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 10 encoded by ﬁggaﬁipﬂ§(bvypﬁﬁgNﬁm@Uyﬁi%onpositions 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 eCRIOYB-REFEREN(ETORELATEDA PRIWCAG IONSoughl y five
times the nunber infected by human innmunodeficiency virus type 1. A

subst anti al fractlingharplicatipscdaimethe bamett @ldJ iSnBrovidensl drpbeasios peselrNous
progressgve6hh%ﬁb?§gﬁ&9ﬁﬁ&d{ﬂ§?&gjng cirrhosis and hepatocel | ul ar

car ci nona. e curren andard of care for HCV, 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
25 menbdPs ehceded by Hepatitiy Codms {HEV)ycomppeitiony eroprésing such sampotnds, asht ain a

positive strande eno ncodi ng..al %¥ own .virus-specific proteins via
translationI@%g%%g§%@%g¥gﬂggﬁ?@F&ﬁﬂ?gg?T% éﬂpﬁgaaing frane.
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 RNPARBIGROENSSQFURTEENYVENKEON proof - readi ng

capability. At | .SI X _mmj,0r genot ypes ve been char.acterized, and nore
Chan 50 subt ypes Tayds BEM IUSEH LR CHogi o BUTFER VOrT I dEoThe

clini calissi gpbddvaaac gnhiyt iR @eOAahE Bumb&tigieRameiHnhafimiMofiaR deyonst rat ed
a propensity for nutations to arise during inonOtherapy treatnent, thus

addi ti onal tvimatypent. 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 BRGSO ARESIsisona TRt UBEFHOPY angth and has
a single open reaiNGrheddafd¥caRMBPHANY whish 89bRyt REGBbRAYNPEOT €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-structural roteins. In the cas H th ener.ati on of
mat ur e i SOPORES A Topsat i s mufsa e oni o hordiod i eresst i s
effected by Lo fl t&aatewé?ecm%gga?@o 384808 hisSnh&hleeMREichon 8. 2

nmet al | opr ot ease and cl eaves "at the junction; the second one is a
seri ne protease défiVasaedsivive-siramded &N vEns Basked os gicompafisdNST tiieal so

referred to herein as NS3 protease), and nediates .all the subsequent

cl eavages dd\%ﬁg‘fq‘i@é‘i’fﬂﬁfﬂ“ S39UchER ‘FP‘”%) Hie Extensivg Spyrings e AnERRASe site,
and in transgf.Qr I [ - ﬁ%ﬁg} gﬁ?&% shiies. The
NS4A protei%E%%gggF§q¥%%?§i@ggggHﬁééfygﬁgﬁ unctFonsﬁ%§ otﬁN§§§$néhas a

cof act or25f ormeémberbS8 therliteeisidaafachihdmive envedoped vitiensrthativoatam 4 pasétivezat i on of
“NS3 and ot her vir repli case conpaonpents. The formation of a NS3- NS4A
conplex is m@@v&wow&BWIW Al KrE e weryepeiame iVWgtrain:;iaPﬂ%PE%sed

proteol ytic ﬁﬁ@&Qhﬁﬁ&%gﬁ&LBB§1ﬁh&ﬁﬁ@ﬂﬁm@ve”t5- The NS3 protein
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
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al so exhi bits nucl eoside triphosphatase and RNA helicase activities. NS5B
(also 20 referred to herein as HCV pol ynerase) is a RNA-dependent RNA

pol yrmer aswOhY117®4i nvol ved in the replication of HCV wPCH/USRHE0289T/
proteins, including NS5A, in a replicase conplex. Compounds usef ul
for treating HCV-infec ft}?& atients are desired V\:hl ch selectively inhibit
HCV vi ral rgiﬁ?ef‘ff:’&fl?igho 3‘5? flsmpnsigated @dﬁ%%ﬁﬂ% fofEptiolsdo sBseHHBE i ve to

inhibit the g)?]% N protein
I s descri beéxg&?’or tPJa rﬁ%}ﬁltﬁ%@dﬁﬁt&%ﬁﬁlﬁgﬁr ?geﬁogeug&%éé@édTgﬁﬁ et al.
Vi r ol ogy, Z%S%I&mc(dﬂﬂﬁdr)e;ffelﬁt ofkenigpds, ongiatiadgenesis arldi thérapyCleannins Bl - 30718

(2003); T. L. Tellinghuisen, et al., Nature, 435, 374 gZO 5).; R A Love,
et al., J. Virol Thgsinglesend JEoGRNAgenqgmseis appioxipately 9: Ommleot@%m 281

2633 ( 20800 S s el sl R BRD AR8hL S E e ie f

provi des corﬁﬁawmsomhammw@cﬂn Mﬁéqted eetiisphis gdBipryteinaib cleaydd ¢ atilple as
characterized by For pharmaceutical |l y acceptabl e salt
t her eof, whét @%chéluiag aed Walwmtsaﬁeg to nm@ucfzt ¢ stpréyral %ndL@na%cw &Ne)

mdependentl e o r r NH,
oep et O R B Ty X BRI d HEREISRI REAR S e

i ndependent INS% &lSeioy, b4, Nssgyahdbmlskgb is dfeted oanyb virheireteagy C Tt first5al koxy,
and al kyl substituted with one or nore substituents inde endently sel ected

from ar yP, amr%éﬁmhw@@mfeaWaﬂomem%%wlwes HebeNGAMNS Jun@m;t C(O) OR4,
-N eRb, and o CL0) N @ser}’%{% r&' 5&8%9%@%3%&% e%i%}nnl{ﬁﬁgegs@{e s d rom

substi t ut ed WI one or uent's i'ndepende
al kyl, hal ogkfeykd t@hétbl@'a'ﬁWSS poheles aCielivles all ehesudsabid addiiitss hal ogen,

cyano, nitr Odo“;ngreoa?rr? 5&4 NS?ER‘t?oth ;nNS? at the NSR3a-1iRI%)41aA| cl%elvag: sr;’?e grli\(/ie ig)tr(agg)fgig ’gl)eo- and

remaining NS4A-NS4B, NS4B-NSSA, NSS5A-NS5B sites. The NS4A protein appears

15 to serve multiple functions by both acting as a cofactor for the NS3 protease and
assisting in the membrane localization of NS3 and other viral replicase components.
The formation of a NS3-NS4A complex is necessary for proper protease activity
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.



