepa@Sonlnofution of Hap b (3ol 89 43R anaol\ags pl aced

under hydro Q atm) for,16 It,Jhe I N .1.J0. e
filtrate mgﬁgﬁf@r&p—é&aﬁq}o& Coz?lelgG(HC 2 i@ T%gérgi%%annz\éﬁgg?g 1{1@;&% rl%ﬂslﬁlil{ﬁl ng

sol uti onowasristibhide®. &t o, 0B IRET Bl MIre ThédHetdrgfineoubNBixBiat WaB ktimesfor enoved
under vacuum The residue was triturated with diethyl ether. The resulting

solid was cdl i ebiledldyingitha sapling hathrid thassgradnalivitq ~di'et ang thet thecoelinggi ve t he

HO salt of v 8% femoved and stirring was continued for ~14 h. The reaction mixture was

then heated for ~4 hr, and after the mixture was allowed to cool to ambient condition
and most of the volatile component was removed irn vacuo. The residue was taken up

15  dichloromethane (100 mL), poured into 150 mL of ice-water, and the phases were
separated. The agueous phase was washed with dichloromethane (50 mL), and the
combined organic phase was washed with saturated sodium bicarbonate, dried
(MgSO4) and evaporated in vacuo. A silica gel mesh was prepared from the resulting
crude material and submitted to flash chromatography (3-4.5% ethyl acetate/hexanes)

20 to afford Example M-1b as an off-white solid (2.739 g). 'H NMR (DMSO-dg, 6 =
2.50, 400 MHz): 7.34-7.26 (m, 4H), 7.18-7.13 (m, 1H), 3.59 (s, 3H), 1.86-1.76 {m,
12H). LC (Cond. 2): RT = 2.04 min. LC/MS: Anal. Caled. for [M+H]" CisH,0::
245.15, found 245.24.

25 Example M-1c

0]
>———< S>—< >—Br
—0

A chloroform (16 mL) solution of bromine (2.07 g, 12.95 mmol) was added
drop-wise, via an addition funnel, over 13 min to a vigorously stirred mixture of

Example M-1b (3.01 g, 12.33 mmol) and silver trifluoroacetate (3.15 g, 14.26 mmol)
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Exanmple QC-13] (232 ny, 86% as a brown oil-like solid. 1H NWVR (500 Mz,
DVSO-D6) &pm 1,79 - 2.05 (m 6 H) 2.12- 2.23 (in, 2 H 2.29 - 2.48 (n, 8
H 2.80 -wWO2810(11y702 H) 3.29 - 3.52 (m 3 H) 4.96 - 5. 10PCHUS2018028993/ 7. 10
(s/s, 2H) 7.20 - 7.49 (m 4 H); LC (Cond. 2): RT = 0.69 mn; LCMS: Anal.
Cal cd. for C25H34N7 5[ M+11l] + 432.29; found 432.30. Exanple QC- 13

Exanpl e QC- i}ScMa@f@WQ%eBLke@fténsdnﬁr@(@mﬁénﬂ?{:thﬂpreeipﬁat@awﬁlteEdwddi ng to

t he proced df th th f Exanpl - ith th
e N LR R
Example QC %ﬁldé@l%&té}l?él ‘Wa@%ﬁnﬂ@‘d WA f88h Ehroﬁlgd%@phﬁ-(sample Qas Wied £ndical) |
LC Ms: Anal. Calcd 9F156N906 [ MHH117 found 746.97. Exanpl es

QCl 14 gnd qbgenﬁiesh 4- 6% ethEkmwmt@(hemd) teafford@3atplawl- ke prephitesbisld 3 HHA
t t - [
So D B AR S B U e T R T

dex; 4 LEAME | .
Calod. for CHIESBOA T H"%?{ 19555, b T TEOHLER (e bl LOME sfnal

=1. 93 i nut eal{dCemdMALT Chgﬁiwogmax 06,Balnot32 ¥, 1. 0411 160N906 [ M+H] t
774.47, found 774.76; - 183 -

Example M-1d

0
}m{ S;F—< >—Br
Ci

Butyl lithium (1.6 M/hexanes) (19.5 mlL, 31.2 mmol) was added drop-wise

10

over 15 min to a cooled (ice-water) tetrahydrofuran (10 mL} solution of i-Pr,NH (4.5
mlL, 31.6 mmol) and stirred for 25 min. The resultant LDA solution was added drop-
wise over 15 min to a cooled (-78 °C) tetrahydrofuran (30 mL) solution of Example

15  M-1c(2.48g, 7.68 mmol) and chloroiodomethane (5.57 g, 31.6 mmol}, and stirred for
130 min. A tetrahydrofuran (30 mL) solution of acetic acid (12 mL) was added drop-
wise over 10 min to the above reaction mixture, and 20 min later the cooling bath was
removed and stirring was continued for 30 min. Then the volatile component was
removed in vacuo, and the residue was taken up in ethyl acetate (100 mL) and washed

20 with saturated sodium bicarbonate solution (20 ml, 4x) and sodium thiosulfate
solution (3.3 g in 30 mL water), dried (MgSQ,) and evaporated in vacuo. A silica gel
mesh was prepared from the resulting crude material and submitted to flash
chromatography (30-50% dichloromethane/hexanes) to afford Example M-1d as an
off-white solid (2.02 g). "H NMR (DMSO-dg, & = 2,50, 400 MHz): 7.46 (d, J = 8.6,

25 2H),7.29(d, J=8.6,2H), 4.78 (s, 2H), 1.82-1.76 (m, 12H). HRMS: Anal. Calcd. for
[M] Ci¢H1BrClIO: 340.0230, found 340.0234.
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WO 2010/ 117704PCT/ US2010/ 028999 Exanple QC-16 and QC47 Exanple QC 16a

To a solution of Exanple QC-9c (260 ng, 0 3 nmmol) in 10 nL of nethanol was
added palwaapwmiymd% on carbon) (100 ng) under nitrogenPCTAS291082899Nas t hen
vacuuned, and flushed. with N2 for 3 tinmes, After being vacuuned again, the
m xture was hydrogenated under 112 'ball oon overnight. After the reaction
was conplete, the 10 mi xture was fi Fk&ppld Mg the sol vent was renoved under
vacuumto give Exanple QC- 16a as 3, gr eas solid diasterconmerie m xture.
LC/MS: RT = 3.28 nminutes (Cond. . : . Cal cd. for CA8H37N606312
[WIt 891.56: found 891.64. ExapL e & 185\ N/ N NHHN Exanpl e
QC- 16b was synthesized as a diastereoneic mixture from Exanpl e QG 16a
according to the procedure desdi%ed for the synt hesi s of Exanple QC 1g.

LOMs: RT = 1.53 mionutes. and 1.64 mnutes nd. 1);.LC M. Anal. Calcd.
for C26H35NG [N&ﬁq%omab@%@@?d’f%??étneﬁ?sﬂﬁgﬁ éggf%‘iﬁé@ PRIESHIPAO®EE 16 and

QC- 17 r gh\s,g; i f es from
Exanpl e QG gﬁ‘%ﬁg’%&éﬁ‘oﬁ}g% F%%dtp%t?ﬁe pr%%%gﬁfégs gg“ggéﬁgggafor t he

synt hesi § ofExknahgiViel d QD11g, 2 Etenmblidand ths helemgaaup mtikfureedadyonicatedrfse phase
HPLC (Acetonitrile/Water/ Nl 1 40Ac) tq .give two diastereerners QC 16 and
QC-17. QC- 16:feywminuichpnd Bep stiged atmlm?n%ﬂe}bﬁdﬂrcﬂ% §= 6‘%%@3(0&911 pyxjre

3185 a5 (i SR e i By 8 A MR e BERLhes )
(m 2H), 5. @3agarate® H) vacho OUhd refBltibmerdklsolid dva® Bastrrelit a 350 n0lbplebsure 1 H) ;

LOMs: RT = 2.20 mnutes (Cond. 1); LCMS: Anal. Calcd. for CA0H561\ 1806
[ MeH] 745, 4dubseopdning ethanolddd pyk), vefeRiA? mbdandwgncentiisd g} (265 B

0. 75-0. - 1. ' 4 2. 65
(in overPap Wi T Tsts 2P0 by Ao b ol B kel el
peak) , 103. &3mpBner ) vaddo G8otdRI ElnpleVOre 45 lightlyelld §3id (N078Hg), wific 0- 7. 70

6H), 11.25 (d, 1H), 11.68 (br, 1 . LOMS: RT = 2.20 m t Cond.
PO e e ibu et gien b RE o aL F TYE UNMSCoand 50,390 Exanpl ¢

M1 MHz): 8.01 (brs, ~3H), 7.48 (d, J = 8.6, 2H), 7.30 (d, J = 8.6, 2H), 4.06 (s, 2H), 1.80
(app s, 12H). LC (Cond. 2): RT = 1.58 min. LC/MS: Anal, Caled. for [M+H]"
15 CigHpBeNO: 322.08, found 322.21.

Example M-1f

Boc
‘/\NMO O>—< S >—< >—Br
= HN
i-Pr,EIN (1.02 mL, 2.5 mimol) was added drop-wise over a few minutes to a
20 mixture of Example M-le (0.84 g, 2.35 mmol}, Boc-L-Proline (0.657 g, 3.05 mmol)
and HATU (1.07 g, 2.82 mmol) in dimethylformamide (15 mL), and the reaction
mixture was stirred for 50 min. The volatile component was removed in vacuo, and
the residue was taken up in dichloromethane (80 mL) and washed with water (25 mL,
2x) and saturated sodium bicarbonate (25 mL, 2x). The organic layer was dried
25 (MgSOy) and evaporated in vacuo. The resultant crude material was submitted to a
BIOTAGE® purification (100 g silica gel; 40-70% ethyl acetate/hexanes) to afford
Example M-1f as a white dense solid (938 mg); a slightly impure sample of Example
M-1f was also retrieved (118 mg). 'H NMR (DMSO-ds, § = 2.50, 400 MHz): 7.92-
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15 Exanple Mla 0 A dichloronmethane (13 nlL) solution of bromne (2.25 g,
14 1 innmol) was 20added drop-w se over 10 min to a heterogeneous refl uxing
m xt ure OVO2010WEWHoxycar bonyl ) bi cycl e [ 2. 2. 21oct ane- 1- CETRBGRYA0I028%8L | d
(2.02 g, 9.52 mmol) and mercuric oxide (3.5 g, 16 16 nmmol) in

di chl oronet hane (40 nlL), and heating was continued for 3.3 h. After the
reaction m Xt8r(en, uds, B#T chda 8.8 dbol .20 dd.rlookBt Bapérigt4P e (mi IH)nd«0:3.24 er ed

and the resulting |j.ght orange filtrate t i and
fitered agneiiaarill PR Eomy ekt Serat pdl S7hF i LAl S lmaf
vacuo, and tihg)res & ngvd &%H%tﬁ:d\@@HPULCEC%’d.\QD:tR‘T&fﬁ)ﬂ%ﬁ@@hﬁé' 100/ u
ethyl - 185 - "acetate/hexa.nes) to afford. Exanple Mla as a white solid
(1.37g). | HAWR (abnsbor [MI*QHF63&1321.35‘@2,044@19-1\51#9%6135.19@8(s, 3H), 2.22-2.18 (m
6H), 1.91-1.87 (m 61-1). LC (Cond. 2): RT =1.79 mm LC/ Ms: Anal. Cal cd.
for [M1=1-1j + C1OH16Br02: 247.03, found 247.33. 5 Exanple MIb 0 -0
A benzene (65 nlL) sol ution of Exanp@ga%jeq\/{(@ 758 g, 15.21 mmol) was added
drop-wise to a cooled (- -12 C) mxture of benzene (200 nlL) and al um num
10trichloride (8.93 g, 67 nmol) oBer 15 mi n. The heterogeneous m xture was
stirred for 1 h while all ow the cooling bath to thaw gradually to -3 C
and then the cooling bath was F‘e#n%}, stipehng was continued for -14 h.

NS antt-rost

0

The reaction m xture was then he ] wilr after the m xture was
e o 256 PRGSO LA P RSN SBARANG (480

all owed to cool to ambient condi? the vol atil e conponent was
poured into 150 hases re separa

aqueous phage26ag, VasNeEhoN fnhkyiinedl 2ranpivaaRetddbOit microdade dhietoconit ned
organi ¢ phase was washed with saturated sodi um bi carbonate, dried (MySOQ)

and evapfr at2dd An additona! amnginiyn acgele (AMbngnas! pregawetiaddedand e resul ting

crude material  an ubmtted.to . flash.chroma raph 3-4. 5% et hyl.
acet at of hox nESf oLy Y R0 SRS QUtdh COnrolRR e GBI 1. 730 ).
1H NWR ( DVBQugho, ah® tire redd@Owad@bhtdd % ith dithRAonietBne watbr L hLLgnd M
1H), 3.59 (s, 3H), 1.86-1.76 (m 12H. LC (Cond. 2): RT = 2.04 mm LC MS:
Anal . Cal cd.safugated sadiun picatiopi(2:solutiop 45 M8, andotigryousdpstirzed anghtbaplhasesvt | ¢ 0
were separated. The organic layer was dried (MgSOs) and evaporated in vacuo. The
15 crude material was purified with a BIOTAGE® (60-100% ethyl acetate/hexanes) to
retrieve Example M-1g as a white foam (716 mg). "H NMR (MeOH-ds, 8 = 3.29, 400
MHz): 7.39 (d, J = 8.6, 2H), 7.26 (d, ] = 8.8, 2H), 6.57/6.54 (overlapping br s, 1H),
4.78-4.72 (m, 1H), 3.66-3.57 (m, 1H), 3.48-3.41 (m, 1H), 2.32-1.86 (overlap of br m
& app s, 16H), 1.43 (app s, 2.61H), 1.20 (s, 6.39H). LC (Cond. 2): RT = 1,80 min.

20  LC/MS: Anal. Caled. for [M+H]" Cy6H3sBrN;O2: 500.19, found 500.11.

Example M-1h

.Boc
(A
Ao
,NI y/ Br
SEM
Sodium hydride (60%; 57 mg, 1.43 mmol) was added in one batch to a
25  dimethylformamide (6 mL) solution of the imidazole Example M-1g (503 mg, 1.005

mmol), and the mixture was stirred for 70 min. Then, SEM-C1 (0.21 mL, 1.187

mmuol) was added drop-wise over 30 sec to the above reaction mixture, and the
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A chloroform (16 nlL) solution of bromne (2.07 g, 12 95 nmmol) was added
drop-wi se, via an addition funnel, over 13 mn to a vigorously stirred

m xture ONVORREMAI®4M | b (3.01 g, 12.33 nunol) and sil vECTUS2I1002398%Acet at e
(3.15 g, 14.26 itnuol) - 186 - in chloroform (45 nits), After stirring for
105 mm the precipitate was filtered and washed with chloroform and the

filtrate wafcliRgsBINS BHXIU W&%ﬁﬁfed'lfﬁ’é“ P s all e i9tatids epuepaRaRichasIEmeEed Huri f i ed
th flash . 4-6%

bthyl  acet at W e o BEARMECFATRAIIRE s ORKRH AR e S ISl o

50) . NVR ( DVBEXif, layes u&s@@mdmswﬂza)nd e?raﬁ&at@dm \Jacao8T5e re%’cd)tmglnﬁﬁ (d, J =

8.8, 2H), 3.59 (s, 3H), 1.82-1 @s@ ng RT = 2,16 mitt
LOVB: Anal . n@ffr@é waf gprifiogipgth @Péﬂé" (2 Qé%cv@lyl ﬁ@ﬁiﬁ@’hs&@eq)go afford

Butyl i h| 9 w@ﬁ .Se over
15 nmtoga (ofe]0) qYL:v]!:}ga%)\/\%a %fo%i (r‘4 ?1“1%) %ﬁzﬁgdn dl\? ’sol u - Pr2NH
(4.5 m, 3176467GNDER. (aaeli)sx BT (Rd=fng, :zar@ B178/6. 7B Ews 68t dbpitle SLM),er on was
added drop wi se over 15 nmto a cooled (-78 C{ t etrahydrof uran (30

sol ution of dekar9t%e OBSKD) 228 oragd= 1216868401 5.1 Afrern Kot TilBo D, Wa%‘?e(b(é 57

o aceti o advd T A ENE B S ) RS ateBRg b Lot s O
reaction m %ai?ei, 380022001 & enrhheseoolsi(ag 283t-b.0as, rBNMERSAThgL i rring

was continued for 30 min. Then the volatile conponent was renoved in vacuo,
and t he 1PesiZdutnalesaled ke MipH] i etimBrNzeat 138 Q(rl}pﬁwnﬁﬁ?oéﬁd washed 20 with
saturated sodi um bi carbonate solution (20 m, 4x) and sodiumthiosul fate
solution (3.3 gin 30 nL water), dried (l\/gSO4) and evaporated in vacuo. A
silica gel mesh was prepared fromthgy 1ing crude material and
submtted to flash chromat ography (30-50% di chl or onet hane/ hexanes) to
afford Exanple 11.4-1d as an off-white solid %Np 1H NVR (DVMSO-cl1l.5, b
= 2. 50, 400M—Iz)746(d89EM—86 H) , 2? 8.6, 2H), 4.78 (s,
2H), 1.82-1.76 (m 12H). BHRI\/S | ARg M/l 18BrClO 340. 0230,
found 340.0234. - 187 - 0 Ny|| Ye sodium salt
(0.7187 g, 7.18 mmol) and {pottassi um i odi de (0.148 g, 0.892 mml) were added
to a tetrahydrofuran (12 5 ) solution of 5 Exanple M 1d (1.01 g, 2.96