wherein cycl oal kyl and heterocyclyl may optionally be fused onto an
aromatic ring and may optionally be substituted with one or nore sub
stituent sWoRdWpEAWent | y sel ected from al kyl, hydroxyl, R&IA$210/028999
-Neltb, oxo, and 25-C(0)O0R4; R3 is hydrogen al kyl, or arylalkyl; R4 is
al kyl or arylalkyl; R5 is hydro en al k or_ar IaIkyI R and Rb are
independently sel ected from#h ¥@§@H¢¥§@133Nkyl aryl al kyl ,

het er oar yl , aid)}

5al t ernati veI Y, @ggmé%b)“o&ao %v(r?aévél\nlgtgﬁ O%Igdgﬁﬁl% en 12%:} %?{nﬁl%i%l?ﬁm ch they
are att achedjraf@piiatioh) ase:hamctaaze@bse%ﬁmmml ng or bridged bicyclic ring
structure, wherein said five- or six-nenbered ring or bridged bicyclic ring
structure optionally may cont ne or two ad F¥i/énal het er oat ons

i ndependently sel ected from nityogen,, 0Xxyg sul fur and may contain
one, two, or three 10substituents i epen% y Selected fromCl to C6
alkyl, Cl to C4 hal oal kyl, aryR! hyﬁuin®ﬁ<’f 'to al koxy, Cl to 4

hal oal koxy, and hal ogen; R6 is aIkyIRwR7 isiabkyl, arylalkyl, cycloalkyl,
or hal oal kyl ; and Rl | are |nd§pendently selected from
hydrogens al kyl, cyanoal kyl, and 15haloiyR and Rd are independently

sel ected from hydrogen, alkyl, arylal kyl';” and cycl oal kyl. The conpounds of
t he presentcmh$me®mﬁvﬂmﬁma@mp@bkeaﬁﬁvamﬁbthhkbit t he function of the HCV

NS5A protein. pa t| ular, the conpounds of the present 20 disclosure can
be effective to Hﬁ\ >the HCV | b genotype or multiple genotypes of HCV.
Therefore, this 'ni\éet@'@n @zhaemqﬂ%ma%&ei%deﬁeme&a@eaealf% conprising a
conmpound of Formu a (1), or a pharmaceutically acceptable salt thereof, and
a pharmaceuti c accepta carrier;—apnd (2) a pethod of treating an HCV
i nfection in_ ént | mg g ’m“ fe patient a
therapeutical ctl of * 28_7c ound\-9 orpla (1), or a

phar maceut i cal I y accept abl e saI t thereof. Al LED DESCRI PTI ON OF THE

| NVENTI ON a first aspect of the present disclosure c ounds of
Foi i nul a (I)mgaNe p \gi ded: NNN RlY- R nR110 i@g-

10 : provided that at least one of L' and L? is other than ;

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 sWDvate1fWér eof, Swherein: s is 0 or 1; L is -LEPCTUB2010{aR%9P%i n LI
and L2 are independently selected from 10Y and Y are independently

oxygen (0) or NH,_ Rl is hydro en or -C(0O)R; R2 is hydrogen or -C(0O)R R
and RY are mdepé*nd%ﬁk}fkp@ér vied from cycl oal kyl, heteroaryl,

het er ocycl yl , @@/}@(‘ﬁggﬁ“al‘& ?%@ﬁaﬁl{)&m ed with one or nore substituents

|ndependently 15sel’e ‘enyl , cycl oal kyl, heterocyclyl,

heteroaryl, - ORB,Ra—aﬁmmMndeﬁsh@amy s@l&dtedﬁ(o@:) ﬁgf@ﬁgim mta@lr eydlozAkyl] and
heteroaryl may optionally be substituted with one fore supstituents

|hndepende|nt : yI Eela@éﬁléﬂ , heterorailic O a AR, ”%{@N& Beylaﬁd AR & ol g
t
JONRI R ¢ NFar) AP SRR e Bt kGl which theye 5 g

het erocyclyl may a@péhe@N@b fBe- Bﬂﬁﬁdn@ﬁﬁe@ecﬁﬂn%ﬁﬁf&igb@ bidyblie ﬁmgistﬁmre
optionally be substituted with one or nore sub stituents independently

sel ected from al kyliereingaid divgt or swamgéwrederma or brm@shbwm;@dm%ﬁ@cma 0) OR4;

25R3 i s hydrogen, or . ary S r_ar R5 is
hydr ogen, al kyl, o@ﬁoﬁ%bﬁrﬁ@k n ﬁonea rdt’WIQb gm?ﬂn eeﬁgeﬁ lélgtlﬁe% nﬂ3(ed from
hydr ogen, al kyl, s@bé@t'e@@loﬁyﬂutrogérﬁ bﬁ%ré,%h' andRIRF 91 hy corﬁéla)oﬁé,,tmoé&h%7
-C(0) NRcRd, and (NRcRd)al kyl, or alternatively, Ra and Rb, ether with

the nitrdégen at omubﬁltmt@mdcmﬂeréwesekatedefm@; tcf O @H%L £ @eCs bﬁg(’iﬁkﬂr menber ed
ring or bridged c I ctur sai si x- menber ed
ring or bridged 6’1”@ %thl’l(ﬂlgt S(§ § E?ka(]fl?)aﬁ%a{hf nﬁ%ﬂl&%?&egin one or two
addi tional heter q@tlggﬁt j;ndependent | y sel ected from ni trogen, oxygen, and
sul fur and may cont ain one two, or three substituents independently

sel ected from ClL R'as Gﬁyhlamaikyicqyd@li@& drélabalklyyl 10aryl, hydroxyl, Cl to

&6 al koxy, Cl to % h%llg grg)ﬂdepgr?(gngy séigcef‘ed from hyﬁroaglrexlf,yatllif-tyi, cyanoalkyl, and

15 halo;
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 Ib genotype or multiple genotypes of
HCV. Therefore, this invention also encompasses: (1) compositions comprising a
compound of Formula (1), 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.

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

provided:



R7 is al kyl, arylalkyl, or haloalkyl; RlL and R11 are independently sel ected
from hydrogen, al kyl, cyanoal kyl, and hal o; 15R and Rd are independently
sel ect ed WPy @égen, al kyl, aryl al kyl, and cycl oal kyPCT/US2010/02899% fi r st
cl ass of compounds of the first enbodi nent, the present disclosure provides
a conmpound of Forrmula (1), or a pharmaceutically acceptable salt or solvate

t hereof, wherein s is 0. 20In( cond class o r}spounds of the first
enbodi ment, the present disclosure provides a gonpound of Forrmula (1), or a
phar maceuti cal | y acceptabl e sal f ory8Y| vat erbof , wherein s is 1.

In a second enbodi nent of the f&irstYhEpactic|rhe Mesent di scl osure provides
a conpound of Formula (l), or a phargggeuti¢glly acceptable salt or solvate
thereof, 25 wherein: s is 0 or 1, L Ts seleBted from 1, and Y and are

i ndependent |y oxygen (0) or NH, Rl is hygrogen or 5R2 is hydrogen or
-C(O)RY, le and RY are independently selécted from cycl oal kyl, heteroaryl,
het erocycl yl , al Koxyirstandodinkgrt of thedirsttagpat] thd plesemn disoloswopeoviddsst | t uent s

i ndependently sel ected fr aryl, al keny|, cycloal kyl, heterocycl yl,

het er oaryl , <opRaund @ﬁﬁ%ﬁfﬂ, I, RiRa R RRticlln ‘Nﬁ&tge‘a‘? s@@%@ﬁ@%&g@}{ and
het er oar ¥l Wré?{?:ti onally be substituted with one or nore substituents

i ndependently selected from al kyl, hal oal kyl, aryl al kyl, heterocyclyl,

het er ocycl yl al kyls,is hat dgen, cyano, nitro, -C(0)OR4, OR5, -NRaRb,

(N eRb) al kyl, and (Me0Q).(;HO P(0) 0-,, and wherei n _cycl oal kyl and heterocyclyl
may optional |y bd Buded onvhersin laraggds ik eenegeiidelaiFddiptional 1y be

substituted with one or nore substituents independently selected from

al kyl , hydroxyl/, haloge 7 o - N ? , and 0)OR4; R3 is hydrogen,
al kyl , or ar% 3 ;E"R4D§ S y§‘ or:a yl ;% N s%“hydr ogen, al kyl, or
aryl al kyl ; ) , , , and

; provided that at least one of L" and L° is other than X

H

10 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,
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;



Ra and Rb are independently selected from hydrogen, al kyl, cycloal kyl,

aryl al kyl, heteroaryl, -C(0)R6, -C(0)0OR7, -C(0)NRcRd, and (NRel e)al kyl, or
al t er nat iweI12910/11g70dnd Rb, together with the nitrogen at 86528028992 hey are
attached, forma five- or six-nmenbered ring or bridged bicyclic ring
structure, 25wherein said five- or six-membered ring or bridged bicyclic
ring structure op¥ivhakégennaiylconarslatkybne or two additional heteroatons

one: oo or t hr Ba b B ple Lo RS pr HoRy maltkst ub rRRRY 508 ol ky
Cl to C4 hal oal kﬁ_{ylalgliﬂﬁtc_:ﬁ@l,owdqR"’,ClC(moﬁ@, @(WR?R@bnd QISR ‘haty@adrkoxy,

and hal ogen; R6 i's is alkyl, arylalk or hal oal kyl; Rl and R11
are i ndependent | plteshttaie R fand R’ hpdetberawith thelnjtroges peomo &t Which thaydrhal o; 51t

and Rd ape indepenpdently selected.from.hydrogen K tyl.al kyl . and
Cycloal kyl. " alltaaripas (B Esismiey S orierg byl testistifon:
the present di schggus®sRd avedaSihaneaRRMHhr bHapsbidydlickingQtrudiure
pharmaceutically acceptable salt or solvaté thereof, wherein L is 10ln a

second cl ass of optipwliydsayofontdne oseadmy adiivdiltetaroatome iplepswientlyi scl osur e
rovi des a conpound of .Fornula (I or r eutical.ly acceptabl e salt
D S0l vat o ¢ her adREcihPE PSS okfeed. 1 TV FHLERS PO CUIBadS. B hice
second enbodi ”En%ub&i%nﬁiﬁé&i&hd&itﬁ%}efé@ﬂéﬂ[?roH{ oVidtesaiRyIcomaunghigfikftor mul a

(1), or a pharmaceutically acceptable salt 15or sol vate thereof, wherein L
is In alPourth clagdshwifoxgbrpdotdslioiyt Getosecuhahlleanyodidiedegent he present

di scl osure provi %@S conmpound of Forrmula (1), or a pharmaceutically
accept abl e salt 1$8k¥ht e thereof, wherein L is In a fifth class of
conmpounds of the I ; . present 20 disclosure provides a
conpound of For wlfgg?:f{?{,ﬁg?ﬂgﬁ%a%% utically acceptable salt or solvate
t hereof , wherei n R'*@d 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 a sixth class of conpounds of the second enbodi nent, the present
di scl osure provides a conpound of Formula (1), or a pharnmaceutically
accept abl®0281011g104s0l vat e t hereof, wherein L is | n aPSENBSANN/02398% s of
conpounds of the second enbodi nent, the present disclosure provides a

conmpound of Formula (I
t hereof, whegeyn

a? eiyQ
enbodi rrent scl o) pr c

a pharnaceutlca y acceptable salt or so vate=thereof

EI‘EIﬁl is

or a pharnaceutically acceptable salt or solvate

5 second
n4!!> Eb | a

(1), or

In a

ninth class of conpounds of the second enbodi nent, t he present disclosure

provi des a cg @ grrml a (1), or a pharmaceutically acceptable salt
.0

or solvate t
aspect, the present dlsclosure provi des a compound of

Formula (1),
wherein: s is

h ticall bl. | | f, in: s |
CFenerein Ll st e kaanRent i T e B T om Y ana v

NH, Rl is hydrogegg 19hydr€gé¥1)d¥>LC(O)R",
5 R? is hydrogen or —C(O)RY;

inLis 10ln a third enbodi mrent of the first

or a
0 or 1;
are each

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,
“NR*RP, (NR*R")alkyl, and (MeO)(HO)P(0)O-, and

-C(O)OR?, OR?,

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-



R2 is hydrogen or 20l e and RY are independently selected from cycl oal kyl,
het eroaryl, heterocyclyl, al koxy, and al kyl substituted with one or nore
substi t ueNO2010MdéWendent | y sel ected from aryl, al kenyl , PEFAISa&0/698999

het erocyclyl, heteroaryl, -OR3, -C(0)OR4, -NRaRb, and -C(O)NIM, wherein
aryl and het eroaryl may optionally be substituted with one or nore
25substituents | rﬁﬁe%:)éhuent |y selected from al kyl, hal oal kyl, arylal kyl,

het er ocycl yl , 0 cyano, nitro, C(O) OR4, OR5,
(NRaRb) al ky! , ﬁ\é%)c’l( M@fﬁ)%hﬁﬁ’&ﬁ% wher ei n cycl oal kyl and het erocycl yi
nmay optionall'y bq{m%eqw%@uﬁ SHIHRY defectdd oA AR, AR, @Dl datkyR@nd

substituted with one or nore sg%stltuents i ndependent 'y sel ected from
al kyl , hydroxyl, hlah)l;ogen aryI - Nl eRb, oxo and 5-C(0)0OR4; R3 is hydrogen,

al kyl, o aryIaI 4 i 5 1S dro Ny aIkyI or
Syl el kob: R and rad B et ndestidivelrted el uteemeyah OB Sy

cycl oal kyI 10ar ylabkyl), heteroaryl, -C(0)R6, -C(0)OR7, -C(0) NI teRd, and
(N eRd) al kyI, or alternatively, Ra and Rb, together with the nitrogen atom
to which they ardnatschssof cﬁmpnuadﬁ invtbe swonébmbmﬁmat@mbprbmt disclbsurelged
bicyclic rin ructure, e| n s e- or Si %%Fd Bi ng or, bridged
bi cyclic rim gmg ARG f’ ?i%ﬂ‘}?/ bﬁﬁ} ﬁ‘f’%cﬁutlﬁar YB?CE’P Caathior FONAP

het er oat ons i ndependently 15se om ni trogen, oxygen, and sul fur and
may contain one, two, or th% : Es i ndependently selected from Cl
to C6 al kyl ,thé&dofl @héxinmaksoal k ydroxyl, G to C6 alkoxy, Cl to C4

hal oal koxy and hal ogen; R6 is alkyl; R7 is al kyI aryl al kyl, or hal oal kyl ;