1), d the h ted f t d
then st rred at SHFGRECECHAIT dn 1o Do AmcHeS sl pintidpe Bas ™
filtereds t gL bidsket atbesahiahingy e@@tm«m digcnkss ﬁﬁﬁﬁﬁ@amp@r@cnlae

filtrate was evaporated in vacuo. iﬁe resulting crude solid was transferred
to a 350 ni (pPB3smg,é. lﬂunmwomphewimspﬂﬂméﬁﬁoﬁ mEA0 138 mmalptrstpot@siunt) and

trated HC1 (2 t he het t heat ed at
Coe " ob° attbafe B B R oS R SR e B LR o
Mle as a |igRhey &t th%Y’e‘ro%@Rh ik ix%xrpgrﬁi I%ted%trpm()‘/“@sm%ﬁﬂ fér“itﬁtﬂ‘eAﬂ%E wﬁﬁ ep
Wi t hout purification 1 (br s,7.48 (d,

J 8.6, 211),allpwd0 t¢ chol Jo ameeﬁt; cozaldl)tl,onmh@@m@mre %SE )iltermd amd the ﬁltr@tap\piss 12H) .
LC (Con 8 M| V5:  Anal

SOl 61 D12y NS S o THE BRHEMS 5508 fhatgra b uigpigd with 8 coRibinaioh ot

BIOTAGE® (100 g silica gel; 40-80% ethyl acetate/hexanes) and a reverse phase
HPLC (water/methanol/TFA). The combined HPLC fractions was neutralized with

excess NHis/methanol, rotervaped, and the resulting material was partitioned between
dichloromethane (50 mL), water (30 ml.) and satd. sodium bicarbonate solution (1
25  ml). The organic phase was dried (MgSO.) and evaporated in vacuo to afford
Example M-11 as a white foam (352 mg). The exact SEM regiochemical make up
was not determined as it was inconsequential for the current purpose. '"H NMR
(DMSO-Dg, 6 =2.50, 400 MHz): 7.45-7.35 (m, 4H), 6.93/6.91 (overlapping s, 1H),
6.79/6.76 (overlapping s, 1H), 5.56-5.52 (m, 0.7H), 5.37-5.16 (m, 3.3H), 5.05-4.78
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i-Pr2EtN (1.02 nL, 2 5 nmol) was added drop-wi se over a few mnute-s to a
20m xture of Exanple Mle (0.84 g, 2.35 nmol), Boc-L-Proline (0.657 g, 3.05
nmol ) andWPRTW/117087 g, 2.82 mmol) in di nethyl f or mam de PCTAISa1p/02898% t he
reaction m xture was stirred for 50 mn. The vol ati |l e conmponent was renoved
in vacua, and the residue was en_up i i chl or onet hane

0 nL d
hashad o ¢ el %525 8 T, 2R Dt et S A T Ea o tevrbEoRE. 2x) .
h | h
Toe DL oan & s BLE] HISPadih B 2HNISEAL0 8800 Y AR LSBT IR 0 4

silica gel; (60nd Q% £hhylalad eboie/IBM-AHE-G)HE D0t dio78h. Bxdopld7dnid. as a
white dense solid (938 ng); a slightly inpure sanple of Exanple MIf was

also retrieved (118 ng). 1jjNWR (DVSO-d5, = 2.50, 400 MHz): 7,92- 7.85
(m 1H), (7.47 (d, -8.8, 2H), 7.29 (g, %1 -211), 4.16-4.01 (m 311),
3. 40- 3. 23 (rn 214; partially overl appe vvat er signal), 2.15-2.00 (in,

H), 1.89-1.70 (m 15H), 1.39/1.33 (two overlapped ss—9H). LC (Cond. 2): RT
=210 m n LUNI'S: Anal. Calcd. for [M1-1]t C26H36Br N204: 519.19, found
519.18. 5 Exanple Mg ANTRXE YRe \ B~ 18 0.044 g, 2.01 mol)
and anmoni um acetate (1. 26?} g 5, NT ' enes (12 nl) was heated
with a mcrowave at 140C for =10 4 h An addi tional amoni um acetate (240
ng, 3.11 nmol) was added ard-the nmixture heated simlarly for 30 mn. Then
the volatile conponent was renoved in vacuo, and the residue was treated

wi th di chl or onet Hanextasofigter (@mle)rar@mnmyra@ddi@a(ﬁ amla)t\é@ aiderd thna
bi car bonat efﬁg{ltu% 'o?ﬁdlf(‘i oxaQées (%GN, dir ;%g;g"“{/ég@gkﬁ\md ity O% @&e@hﬁ%%%wer €

separ at ed. € organic cuo. The
15 crude matggig re@@&n@&ﬁlhtﬁd@@a%tﬁﬂd&t &h&éﬁ&ﬁd{tﬁﬁ B0 YCeUBYhalysis
acet at e/ hexanes) to retrieve Exanple M1 a white foam (716 ng). NWR

(MeOH- d40 -indicared cmnplemyf reget@; (48 h) esvcéatﬂepgmpmezswwrensws ip14),

5 a6-3 a1 (meorefr R s LAy B bl st el P4 gL
2.61H), 1. ZQH ghove- tﬁ@%hehb&@gﬂe@mdfhe%hm BEmtaine&QmEﬂeﬂﬁﬁ@@k@Wﬁes Anal .

Cal cd. for H t C26H35Br N302: 500.19, found 500.11. Exanple M1h Sodium
hydri de ( eowasame@gm the nag stapovith etspuaidigetion. LG feonsa P IR'E 6 08628in.

1. 005 i) N e R N R R B TR, “sem &1 (0. 21 .
1.187 mmgl ) was added drop-w se over 30 sec to the above reaction m xture,

and the heterogeneous mxture was stirred for 4.3 h. The volatile
conponent was renoved in vacua and Eh@fnp]@si‘i’l&iue was partitioned between

cvaporated 1 vacys1 UhEE et ReRee et i B Shs Bttt M
Bl OTAGE(r) (s%ﬂn%é%f@xa%bzeqq%@ﬁm%&gmshng@ 1@@%&9185(]@61@! e Mlh as a
white foam (417 ng). 7.46 (d, J =

8. 6, 2H) 7. (mﬂ(cu&,ycalbms&m:,nOPBi)metbylbﬂhﬁoﬂ501(1t(6\b7m@ﬂlﬁﬁmﬂmgl) snd £P:EUS. 54

hr d, J = d, .J-.11.1, 0.6 ) =
10,8 1, 406 s 06 apabgnd e iy it wargetied fr 3 i idyglacte
(% gg é ;g Em é!d%gntqgas%m%é?& z%ﬁ)ﬁcéo, aﬁ@ma crﬁde?iﬁatéﬁal WasHikt padselbnlodgn 6- 1H)

MCX (2g; methanol wash; 2.0 M ammoma/methanol elution) and then submitted to a

reverse phase HPLC purification (water/methanol/TFA) to afford a hygroscopic
material. The purified material was free-based (MCX; methanol wash; 2.0 M

25  ammonia/methanol elution) and dried in vacuo to afford Example M-1 as an off-white
foam (43 mg). "H NMR (DMSO-Ds, d = 2.50, 400 MHz): 12.16-11.18 (collections of
s, ~2H), 7.65-6.37 (m, 8H), 5.30-4.99 (m, 2H), 4.06-3.99 (m, 2H), 3.83-3.65 & 3.55-
3.49 (m, 4H), 3.525/3.53/3.41 (three s, 6H), 2.18-1.75 (m, 22H), 0.89-0.81 (m, 12H).
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102): Anal .

MIi

Cal cd.

0. 855 mml ),
hi ne

0.958 mol ) 4 (Qﬂﬂdx
ni t rogen fowﬁmrq&gg]ﬁnpg?ed with 120 C oil bath for 16 h. After it was

allowed to

cool

t o "anbi en

for

condi ti on,

[ MtH] + C32H49Br N303Si :
SEM SEM Bac NI -V 1 Boc Palladiurn(JT) acetate (15,7 ng, 0.070 m nol)
was addeawProuvid7M®at ch to a 75 15 ml_,
Mth (539 rrg,
trlphenylph

conbi nati on of BI OTAGEO (100 g silica gel;

and a reverse phase HPLC (vvater/ﬁ’t‘éﬁfﬁa]l"’?@)M?»‘“Fa;l\ﬁi

was neutralized with excess NH3/ net hanol ,

material was partitioned bet ween di chl or orret hanq_‘(SG ,
sodi um bi car bonat
(MgSO™4) and evaporated in

sat d.

ng) .

WHz): 7.

(overl appi ng s,

(m 2H),

190-

(overl appin
C44H44N6058|€Msl

wat er (2 nml)eang
HC1/ di oxanes (4.

C}ﬂﬁ@@HBLcasy

T 4acu)

The exact SEM regi oc
i nconsequential for the c

5-7.35 (m 4H),

nt pur pose.

6. 93/ 6.91 (overl apping s,

3 gﬂg)&glpgagi?z %gﬁ&)ﬁmre@xewm@ﬁk @&)&@ro{ﬂmxﬁnﬁw 15aidb- 4. 78 -
m

1.13/1. 12 ( GVBIOPEpisiaags by employmae pmcgfd)lre dv%“»ﬂ@rfchform synthgsig 9f Egample- 0. 07

Y g%t%ﬁ%e e)%lt &/??1 %Cga%ﬁdz%)éx a?rpr ﬁca i)vas con%'ﬁct[em XE

gemhiwhtel/Aedibnit N8I FAY dﬁ@l tHaOth@ filakpbHRdof
and Example M i

resul tanf sonatetiadivasast &@t?"b&Sédl at anbi ent condition until

O ( 5
; 2 7

1F1 NMR ( DVBO- D6,

, 2.294.76 (m

630. 27, found 630. 33. Ex

1.14 mol),
ot assi um car bonate (132

35
BT T prin e g MReAban bl B R e b s hod o

the m xture was filtered and the
filtrate was 20rotervaped. The resultlng crude materi al

40- 80% et hyl
“Phe conbi ned HPLC fracti

anpl e

pressure tube coRCAIUSRNYOEBANDI e
Exanmple QC-1d (409.3 ng,

ng,
th

was purified with a
acet at e/ hexanes)

1 ons

r ot ervaped and the resulting

The NI c phase was dri

not eté}‘m ned as it was

1H), 6.79/6.76

20 37 (s 53),

L o

(348 ng, 0379 nunol), and

LC M5 anal ys

2.50, 400

water (30 nL) and

ed

a white foam (352

t he
is

10i ndi cat ed conpl etion of reaction (-48 h). The volatile conponent was
removed in vacuo to afford Exanple M] .j (. 4HCl) as an off-white solid,
wei ghi ng 242gE, i ([ 16 MG ADOVRTITE-G b Ni§ az@np! €
cont ai ned yni den iefi edRigpur i tiﬁets( (gﬁ\?/as use e% 1%h(ri:%aie)?]ext step with
purificatiagn. LC (Cond. : RT - 0. 86 mn. LC 1\4S. Anal . Cal cd. for
[1\4-1-H (¢281- 132N6: 457. 31 found 457.36. 15 Exanple M HATU (

"D, | O 279 (RO ] SAE 10 by T8 FEh [Ub AR oa v, T/, Al Gl it X4

M1j (4 HCY salt) ( 0.

(et hoxycar{bonyl ami nozjngtzr@a ﬂNﬁﬂH?rﬁéjsHs;a&Oé 157R97 fouypd 705329 nmmol ) and
Ng59 ohmpl ), and the reaction mxture was stirred for

i -Pr2EtN 20Q(0. 15 nL
nent was renoved in vacuo, and the crude matieri al

30 mn. The volatile
was first passed th 2g9; net hanol wash; 2.0 M amoni a/ net hanal
D a

elution) and then s
M-3 1.36 min (Cond. 2); >95%; LC/MS: Anal. Calcd. for
[M+H]" CagHssNgOg: 839.42; found 839.32

out

106. 2
npl e

rough
ubm tted t

)8
0
HN 0

Ph

J\"‘rj
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reverse phase HPLC purification (water/nethanol/TFA) to afford a
hygroscopic material. The purified material was free-based (MCX; nethanol
wash; 2. OWVW22B/diréni a/ met hanol el ution) and dried in vECTAS2O042998¢ d
Exanple M1 as an off-white foam (43 ng). 1H NVR (DVSO- D5, 3 = 2.50, 400
MHz): 12.16-11.18 (collections of s, g\% 65 6.37 (m 8H), 5.30-4.99 (m
2H), 4.06-3.99 (m 2H), 3.83-3.65 &Eﬁ‘ (m 4H), 3.525/3.53/3.41
(three s, 6H), 2.18-1. 75,(m 22H), 0.89-0.81 (m 12El1). - 191 - LC (Cond.
2): RT =1.33 min. LU Anal. Calcd. for [M-H "' C421159N06: 771.46;
found 771.47. Exanples cand M3 5 Exarrpl and M3 were
prepared as TFA salts ‘f"l"lom@xa D ' ; a i ds by enpl oyi ng
A‘.‘. tth the

t he procedure descri hed .

exception that an addi ty onal\,am fi ad cono w th a second
reverse phase HPLC systemﬂ(ﬂr/at er/acetonitril el TFA) ang t he final
purified 10material was no ree-based. - 192 - Exanple M4 Exanple M4a
5 Huni g's base (500 p.L, 2.87 mol) was added d}Q)p W se over - | mm

to a acetonitrile (5 nL)/dichl oronmethane (5 nmL) sem -sol ution of

(S) - 1- (tenbut oxycar bonyepyrrolidi ne-2- earboxylie acid (645 ng, 3.00 mol),
Exanple M1d (405 ng, 1.185 mmol) and potassiumiodide (60.5 ny, 0.364
mol ), and the reaction 10 mixture WE&MBEINM8d at anbient condition for -I
8 it The volatile conponent wag renoved in vacua and the residue was
partitioned between dichloro ﬁang 3nd wat er dried (NIgS™) and
evaporated in vactio, The regd3 s submitted to a

Bl OTAGEOD purification (15-389 K% exdncs) to afford Exanple

M 4a aséwhltefoam(559 ny) . I\/R(HI\/SOll)S 5 = 2.50, 400 WVHz):
157.47 (d, J = 8}§m1§’|§%&se7(5@@uf,d2 833nrme§) %as gd@edd?@ﬂ-%ls@ o%-ri@mﬁ'f&a
4.29-4.23 (m 1H), 39-3.26 (m 2H), (m 1H), 2.11-2.03 (m 1H),
1.89-1.73 (mpetgmmle (inﬂgldé@lorsm@maw (511qu131 so&tzmq)f (StC(#eond. 2): RT =

42015, 2oEPalpvetReapRToRine el B St ees S T 8ol 1 s
added into gubomgeness ﬁ@n&}in@a&ﬂt&t’siuﬁpmﬁfde%@m%e 0M6A3n 88 Sarlilihne fealifSh mml )

and the m xture was heated un
10 mixture was stirred at ambient condition for ~18 h. The volatile component was

removed in vacuo and the residue was partitioned between dichloromethane and
water, dried (MgSO,) and evaporated in vacuo. The resulting crude material was
submitted to a BIOTAGE® purification (15-30% ethyl acetate/hexanes) to afford
Example M-4a as a white foam (559 mg). "H NMR (DMSO-Dg, 8 = 2.50, 400 MHz):

15 7.47(d,J=28.5,2H),7.29(d, J=8.8, 2H), 5.13-4.91 (m, 2H), 4.29-4.23 (m, 1H),
3.39-3.26 (m, 2H), 2.30-2.16 (m, 1H), 2.11-2.03 (m, 1H), 1.89-1.73 (m, 14H), 1.39 (s,
3.59H), 1.34 (s, 5.41H). LC (Cond. 2): RT = 2.20 min. LC/MS: Anal. Calcd. for [M-
Boc+H]" CyHy7BiNOs: 420.12; found 420.13.

20 Example M-4b
LBoc
(X
A
Ammonium acetate (825 mg, 10.70 mmol) was added into a toluene (10 mL)

solution of Example M-4a (556 mg, 1.068 mmol), and the mixture was heated under a
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Dean-Stark set up with a -120 OC oil bath for -5.7 h. After it was allowed
to cool to anbient condition, the volatile conponent was renoved in vacuo,
and the re0i20Wel17Md careful ly partitioned between di chl B€HASLHAM2890B0 i)
and 50% sat urat ed sodi um bi carbonate solution (20 nL). The or gani c layer

dried d 5i | t t |
has purt 11 eIk SBETKEER ) 2 0 SO RyTS Abe el Bt Tt to-
af ford Examplidk é&cﬁﬁép tﬁ@&olﬁﬁe @OIH &%ﬁt \%’9.&1. fe?hov@@% \@&ﬁHDAn% tﬁé rjegid(lé-%raérg) as

a white film Exanple M4
7.67/7.63 (@mfuihrmaemhcsa,edbbyweeﬁ dtb?llo(ruknetham (SOEQL)ZEIﬂ)i 50% wur@ﬁd sddm:mB 8, 2H),

Thy. o1 o6 Peerishpipspjition (T, o bigpgic Tajer 3y ahehBRg, F Tamaes) |

= 2.28 mn LN, %@Iresu% oCuel 1ﬁ£te£1Mvwsg)uﬁ%§mrd@ﬁ?’fA@@@) (@)82'0% Qtﬂﬂ)ld
501. 15. Exanple M 4c 15Pa| | adi um 010 acet at .

added i n onectiaectichiaomeitBnelto pffeskitxanptle b4l pﬁtﬂ()amg) g Eeanpile, Md4b ( 412

(5.1 o 0 skt admias acdiiinen isine Ve 4 HAgMi HBOSBRbI= P

di oxane (7 nly e it for a
few m nut es andﬁ‘ggf%ﬁ zm%?ﬁ%fz(gg%mg?iw%at 4f,|(a1 ?E%@Xgpér(aq?g\%gs
allowed to @(Eﬁlélﬁﬁ}da]ﬁtfmeriﬂ)p})mmmac(m, 1Hhes. 318~3130r(m \I\H$,2ff£9 padénh, 1Hnd t he
filtrat ot ervaped. The resulting crude materi was purified with a
combi natiPon 1615 B YS! 08 il | 18P LB BoRE M ettt hexanes)
and reverse ff M%i e flﬁﬁ PLC fraction was
neutralized mﬁ’?ﬁgs@?@gﬁﬁ‘% a n]et zgjglo%—ﬁ@})&n%@n%gr:g{}%{ I'n \|-/§acuo and the
resulting material was 25partitioned between dichl oronethane (50 nL) and

di l ute aqueous sodhun bi carbonate sqglution (-6% 32 nlL). The organi c phase
was dried (MySO4) and evapor at ed i nB¥a@al Motcas f or d the coupl ed product

Exanple M4c as a white foam (162 ng). The exact reg soneri c make up of
the SEM protecting group was not det erm ned a$bM is onsequential for

the current purpose. /I-l NMVR § \ X 50[\1 NVI 1z): - 194 -
7.67/7.64 (overl apped s, ~57{7\3N & ‘ 93B6s 91 (overl apped s,
1H), 5.54- 4.74 (m 411) 33 - 7 (m 2011), 1.38/1.37

(overl apped s, 5.85H), 1. .13 (overl apped s 12. 15H) 0.83-0.76 (2H),
-0.06/-0.07 (overlapped S, 9H) LC (Cond. 2): RT = 2.09 mn. LCMS: Anal.