20RI and© R" are M@;é%ﬁ‘d@iﬂ%Qf%n%méﬁof%ﬁ?qw@ﬁ@@éﬁlm@éh K84 pregspanoal kyl

grnSI Qﬁlkgl s Tod uﬁ d 5§ 1§eﬁ PESR pou tf:Fﬁmzﬁ]ai ,J;?erda ﬂcha Xgéat?@%gcetp%ablf%/ éarlts t

aspect, the present di scl osure provyi ) und of Fornmula (1), or a

pharmaceutically acceptable salt ol f, wherein:
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 FOHO
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



sisOor 1, Lis -L1--L2--, wherein L1 and L2 are independently sel ected
from ; provided that at least one of Li and 1,2 is other than Y is
oxygen (OVO28m1YI04is NH, Rl is hydrogen or R2 is hydr o€m/USR00ORHIR, 5RX
and RY are independently selected fromcycl oal kyl, heteroaryl,

het erocycl yl, al koxy, and al kyl substituted with one or nore substituents
i ndependent | y seli@éﬁ@@nffr@ms@fwmpwﬂdéﬁﬂhe seyaideabiegimernticthe peesit| yI

het er oar yl , OR4 ein a

et or oar o1 | FRBETENAITY tEL T Fa%@ A aRe el whreBibls fllen:
i ndependently sel ected from al kyl,, ha | al kyl, heterocyclyl,

het erocycl yl al kyl , hal ogen, cyano; § \ , R4, OR5, - NRaRb,

(NRal t b) al kyJIrsolaatd tl@dmﬁ)‘@h@):ﬁ(m)so- where+n cycl oal kyl and heterocycl yl

g?és? i iﬁfggl it h TB AR St of CrPERTRB SR SardapER i Y° Barett eq 11 om
al kyl, r acTsEf%quQ‘gg 2 ;ﬁ{}t ulna Nr & Rnuyl Qflgycl'raa%amgcgﬁﬂ)ﬁﬁg Sg%p’tﬁ é’%ﬂr ogen,

al kyl , or ary al R5 1s hydr

aryl al kyl ; 20Ra and Rb are |ndepeng F-\ gi from hydr ogen, aI kyl ,
cycl oal kyI aryl al kyl , heteroaryl X wf OR7, -C(0)NReRd, and

(NR Rd) al kylor s@ivatg|t @?@fa’z"h%%LiSRa and -odet her with the nitrogen atom
to which they ar "ma” Qﬁg\%off o%né%oﬁhe %coﬁa @g&%%hg d eﬂg@s%n{” bri dged

bicyclic ring st roéty ere] ng or bridged

bicyclic ri rtﬁscﬁsﬁwruﬁae%aﬁﬁpmaldﬂvomaQ}) rﬁr@! phagfigoeficd Mcagheitld amal
het er oat ons i ndependently selected from nitrogen, oxygen, and sul fur and

may contain one, two, or three subgsf/tten pendently selected fromG
to C6 al kyl 101'9&1\;56% théebelpalelv. is @ yadcoxyF, Cl to C6 al koxy, Cl to C4
hal oal koxy, and hal ogen; R6 1s al kyl;

10 In a third embodiment of the first aspect, the present disclosure provides a

compound of Formula (1), or a pharmaceutically acceptable salt or solvate thereof,
wherein:
sisOorl;

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

’ 3 3

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, -ORY,
-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,
heterocycelyl, heterocyclylalkyl, halogen, cyano, nitro, ~-C(O)YOR®, OR?,

-9.



30R7 is alkyl, arylalkyl, or haloalkyl; RLGL and R11 are independently

sel ected from hydrogen, al kyl, cyanoal kyl, and halo; Re and Rd are

i ndependeWl|29108dI'®wdt ed from hydrogen, al kyl, aryl al kyl , PeRAIS2810/023Pkyl . 5In
a fifth enbodi nent of the first aspect, the present disclosure provides a

conpound of Formul a (I), or a pharmaceutically acceptable salt or solvate
thereof, wherei n-NR*R%S (SR&" )&.ﬂlkylLanfh(Mﬁ_@(H@)P(Q/]ﬁeraédn L1 and L2 are
independently se

d f
and RV are | ndepdint Py ang efRrehimepop i Ehe e pdem? & 1€

15characteri zed By ohanmMHy@ptibdally t{e%hbsmﬁ@&%moﬂ@dr%l&@gub%m%% i's hydrogen
or alkyl; RO is selected from hydrogen cycl Oalhn{ aryl, I‘beroaryl
aghn

het er ocycl yl, andnddprydentipséiovted fmﬂbélhm?@ﬂ ArEuBSR R’ et asdl ect ed
fromaryl, aI kenykI %‘9 oal kyl, heterocyclyl, heteroaryl, heterobicyclyl,
_OR3, -Cf0)OR4, -NEM:and - C(0) NReRd,

R? is hydrogen, alkyl, or arylalkyl;

R is afkyl or arylalkyl;

R is hydrogen, alkyl, or arylalkyl;

R? and R® are independently selected from hydrogen, alkyl, cycloalkyl,

10 arylalkyl, heteroaryl, -C(O)R®, -C(OYOR’, =C(OINRR?, 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

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-



wherein aryl and heteroaryl may optionally be substituted with one or nore
substituents independently selected from al kyl, hal oal kyl, aryl al kyl,

het er ocycWol20100df®docycl yl al kyl , hal ogen, cyano, nitro, PCOUSRORA289TRS,
-NRaRb, (NRaRb)al kyl, and (Me0) (HO P(0)0-, and 5wherein cycl oal kyl and

het erocyclyl may optionally be fused onto an aromatic ring and may
optionally bg} bst i “huted wth one or m)re substltuents |n a e

sel ected frol ydr oxy b, oxo 0)0R4
RIG and R11 arei ndeper?&e‘ﬁ@q‘{/‘h H@&r bggqééﬁe TR haI o is
hydrogen, al kyl, or arylalkyl; R4 is aI kyI or arylalkyl; RS is hydrogen,

al kyl, or aryl al R@/is oxReera(§y), ﬂﬁﬁ'rieNPhdependent |y sel ected from hydrogen,

al kyl, cycl oal kyI roar H)R6, -C(0)0OR7, -C(0)NReRd, and

( NReRd) al kyl , Rié%lﬁ}"g ‘% 8(9%% and Rl), together with the nitrogen
atom to whi ch thqy i@hfdresdraghedoytorm a five- or six-menbered ring or
bridged bicyclic ring structure, wherein said five- or six-nmenmbered ring or
bri dged bi cycli c Riand R traiotiepesdeptyi solvatetyframngycdentitdi hetameybheirsmyclyl

addi ti onal heterotoms i ent | |l ected fro tro and
SOt ur ot ey el rang O S e vt oBS b GarL R Dt MR lEn: | o

sel ected fromCl sEﬁct@@ fz%hkéﬁlyl aﬁil:nﬂocy%aﬂ%h Qiéltéif&yclﬁrﬁékemelﬁﬂdf@lxw Cl to Co
al koxy, Cl to C4 hal oal koxy, al‘ogen;” 'R6 i s ;. R7is al kyI

aryl al kyl, or hal Ga(D}QR,, NR*R®, and C(GJI\IE.TﬂRf1 Rll are i ndependent |y sel ected

f hyd d 25h I d
e s ST SR A SR 2T gR ke St
In a sixph eﬂbod'sﬁﬁfmu% ﬁlhggehu&ﬁ 2RBEAyork Qﬁypm%mga thkﬁsure pr ovi des

a conpound of Fornu ap ar maceut i cal 'y accept abl e, salt or solvate
t her eof , 30 wher dieterosyclys, Hoteoocyktyldikyl shaldgen; ¢hy@no, nitier-6(@)QRY, O/, L2 are

[Edﬁpendent ly sel ectaeg frgr@)alkylland (MV%))(%OJ)Q &)10770%PCT/ US2010/ 028999 , 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 -



Is -C(0)RY; 5Rx and RY are independently al kyl
-Nl eRb, cwearawdritzed by Forrmula (A): RaN, Rb

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

substituted by at |east one
wher ei nPCIQIBR19/08899RE i s

hydrogen or Cl to C4 alkyl; RO is selected fromhydrogen, Cl to C6 al kyl

optionally substituted vlvith -ORI2, C3 to C6 cycloal kyl, allyl,
-CH2C(0) Nl eRd, ( RERERd) R’ Ryare indppristienthsi selectid fjom hydro@im eIRYD pranpalkgl and

10 (RIQ (R )ri

%gio( R10) n(R10)n N; 14 Ort- N41/1 (Rl)n o'r-

R® and R® are independently 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:

10 . , ,
w0, ot O
; provided that at least one of I and L” is other than ;
R} is ~C(O)RY;
R? is ~C(O)R";
R* and RY are independently alkyl substituted by at least one NR°R®,
15 characterized by Formula (A):
b
Ry, 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-



wherein j is O or 1; kis 1, 2, or 3; 5nis O or an integer selected froml
through 4; each Rl is independently hydrogen, Cl to &4 alkyl, Cl to C4

hal oal kylwoRraligdemws nitro, -0Bn, or (M0)(OH) P(0)0-; RuPCI/Unpeoogn? CL to
C4 al kyl, or benzyl; RI2 is hydrogen, Cl to C4 alkyl, or benzyl; 10le is
hydrogen or G to C4 alkyl; Rois Cl to C4 alkyl, C3 to C6 eycl oal kyl,
benzyl, 3-pyri dywhepys anyl gidheferghryl mepoptionallghe poRiiutel witlcpoy NRoRE;, R7 is
Cl to C4 alkyl or ClL to CA. hal oal kyl: RI _.and re .jnde dently sel ected
f rom hydr ogen anG“Wélfli??tsdﬂﬁe?f%‘%?ﬁyisgleﬁﬁéiﬁBﬁ’eﬂ@jrﬁae‘ﬁaﬂfﬁ’ %ﬁﬁg‘iYEyl; and Rd is
hydrogen, G to ¢hiealdsyhi heferdedellRIGD HadzbRaAVkNd, nitro, -C(AYORL, SRV ENt h

enbodi ment of the fi rcgt 5’éspbeltﬁ:o'??c?hélgg’r e)sbgnt’ isélncl)godre( p)r@ovf des a conpound
of Fornula (1), eNRRpWERRadkyl oal MeQCIOPRENDe andl t or sol vate t hereof ,

20 SO T S S Dk o Rl PSRRI 1
%ij :Qbs ubs t5 :?g UE i?{n@ﬁ%h%yﬁ%ﬁbnﬁ%e‘swmed Ghar aelehEeshybasml a (A):
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 -



mis O; R8 is hydrogen; 10RO is phenyl optionally substituted with one up
to five substituents independently selected fromCl to C6 alkyl, C1 to C4
hal oal kylworaligdgemws Cl to C6 al koxy, hydroxyl, cyano, aR@TAIS2010/028A8 NRaRb
is a heterocyclyl or heterobicyclyl group sel ect ed from f3-(RL3) n) (R %
7_,(\2-(R13), 15 and wherein n |s 0, 1, or 2; each R13 is independently

sel ected fro 4, hen uor hal ogen, hydroxyl,
net hoxy, and:o é -1% TkyT %r C(0) OR15 group,
wherein R15 is to 20C4 yI » phen or >benzy ~ and 340 and RI1 are

i ndependent |y sel ected from hydr ogen and hal o. In an eighth

enbodi nent of t irst aspect, the present disclosure provuigesNa .conpound
of Formul a (‘IE’)“,\I éphar maceuti cal | ccept abl @ saljt or s"é : tgﬁereof
wherein: s is 0 5)|§0\{1§edtd}aq_azleas€m@r iln and L” igpihershagy e | ndependent |y

sel ected from

R’ is —C{O)RY;
R?is —C(O)R;
5 R" and R’ are independently alkyl substituted by at least one -NR°R®,
characterized by Formula (A):
b
R2, N,R
8 »
R Wz‘g
(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 -



R is -C(O)Rx; R2is -C(0)R>"; 10Rx and RY are independently alkyl
substituted by at |east one -NRaRb, characterized by Formula (A): Ra, NNRb
R8\ - m RWOA1I0/MA®WAei n: 15mis 1; R8 is hydrogen; RO isPCI/USa0108528Wkyl ,
aryl al kyl, or heteroaryl al kyl; Wnand R11 are i ndependently selected from
hydrogen and halo; lie is hydrogen; and 20Rb is -C(0)OR7, wherein R7 is C

to C6 al kyl. In a ninth enbodi ment @R'%he first aspect t he present
di scl osure provides a conpo ﬁd of Forrml a (I ar maceutical ly
accept abl e g&'%), or at e(ft bre erein: 1; 25L is --L1-L2-,
wherein LI an% 4_}\ \e mdepwd sel ecte and (RL3) n(RL3) n
"]

(R1O)ﬂ N/?S‘L

\'T"“

, \
A
whereinjisQor 1,

kisti, 2, or3;

5 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;
10 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

15 R? is hydrogen or C; to Cy4 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,
wherein:

20 sisOorl;