Cal cd. fior [ Mr11]|Palleditidr FBGDERCSL 1.1 258,048 mifiolyRehs 48& 54 onEsaoptea ® 4d  HCL
(6 mL of 4.0 N HC1/di oxaneé{vvas added to Exanple M4c (158.1 n% 100. 201
mml ) and tH@Lﬁf%ﬁ‘Hﬁ’@hﬁa@?@n ning Bgamaple Mdpdmt2 weneiPid mmeribﬁxa@ QEdsul ting

ina for ITB.tI of a
sol ution prepare rSZ% OIZQE%QZP%O?%&% @gq ?eér;%#g@%&%hg%)gm\%\%%&;dded to
the above moatwnetea(m@p ﬁﬁg@tpomgm\rm;m&ﬁﬂianetqedqmoancﬁﬁe PeabtiorRan@ielwasof the
vol ati |l e conponent in vacuo afforded. the HO salt of Exanple M 4d

cont ai ni ng UAIsHehwithingspgenpera fey, mipaites 5a¢ flezwrri Wethfirlaf’wﬂév@th for ¢1ib ). LC
( Cond. M 14 36N50:
456, 20 Pourarse o eegonp BN R Riste PR Fr om
Exanpl e M 4diiaeRarird@ria@ed.NEhe resulting crude materlal was purlﬁed with a combination

of BIOTAGE® (100 g silica gel; 40-100% ethyl acetate/hexanes) and reverse phase

HPLC (water/methanol/TFA). The combined HPLC fraction was neutralized with

excess ammonia/methanol, concentrated in vacuo, and the resulting material was

25  partitioned between dichloromethane (50 mL) and dilute aqueous sodium bicarbonate
solution (~6%, 32 mL). The organic phase was dried (MgSQ.) and evaporated in
vacuo 1o afford the coupled product Example M-4c as a white foam (162 mg). The
exact regioisomeric make up of the SEM protecting group was not determined as it is

inconsequential for the current purpose. 'H NMR (DMSO-Dg, & = 2.50, 400 MHz):
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20 procedure described for the synthesis of Exanple M1. 1H NWVR (DVMSO0-11) 6,
= 2.50, 400 MHz): 14.50 (app br s, 21-1), 8.02 (s, 1H, 7.67 (d, J = 8.3,
2H), 7. 63V020101Hy7047. 52 (d, J = 8.6, 2H), 7.35 (d, J = BCIUS2HP/02§993-5. 09
(m 1H), 5.03 (dd, J = 19, 1H), 412408(m 1H), 4.06-4.02 (m 1H),

> 23177 (moTohe Ovariameg soit v 7o ke s ¥k ColmpdRel® 5o ined 1o
be a rotamey ARRLALS, s)gvhgsqme%ﬂgtz @91@ 7'7t(§1 Qbﬁjnic:%lli Wt&;eﬂwp%d@ot

i ncl uded]. LC (Cond. for [ Mrl-114
C42H581\ 170%: 857{321 A¥]. 1Bdovetlappal §12. 15}11%83 0. 75>(aﬁw éOM&O? Ex\a[ﬂpp}@dl\ﬂ- 5a

TBDPSO NO 5 T sol.ution.o S)-5-( ro t.hyl Lpycrolidin-2-qgne (10
g, 87 mmuol) %%rc’] Idﬁ?éﬁqu? (‘J’X’E[%Jgar‘?e{{g(’%ék H@N@ég‘“ﬁﬁ%‘i %r%ﬁﬁ}f] 44ﬂ6&5%6§1-
tert-butyl chrlggugdfogﬁgagg g;;l ane (25.6 e, 93 mmol ), triethylamne (12.1 |a,
87 tntnol) and DVAP 6 g, 87 inml). The mxture was stirred at room
tenperature until the startl ng pyrrolidinone was 10 conpl etely consuned,
and then it was dilated with diehlo omatg% (50 nmL) and washed with water
(50 nmL). The organic layer was drie , filtered, and evaporated in
vacua, and the crude material was submtted to flash romat ogr aphy (silica
gel; 30 to 100% of ethyl acetate/ hexanes) to aff;qrd‘th silyl ether as a
colorless oil (22.7 g, 74%vyi eyei.. IN 00 O cl5, 8 = 2.5 ppm
7.69 (br s, 1H), 157.64-7.61 ' : N 6 3.67-3.62 (m
114), 3.58-3.51 (m 2H), 2No4Z HNo4 1 87-1.81 (m 1H), 1.00 (s,
9H) . D-tert-butyl g{,;arbonate (38.5 g, 177 mmol ) was added in
portions as a solid over 10 mmto a dichloromethane (200 nL) sol ution of
the silyl ether p@pamedohdhoveHIHickane) B8, addedol Bxaniple d-hy{188iinag,( 8. 93 g,
88 mmol ), and DVAP (1.08g. 8.83 20nmmol anlglnstlrrg f? 18 h at. 24 C. Mbst
of the UBI a3l Te raﬂléﬁh%&gﬁwsméaﬂﬁ ahareigntgnadifpe farrldde rorrlitieiiae t aken

P L 20% elitha RACkaLRLNRKARGRIAN A ABRLLE I Bihuforl WBEL sSR! N ng 1.3

L of silica en e L of aceta exane and 2
L of 50% et hyépambﬁmhe)mem andneﬁmbmlahn@ﬂe@ﬂmh@aﬂaﬁﬁedadthi:raacsta ons in a
rotary evaporator, a white slurry of solid formed which was filtered, 25

washed wi t h HEEnaad gigng Waéﬁoﬁtﬁlu?‘é&ﬁ?’t%h :EWV@E ehibp Xpatile CE%’é’ﬁf}?fé M 5a as
a white solig

2.5
7 61 7. 350 (Achoftedng 3Rl Bamhlp Mool hiackVBRY iyl R
iH)QO (ngfg %ogf;wﬁlte Buffy Sdllnﬂ(ll3rﬁ§ LGGJCode ?)JRZ)T8=11 %61;;1%11 LI@M]?_DA&&E-ES?((m oH)
0.97 (s, 9Hford 1@}@ H@So ﬁeﬁﬁwzfoqfsi?ﬁ?ﬁ 5LC/ NB: Analm. Cal cd. for [M+Na]
C26H35NNa04Si : 476. 22; found 476.14. Exanple M 5b TBDPSO Boc A

t hr ee- necked fl ask equi pped with a thernoneter and a nitrogen inlet was
Example M-4

Example M-4 (TFA salt) was prepared from Example M-4d according to the

20 procedure described for the synthesis of Example M-1. 'H NMR (DMSO-Ds, 0 =
2.50, 400 MHz): 14.50 (app brs, 2H), 8.02 (s, 1H), 7.67 (d, ] = 8.3, 2H), 7.63 (s, 1H),
7.52(d, J=8.6, 2H}), 7.35 (d, ] = 8.3, 2H), 5.13-5.09 (m, 1H), 5.03 (dd, I =3.9, 1H),
4.12-4.08 (m, 1H), 4.06-4.02 (m, 1H), 3.89-3.70 (m, 4H), 3.54/3.52 (overlapping s,
6H), 2.43-2.36 (m, 1H), 2.23-1.77 (m, 21H)}, 0.91-0.76 (12H). [Note: a minor

25 component presumed to be a rotamer appears to be present and its chemical shift was
not included]. LC (Cond. 2): RT = 1.68 min. LC/MS: Anal. Caled. for [M+H]"
CapHsgN,O7: 772.44; found 772.51.
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10 charged with Exanple M5a (10.05 g, 22.16 mmvol) and tol uene (36 nL), and
| owered into -55 C cooling bath. Wien the internal tenperature of the
m xt ure re@chEd177080C, lithiumtri et hyl borohydri de (23 RCTAS2010028999
Mt et rahydrofuran, 23 nmmol) was added dropwi se over 30 min and the m xture
stirred for 35 min while maintaining, the.i rnal tenperature between -50 C
and -45 C. Hunig's base (16.5 inL, a 15 was added dropw se over 10
mm Then, DVAP (34 ng, 0,278 mmol ) was added in one batch, followed by the
addition of hi fluoroacetie anhydride (3.6 inL, 25.5 img}) over 15 mn,
whi | e mai ntaining the i nal tenperature between -Wand -45 C. The

0

cooling bath was renovigd 1Q mn later, and_the re¢acti ture was stirred
for 14 h while allown t oNf 0 /m Y\at%ﬁ}u was dil uted
with toluene (15 ZONTWQA(;KPI e\dL'th an |c er\hat h treated slowy
with water (55 nmL) ove mn. H#he phases were separaped ard the organic

| ayer washed with water inL, 2x) and concentrated ?#vacuo. The crude
material was purified by flash chronmat ography (silica gelg 5% et hyl

acet at e/ hexanes) to afford Exanple M5b as a colorl ess vi scous oil (7.947
g, 82%yield). Ili NVR (400 MHz, DVMsO-d5, 5 = 2.5 ppm 7.62-7.58 (m 254H),

7.49-7.40 (m 6H), 6.47 (br s, 1H), 5.07/5.01 (overlapping br d, 1H), 4.18
(hr s, 114), 3.89 (br s, 0.49H), 3. 6Raf remrsal 51H), 2.90-2.58 (br m 2H),

1.40/1.26 (overlapping br s, 9H), 0 98 s, LC (Cond. 2): RT = 2.41
rnM LC/MS: Anal. Calcd. for [Mr 38| : 460. 23; found 460.19. -
197- Exanples M5c-1 and. M 5c- 2 cBOG M 5¢c- 1M 5c¢- 2

Diethylzinc (19 nL of -1.1 Min tol uene, 20;9 nmol ) was added dropw se over
15 mn tg a cooled (-30 C) toI uene (27 ) Bef ution of di hydropyrrol e

Exanpl e 5M5b (3.94 g, | or oj odonet hane (stabilized over
copper; 3.0 ni, 4P azsqmﬂn)of\/(&-%{aﬂtaxmﬁbv@w%d& -P0¢ (hi 2 SAdEel it ed whi |l e

mai nt ai ni ng %g;ﬂ: 5 Cand -21
C for 18.5 h&éﬁ%lgﬁ%egg%gl on %%gﬁ@e&é@g& ol rgjdlg? éllplgé gr?gzp%fu%nched by

the sl ow addntbDntriefhyld¥ines atar sl g7 ﬁﬁﬁiblylﬁlﬁd)l)m?ﬂb@ln% g &EDhitidlnnTHeA0 L), and
then renoved fromthe cooling bath and 10stirred at anbient tenperature for

20 mn. It \mgitwrﬁ Mg pldiged Hreerg reraparaintcant) Sisestaring Pyl idipeneavasak e vvas

\é\ggs)gregt e g’%\ﬁaﬁ&ﬁg(ﬁ Oﬁ% %detﬁgl?igxgag %ﬁh%d%%&:&f m%%b%‘%&)(g gﬁc ohcentrated

i n vacua. Thms@ewdzﬂhm@r(s(amwa%@Ufgaﬁica@lyaﬂs«ras@nad BILEOG (i tregystdem (350 g
silica gel; sanple was | oaded with 7% et hyl acet ate/ bexanes; eluted with
7-20% et hyl %@@é@d%fﬁ%@ﬁaﬁ@s@e edapfabgl Frampragedfofash chrapeaioeraghys

col orless V'(§§19¥§elokﬁl) to ﬂ?o‘o)‘ of et tacgt% e%eﬁgﬁesh&)oﬁc{r% ﬁl‘?e s@l?rg%tg?r a%% @)‘ﬁss[ Not e:

the exact trans/cis ratio vvag{n ermne I's'’s

DVBO- d6, b 0iR230, g, 409, NBAR (BMIMDMS@d 2}32 7.6H)br 5,/1140- 7. 40
Em 6H), 3. 7061( g 1§Hﬁ) 67 brm I—J) s @(n%]a;(nm 619‘-02 53 )ﬁr m

1H), 2. d3 ( bto 761}(9@ 5765%75@(MH1|%)6 16%3m(bﬁ'1)s35891§) (m,121®1)2(2§ 209H) ,

0.80-0. 75 ( ): RT = 2.39 nin. LO NG:
Anal . Cal cdr‘3941??>1 %7£1cé17‘{%’7%ﬁ;69§% o 24 found 474.14. Exanpl es
M 5d-1 and M 5d- DA dicarb@@BOGE N H A7 Mrb6l) %22 BdRAT: pditidhs Wa aflidl. 0 M

in THF, 7.27 mmol) was added dropw se over 5 mn
over 10 min to a dichloromethane (200 mL) solution of the silyl ether prepared above

(31.2 g, 88.3 mmol), triethylamine (8.93 g, 88 mmol), and DMAP (1.08 g, 8.83

20 mmol) and stirred for 18 h at 24 °C. Most of the volatile material was removed in
vacuo and the crude material taken up in 20% ethyl acetate/hexanes and applied to a 2
L funnel containing 1.3 L of silica gel and then eluted with 3 L of 20% ethyl
acetate/hexane and 2 L of 50% ethyl acetate). Upon concentration of the desired
fractions in a rotary evaporator, a white slurry of solid formed which was filtered,

25  washed with hexanes and dried in vacuo to afford carbamate Example M-5a as a
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toa THF (30 m,) solution of Exanples M50-1/ -5c-2 (3.13 g, 6.93 mol)
and the - 198 - mxture was stirred at anbient condition for 4.75 hours.
After it Wa0twgatitéd with saturated NFI4Cl solution (5 ROL/USR@I810289P9 t he
vol atil e component was renmpoved in vacuo and the residue was partitioned

Dhace was oXiis B e EhE AR N A BBV i A2 s PEmI e Iphase
was dried ( 72 iJr.S@fi%%(nEQFl?,eﬂS(ﬁﬁ}.t3% o, @Hy,a&t@qm,%@g, 9.@9@&&@’&?@ to

hi gh vacuum over nii ght.” The resulting crude nateria purifi'ed wth a

Bl OTAGE(r) (340-15095.6%8 Qe reah@sl) 1H), 2268-0158 (fax aHpl2040-RB3 ¢l 1 BY 22235812
colorl ess oil, inly the trans is r.. caontam nated with traces of
ower R i ot | a0 1 B8 gy THLGRR s, S0 EREDeNSCr radss R s 1 66 was
not been:zdet } t Bl e} (@%@Q =+3. 50, 400 MHz)
of Exarrpfe A%Qggﬂgig&gptggi‘%a@ﬁwh?aq:tg}%wg?@l3 -3.@%8&(5%6'1%%, 3.49-3.44
(m 1H), 3.33-3.27 (m 1H), 3.08-3.04 (m 1H), 2.07 (br m 1H), 1.93-1.87
(m 1H), 1.51-144 (m 1H), 1.40 (s, 91-1}, 0,.76-0.71 (m IH), 0.26 (br m
1H). 15Exanpl e M5e HON -7HO )., (ExampletMiib 11" NOX: 57] 00' BooBooBoo

M 50- 1M 5e- 2M 56- 3 A sem -solution of Nal04 (6.46 g, 30.2 m-tol) in
E120 (31 m _,) was added to a sol utBobPSOf Exanples M5d-1 / -5d-2 (2.15 g,
10.08 mmol ) in CH3CN (20 nL) and CCl14 (Zb/nf}q RuCl 3 (0.044 g, 0.212 mmol)
was added i nmedi ately and the 20heter ogeneouéog eaction m xture was
vigorously stirred for 75 mnutes. The reaction m xture was diluted H20 (60
m.) and extracte 1 : i : I se was
treated with 1 n%\ Ygfééi%%ﬁg@glg?k(()%c@% g “gfth)aantg&?ggrrﬁﬂgﬁﬁa %%1%6%%@&61‘%8%? ﬁen
filtered0t hrobmgad avifhdikaoiplaMal ofiidSay) 22 damhol) @& tol&Ede. (30 d ) Gl | TEQedas

washed with .CH2 50, , the filtrate was rqotervaped to _afford 25 a
| i ght charcdﬁ‘io-"gélggscgfdh@%%%“' nW%IFFénQ?F‘?}H@ b Pre!r?ﬁ‘fih‘élted a 1.00
:0.04: 0. 18l gfiad iy tm@&%}tcfrfae%z?ﬁpoﬂ\{t&ﬁrf&im@r& %925;8%1&}%%93 M Se- 2:

si de product” M5e-3. The "crude material was dissol'ved In"Et0Ac (-10 niL)
wi t h heat i ngaddehdroalvisoweer 3(bmét aniddkhamisbd einteddonthi mirowhilé thirsasidenige  About