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

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

>

-15-



RI3)n'rjvv _(R13)nvvv 1IN 1414 N (R13 \ \in rRi3 R4 (RL3)niw Rl 4 KJ

(
N Xz. 0 =\ N (RL3)fl"vv (R13), \
WO 2010/117704 PCT/US2010/028999

R! is -C(O)R%;
R?*is ~C(O)R”;
R* and R” are independently alkyl substituted by at least one “NR*R®,

characterized by Formula (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, (R,
SR, o /‘“‘>(1:z*?’)n B 7N\ s VaraN
4 N\/\ § ) N ON-RE N O

“";{’I"" (R13)n<\A)\
;@\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
20 C4 alkyl, phenyl, or benzyl; and

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

- 16 -



wherein nis O or an integer selected from1l through 4; each R13 is

i ndependently sel ected from hydrogen, ClL to C6 alkyl, Cl1L to C4 hal oal kyl,
phenyl , B¥02910/11CP4t o C6 al koxy, Cl to C4 hal oal koxy, h&CEAUS2Y101098999

hal ogen, -NRcRd, hydroxyl, cyano, and oxo, where Re and Rd are

i ndependently hydrogen or Cl1 to 4 alkyl; and R14 is hydrogen (H), ClL to C6
al kyl, benzyl, oin aGi@htbRébodiheeriofi tHAirktsas@ict tthe P8 sait Kisclos@iepravidesst h
embodi ment of the first aspect, the prese di scl sure vi des conpound
of Fornula EPpoyr @FW&PMQe%?E%WC%@E@&%?@a & p3lt ‘blpso V('S‘It‘i/'g‘?@of ‘her eof ,
wherein: s ig.0.0r 1; L is LLL2, wherein L1 and L2 are independently

sel ected from " ; provided that at least one of L1 and L2 is other than
Rlis -C(OR; RzléﬁorQ(O) RY; Rx and RY are cycl oal kyl independently

sel ected from 15and whereln [ 1S nis O

or an infeger seIIe‘ét‘éd'Ifro?'ﬁ grefth %@mé’gﬁﬁerﬁi@?ﬁaﬂlﬁ?@?@efg‘ﬁﬂdéntly sel ect ed
fromhydrogen, Cl to C6 alkyl, ClL to C4 20hal oal kfl Cl to C6 al koxy,

el ot WUEOTY N LG L
; provided that at least one of " and L” is other than

H

2— ,and

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 WHA
(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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Ra and Rb are each i ndependently hydrogen, Cl to C6 al kyl, or C(0)OR7,
wherein R7 is Cl to C6 al kyl. In an el eventh enbodi nent of the
first asp¥Ot201/H&70pr esent di scl osure provi des a conpoun@CHfUSEFOOMRR989 (1), or
a pharmaceutically acceptable salt or solvate thereof, wherein: s is 0 or
l; 5L is -L1-L2-, V\,herel n L1 and L2 are |ndependently selected from ;
providedthaﬁ gl aE oth ng Rl is -C(0)Rx; R is
C(0) Ry, 10l epgndet aIR e “ein aryI part of said
aryl al kyl may op ona;lly be-substitut with (NRIRD)al ke and |e and Rb
are |ndependently hydr ogen, Cl to C6 al kyl, or benzyl, or aI ternatively, le

and Rb, toge the nitrogen atomto which they are \o forma
five- or six% rrbee ring selected from/s /\ ) 1NN-R15“
N _J, and\ whePETAdaR1tbat a§ leagime g h, aed Lt t5 otrahagy | | enzyl

In a twelfth enbodl ment of the first aspect, the present d| scl osure

provi des a corrpo@idse@(@dir“;rml a (1), or a pharmaceutically acceptable salt

or solvate thereof,, 20 wherein: s is O or I; L is -L1--L2-, wherein LI and
L2 are mdependeﬁtll%/—@@)@cted from Rl is -C(O)Rx; RRis -C(0)R; and fe

and RY age the squ,aRdl Al 1kiGEhSLELAR QN DRicBERIRF Ytk fHd: OF -
(R13), (R™), (R ,
n ( AN
%, Py ¢
GOYE N CLING &
NT X8
J&<< 13
N X-R5)n (R1Yy, WY
@;’ @LI\\N PO R
R4 X0 X0

Fz13)n

3

A

K NoR®), AR

: N (R™)h
GI% (" Oj Ay \‘:l‘\
RM N\/

N g FQ14 ’ ,
-n}uu I (RsS)R
=} 13 (R"™) (R
R14~N/—!:\)/(R )n nSf::\ c?i:\ K )2
"N , N N N ,
R13) R13
] — R?‘l
el G L
N—-R™ N E{ N
R4 rf“ 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,

-18 -



O NH 00 NH rse wherein a squiggle bond (- ) in the structure indicates that
a stereogenic center to whi ch the bond is attached can take either (R)-
or (S)- cyAR2PYINATHon so | ong as 10chem cal bondi ng pri RETAIS2&1082899N0t

viol ated. WO 2010/117704PCT/ US2010/ 028999 In a thirteenth enbodi nent of
the first aspect, the present di scl osure provides a corrpgund of Formul a
(1), or a phar nabelﬂ!gemaNRyRadaE@pwlbtﬁnsaﬂndm wbero & end Répesof | wherein: S

is Oor 1; 5R is ] and RY are botht-butoxy.
In a fourteenth é‘i‘ﬁ?%‘f‘i?@%ffh%og%orﬁ %% é‘gﬁ’gcat‘ the present disclosure
provi des a conpoyitlig gdfdgéﬂ‘(!ﬂlﬁc(ﬂt& cﬁancyab@ﬁ@lr@ gg@y@a‘* WherGs &PIAD] @ sal t

or sol vate thereof, wheérein: s is 1; and and are bot h
hydr ogen. Garallazlfl ftheenth errbodl rrent of the first aspect, the

present gl scl osur T a Penth & ggd}%egto "B %d t ggpegto the preseflt élgclosglreNpl\llﬂovu;(es a—

compound of Formula (I), or a pharmaceutically acceptable salt or solvate thereof,
wherein:
sisCorl;

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

wgml\]\f—_——}%—; provided that at least one of L' and L is other than -é@é-_

3

R} is —C(O)R%;
R?is —C(O)R;
R* and RY are cycloalkyl independently selected from:
13 apb
NRZRP (R )n\ NR R
& &

15 i 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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R1Y-L---3\---YtR2 15 (H), or a pharmaceutically acceptable salt thereof,
wherein: s is Oor 1; Lis -0-L2-, wherein LI and L2 are independently

sel ect ed WP@A10/11770¥ and Y' are i ndependently oxygen (0) PEIT/USRH10/RR8IPE
hydrogen or -C(0)Rx; R2 is hydrogen or Rx and RY are independently

sel ected fromcycl oal kyl, heteroaryl, heterocyclyl, alkoxy, and alkyl
substituted wi thlpaecloventipembeditisni ofiibn fisst ameq@&meq:ﬂenydlscé@w pgvidesm aryl

| kenyl | oal k t I het NRaRb, d
o o SeRb o RISt e R e R PO B e ol
one or noregdhsti tuents independently selected from al kyl, hal oal kyl,

aryl al kyl , heterdcyclyl, het erocycl yl al kyl , hal ogen, cyano, nitro,
-C(0)O0R4, OR5, - NRafRby I NRaltb)al kyI and (Me0) (HO P(0)0-, and wherein

cycl oal kyl and heterocygl yl pal l.y .be fused onto.an aromatic 10ring
and may gptionalﬁ? g ?uﬁé?@?ﬁ% ih éd W%&QSEG & foFent s
|ndependently selected from.al kyl, hydroxyl hal ogen, aryl, -NRaRb, oxo,
and - C(0)0R4 hydr kyI | al R4 si s al kyl or

aryl al kyl ; ydréb y al ky and are
|ndependently selected from ydrogen al'kyl, ’cycloa kyl ; ¥yl al kyl ,

het eroaryl, -C(0)R6, C(O)OR? - C(0) NReRd, and (NRel t d) al kyI or

al ternati vel g , together with the nltrogen atom they are
attached, énw fyv n?ered ring bri dged bIC

structure, 20wher gin s,aarawa?(%a"% cagt 9(‘1%‘5% EI‘ 15 qtgerdhathr § dge b| cycl ic
ring structure optionally may cont ain one or two additional heteroatons

i ndependent |y sel%c&eﬂ(@)@om ni trogen, oxygen, and sulfur and may contain

one, two, or thr Egﬁb Ryuents i ndependently selected fromC to C6 al kyl,
Cl to &4 hal oal k arip) hydroxyl, Cl to C6 al koxy, Cl to C4 hal oal koxy,
and hal qgen; R* and RY are independently arylalkyl, wherein aryl part of said arylalkyl may

optionally be substituted with (NR*R”)alkyl; and
R* and R® are independently hydrogen, C; to Cg alkyl, or benzyl, or

alternatively, R* and R®, together with the nitrogen atom to which they are

s
attached, form a five- or six-membered ring selected from )

4N 4N  N-R'5 4N 0
15 , po— , and N~/ , wherein R is hydrogen,

C; to Cg alkyl, or benzyl.

In a twelfth embodiment of the first aspect, the present disclosure provides a
compound of Formula (I), or a pharmaceutically acceptable salt or solvate thereof,
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 % ;
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25R6 is alkyl; R7 is alkyl, arylalkyl, or haloalkyl; and Re and Rd are

i ndependently sel ected from hydrogen, al kyl, arylalkyl, and eycl oal kyl .
In a sixtwerdw/divédi nent of the first aspect, the pres@i/U$R&I01023909 e
provi des a 30 conpound, or a pharnaceutically acceptable salt or solvate
t hereof, selected fromthe group consisting of:

(1R) - 24(2S) - 2- (4R(4+«4102428) 142R) - 2- (di et hyl am no) - 2- phenyl acetyl) -
2-pyrrolidinyl)- 1H—|gg&ﬁ 3 yQphenoxy) phenyl) - 1H i mi dazol-2-y1)-1-
pyrrolidinyl)- N, & éﬁ}%@ oxo0- 1- phenyl et hanani ne;

(1R) -242S) - 2- (4- (Apf £ a&%gé.)m sdedVAOMMnS E@h&%ﬁ&%ﬂ) 2-
S5pyrrolidinyl)-1H i m dazol - 1) phenoxy) phenyl) -1 dazol yl)-1 -
pyrrolidinyl)=2-o0xo-1 phenylethanol di et hyl

(oxybis(4,1 erme-lH—inidazole-4,2-diy1(28)-2,1- pyrrolidinediyl(( 1
R) - 2- oxo0- 1- phepyl- 2 i ) bi sear banmat e ;

(1R) - 242S)-2-(4-( - 2- (di net hyl aini no) - nyla etyl)-
102- pyrrolidinyli’jN sSphenoE,y)pgeny ) - 1H-A -2-yl)-1-
pyrrolidinyl)-N N pheny eﬁh ; (1Rk524 S) - %F@4 (3-
(4-(24(29)-142R | acety1) £2- pyrrol

i di ny1)- 1H i migazpl - 4- y1) phenoxy) fiheny1) - 18 i pidazol - 2-y1) - 1- &
pyrrolidinyl)-2-oxo-1-phenyl et hanol ; * 15met hyl ’ g

((1R)-242S)-2-(4-(3-(4-(2429)-1-((2R) - 2-
((nethoxyearbonyl)anino)-2-pheny|acety1) 2- p»qroﬁldlnyl) 1H i m dazol - 4-

y1l) phenoxy) phenyl ) - 1h5inidazol yl) Qy@nﬁim i - 0X0- 1-
phenylethyl)carbaﬁat

(1R)-2-((29).~ S (Z\QL S)- 2R) - 2-Qdi hylanlmp) ph Iacetyl)-
202- pyrrolldlniﬂj [ dazol enzypoxy) pher 1) lFil da oI 2 yl)-1-
pyrrolidinyl) N-d| -2- oxo - enylethan ; nethyj

R) - 2-((2S)-2-(4-(4-(( (2 ((29)-1-((2R) - 2-

( (et hoxycar bonyl ) am hgn 2- phenylaﬁ@hyl) 2-pyrro C)dlny|) 1H i m @azol -

yl )benzyl) oxy) phenyl )-1 H i m dazol - 2-y1) - 1- pyrrol idinyl)- 2-oxo- 1-°
25phenyl et hyl ) ear banat €;

(1IR)-2-((2S)-2-(4-(4-(2-(4-(2-((2S)-1+42R) - 2- (di net hyl am no) - 2-
phenylacetyl)-2-pyrro|idinyl)-lk#?nb M - 5-y1) phenyl ) et hyl ) phenyl) - 1Hi m da
zol -2-y1)-1-pyrrolidinyl)-N, Ndinethyl- gfo-l-phenylethananine;
(IR1'R-2,2"-(1, 2- ethanedlylbls(4 1- Wt ene- 1H i m dazol e- 4, 2-di y1(29S) -
302, 1- pyrrolldlnedlyl)) s(2-oxo- 1 -phenylet hanol ) ; di met hyl

(1, 2- et hanedi yl bi s(4, 1- plenyl ene-1
pyrrolldlnedlylfﬂ z
N ,Nm (1, 2-etha edlylg 431 phenwben*
pyrrolidinedi y1(N1R) - 22 ox0- - pheny1p & 1- et hang
1- eydopent y1PB4( 1R) - 24( 28) - 2444M8044424( 2 S) - T4
((cycl opentyl car banoyl ) am no)’- 2- phenyl acet yt) - 2- pyrrolidWﬁbl) 1H i m dazol -
55- yl)phenyl)ethyl)phenyl) 1FL|n1dazol 2-yl1l)-1-pyrrolidinyl)-2-oxo-1-