15 minutes into the cooling phase, .a rapjd crystal formation was observed.
About 1 houriPRELRPHRERBEerg 1 phds " Re: b8 (LS T S BFBO NS
refrigenate v, i i i e h b4 -has

pr eci pi tlgt eéltv%ua??& %Eﬁrﬁe%tvgégbﬂm};ﬁ{s ?ilﬁblq)if g%‘épg%dﬁ%g%%zgéﬁ%@ﬁ&%%&gg%lgr

cool ed hexanes/bitcakiplioRed by did aldit oftt) iwordadtit echydnide (3.6ingl) 26 Satitwl)t o

afford the first_crop QL" Exanpl.e M 5e-1 foff-vvhite crystals, 1.222 g). The
mot her | i qudtVehds s vgulsrpaipeining e Ripmal EEpameaRetwea sl Yeand ¥5°8 m  of

EtOAc (with Realin batg'axlég‘{@ﬂo{f‘a 19 ARY Rt aﬁ%c%&ctﬁﬁ%&{drg%é &irée]dhﬂrc"ipurp\’ and

then 3 nL hexanes g%s ed and stored id a refrigerator tor -

second crop kefh Ekdepllevikk e tisé gy sybiehytsingbaturd. It 3Gs g)lutsd svithabluery €d
simlarly. 1H NVR (400 MHz, DVMSO-d6, 5 = 2.5 ppn) .12.46 G('§S1 1H), 3.88 (app
br s, 1HP, 3nbkceelhwith ag icerpatephathy addeatafi sV iy walpyRaImL) oeps (br

vy o, 71" AR Ppiofsps Hdke scufecl ARG prepiioshr Rk Sl GY5AL SB071
ppm 172. 96, anlitan&irattB4n druol G8e 0Bide tiateidal wal pBBfiedBy ffish chorfdtographP7,

31.17, 27.77,_27.52, 14.86, 14,53, 13.69. MP (dec.) for the first crop:
147. 5- 149. 5 (ilicg eplpEYo qtivel eotatelbesangspip alttaphPxanmle M Sbps e colodesssgsepgs  H,

7540 N 6. 16 M g6 Qferfi). "BINMR (400 MHz, DMSO-dg, 5 = 2.5 ppm) 7.62-7.58 (m,
25 4H), 7.49-7.40 (m, 6H), 6.47 (br s, 1H), 5.07/5.01 (overlapping br d, 1H), 4.18 (br s,
1H), 3.89 (br s, 0.49H), 3.69 (br s, 1.51H), 2.90-2.58 (br m, 2H), 1.40/1.26
(overlapping br s, 9H), 0.98 (s, 9H). LC (Cond. 2): RT = 2.41 min. LC/MS: Anal.
Caled. for [M+Na]+ CogHssINNaOs81: 460,23 found 460,19,
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15crop): C, 58.24; H 7.84; N, 6.07. Optical rotation (10 ng/nmL in CHCl3):
rak = -216 and -212 for the first and second crop, respectively. Exanple
M 5f WO 2010/117704 -11 N1, -.Th\\'1"-N \ Boc SEM 20ExanBC& USRE/ 098989
prepared in three steps from Exanple M 5e-1 according to the procedure

outlined for the preparation of Ex I rom (S)-Boc-proline. [Note:
the SEM regi ochen cal make up &é@ﬁg%)k’gémﬂﬁﬁ?%éc 1H NMR (400 MHz, DMBO- 4,
8 = 2.5 ppn) 7.46 (d, J.5.8. 6,5 , 7.31 (d, J =8.8, 2H 6.76 (s, 1H),
5.27 (app br s, 1H), 5.43%85 — v 10.9, 1H), 4.T§5P?oappfgg§s, 1H), 3.50-3.37
(m 3H), 2.24 (m 252H), 1.80 (app s, 12H), 1.61 (hr m'O%H), 1.12 (br s,
OH), 0.89-0.73 (m 2H), 0.70 (hr m 1H), 0.56 (hr m 1H® -0.04 (s, 9H).
L M5 (Cond. 2): RT = 2.05 m'd\g. CN1S: Anal. Calcd. for EI\/HrH]

C33H4979Br N303Si : 642. 27: fodhd®d42. 25. - 200 - Exathf&Zm 59 Boo

5 ! UL X1 G 420!\ 520090 LRI B8 BNy 0,

cooled (-78 C dic ane (14 ution o oe (0.62

m., 7.08 Smawtn1s miitkoSitdobledd-F001C)23usms (24 nell )abh@ioa e s éiefﬂ;aan%‘iﬂ ution
of Exanple M 5d %1.0 , 4.69 m*ngl; trans/ci)(smratio :h?’gngﬂ[ was added

dr opwi se5t o M1k (& 6\%@9-811&@9})(3 Chlpiogompthasmi@tabilized pwiey C@f)mfhgsohl@lt,éﬂ&geneous

m xt ure was i t.simlar_t erature for..80 mn, .Trjiethylamne (2.5
17 on o Y SrBlarS e s DTG b et e BhPigprd 8 vy o 5%
then at 0 Ciffperdtufyyatarsloc Ren i hel Rakbenas -tOmanoyed fand. $h1 Thé Rec@nt | nued
for 10 mn. The reaction mxture was diluted with dichloronmethane (25 nli)

and washed wWHkhrewpeepenesd tnbe apvend quencbad bvEBOIW additiew apii’aserated vacua to
aford Sxambeult 3885, L1t GO0, Sl kb BB b3 SF st vso 1
the nextost gprid hiuBieRYshpdratd @0 20 hiin Bx AP Hfedh BhdugEMindy pbbtand thd cbc’ e
white cake was washed with 50 mL of toluene. The organic phase of the filtrate was
separated and washed with water (40 mL, 2x), dried (MgSO,) and concentrated in
vacuo. The crude material was purified using a BIOTAGE® system (350 g silica gel;
sample was loaded with 7% ethyl acetate/hexanes; eluted with 7-20% ethyl
15  acetate/hexanes) to afford Examples M-5¢-1/ 5¢-2 as a colorless viscous oil, mainly
as the trans isomer {3.691 g, 90.7%). [Note: the exact trans/cis ratio was not
determined at this stage]. 'H NMR (DMS0-dg, & = 2.50, 400 MHz) of Example M-5¢-
1: 7.62-7.60 (m, 4H), 7.49-7.40 (m, 6H), 3.76 (br m, 1H), 3.67 (br m, 2H), 3.11-3.07
(m, 1H), 2.23 (br m, 1H), 2.03 (br m, 1H), 1.56-1.50 (m, 1H), 1.33 (br s, 9H), 1.00 (s,
20 9H), 0.80-0.75 (m, 1H), 0.30 (br m, 1H). LC (Cond. 2): RT = 2.39 min. LC/MS: Anal.
Calcd. for [M+Na]" Cy7H3;NNaQsSi: 474.24; found 474.14,

Examples M-3d-1 and M-5d-2

oy
oLV ol
N

N |
Boc Boc
M-5d-1 M-5d-2
25 TBAF (7.27 mL of 1.0 M in THF, 7.27 mmol) was added dropwise over 5 min

to a THF (30 mL) solution of Examples M-5¢-1 /-5¢-2 (3.13 g, 6.93 mmol) and the
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Exanpl e M5h was prepared in two steps from Exanple M 5g according to the
procedure outlined for the preparation of Exanple QC-1d from

(S) - Boc- pvOI120HAl1770201HNVR (400 MHz, DWVSO0-4, 8 - 2.5 ppnmpPCT/UB2010AR9%, 1H),
6.81 (d, J = 0.8, 1H), 5.57-5.31 (app br s, 1H), 5.22 (d, J = 5.22,

1H),
4.73 br . 1 3.47-3.27 (br m 3H), .2.24 br s, 2H), 1.63 (a
o 5, 107, TREI st Aoion! Setor ob.T8 Hgrs( Pier s sk vl 1k
-0.04 (s, 9hurkdd WH,ERNHiondd %nI?_,rmﬁst]ﬂfQQe Po1kile bShMnenfAl renfle@ %, for
[ MtH O 9HB4ANBO3SI : 380, 24: found 380. 21. 25 -201 -  Exanple Mbi  Exanpl e
M 5i ( TEA sahtgo amishpresivae ads partitinoedbapsersCHrCh (1P hipamdEs@iphteMiedf and

Ex le M5 I. d d i bed for t i f 5
Scanpl 6 M & RO BRIk PR e e e e et ¢ e B hDFEh ot hat
the crude nﬁﬁ@édn%iné’@@rgg}ﬂ% Eféz%"%%ra‘é‘cﬁiled @Mggtﬁ?f, $ifeRRNAR R _ J‘a%éi Or.ﬁ vacuo, and

(et hanol / wat er/ TEA) an ree-based wth MCX (6 g; wash; 2.0 M
NH3/ MeOH el ubdénoxposdixatieherabhubn owamightt Thewsdtiag cawie ofderishivae phidded (162

ng). 11 NWVR (40 = 2. 11,75 (app.br. s, -1H, _only one
of the ini dé‘%&] %BMlE%g@géﬁ%&@/éE}QK?%@%%éa?ffgrd:é@f@’}@%%d*#.} 3&2@3pp br s,
358 (aa, | D3 iR GRS ophided fin rhed Gfyerkoy o) 0.
1.76 (m 14Hnpuwiticsd1 BO3G~P4%). [Rbk) thelxBa-twsdisatio ¥Ad)ot HoeHBetprnfifed m  111) ,
0. 34-0. ij, 21 d. . RT - 0.94 m.n. LC/ M5, Anal, Cale& f

[ eT- 1110 c3chis#Rge. 43 NAR DMiiadoas 259, 4ASMEZARpFBisnRs M- (- 0 e 5
(TEA salt) 1Sz pr . 148 } (o] ¥z 1| t I

Ut med 1 n Bcarnl 0 pE RN B6G M ™ RS G @18, BRSSIHGE

14. 13/ 13. 98 IE)W0M(bray, ) 1.93-1997 (thr 11, 1 5144 Tm6OH|,d, 40)(s=918), 3,761 7. 51
(d, 1 =8.3, 2 207,30 (s, 1H), 7.25/7.23 (two overlapping d, J =
8.5/9.4, 1. 8oW)D@Hobsm3dMin m 0.18H), 4.98 (m 1H), 4.90 (m 1H), 4.40
(m 1.77H), 4.33-4.27 (brm 0.23H), 3.72 (br m 2H), 3.54 (s, 3H), 3.53 (s,
3H), 2.38-2.07 (m 4H), 1.96-1.83 (m 14H), 0.98- 0.72 (m 16H), (Note: the
signal af 2H appears to have overl appesp M5d hat of the sol vent signal).
LG MS (Cond. 2): RT = 1.35 nmin. LOMS: Anal. Calcd. for [ 25C44H59N806:
795. 46; found 795. 440 - @V Exanpl e M {6 ahd M 7 ﬁaml es M6 and
M7 were prepared as 'ﬁF‘A 9l ts from Exa}ﬁi‘)l 5i and aPprowriate acids by
enpl oyi ng the procedur® deggribed for the sypthesis of Exaggele 5M5, with

the exception that an additional purification was condu&zg{%}gﬁ th a second
reverse phase HPLC systM??“i“i'/vater/acetoni”t”'r‘r’ieTze/ TFA) for ipre M 7. Exanpl e

A semi-solution of NalQOy (6.46 g, 30.2 mmol) in H,O (31 mL) was added to a

solution of Examples M-5d-1/-5d-2 (2.15 g, 10.08 mmotl) in CH3CN (20 mL) and
CCly (20 mL). RuCl; (0.044 g, 0.212 mmol) was added immediately and the

20 heterogeneous reaction mixture was vigorously stirred for 75 minutes. The reaction
mixture was diluted H,O (60 mL) and extracted with CH,Cl, (50 mL, 3x). The
combined organic phase was treated with 1 mL. CH;0H, allowed to stand for about 5
min, and then filtered through a pad of diatomaceous earth (CELITE®). The
CELITE® was washed with CH,Cl; (50 mL), and the filtrate was rotervaped to afford

25  alight charcoal-colored solid. "H NMR of the crude material indicated a 1.00 : 0.04 :
0.18 mole ratio among trans acid M-5e-1: presumed cis acid M-5e-2: side product M-
5e-3. The crude material was dissolved in EtOAc (~10 mL) with heating, and allowed
to stand at ambient condition with seeding. About 15 minutes into the cooling phase,

a rapid crystal formation was observed. About 1 hour later, hexanes (~6 mL) was
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R RT (LC-Cond.); % honobgeneity index; Ms data -6 1.,", t7 0 1.20 mn (Cond.
2); >98% LC Ms: Anal. Cal c-dor [MtH C42H55N806: 767.42; found 767.47 M7
Lito n NWORIBBIIAIA (C ond. 2a); >95% LC/ M5 Anal. Cal €6T/GS2010{0RF0PH

C5011. 55N806: 86142; found 863.41 Exanple M8 10 The TFA salt of Exanple

5 (41 wa e ase Wt h N,.NH3/ MeOH) ,

5 (LT e B oV B 07 O LRS! PR Ut pUE PR v (2
m), treat edohbind¥a Qée%ngaté@cmtp %Qnﬁm% Ma@@iﬁe@@%ﬁ@%a@ﬁed%th 1&%’&1‘ C for
15 hr. The reaction nmixture was aliowed to cool to anbient condition,

di | ut ed wit lvodliedHexands/Etbid (2: bhtiop 20 enoragé dpbdsmeder h%h@apwmtw gfivridohe (XT ERRA

30x100 S OI-VT ffard th le 8

whi te foam %%Si Cﬁop?ég lﬂ\ﬁ@? 5186{%1\%1@{ ﬁ@é%ﬁeﬁ@—tféw ORIt d, 9 =
8.6, 211}, zo‘éﬁf &, agé' th'e rgﬁéue wid axssoYve%ﬁn (~§91£l dr Et@m ;(wﬂh%gatﬂrﬁzaﬂg%dzm
4.43-4.38 (m 5 (an overl ap of s, 8H), 2735-2.21 (m

4H), 2.10-1 t@@taﬂdmt a:hﬁ:h&nt cﬂm@ﬂeﬁ)f@ﬂ I(cmr, dbdthen Emweé(amesm add€d M f@odd. 4):
Rl = 3.97 mn. LCMS: Anal. Calcd. r 4F158C12N806: .863 f ound
863. 40. 1OB|1%E€%“@£E‘?°A@FV\}|5W AS@CO*)Q?CF E&%}W% ]5 MRS 80§ éeﬁ’d
t he present d_ I t S

et e MO, A oo

descri bed i n connbn and in oyl e et
Antim crob A@‘r@a@p Ghe mbi)hlaﬁ’? (200 sADH; (A&(’lé})peﬁaﬂﬂx Water sﬁgﬁﬁy th(lbnds

I ncor por St | ri%) il%’li’ f(a%rp IS, {I-? ?r5t6e(;§p Q aIV% ?48/? 34 (two overlapped s, 9H), 0.71 (m,
1H), 0.45 (m, 1H). "C-NMR (100.6 MHz, DMSO-d6, & = 39.21 ppm) 172.96,
172.60, 154.45, 153.68, 78.74, 59.88, 59.58, 36.91, 31.97, 31.17, 27.77, 27.52, 14.86,
14.53, 13.69. MP (dec.) for the first crop: 147.5-149.5 °C. LC/MS: [M+Na]" =
250.22. Anal. Caled. For C1Hi7NO4: C, 58.13; H, 7.54; N, 6.16. Found (for first
15 crop): C, 58.24; H, 7.84; N, 6.07. Optical rotation (10 mg/mL in CHCL): [a]p = -216

and -212 for the first and second crop, respectively.

Example M-5f

Na N
b \

SEM

20 Example M-5f was prepared in three steps from Example M-5e-1 according to
the procedure outlined for the preparation of Example M-1h from (S)-Boc-proline.
[Note: the SEM-regiochemical make up was not determined.] "H NMR (400 MHz,
DMSO-dg, & = 2.5 ppm) 7.46 (d, J = 8.6, 2H), 7.31 (d, J = 8.8, 2H), 6.76 (s, 1H), 5.27
(app brs, 1H), 5.14(d, J = 10.9, 1H), 4.60 (app br s, 1H), 3.50-3.37 (m, 3H), 2.24 (m,

25  2H), 1.80 (app s, 12H), 1.61 (br m, 1H), 1.12 (br s, 9H), 0.89-0.73 (m, 2H), 0.70 (br
m, 1H), 0.56 (br m, 1H), -0.04 (s, OH). LC/MS (Cond. 2): RT = 2.05 min. LC/MS:
Anal. Caled. for [M+H]" Ca3Hyo BrN3O;8i: 642.27; found 642.25.
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15used as described (Apath.con). I 1 CV-neo replicon cells and replieon
cells containing nutations in the NS5A region were used to test the
current | yWOe8wilpwd fam |y of conpounds. The conpounds RETAISAEVH2ENhed t o
have nore than 10-fold less inhibitory activity on cells containing
nmutations than wild-type cells. Thus, the conpounds of the present

20di scl osure can be effective in mEPimlP]GrM -%he function of the HCV NS5A
protein and are understood to be as effectjye in conbinations as previously
descri bed in application PCT/US20063.022/ \#hd conmonl y owned WO 04014852.
Further, the conpounds of the pr esent\i osure can be effective agai nst

t he HCV | b genotype. It should al so be understood that the conpounds of the
present disclosure can inhibit 25nmultipl &%enotypes of HCV. Table 2 shows
the EC50 (Effectiyve hi bi centratio ues of representative
conpounds. of ¢ he TrsteGreel b8 4 335R0h San a sl B Re R bR B one
embodi ment, GERAPUREE:) afchld?&n%%&emhﬂ BRMIGT 0RAIG! HIbY Y q(_)‘%zxnﬂﬁfﬁys l'a,

| b, 2a, 2b, 3a, 4a, and 5a genotypes. EC50 val ues against HCV | b are as

fol  ows: SA (ddmeD), andijre@ frB0nR0 A divhior@nétharkend 9 Minplution O Evemps™M30 nM) .
The conpounds e present disclosur inhj it HCV by nmechanisns in
addi tion to%(‘}r(?@tga 69tlﬁlélﬁfﬂ§g§i01ﬁﬁﬁ?%l t‘?#ﬁx"? ‘gir‘?g dEonygsf Weht 28978 conpounds
of the - 204 VR 200 17 AARETOESRHLRLGRAIAR keRE ks hitfhosy © | nhi bi
ElI CV repli conlxnl%rd %n ano%%er e%op?%ent r‘%%e conmpounds %géthe pr esent

di scl osur e isihilditemNSathre fhaBD enid. Exiatiylaenihd (ECsd., (V.64 mivhol) waaa(j;@)d arenge

Na 1 D nethyl |'S) - 14(29) -2-(4-(4-(2- S).-.142

((xt %xycart%geﬁﬁﬁé?ﬁ%( stx?gregi g 8)°C fog?)h(r, then atO‘(é% )I hrang then the bath was

met hyl b iiban%fﬂi})v rsrﬁgijnl;ﬁcli orﬁ{ii]xﬁedlfld!r d4agohpd re)é onlmil)%u@ wad GRlaqhexen- 1-

yl)-4-y1)-1H1im a yrro di ny
met hyl pr opyldicidsdoaietiage QX5 RAL) and washed with water (15 mL 2x), dried (MgS0O,) and

evaporated in vacuo to afford Example M-5g as a light brown oil (1.07 g). The
trans/cis stereochemical makeup of the product was not determined, and it was used in
the next step without purification,
15
Example M-5h

SEM ;

\\\
</l ;30(:
Example M-5h was prepared in two steps from Example M-5g according to

the procedure outlined for the preparation of Example QC-1d from (S)-Boc-prolinal.

20 'H NMR (400 MHz, DMSO-ds, & =2.5 ppm) 7.14 (app s, 1H), 6.81 (d, ] = 0.8, 1H),
5.57-5.31 {app brs, 1H), 5.22 (d, J = 5.22, 1H), 4.73 (app br s, 1 H), 3.47-3.27 (br m,
3H), 2.24 (app br s, 2H), 1.63 (app br s, 1H), 1.45-1.02 (app br m, 9H), 0.89-0.69 (m,
3H), 0.55 (m, 1H), -0.04 (s, 9H). LC/MS (Cond. 2): RT = 1.60 min. LC/MS: Anal.
Caled. for [M+HT" C1oH34N304351: 380.24; found 380.21.

25

- 201 -



met hyl ((1S)-24(2S)-2-(4-(4"42-((2S)- 1-(N-(netlioxycarbenyl)-L-alanyl)-2-
pyrrolidinyl)-1Him dazol -4-ye-1, 1r- bi

(3-cycl o¥QaAlyHym44-y1) - 1H m dazol - 2-y1) - 1- pyrrol i di nAPCT/US2010/028999

met hyl- 2- oxoet hyDear banate QC-3 D

(1R 1R)-2,2"-(1, 11- bi (3-cycl ohexen-1yl)-4,4' -diyl bi s(1Hi m dazol e-4, 2-

di y1(2S)-2, 1-pyrrolidi nedi yl)) bi s( NBxdingtehyi15i2- oxo- 1- phenyl et hanani ne) QC-4
C et hyl

1- (N- (et hoxycar bony1l) - O- et hyl - Lseryl)-2-pyrrolidin H i m dazol - 4-

1' - bi (3-cycl ohexen-1-y1)-4-y1)- 1H i m dazol -2-y1)-1-pyrrolidinyli-1-

(et hoxynet hyl ) - 2- oxoet hyl ) carBgna N‘@j\érrp[:{e | b EC50 or range)
Range Name QC-5 D methyl K (1.8, ZR ‘ : (28) -

244441424(28) - 14N- ( met hox r‘\boﬁyl) - 0-met hyT- L- hreonyO- 2- pyrrolidinyl)-111-
I m dazol -4-y1)-1, 11- bi ( | ohexen-1-y1)-4-y1)- 1H i m dazol -2-y1)-1-
pyrrolidinyecarbonyl) prépyl ) carbamat e

Example M-5i (TFA salt) was prepared in two steps starting from Example M-
5f and Example M-5h according to the procedure described for the preparation of
5  Example M-1j from Example M-1h and Example QC-1d, with the exception that the
crude material was purified with a reverse phase HPLC (methanol/water/TFA) and
then free-based with MCX (6 g; MeOH wash; 2.0 M NH;/MeOH elution). Example
M-5i was retrieved as an off-white foam (162 mg). "H NMR (400 MHz, DMSO-de, &
= 2.5 ppm} 11.75 (app br s, ~1H; only one of the imidazole NH was observed), 7.61
10 (d,J=8.3,2H), 7.33 (app brs, 1H), 7.29 (d, ] = 8.5, 2H), 6.50 (s, 1H), 3.97 (dd, I =
9.8,7.3,1H), 3.88 (dd, ] = 10.0, 7.2, 1H), 2.83-2.77 (m, 2H), 2.14-2.03 (m, 2H), 1.94-
1.76 (m, 14H), 1.44-1.36 (m, 2H), 0.67-0.64 (m, 1H), 0.63-0.60 (m, 1H), 0.34-0.27
(m, 2H). LC/MS (Cond. 2): RT = 0.94 min. LC/MS: Anal. Caled, for [M+H]"
CsoH37Ng: 481.31; found 481.27.
15
Example M-5
Example M-5 (TFA salt) was prepared from Example M-51 according to the
procedure outlined in Example M-1. "H NMR (400 MHz, DMSO-dg, & = 2.5 ppm):
14.13/13.98 (two brs, 2H), 7.99 (brs, 1H), 7.69 (d, J = 8.3, 2H), 7.51 (d, ] = 8.3, 2H),
20 7.30 (s, 1H), 7.25/7.23 (two overlapping d, J = 8.5/9.4, 1.82H), 6.99-6.93 (br m,
0.18H), 4.98 (m, 1H), 4.90 (m, 1H), 4.40 (m, 1.77H), 4.33-4.27 (br m, 0.23H), 3.72
(br m, 2H), 3.54 (s, 3H), 3.53 (s, 3H), 2.38-2.07 (m, 4H), 1.96-1.83 (m, 14H), 0.98-
0.72 (m, 16H), (Note: the signal of 2H appears to have overlapped with that of the
solvent signal). LC/MS (Cond. 2): RT = 1.35 min. LC/MS: Anal. Caled. for [M-+HT"
25 CagHsoNgQOg: 795.46; found 795.44.
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QC-6 B nmethyl (0 8)-2428)-2-044"' 424(2S) -

14N- (et hoxycar bonyl) - L-al anyl)-2- pyrrolidinyl)-1Himdazol-4-y1)-1,1"- bi
(cycl oheX¥yDROW/NM1H0411- 1-i m da zol -2- yl)-1-pyrrol i di nPCrAB201Gi928999 - 2-
oxoet hyl )carbamate QC-7 17.11 A nethyl (( 1 8)-24(28)-24444' 4242S) -

14NAnet hoxycar bony1) - O- net hyl - Lseryl) - 2-pyrrolidinyl)-1Himd azol -

y1) -1, 1r-bi (cycl ohexyl) - 4-y1) - 1HEmawplzoM-8-agd M-T- pyrrol i di ny1) - 1-

(et hoxynet hyl ) - 2- oxoet hyl )carbamate QC-8 2.40 B nethyl ((1

8, 2R) - 2- net hoxy- 14( 2. 8) - 24444' 424(2S)-1

4N- (et hoxycar bony1) - 0- net hyI L-thr eonyl) 2- pyr relid ny )-1H i m dazol - 4-y1)
-1, 1' - bi (eyel ohexyl ) - 4-y. 1) r+0|

i di nyecar bonyepr opy- Dcar
Name 0.011 D net hyl

( (et hoxycar bonyDam no)
nmet hyl but anoyl) - 2- pyrr di nyl) - 1H i m dazol - 4-yephenyl) - 1- cycl ohexen-1 -y1) -

%H_ I m dazol - 2- yl)E_x:!éfin% VS dndNtY \%gr%rprepa}[e]d)asszA B R EEQ’mBI%%E hamate QC |

appropriate acids by employing the procedure described for the synthesis of Example

i )Mgor range) Range
((29)-1-((29)-2-

5  M-5, with the exception that an additional purification was conducted with a second

reverse phase HPLC system (water/acetonitrile/TFA) for Example M-7.

Example R RT (LC-Cond.); % homogeneity index; MS data

M-6 ~S /7 1 1.20 min (Cond. 2); >98%; LC/MS: Anal. Calcd. for
OQ\/’KJH [M+HT" C42HssNsOg: 767.42; found 767.47
O
e
M-7 1.93 min (Cond. 2a); >95%; LC/MS: Anal. Caled. for
S [M+H]" Cs5oHssNgOs: 863.42; found 863.41
O:\/I\%H
/O

Example M-8

M802CHN
\\‘
\\\L> Q @ /y
HCOzMB

The TFA salt of Example 5 (41 mg) was free based with MCX column
(MeOH wash; 2 N NH3/MeOH), and the resultant colorless glassy oil (29 mg) was
15  dissolved in DMF (2 mL), treated with NCS (10.7 mg, 0.080 mmol) and heated at 50

10
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C nethyl ((1S)-242S)-2-(4-(4-(4-(2-

((2S)-1- (N (met hoxycarbonyl)-Lal anyl)-2-pyrrolidinyl)-1Him dazol -4-

y1) - 3- cycwWonrewen7m4yepheny0- 11- 31i m dazol - 2-y1) - 1- pyr r oPCiUSA1p/028999

met hyl- 2- ox oet hypcar bamat e C methyl ((1S)-24(28)-244-(4-(442-

KS9) - 1(N—(rnethox car bonyl) - 0-, . o .

met hyl - L- sery £yr Izi%ryrﬁ@lrpwwnwymnwa%ﬁihwéltO&OM?ﬁ@b@yémm@%@mdﬂmﬁé) pheny1

oot hyl Sié@s@%%é%sﬁfﬁ%&%ﬁg? Y phe S TR SRR I X TR, 39100
2-(4-(4-(4- (rﬁﬂGZ&a&r/MMh@WQMﬁ@MFAQaMfEximlbleB%a&ﬂy&)feanpyrroI i din
y1l)-1H i m dazol cI ohexen- 1) phenyl)-1H1 m dazo Fl
pynol i di nyeé%%‘ﬂ)tﬂﬁ)l‘)fiﬁlxI %@NH&@M&?}I%@)@%IP@TH)H Bddo! flgriS ﬁkﬁio 46%@3 e)

4 28 2-
(ot hoxycar o oy e oM St B 0. 20, Hefrh of oy A0 p oo R et (129

i m dazol - 4- )bk/érw‘p&ﬂyﬁo) %imlmcmsmq)(m thLzmoda&mm 26}@},)}04 0.86 (m,
pyrrolidi nyI )car bon - met hy ear bamat e - 14
), 0.71 m 2H) LC/MS (C‘ond 43/ =397 min, LC/MS: Anal. Caled. for

[M+H] C44H58C12N3061 863.28; found 863.40.

10 BIOLOGICAL ACTIVITY

An HCV Replicon assay was utilized in the present disclosure, and was
prepared, conducted and validated as described in commonly owned
PCT/US2006/022197 and in O’Boyle et. al. Antimicrob Agents Chemother. 2005
Apr;49(4):1346-53. Assay methods incorporating luciferase reporters have also been

15 used as described (Apath.com).

HCV-neo replicon cells and replicon cells containing mutations in the NS5A
region were used to test the currently described family of compounds. The
compounds were determined to have more than 10-fold less inhibitory activity on
cells containing mutations than wild-type cells. Thus, the compounds of the present

20 disclosure can be effective in inhibiting the function of the HCV NS5A protein and
are understood to be as effective in combinations as previously described in
application PCT/US2006/022197 and commonly owned WO0O/04014852. Further, the
compounds of the present disclosure can be effective against the HCV 1b genotype. It
should also be understood that the compounds of the present disclosure can inhibit

25  multiple genotypes of HCV. Table 2 shows the ECsq (Effective 50% inhibitory
concentration) values of representative compounds of the present disclosure against
the HCV 1b genotype. In one embodiment, compounds of the present disclosure are
inhibitory versus la, 1b, 2a, 2b, 3a, 4a, and 5a genotypes. ECs, values against HCV
1b are as follows: A (1-10 uM); B (100-999 nM); C (4.57-99 nM); D (2pM-4.57

30 nM). |

The compounds of the present disclosure may inhibit HCV by mechanisms in

addition to or other than NS5A inhibition. In one embodiment the compounds of the
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B nethyl ((1S)-2-((2 S)-2-(4-(4-(4-(2- ((29)-1 -(N-(nethoxycarbonyl)-O0-
nmet hyl - L-seryl)-2-pyrrolidinyl)-11-1- irnidazol-4-yl)-1 -piped

di nyl) pl i}/ 11TH41 m dazol - 2-y1)-1 -pyrrolidinyl)- 1 - PCRBISROXPARIPDYL) - 2-
oxoet hyl )earbamate QC-15 C nethyl (( 1 S)- 1 -WS)-2-(4- ( 1 -(442-
((2S5)-1 425)-2- ((nmethoxycarbonyOani no) -3, 3-

di et hyl but amgyrﬁ)d@:lqsym—@hnbﬁﬁ@{()repj@mland mn another embodiment the compounds of

i m dazol - hen i 1H i m dazol - 2-y1) - 1-

pyrrolidi nyébe)égs(?ﬁyii%sd?s@ P@?@E%pr opyl ) carbamate Exanple |b ECso (in

nisil or range) Range QC-16 D nethyl ((I S)-1-(((2S)-2-(4-(4-(4-(2-

((29)-14(295)-2- ((nethoxycarbonyl)amn no) - 3-

met hyl but anoyl )pyrrol [ d| n-2-y1)- 1H-| m kol - 4- y|
|J

Zol 2 yepyrrJl T u; LILI I y.l_} U"‘""“ ny.L} IIl/I.II_y: p;‘u A }\Ja“ L‘amt\/ \l\JUlll{l 1)
QC-17 D met hyappie &) - 1-100{s;) - 2-(1%&‘(‘%? 4-(2- ((25) NE2s) - 2-

(( et hoxycar ponyl ) am n@% [ﬁr H;F.éég{ but i noyl )pyrrol i d| a-2-yl)-111-

i m dazol - 4-yephenyl ) ¢ycl ohexyl )= 1T-1- imiciazol-2-y1)pyrrolidin-1-
yl) car bonyl )+ 2-Qost hyl propyf | ear bamate (i s@m (11K)-1-(((2S)-2-(4-(4'-(2-
((2S)-1-((28)-2-

{(methoxycarbonyl)amino)-3-

)p enyecycl ohexyl )-1H i m da

/-\\<

methylbutanoyl)-2-pyrrolidinyl)-1H-
imidazol-4-y1)-1,1"-bi(3-cyclohexen-1-
y1)-4-y1)-1H-imidazol-2-y1)-1-
pyrrolidinylhcarbonyl)-2-
methylpropyl)carbamate

QC-2 C methyl ((18)-2-((25)-2-(4-(4"-(2-((2S)-
I-(N-(methoxycarbonyl)-L-alanyl)-2-

pyrrolidinyl)-1H-imidazol-4-yi)-1,1"-
bi(3-cyclohexen-1-yl)-4-y1)-1H-
imidazol-2-yl)-1-pyrrolidinyl)-1-
methyl-2-oxoethyl)carbamate

QC-3 D (IR, 1'R)-2,2"-(1,1"-bi(3-cyclohexen-1-
y1)-4,4'-diylbis(1 H-imidazole-4,2-
diyl{(28)-2,1-pyrrolidinediyl))bis(N,N-
diethyl-2-0x0-1-phenylethanamine)
QC-4 C methyl ((1S)-2-((28)-2-(4-(4"-(2-((28)-
1-(N-(methoxycarbonyl)-O-methyl-L-

seryl)-2-pyrrolidinyl)-1H-imidazol-4-
yh)-1,1-bi(3-cyclohexen-1-yl)-4-yl)-
1H-imidazol-2-yl)-1-pyrrolidinyl)-1-
(methoxymethyl)-2-

oxoethyl)carbamate
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M1 0.009 D nethyl ((15)-1-(((2S)-2-(4-(4-(4-(2- ((2S9)-142S)-2-

( (et hoxycar bonyl ) am no) - 3- net hyl but anoyl) - 2-pyrrolidinyl)-1H m dazol - 4-
yl | phenylWBi2010¢118702. 2. 2] oet - | -y1) - 1Hi m dazol - 2-y1)-1-  PCT/US2010/028999
pyrrolidinyl)carbonyl)-2- nethyl propypear bamat e Exanmple Ib liCso (in TIM
or range) Range Name M2 C nethyl ((1S)-2429)-2-(4-(4-(4-(2-

((29) - 1- (N- (hexhepycar borplncds- Rhadty 1) - 2- pyrrol i tiapel) - 1H-i m dazol - 4
yebicyclo [2{2.2] oct-I|-yl)phenyl)-1H m dazol -2-y1)-1-pyrrolidinyl)-jl-
met hyl - 2- oxopt hyl ) car BamaMeorveze) ) A net hyl ((J R)-24(2S)-2-(4-0-(4-)(2-

((28)-1-((2R 0C-5 D | methyl ((18,2R)-2-methoxy-1-(((2S)-
2-(4-(4"-(2-((28)-1-(N-
(methoxycarbonyl)-O-methyl-L-

threonyl)-2-pyrrolidinyl)-1 H-imidazol-
4-y1)-1,1"-bi(3-cyclohexen-1-yh)-4-yl)-
1H-imidazol-2-yl}-1-
pyrrolidinyl)carbonyl)propyl)carbamat
e

QC-6 B methyl ((18)-2-((25)-2-(4-(4"-(2-((2S)-
1-(N-(methoxycarbonyl)-L-alanyl)-2-

pyrrolidinyl)-1H-imidazol-4-y1)-1,1'-
bi(cyclohexyl)-4-yl)-1H-imidazol-2-
yD-1-pyrrolidinyD)-1-methyl-2-
oxoethyl)carbamate

QC-7 17.11 A methyl ((1S)-2-((28)-2-(4-(4"-(2-((2S)-
1-{N-(methoxycarbonyl)}-O-methyl-L-

seryl)-2-pyrrolidinyl)-1H-imidazol-4-
y1)-1,1"-bi(cyclohexyl)-4-yl)-1H-
imidazol-2-yl)-1-pyrrolidinyl)-1-
(methoxymethyl)-2-
oxoethyl)carbamate

QC-8 2.40 B methyl ((18,2R)-2-methoxy-1-({{25)-
2-(4-(4'-(2-((28)-1-(N-

(methoxycarbonyl}-O-methyl-L-
threonyi)~2~pyrrolidiny1)-1H—imidazol—
4-y1)-1,1"-bi(cyclohexyl)-4-yI)-1H-
imidazol-2-yl)-1-
pyrrolidinyl)carbonyl)propyl)carbamat

€
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( (et hoxycar bonyl ) am no) - 2-

phenyl acetyl)-2-pyrrolidi ny0O-1H m dazol
yl ) pheny IWOZPLY/ 1TV T0daz ol
phenyl et hyl ) carbamate M 4

met hyl

-4-yl)bicyclo[2.2.210 ct-1-

-2-y1)-1- pyrroli

((19)-1-(((29)-2-(4-(44442-
- 3-

di nyl)-2- oxo- PCTAUS2010/028999

((2S)-1-((29)-2- ((nmet hoxyearbonyl )am no
et hyl but anoly BaripRy - ol 116 wy.}) - 1Hi Rugaz ol - 4- yQphenyghiecycl of 2. 2. 2]joct - |
-y0-1, 3- oxagol - 2- y1 pyrrolidinyl)carbonyl)- 2-nmethyl propyl)carbanate
Exanple | b E;i\o gl n rlh@@ﬁ%@?@jggggi\h@qg H D net hyl ((I
(L et hoxycar boradi o) 30 Het yl bt dRoy 1 P (1S 1-(()2-( (40
yOphenyD) - 1hpi mi o] -2 y1) -2~ azdbieye! z)F@TS%?‘%%%%: bear bony1) - 2
net hyl propyl ) carbamate 6 D nethyl| ((1 S) {(netlytarRp@y1amibo)R)-- 3- (5- (|4-
b azabi cyei o 3.1 .01 hex. -3yL) 1111 i m GEEAPIBHIDN S EyEy B 215 21bet -1 -
J1)Carbony ) propyl) cdrbamate M7 B b Ao B G
yi)-1H-imidazol-2-y1)-1-
pyrrolidinylcarbonyl)-2-
methylpropyljcarbamate
QC-10 methyl ((1S)-2-((28)-2-(4-(4-(4-(2-
((28)-1-(N-(methoxycarbonyl)-L-
alanyl)-2-pyrrolidinyl)-1H-imidazol-4-
yl)-3-cyclohexen-1-yl)phenyl)-1H-
imidazol-2-y!)-1-pyrrolidinyl)-1-
methyl-2-oxoethyl)carbamate
QC-11 methyl ((18)-2-((28)-2-(4-(4-(4-(2-
((25)-1-(N-(methoxycarbonyl)-O-
methyl-L-seryl)-2-pyrrolidinyl)-1H-
imidazol-4-y1)-3-cyclohexen-1-
yDphenyl)-1H-imidazol-2-y1)-1-
pyrrolidinyl)-1-(methoxymethyl)-2-
oxoethyl)carbamate
QC-12 methyl ((1S,2R)-2-methoxy-1-(((25)-
2-(4-(4-(4-(2-((28)-1-(N-
{methoxycarbonyl}-O-methyl-L-
threonyl)-2-pyrrolidinyl)-1H-imidazol-
4-y1)-3-cyclohexen-1-yl)phenyl)-1H-
imidazol-2-y1)-1-
pyrrolidinyl)carbonyl)propyl)carbamat
e
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met hyl

((1 R-2-((1 R3S,5 R -3-(5-(4-

(4424(1 R, 3S, 5R) - 24( 2R) - 2-

( (et hoxycar bonyl ) am no) - 2- phenyl acetyl)-2-azabicyclo [3.1.0] hex3-yl1)-1
H i m dazavoz01ydBidgdycl o [ 2. 2. 2] oct -
1-yl ) phenyl) - 1Hm dazol - 2-y1) - 2- azabi cyclo [3 .1.0] hex2-yl)-2-o0xo0-1

17704PCT/ US2010/.028999 Example |b

- phenyl et hyl
(in nMor ra
chl oro-5- (4-
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P methylbutanoyl)-2-pyrrolidinyl)-1H-
imidazol-4-yl)phenyl)-4-piperidinyl)-
1H-imidazol-2-y1)-1-
pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate

2-

e my
ion. In
epl i con

QC-14

methyl ((15)-2-((2S)-2-(4-(4-(4-(2-
((28)-1-(N-(methoxycarbonyl}-O-
methyl-L-seryl)-2-pyrrolidiny!)-1H-
imidazol-4-yl)-1-piperidinyl)phenyl)-
1H-imidazol-2-y1)-1-pyrrolidinyl)-1-
(methoxymethyl)-2-

oxoethyl)carbamate

QC-15

methyl ((18)-1-(((28)-2-(4-(1-(4-(2~
((28)-1-((25)-2-
({methoxycarbonylyamino)-3,3-
dimethylbutanoyl)-2-pyrrolidinyl)-1H-
imidazol-4-yl)phenyl)-4-piperidinyl)-
1H-imidazol-2-yl)-1-
pyrrolidinyl)carbonyl)-2,2-
dimethylpropyl)carbamate
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10wherein
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- C( 0) ORY7,
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-
t oget her
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al ky
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or six-nenb
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0) Nl el ¢,
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ered ri
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imidazol-2-yl)pyrrolidin-1-
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0.009

((28)-1-((28)-2-

((methoxycarbonyl)amino)-3-
imidazol-4-

imidazol-2-yl)-1-
pyrrolidinyl)carbonyl)-2-

methylpropyl)carbamate

methyl ((1S)-1-(((2S)-2-(4-(4-(4-(2-

methylbutanoyl)-2-pyrrolidinyl)-1H-

yDphenyl)bicyclo{2.2.2}oct-1-y1)-1H-
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optionally may contain one or two additional

sel ected from nitrogen,
t hree sub¥0i200enf®4i ndependent|ly sel ected from ClL to C6P&ITRIBR(10ME8ND C4

oxygen,

t wo,

het er oat ons i ndependent|y
and sul fur and may contai n one,

or

hal oal kyl , aryl, hydroxyl, G to C6 al koxy, Cl to C4 hal oal koxy, and

hal ogen; 1517.6.1ls..alkyl . R7Z is.alkyl arvlalkyl.  cycloalkyl _ or haloalkyl;
Rl and Ri ndepdixdeptd i sellbdi@d frdnRhygtr ogen, al kyl , Neymeot i | kyl, and hal o;
R' and Rd arg independent]y sel ectled from hydrogen, alkyl, arylal kyl|. and
20cycl oal kyl| 2. The ¢ TaCorlding to claim 1, or a pharmaceutically
accept abl e sdafT ereot . WheT el T 5~ Sel & T r e > (A (4 (X7 ] &
compound accerding to claimi1, or la phar mce@?“gé?%@%ceg (éb ezsalt 5
thereof, wherein Y and Y' are each NH 4/ ((Phe1qbrpouiskyasdong)-ng to claim
1, or a pharpaceutically acceptablie salt |thereof, wherein Y is o n (0),
and Y is NH 105.The conpound of |cl ai m L‘dia@}’l)*& Wﬁﬁb@uﬁ@ﬁﬂ%ﬂa‘gcept abl e
salt thereof| wherein: .1is ,C(0)Rx; R2 and ! ?
are independently al kyl substituted by at bmgig@% 2}0%?\;5?;)11611}(1) 1%
15characterized. by Formula (A): R Rb E&|MnidalRs=FiHy- %;rzg}ldﬁgfz)gﬁ) whier ei n:
mis O or 1;!20R8 is|hydrogen or alkyl; RO is selected from hydrogen,

cycl oal kyl, aryl, hetleroaryl, heter ocycl 3 imethyhd- %%Wyl)éﬁbﬂ@ﬁtﬁl ly
substituted ywth stbstituent—setect 0 atkyl ,

het er ocycl yl hM“gr odryl, heterobijcycly %ﬁéﬁk)&% F '“'ﬁf'éﬁ%ﬁ nd

-C(0) NR Rd;

| @S)114@R)-2-
((methoxycarbonyl)amino)-2-
phenylacetyl)-2-pyrrolidinyl)-1H-
imidazol-4-yhbicyclo[2.2.2]oct-1-
yhphenyl)-1H-imidazol-2-y1)-1-
pyrrolidinyl)-2-oxo0-1-
phenylethyl)carbamate

M-4

methyl ((1S)-1-(((28)-2-(4-(4-(4-(2-
((28)-1-((28)-2-
((methoxycarbonyl)amino)-3-
methylbutanoyl)-2-pyrrolidinyl)- 1 H-
imidazol-4-
yl)phenyl)bicyelo[2.2.2]oct-1-y1)-1,3-
oxazol-2-y)-1-pyrrolidinyl}carbonyl)-

2-methylpropyl)carbamate
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azabicyclo[3.1.0thex-3-yl)-1H-
imidazol-5-yl)bicyclo[2.2.2]oct-1-
yhphenyl)-1H-imidazol-2-y1)-2-
azabicyclo[3.1.0]hex-2-yl)carbonyl)-2-

methylpropyl)carbamate

5,
| kyl

nz-\

methyl ((18)-1-(((1R,3S,5R)-3-(5-(4-
(4-(2-((1R,3S,5R)-2-((28)-2-
{{methoxycarbonyl)amino)butanoyl)-
2-azabicyclo[3.1.0Thex-3-yl)-1H-
imidazol-5-yhbicyclo[2.2.2]oct-1-
yl)phenyl)-1H-imidazol-2-y1)-2-
azabicyclo[3.1.0]hex-2-
yhcarbonyl)propyl)carbamate

M-7

methyl ((1R)-2-((1R,38,5R)-3-(5-(4-
(4-(2-((1R,38,5R)-2~((2R)-2-
((methoxycarbonyl)amino)-2-
phenylacetyl)-2-azabicyclo[3.1.0]hex-
3-yb)-1H-imidazol-5-
vl)bicyclo[2.2.2]oct-1-yphenyl)-1H-
imidazol-2-yl)-2-azabicyclo[3.1.0]hex-
2-yl)-2-ox0-1-phenylethyl)carbamate
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0-\ _>(<, (R10),., (R10)(R10 )n I
Y4 n \i'-" \'-t,1 R11-N, .,,N RL1-NN1 NRId, and , N -
16 - wWPaPW/§17704 0 or 1; kis I, 2, or 3; nis 0 or EETIUSRHEHH2898%| ect ed
from1l through 4; each Rl is independently hydrogen, Cl to C4 alkyl, Cl to
C4 hal oal k-yl, 5hal ogen, nitro, -0Bn, or (MeQ)(OH)P(0)O0-: rc is hydrogen,
Cl to C4 al kylgxapipldenzylip HLZ i s |hpeiggen, CL to CANahkyl, or benzyl; Ra
is hydrogen pr Cl to|C4 alkyl; 121) is CL to C4 alkyl, C3 to C6 cycljoal kyl,
benzyl, 3-pyfidyl, 10déeaM orrangep)i0127, or -C(0)N1212d; 127 is Cl tq C4

al kyl or Cl Fe—CE4Ahat-oat r\y: Iz TS cr-pget =€t 4 - yI armd—Rd i s
hydr ogen, C t oA al kyl, or C3 to cy<ﬁ}9§wi§§ﬂ|1§7iﬁ1¥ﬁ§?%§r$%nd af claim
5, or a pharfaceutically acceptablle salt | therRof4-(MLERLRB-2I N is 0; R 8

i shydrogen; R9 is phenyl optionallly substituted with one up to five
substituents ((1R,3S,5R)-2-((25)-2-

N
7
2

N

((methoxycarbonyl)amino)-3-
methylbutanoyl)-2-
azabicyclo]3.1.0]hex-3-y])-1H-
imidazol-5-ylhbicyclo{2.2.2]oct-1-
yhphenyl)- 1 H-imidazol-2-yl)-2-
azabicyclo[3.1.0]hex-2-yl)carbonyl)-2-

methylpropyl)carbamate

The compounds of the present disclosure may inhibit HCV by mechanisms in
addition to or other than NS5A inhibition. In one embodiment the compounds of the
present disclosure inhibit HCV replicon and in another embodiment the compounds of

5  the present disclosure inhibit NSSA.

It will be evident to one skilled in the art that the present disclosure is not
limited to the foregoing illustrative examples, and that it can be embodied in other
specific forms without departing from the essential attributes thereof. It is therefore
desired that the examples be considered in all respects as illustrative and not

10 restrictive, reference being made to the appended claims, rather than to the foregoing
examples, and all changes which come within the meaning and range of equivalency

of the claims are therefore intended to be embraced therein,
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20i ndependently selected fromCl to C6 alkyl, C1 to &4 hal oal kyl, hal ogen,
Cl to C6 al koxy, hydroxyl, cyano, and nitro; and NRaRb is a heterocyclyl or
het er obi cWOI2910/gitwdp sel ected from NRL14 -rN\/ \/ JVNPUI/USRI0®}8999 and
25wherein nis 0, 1, or 2; -2)7 - each R13 is independently selected from
Cl to C6 al kyl, phenyl, trifluoromethyl, halogen, hydroxyl, netboxy, and
oxo; and RI4 is Cl to C6 al kyl, phenyCLABMISzYyl, or C(0)OR 5 group, wherein
RI5is Cl1 to C4 alkyl, phenyl, or benzyl. 5 8. The conmpound of claimb5, or
a pharmaceutically acceptable salt thereof, wherein: mis 1; R8 is

hydr ogen; 1QRQAIQSQ§;&QAE§I§lky| arylal kyl, or heteroarylalkyl; Rais
hydrogen; and Rb is - OR4, mhereln R4 is ClL to C6 alkyl. 9. The
conpound of claim 1, or a phannaceutica. 11y acceptabl e salt thereof,

L5wherei g]: Ril. S"cc::(mgoundR%Formula 8) R and

«jy/cv

1 VAR
R100 R1 10
@,
or a pharmaceutically acceptable salt thereof, wherein:
sisQorl;
10 L is ~L'L%- wherein L' and L* are independently selected from:

H H >

O HOn
% ; provided that at least one of L! and L* is other than ;

3

Y and Y' are independently oxygen (O) or NH;
R is hydrogen or ~C(O)R”;

15 R’ is hydrogen or —-C(O)R”;

R* and R” are independently selected from cycloalkyl, heteroaryl, heterocyclyl,
alkoxy, and alkyl substituted with one or more substituents independently
selected from aryl, alkenyl, cycloalkyl, heterocyclyl, heteroaryl, -OR?,
-C(O)OR’, -NR*R®, and -C{O)NR°RY,

20 wherein aryl and heteroaryl may optionally be substituted with one or more
substituents independently selected from alkyl, haloalkyl, arylalkyl,
heterocyelyl, heterocyclylalkyl, halogen, cyano, nitro, -C(O)OR®, OR?,
-NRR®, (NR*RMalkyl, and (MeO)(HO)P(O)O-, and
wherein cycloalkyl and heterocyclyl may optionally be fused onto an aromatic

25 ring and may optionally be substituted with one or more substituents
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RI' and RY are heteroaryl or heterocyclyl independently selected from
JJ,v, (Ra) I I n 4:PNI'NKklia. 13 218 (R13)n :-_-\ Rl 4-N 414 -218-
WO 2010/ MO200ACTIOWS2010/ 028999 "ivy(R13),, vvvv ri vvvIRCTRB2010(0FD39

nl Nc\ c1/ 4N-,

independently selected from alkyl, hydroxyl, halogen, aryl, NR*RY, oxo, and
-C(O)ORY;
R? is hydrogen, alkyl, or arylalkyl;
R* is alkyl or arylalkyl;
5 R’ is hydrogen, alkyl, or arylalkyl;

R* and R® are independently selected from hydrogen, alkyl, cycloalkyl,
arylalkyl, heteroaryl, -C(O)R®, -C(O)OR’, ~C(O)NRR?, and (NR°R%H)alkyl, or
alternatively, R* and R®, together with the nitrogen atom to which they are
attached, form a five- or six-membered ring or bridged bicyclic ring structure,

10 wherein said five- or six-membered ring or bridged bicyclic ring structure
optionally may contain one or two additional heteroatoms independently
selected from nitrogen, oxygen, and sulfur and may contain one, two, or three
substituents independently selected from C; to Cg alkyl, C; to C4 haloalkyl,
aryl, hydroxyl, C; to Cg alkoxy, C; to C4 haloalkoxy, and halogen;

15 R® is alkyl;
R is alkyl, arvlalkyl, cycloalkyl, or haloalkyl;
R and R'" are independently selected from hydrogen, alkyl, cyanoalkyl, and
halo;
R® and R? are independently selected from hydrogen, alkyl, arylalkyl, and

20 cycloalkyl.

2. The compound according to claim 1, or a pharmaceutically acceptable salt

thereof, wherein L is selected from:
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NS NO Lz- 5 wherein nis 0 or an integer selected from1 through 4;
each R13 is independently selected fromhydrogen, Cl to C6 alkyl, Cl to (4
hal oal kylWOpghe¥mI704benzyl, Cl to C6 al koxy, Cl to C4 halP6&IUSAKY/028999

het erocycl yl, hal ogen, NR Rd, hydroxyl, cyano, and oxo, where Re and Rd are
mdependently hydrogen or Cl to (4 al kyI and R 14 Kis hydrogen (H, A to

C6 al kyl, benzyl, \or 10 10. The
conmpound of m(‘- & g“har @’ C i‘hereof,

wherein: le is ‘hydroge R2 i s™ydr ogen” or & an@RY are
cycl oal kyI mdependently sel ected from NRaRb(RLYN RaRb and wherein j is O,

1, 2, or g r 2; nis 0 or an integer selected from 1 though 4;
20each R13 i afels pe Iy sel ected from hydrogen, ClL to C6 alkyl, Cl to
C4 hal oal kyl, Cl1 to C6 aI koxy, hal ogen, hydroxyl, cyano, and nitro; and Rd

and 1211 are independently hydrogen, Cl to C6 al kyI, or C(0)OR4, wherein R4
is Clto Ca alkyl. - 219 -

3. The compound according to claim 1, or a pharmaceutically acceptablé salt

5 thereof, wherein Y and Y’ are each NH.

4. The compound according to claim 1, or a pharmaceutically acceptable salt

thereof, wherein Y is oxygen (O), and Y’ is NH.

10 5. The compound of claim 1, or a pharmaceutically acceptable salt thereof,
wherein:
R is ~C(O)RY,

R*is —C(O)RY;
R* and RY are independently alkyl substituted by at least one -NR*R,

15 characterized by Formula (A):
b
R R
N
AT
Rg
(A),
wherein:
misOorl;
20 R®is hydrogen or alkyl;

R’ is selected from hydrogen, cycloalkyl, aryl, heteroaryl, heterocyclyl, and
alkyl optionally substituted with a substituent selected from aryl, alkenyl,
cycloalkyl, heterocyclyl, heteroaryl, heterobicyelyl, -OR?, —C(O)OR4, NR'R®,
and -C(O)NR°RS,

25 wherein aryl and heteroaryl may optionally be substituted with one or more
substituents independently selected from alkyl, haloalkyl, arylalkyl,
heterocyelyl, heterocyclylalkyl, halogen, cyano, nitro, ~C(O)OR4, OR’,
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WO 2010/ 117704PCT/ US2010/ 028999 11. The conpound of claim1 or a

phar maceutical ly acceptable salt thereof, wherein: Rl is -C(O)R; R2is

-C(0O)R ; ®R2OWMA7RY are i ndependently aryl al kyl, wher ei RCAGSR010428990f sai d

aryl al kyl may opti onaIIy be substituted with (NRaRb)al kyl; and Ra and Rb

are independently drogen Cl to C6 al kyl, or benzyl, or alternatively, Ra

and Rb, together N/R?]h ﬂHB Ih")ﬂkyigmd(&ﬂ@b(ﬂ@)%ﬁ])@h andey are 5 rTh attached,
sel e ted from

forma five- or six-menb r|n N )N-R151- NO
10\/, and ,wherBIFPAEY ﬁ%ﬂ&a@ sieieYiiy ey e hy b s %Q%TP anpromFe
CO”DOUHd of clai Mnk: an&&na%o%l@ﬁﬂ%%%bﬁﬁhﬂe&w@&%ﬁt&%&e s@stifulgikeol , wherein:
15is --C(0O)Rx; R2is - and RY are the sane and Jare selected

fromthe group com@psmdmgysélected ol aUEy1, hywhenybimloges quylg R RBowd, 63d i n t he
structurg i ndi cat 8?0)%?‘; a stereogenic center to which
R'% and R''® are independently selected from hydrogen and halo; and

R} R R, R® R, RS, and RY are defined as in claim 1.

6. The compound of claim 5, or a pharmaceutically acceptable salt thereof,
10 wherein:
mis 0;
R®is hydrogen or C; to C4 alkyl;
R’ is selected from hydrogen, C, to Cs alkyl optionally substituted with ~OR'?,
C3 to Cg cycloalkyl, allyl, -CH,C(O)NRRY, (NR°R%)alkyl,

R, (R, % 5
P N , (i Ry )
| ) ’/\!’ = /:/;r R0 NG
s O\W‘%: LNJ{/)I/ , S\/( )n’ S\//«—\N |
(R10), [7 (R0, (/,)1377: (Rm)n\ N
z N kA
WAL
S 3 S *
/(/R’io)n\ %LL (/Réﬂ)n %‘; (RTO)ﬁ
A a3 g )
= l N//\fe/)j/ O\_______/N k C!;j \————-/M%,
(R'%),
10 - R, - AN
LN L
R “N\'/”N , \N,’N , R ,and
(R‘IO)H\/?%N/‘}‘{_
MY
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the bond is attached can take either (R)- or (S)- configuration so |long as
chem cal bonding principles are not violated. 13. The conpound of claim1,
or a pharw@eewiilgaekl y acceptable salt thereof, wherein: PAIIES20100889%9Y R2 is
-C(0O)W; and Wand Ware both t-butoxy. 14. The conmpound of claiml, or a
pharmaceutically acceptable salt thereof, wherein Rl and R2 are both
hydrogen. 15. A edrepdund Oofr [Formula (11): i1/41.\ R2 or a pharmaceutically
acceptabl e salt thereof, wherein: s is O or 1; L iswherein LI and L2 are
i ndependent | y sefétted ¥Pom 5Y and Y are independently oxygen (0) or NH:
Rl is hydrogen ot ; ' are independently sel ected
from cycl oal kyl , hﬁgtgé)?%%%%egﬁi}?%%%?gllw IKI?(’)xy, and al kyl substituted
wi th one or nor e esetbR it indapendembicipeineent CytolOsdkdcCeth Crlmioadicyl) , al kenyl |

cycl oal kyl, heterocyclyl, heteroaryl % -C(0) OR4, -NRaRb, and -C(0) Nad,
wher ei n gr yl andhﬁlé’gé?ad’éﬁr?ﬁl‘géé‘yo%@%/‘?@ﬁg BE-substituted with one or nore
substituents i ndepe I r yl, hal oal kyl, aryl al kyi,

het er ocycl yl , het?gr %%@fdﬁggﬁyﬁ&%gf%’g%me% yano, nitro, -C(0)OR4, OR5,

15- NRaRb, ( NRaTt lRaiskykirogandC (foud,elly( HB)RaAI0-, and wherein cycl oal kyl and

heterocyclyl may qgptjonally be fuse nto an aromatic ring and nay
optional Iy be suBst# byAregengrh t%ﬁ‘eag‘rygrmre substituents independently

sel ected from al kyl:. ~h 0 \ i . , - CEQ)OR4: 20R3
i s hydrogen, alky ,13 gﬂ‘ﬁ?g‘,ﬁ%ﬂzﬁ‘??& %ggﬁé@f’ﬁy‘?enéwg?ﬁgﬁk?ﬁ?’q‘%ﬁ g,)’hydr ogen,
al kyl, ap aryl al kyétyl, Ra(GdR 'Rbr -l @)NREpendent | y sel ected from hydrogen,

al kyl, cycloal kyl . arylalkyl, heteroaryl, -C(0)R6, -C(0)0R2, -C(0)Nad, and
(Nad) al kyl, or 23%li &n Habs d&pyor Rdosndalgkytioget her with the nitrogen atom
to which they ar : for l.ye- :0r six-nmenbered ring or bridged
bicyclic ring st r%}j?% h?%?gﬁoér%tépcg&m&x’ﬁn\(}e- or six-menbered ring or bridged
bi cyclic ring strRict uy@ogat, iConat, Mikyayr Cont @i oyceiydr two additi onal

het er oat ons i ndependently sel ected from nitrogen, oxygen, and sul fur and
may contain one, two, or three

15 7 The compound of claim 5, or a pharmaceutically acceptable salt thereof,
wherein:
mis 0;
R¥is hydrogen;

R’ is phenyl optionally substituted with one up to five substituents

20 independently selected from C, to Cg alkyl, C; to C4 haloalkyl, halogen, C, to
Cg alkoxy, hydroxyl, cyano, and nitro; and
NR?R? is a heterocyclyl or heterobicyclyl group selected from:

(R™), (R™)q
MR, o SR N e
4N s | g ) SN N | N0

N
whas 13
0 R )n<\,42
46\7’“‘13)” N
, and R

25 whereinnis 0, I, or 2;
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- 222 - substituents independently selected fromCl to Co alkyl, G to C4
hal oal kyl, aryl, .hydroxyl, Cl to C6 al koxy, Cl to C4 hal oal k. oxy, and

hal ogen; WO220/EAIyl ; R7 is al kyl, arylal kyl, or hal oal RgI/USaNE/ 053029 ' and
Rd are independently selected from hydrogen, al kyl, arylal kyl, and

cycloal kyl. 16. A cogg qQund, or a ﬁfarnaceutlcall acceptable salt t her eof
sel ected from t heagrRuips wdrrsngenthygelseied fomeCnig C¢ glkyl, phenyl,

S)-1- 25)-2-(4, 2
3) met §1§/I( bu% ano3(/1 r—é‘ior&rp?é)&lzghﬁéi }%ﬁ %%?h% %%ﬂ%ngr@lag]l ?g) cycl ohexen- 1-
yl)-4-yl)-1Him @ta?iQ'Gl?coﬂ)aﬂ%d Q)%ﬁ?ﬂi}@ | beizyly C@MOR/ & gibup, wherein R™ is C; to

nmet hyl propyl ) car banat e; net hyl

S) - 2425) - 2- ( 4- ( 4CseHabPpenyl(MerEtlhoxycar bony1) - L- al any1) - 2-

15pyrro|5d| nyl)-111-i m dazol -4- y1)-1, | cbi(3-eyel ohexen- |i dazol -

2-y1) - -pyrroliclinyl)- | -nethyl-2-oxoethyl)earbanmate;

(IR 1’ R) 2, 2. - ( 1;1hd cBinpSundyfdiARex @ a pharmbtdutitally aajeydable%é&ﬂxeiedfm dazol e-4
,2- di vyl (28) 2, 1-pyrrol idinedi yl))gls(N N-di et hyl - 2- oxo-1

-phenyl ethar\‘émaﬂe) met hyl ( (I

S)-2-((29)-2-(4- '(H? (2-((2S)-1- (N (et boxycarbonyl)-0-nethyl -1, -
20seryl)-2-pyrro ffilnyl) 1H i m dazol -4-y1)-1,1" -bi (3- cycl ohexen-|-yl)-4-yl)
-1H i m dazol - 2- wE)is fyRYgdn@! | di ny1) - 1- (et hoxymet hyl ) - 2- oxoet hyl ) car bant he;
met hyl ((1

S, 2R) - 24fret hoxy- R'(ig (st)CaaI(mL pylalled, qr(e@yoarylelyglret hoxycar bony1) - 0- net hyl -

-threonyl) - 2- pyrrgl.i %ﬂ i m dazol -4 yl)
1, 1r - bi ( 3- cyc|oh§<é§1g¥‘{1§% 4241) - 1H i mi dazol - 2-y1) - 1-

25pyrrolidinyl) carhonyld WhiGar Repwt e, aridy! ((1
S)-2-((295)-2-(4-(4"-(2-((2S)-1- (N- (et hoxycar bonyl) - L-al any1) - 2-
pyrrolidinyl)-1Him dazol -4-y1)-1, 11-bi (cycl ohexyl)-4-y1)-1Him cl azol -2-y1

5 2. (1 25)- 2= 4. (e OBRPEG AN (e rHERSeR B ﬁyfy@e@zahg%@?%ﬁf%%eryl) -2-py

rrolidinyl) adigd dazol -4-y1)-1, 11-bi (cycl ohexyl )-4-y1)-1H

i m dazol -2-y1)-1- pyrrol i di nyl)- 1 (met hoxynet hyl ) - 2- oxoet hyl ) car bamat e; -
223 - nethyl (( R iS-CRYRS; rrel

hoxy- 1- ((2S) - 2-( 2(4 %ﬁé - 1- (N( met hoxycar bonyl) - 0-net hyl -L-threol | y1)-2
_pyrrolidinyl)- 18- ch dh.yi)- 1,1

Lbi (cycl ohexyl ) - ‘kxya:h)i @%ré—hétgﬂogﬁ'; ot hc%er)ﬂé%c‘lﬁ inde Pendently selected from:

pyrrolidinyl )car bonyl ) propy banmat e;
S)-1-(((29)- (4 g4 (4-(2- (&2,_%) 14(2S) - 2-
R13)n (R'iB)n

(;C’"" GO CLEN S &
N S
X-RY)n (R1),
T T
N (n13 AN (R19,
% R Qjm "
S Cf S
R14

“N N
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( (et hoxycar bonyeam no) - 3- met hyl but anoy1) - 2- pyrrol i di nyl)-1H i m dazol - 4-

yl ) phenyl) - 1- cycl ohexen-1-y1)-1Him dazol - 2-y1)-1-pyrrolidinyl)carbonyl)- 2-
met hyl pr o2y Wanbadat e; met hyl ((1 PCT/US2010/028999
S)-2-((2S)-2-(4-(4-(4-(24(2S)-1-(N-(nethoxycarbonyl)-L-al anyl)-2- 1
Opyrrolidinyl)-1Him dazol -4-y1)-3-cycl ohexen- | -yﬁéghenyl) 1H i m dazol - 2-
y1l) - 1-pyrrolidi nyl) - 1-net hyl -2 oxoet hyl )car banmat e

((1S)-2-((29)-2- |41(A( 3§(2(F@ f“T’-(N( carbonygwyl L-seryl)-2
- pyrrolidi nydj- p{e FaZol - 4-y1) 3 -& cl ohex%;% yl )pbe%ljl i m dazol -2-y1
)-1-pyrrolidi nyl‘Nl (et hoxyrret l\é oxoet Riar bamat €N“15net hyl ((|

S, 2R) - 2- met hoxy- 1- (R2S) - 22 (4- (4- (4- (24(2S) - 1- (N—
(met boxycar bony1) - 0- net hyl - L- thregnyl) 2-pyrrolidinyl)-1Him dazol -4-yl)-

3-cycl ohexen- 1-y1) pheny1) - 1Hi n{%labol -2-y1)-1- R

pyrrolidi nyl()ﬁc1 rbonyl)p%opypcarf rret;layﬂ (( z—) (((29)-2-(4-(12

-(4-(24(25) ?

20((net hoxycar bo I) m R metrhyl butgd\yl) 2-pyrro Ndl y1) - 11- 1-i ni da
14

zol - s R
yl )phenyl) 4- pi peridi nyl)-1H’ m dazol- 2- yl) 1a89rrol [ d| nyI’) car bonyl) - 2-
nmet hyl propyl ) car banat e; net hyl

S)-2-((29)-2-(4- (Wheccﬂnezs@ezg}wx&ag@wwmddﬁmﬁbﬂ 0- et hyl - L-seryl)-2-p

V51 i dazol oy RIERT Ry ot RECk R LRI W b G 2 St e
methyl (61 S)-1- (HalodRl, %héﬁyi,(lim(zﬁl C2td € 28koxdy, @2(5)3:; Baloalkoxy, heterocyclyl,

( (et hoxycar bonyl ) am no) ;- di net hyl but anoy1) - 2-pyrrolidinyl)-1H m dazol -4
-y1) phenyl ) - 4- pi pekigei. rN'RC)R Ipydrendacyenc, 2ng g;)(o,j_where °and R” are’in ependently

F{rlrs?l hdk?{lz)sgzarzl?yyﬁy@g 8 g)(?e%@(} %gggll )Zf:ar bamat e; 30net hyl

net hoxycar bon J¥Xroke Jvt@anoylberd dr_,qj hekdin R dazol - 4-
E(224 - yyI )phe%;q/lal)ﬂ%l cycl oFgHBZ]XtZJ ot(gtgi gM]y)lb)e ?ler [ rﬂg%?"}z yri) s

-pyrrolidinyl)carodipl) - 2- net hyl propyl ) car bamat c; met hyl

((1S)-2- 5(28) 2-(4-(4-(4-(2-((25)-1- (N—(rrethoxycarbonyl) L-al anyl) - 2-
pyrroll I'nyl) - 1H i mi dazol - 4-y1) bi cycl o[ 2. 2. 2]

oct-1-yl) phemy1l) ledé‘dofﬂp@ﬁﬁ@bfcaalml or a pharmaceutically acceptable salt thereof,
5y1)-1-pyrrolidinyl)-1-net hyl - 2- oxoet hyl ) car banat e; et hyl

((I R) - 2- ((2Syhezeips- (4 (4-(2- ((28) 142R) - 2-

( (et hoxycar bonng, no 3%? etyl)-2-pyrrolidi nyI )-1H i m dazol -

y1) bi cycl o[ 2. 2. 2]'dcf 331{3 “TH i m dazol - 2-y1) - 1- pyrrol i dinyl) - 2 oxo- 1

- phenyl et hyl ) carfFagateo ¢n2d

((19)-1-(((29)-2-(4-(4- (% (2-(( %) 142S) - 2-

( (et hoxycar bony | B aamiddt)argcynbedipy] mdeaersigtly selegped Hvindi ny1) - 1H-i ni dazol - 4-
yephenyl ) bi cycl o[ 2. 2. 2l oct -1 -y1)-1, 3 oxazol 2-y1)-1-pyrrolidinyl)carbonyl)-

2- net hyl propyl ) car bamat e; I { 1 (al NRaRb

R, 3S, 5R) - 3- ( 5- (4- (4- (241R 2425) 2
ut anoyl) - 2- aéE g E)Q;([S 1.011- lex-3-y1)-
] oct-1-yl) H m dazol - 2-y1) - 2-
e“rr\dr

et hoxycar bm ypam no) - 3- net
1H i m dazol - 5-yl ) bi cycl of

azabicyclo[3. | .0] hex-2-y Jar bonyaafiz met hyl propyecar bangat e; net hyl
((15)-14((1 R 3S,5R) -3 -(54444424(1 R , 38 ,5R)-24(28)-2-

((met hoxycar bonyl g;gdpbing)Peit 2noy 3. - 2- azabi cycI o [3 .1.0] hex-3- y1) 1/ 1-
20i mi dazol - 5- yl) bi cyclo[ 2. 2.2 ]oct-1-yl)phenyl)-1H i m dazol - 2- y1) - 2-
azabi cycl o[ 3. 1. 0]ksxX)} 2; xCar bonyl ) pr opyl ) car banat e;

n is 0 or an integer selected from 1 though 4;

20 each R" is independently selected from hydrogen, C; to Cg alkyl, C to C4
haloalkyl, C; to Cs alkoxy, halogen, hydroxyl, cyano, and nitro; and
R? and R® are independently hydrogen, C; to Cg alkyl, or C(O)OR?, wherein
R*is C; to Cg alkyl.
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methyl ((IR-2-((IR 3S,5R)-3-(5-(4-(4-(2-((IR 3S,5R)-242R) - 2-

( (et hoxycar bonyeam no) - 2- phenyl acetyl) - 2- azabi cycl o[ 3. 1. 0] hex-3-yl)-1H
i m dazol -WOgewWwdywho [ 2. 2. 2] oct-I|-yephenyl)-1H i m dazolPCZ/Bp2010P28999
25azabi cycl o 3. 1. 0] hex- 2-y1) - 2-o0x0- 1 -phenyl et hyl)carbamate; nethyl

((l S)-1-(((28)-2-§]4-(4-(4-(@(28}%-1-( 2S) - 2-

( (et hoxycarbonyTyraspmpyunlofeiany ot an Sutically egeaptable 531 thergodi dazol - 4-
yl ) phenyecy hg&ef%yl )-1H i m dazol - 2-yl ) pyrrolidin-1-yecarbonyl) - 2-

met hyl propyl’) car bamat e; 30net hyl

((19-1-(((1R SSRSE§=(3({1)&-"phI oro-5-(4-(4-(4-chloro-2-((1R 3S, 5R) - 2-

423) - 2- (( et hoxycar bone/l %{Qn‘i no) - 3- net hyl but anoyl) - 2- azabi cycl o [3. 1. 0] hex-
- 225 - 3-y1)- ROis-C{OR’

MNP ERAR 6 S i e e
corres_pondi ng st@pg@i;ﬂgr@rsgbgdﬂ@e@aith&'(mwﬂ))@mg@@mti on conprising a conpound
of claim1l, or a pharnaceutically acceptable salt thereof, and a

phar maceut i cal | y Fa@geé bt aist indengpdensly hydoeer.£idp (o adopubgazibiorcl aim 1, or a

pharmaceutically acceptablg salt thereof. for the manufacture of a
Hedi canent for 1 ARCTRRIIRLOEOR Heatnhrei s i teel i ROR gy e 506
s
attached, form a five- or six-membered ring selected from ,

$-N 4N N-R' 4N 0 -
10 p— , and S , wherein R" is hydrogen,

3

C; to Cg alkyl, or benzyl.

12. The compound of claim 1, or a pharmaceutically acceptable salt thereof,
wherein:
15 R' is ~C(O)R%,
R? is —C(O)RY; and

R* and R” are the same and are selected from the group consisting of;
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0~ "NH
S
(o) (@]
N £
¢ 1 ¥ A
JN HNTO\ Q\P,O LQ
<\
Ph o) MeO™ o , O and
Q /

wherein a squiggle bond ( ~~ ) in the structure indicates that a stereogenic center to which
the bond is attached can take either (R)- or (S)- configuration so long as chemical bonding

principles are not violated.

13.  The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein:
R! is —C(O)R%;
R? is -C(O)R”; and
R* and R? are both t-butoxy.

14.  The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein R!

and R? are both hydrogen.

15. A compound of Formula (II):

N _N N~ N
/ > £ \,

R Y~ -~y R

(D),

or a pharmaceutically acceptable salt thereof, wherein:
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O O
E ; provided that at least one of L' and L? is other than % g ;

sisCorl;

L is ~L'-L*~, wherein L' and L* are independently selected from:

2

Y and Y' are independently oxygen (O) or NH;

R' is hydrogen or ~C(O)R%;

R? is hydrogen or —C(O)RY;

R* and RY are independently selected from cycloalkyl, heteroaryl, heterocyclyl,
alkoxy, and alkyl substituted with one or more substituents independently
selected from aryl, alkenyl, cycloalkyl, heterocyclyl, heteroaryl, -OR?,
-C(OYOR?, -NR*R®, and -C(O)NR°RY,

wherein aryl and heteroaryl may optionally be substituted with one or more
substituents independently selected from alkyl, haloalkyl, arylalkyl,
heterocyelyl, heterocyclylalkyl, halogen, cyano, nitro, -C(O)OR?, OR®,
NRR®, (NR*RP)alkyl, and (MeO)(HO)P(O)O-, and

wherein cycloalkyl and heterocyclyl may optionally be fused onto an aromatic
ring and may optionally be substituted with one or more substituents
independently selected from alkyl, hydroxyl, halogen, aryl, -NR*RP, oxo, and
-C(O)ORY

R’ is hydrogen, alkyl, or arylalkyl;

R? is alkyl or arylalkyl;

R? is hydrogen, alkyl, or arylalkyl;

R* and R® are independently selected from hydrogen, alkyl, cycloalkyl,
arylalkyl, heteroaryl, -C(O)R®, -C(O)OR’, <C(O)NRRY, and (NR°R%)alkyl, or
alternatively, R* and R®, together with the nitrogen atom to which they are
attached, form a five- or six-membered ring or bridged bicyclic ring structure,
wherein said five- or six-membered ring or bridged bicyclic ring structure
optionally may contain one or two additional heteroatoms independently
selected from nitrogen, oxygen, and sulfur and may contain one, two, or three
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substituents independently selected from C; to Cg alkyl, C; to Cy4 haloalkyl,
aryl, hydroxyl, C; to Cg alkoxy, C; to C4 haloalkoxy, and halogen;

R is alkyl;

R’ is alkyl, arylalkyl, or haloalkyl; and

R and R% are independently selected from hydrogen, alkyl, arylalkyl, and
cycloalkyl.

A compound, or a pharmaceutically acceptable salt thereof, selected from the

group consisting of:

methyl ((15)-1-(((28)-2-(4-(4"-(2-((25)-1-((2S)-2-({methoxycarbonyl)amino)-
3-methylbutanoyl)-2-pyrrolidiny])-1 H-imidazol-4-yl)-1,1"-bi(3-cyclohexen-1-
vi)-4-yi)-1H-imidazol-2-y1)-1-pyrrolidinyl)carbonyl)-2-
methylpropylycarbamate;

methyl ((18)-2-((28)-2-(4-(4'-(2-((28)-1-(N-(methoxycarbonyl)-1-alanyl)-2-
pyrrolidinyl)-1H-imidazol-4-y1)-1,1"-bi(3-cyclohexen-1-yl)-4-y1)-1H-imidazol-
2-y1)-1-pyrrolidinyl)-1-methyl-2-oxoethyl)carbamate;

(IR, 1'R)-2,2'-(1,1'-bi(3-cyclohexen-1-y1)-4,4'-diylbis( 1 H-imidazole-4,2-
diyl(25)-2,1-pyrrolidinediyl))bis(N,N-diethyl-2-ox0-1-phenylethanamine);
methyl ((15)-2-((28)-2-(4-(4'-(2-((2S)- 1 -(N-(methoxycarbonyl)-O-methyl-L-
seryl)-2-pyrrolidinyl)-1H-imidazol-4-yl)-1,1"-bi(3-cyclohexen-1-y1)-4-yi)- 1H-
imidazol-2-yl1)-1-pyrrolidinyl)- 1-(methoxymethyl)-2-oxoethyl}carbamate;
methyl ((1S,2R)-2-methoxy-1-(((28)-2-(4-(4"-(2-((2S)-1-(N-
(methoxycarbonyl)-O-methyl-L-threonyl)-2-pyrrolidinyl)-1 H-imidazol-4-y1)-
1,1-bi(3-cyclohexen-1-yl)-4-yl)-1 H-imidazol-2-y1)-1-
pyrrolidinyl)carbonyl)propyl)carbamate;

methyl ((18)-2-((25)-2-(4-(4"-(2-((25)-1-(N-(methoxycarbonyl)-L-alanyl)-2-
pyrrolidinyl)-1 H-imidazol-4-y1)-1,1"-bi(cyclohexyl)-4-yl)-1 H-imidazol-2-y1)-
1-pyrrolidinyl)-1-methyl-2-oxoethyl)carbamate;

methyl ((18)-2-((2S)-2-(4-(4-(2-((28)-1-(N-(methoxycarbonyl)-O-methyl-L-
seryl)-2-pyrrolidinyl)-1H-imidazol-4-y1)-1,1"-bi(cyclohexyi)-4-yl)-1H-
imidazol-2-yl1)-1-pyrrolidinyl}-1-(methoxymethyl)-2-oxoethyl)carbamate;
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methyl ((1S,2R)-2-methoxy-1-(((2S)-2-(4-(4"-(2-((2S)-1-(N-
(methoxycarbonyl)-O-methyl-L-threonyl)-2-pyrrolidinyl)-1 H-imidazol-4-y1)-
1,1%-bi(cyclohexyl)-4-y1)-1H-imidazol-2-yl)-1-
pyrrolidinyl)carbonyl)propyl)carbamate;

methyl ((18)-1-(((28)-2-(4-(4-(4-(2-((28)-1-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-1H-imidazol-4-
yDphenyl)-1-cyclohexen-1-y1)-1H-imidazol-2-y1)-1-pyrrolidinyl)carbonyl)-2-
methylpropylcarbamate;

methyl ((1S)-2-((28)-2-(4-(4-(4-(2-((2S)-1-(N-(methoxycarbonyl)-L-alanyl)-2-
pyrrolidinyl)-1H-imidazol-4-yl)-3-cyclohexen-1-yl)phenyl)-1 H-imidazol-2~
y)-1-pyrrolidinyl)-1-methyl-2-oxoethyl)carbamate; |

methyl ((1S5)-2-((25)-2-(4-(4-(4-(2-((2S)-1-(N-(methoxycarbonyl)-O-methyl-
L-seryD)-2-pyrrolidinyl)- 1 H-imidazol-4-yl}-3-cyclohexen-1-yl)phenyl)- 1 H-
imidazol-2-yl)-1-pyrrolidinyl)-1-(methoxymethyl)-2-oxoethyl)carbamate;
methyl ((18,2R)-2-methoxy-1-(((2S)-2-(4-(4-(4-(2-((2S)-1-(N-
(methoxycarbonyl)-O-methyl-L-threonyl)-2-pyrrolidinyl)-1H-imidazol-4-yl)-
3-cyclohexen-1-yi)phenyl)-1 H-imidazol-2-yl)-1-
pyrrolidinyl)carbonyl)propyhcarbamate;

methyl ((18)-1-(((28)-2-(4-(1-(4-2-((28)-1-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyi)-2-pyrrolidinyl)- 1 H-imidazol-4-
yhphenyl)-4-piperidinyl)-1H-imidazol-2-yl)- 1 -pyrrolidinyl)carbonyl)-2-
methylpropyl)jcarbamate;

methyl ((18)-2-((2S)-2-(4-(4-(4-(2-((28)-1-(N-(methoxycarbonyl)}-O-methyl-
L-seryl)-2-pyrrolidinyl)-1H-imidazol-4-yl)-1-piperidinyl)phenyi)-1H-
imidazol-2-yl)-1-pyrrolidinyl}-1-{(methoxymethyl)-2-oxoethyl)carbamate;
methyl ((1S)-1-(((2S)-2-(4-(1-(4-(2-((28)-1-((28)-2-
{(methoxycarbonyl)amino)-3,3-dimethylbutanoyl}-2-pyrrolidinyl)-1H-
imidazol-4-yl)phenyl)-4-piperidinyl)-1H-imidazol-2-yl)-1-
pyrrolidinyl)carbonyl)-2,2-dimethylpropyl)carbamate;

methyl ((18)-1-(((25)-2-(4-(4-(4-(2-((28)-1-((28)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl}-1H-imidazol-4-
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yDphenyl)bicyclo{2.2.2}oct-1-yl)-1H-imidazol-2-y1)-1-pyrrolidinyl ycarbonyl)-
2-methylpropyl)carbamate;

methyl ((18)-2-((25)-2-(4-(4-(4-(2-((25)-1-(N-(methoxycarbonyl)-L-alanyl)-2-
pyrrolidinyl)-1H-imidazol-4-yl)bicyclo[2.2.2]oct-1-yl)phenyl)- 1H-imidazol-2-
yi)-1-pyrrolidinyl)- I -methyl-2-oxoethyl)carbamate;

methyl ((1R)-2-((28)-2-(4-(4-(4-(2-((2S)-1-((2R)-2-
({(methoxycarbonyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-imidazol-4-
yhbicyclof2.2.2]oct-1-yphenyl)- 1 H-imidazol-2-y1)-1-pyrrolidinyl)-2-oxo-1-
phenylethyl)carbamate;

methyl ((15)-1-({((25)-2-(4-(4-(4-(2-((28)-1-((2S)-2-
((methoxycarbonyhamino)-3-methylbutanoyl)-2-pyrrolidinyl)- 1 H-imidazol-4-
yhphenyl)bicyclo[2.2.2]oct-1-y1)-1,3-0xazol-2-yl)-1-pyrrolidinylcarbonyl)-2-
methylpropyl)carbamate;

methyl ((15)-1-(((1R,35,5R)-3-(5-(4-(4-(2-((1R,35,5R)-2-((23)-2-
((methoxycarbonylyamino)-3-methylbutanoyl)-2-azabicyclo[3.1.0Thex-3-yl)-

1 H-imidazol-5-yl)bicyclo[2.2.2]oct-1-yl)phenyl)- 1 H-imidazol-2-y1)-2-
azabicyclo]3.1.0Thex-2-yl)carbonyl)-2-methylpropyl)carbamate;

methyl ((1.5)-1-(((1R,38,5R)-3-(5-(4-(4-(2-((1R,35,5R)-2-((28)-2-
{(methoxycarbonyl)amino)butanoyl)-2-azabicyclo[3.1.0]hex-3-y1)-1 H-
imidazol-5-yDbicyclo{2.2.2]oct-1-yl)phenyl)- 1 H-imidazol-2-y1)-2-
azabicyclo[3.1.0Thex-2-yl)carbonyl)propyl)carbamate;

methyl ((1R)-2-((1R,3S5,5R)-3-(5-(4-(4-(2~((1R,3S8,5R)-2-((2R)-2~
((methoxycarbonyl)amino)-2-phenylacetyl)-2-azabicyclo]3.1.0Thex-3-y1)-1H-
imidazol-5-yl)bicyclo[2.2.2]oct-1-yl)phenyl)-1 H-imidazol-2-y1)-2-
azabicycld[?;. 1.0]hex-2-yl1)-2-ox0-1-phenylethyl)carbamate;

methyl ((18)-1-(((2S)-2-(4-(4-(4-(2-((28)-1-((29)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)pyrrolidin-2-y1)-1 H-imidazol-4-
yhphenyl)cyclohexyl)-1H-imidazol-2-yl)pyrrolidin-1-yl)carbonyl)-2-
methylpropyl)carbamate;

methyl ((18)-1-(((1R,38S,5R)-3-(4-chloro-5-(4-(4-(4-chloro-2-((1R,38,5R)-2-
((25)-2-({methoxycarbonyl)amino)-3-methylbutanoyl)-2-azabicyclo[3.1.0Thex~
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3-yD)-1H-imidazol-5-yl)bicyclo[2.2.2]oct-1-yl)phenyl)- 1H-imidazol-2-yl)-2-
azabicyclo[3.1.0]hex-2-yl)carbonyl)-2-methylpropyl)carbamate; and

corresponding stereoisomers thereof.

17. A composition comprising a compound of claim 1, or a pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier.

18.  Use of a compound of claim 1, or a pharmaceutically acceptable salt thereof

for the manufacture of a medicament for the treatment of HCV infection in a patient.
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