>—NH d
=0
O.Q -y NH

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

-ethanediy.))églsearbanate - 24 -
i e 4. 2-diyl(2S)-2,1-
‘ﬁis(l ethylurea)

b1

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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phenyl ethyl)urea; (1R)-2-((2 S )-2-(4-(4-(((4-(2-((2

S) - 14( 2R) - 2- (di et hyl am no) - 2-

phenylaedVQRPL2LpIMr ohdi ny1l) - 1H- i m dazol - 5-yl ) benzyl ) ox PYrkaiSagiopisehyl ) -
1H i m dazol - 2-y1)-1-pyrrolidinyl)-N, N-di nethyl - 2- oxo- 1- phenyl et hanam ne;
10(1R) - 2-((2S5)-2- (4-(4-(((4-(2-((25)-14(2R) - 2- hydr oxy- 2- phenyl acet y1) - 2-
pyrrolidinyl)- 1Hm et &nydci)ulnemzqumﬁﬂsﬂﬁph@tpﬁh@msbm -disdidsntedapoidea y1) -
1- pyn-olidi nyl)-2-o0xo-1-phenyl et hanol ; dinmeth

(oxybi s(net h?lnéﬁéld&ffﬂﬁﬁéhﬂ)ew nhqrmw%%ly(eacaepzala? Al argplvaterthereof,
pyrrolidi nedi 1R) 2- 0X0- 1- pheny1- 2, 1- et hanedi y1) ) ) bi scar bamat e;

151- nethyl-ﬁﬁ% -2-((2S)-2-(4-(4- (((4 (2-((29)-14(2R) - 2-

( (et hyl car banoylg)ianion@) - 2- phenyl aeetyl ) - 2-pyrrolidinyl)-1Him dazol -

yl ) benzyl ) oxy) net leéghem(l )-1Hi m dazol - 2-yl)-1-pyn-olidinyl)-2-oxo- 1-
phenyl et fiyl ) ureaR Is eC@PR34(1R) - 2- ((2 S)-2-(4-(4- (((4-(2-((2 S)-1-
((2R)-2-

20( (et hyl car hano&bé?ﬁ"g%gmzi%ﬁenyl acetyl)-2-pyrrolidinyl)-1Him dazol-5 -
yl ) benzyl ) oxy) metgryshg pherydoth ﬂ,bluﬂoﬁydazol 2-y1l)-1-pyrrolidinyl)-2- oxo- 1-
phenyl et hyl Jurea; 1-cyelopentyl-34(1R)-2-((2 S)-2-(4-(4-(((4- (2-((2 S
) - 14(2R) - 2- (( eydh efferntophibaantadiyn afthedjistasperdye bessen) Meclosppmreyides
idinyl)-1Hi m dazol

-yl ) benzy 1) ?/Pf lgwsb  PL P%rggxc%tftmﬁllyﬁcegtablersralélor %plvatia he&eof v 0- 1-
phenyl etihyl Jateean:

(1R - 2- ((29) - 2- ( 4- (3-(((4-(2-((29) -14(2R) - 2- (di net hyl am no) - 2-

phenyl acetyl ) - 2- pyis Pokilgéndly| ) - 1H-i r ni dazol - 4-y1) benzyl ) oxy) nmet hypphenyl ) -
1H i m dazol - 2-y1)-1- é{ngl {adt &1) N N—d| met hy1l- 2- oxo- 1- phenyl et hanam ne;
30( 1R) - 2- ((29) - 2% 2708 @Y Ok‘é‘ #08)_ 14( 2R) - 2- hydr oxy- 2- phenyl acet y1) - 2-
pyrrolidinyl)-1Hy, @fﬁ%@x&m@n&%mﬁl& P SR abYdcl, nﬁ@pxséé@rn disclopird pzotideday 1) -
1-pyrrolidinyl)-2-oxo-1-phenyl et hanol; - 25 - (methyl

((1R) - 2- (( 2Spndopd eBFrwda (< ( ( 2S) - 14( 2R) - 2-
( (et hoxycar bonyl ) am no) - 2- phi | acetyl) - 2- pyrroli
y1l) benzyl ) oxy) net hyl ) phenyl ) 1 dazol - 2-y1)
phenyl et hyl ) car bamat e;
51-met hyl- 34(1R) - 2- ((2S) - 2(4(3?](( 2[152 (<(\l -1 2R) - 2-

( (et hyl,gar banoypar ni no) - 2- pheriy/| ac 1\5/7\)1-_22/ ol i di nyl ) - 1Hi m dazol - 4-
beenzypoxy) nmet hyl )phenyl )-1H i m dazol - )}/1) 1-pyrrolidinyl)-2-o0xo-1-
phenyl ethyl)urea 1l-ethyl-34(1R) - 2- ((281)[ 2-(4-(3 -(((4-(2-((2

S)-1-((2R)

10( (et hyl car%fan%‘a%&r‘ﬁe%‘é a-”zy-acﬁ?ﬁatﬁl%%aéttthir)ef’ PRI | di ny1)- 1Hi ni dazol -

y1l) benzyl ) oxy) rretglgglo)cnhenyl) 1H i m dazol - 2-yl1)-1-pyrrolidinyl)-2-oxo- 1-
phenyl et hyl ) urea; 1-cycl pentyl 3 24(2S) - 244434 (4 4(2S)-14(2R) - 2-
((cycl opentyl car bl )r %1, {aﬁ Iza%%i%ﬁf?@@eﬁ ¥ SO ﬁ‘i?ﬂlﬁ 1H i i dazol -
154-yl ) benzypoxy) net hyl )phenyl) 1H i m dazol -2-y1)-1-pyrrolidinyl)-2-oxo- 1-

20 » , ) , and

)t O+
% % ; provided that at least one of L' and 1.7 is other than ;

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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phenyl et hyl Jurea; dinethyl (1,1':4
", 1"-terphenyl-4,4"-diylbi s(1H i m dazol e-4, 2-di y1(2S)-2, 1-
pyrrol i diWeadWIITIR) - 2- oxo- 1- phenyl- 2, 1- et hanedi y1)) ) bi £€aAIS2mA02899¢ 1R) - 2-
((2S)-2-(4-(4"-(2-((29)-14(2R) - 2- (di et hyl am no) - 2- phenyl acetyl) - 2-
20pyrrolidinyl)-1Himdazol -5-y1)-1,1
t:4°, 1" -t er pheny R 4ng Ry attHndapeudently selegted from qyptaatiyl,ibdtengatyl; hetegocyclyl,
di met hy1l- 2- oxo- 1 - phenyl
S T14( {25 - 2aaas RS driah bt d Tkt e BRIy ngendenty
3-rnet hyl but anoy gipyed %mdeirﬁ glké!@l %/Efohmyﬁ%é@kocﬂrclyl heteroaryi -OR*
yl ) phenyl ) cycl ohexyl ) - 1Hi m dazol™-2-yl) pyRoli din-2-yl)carbonyl)- 2-
25met hyl propyl ) ca€ 2y’ e NRARC fankd - C(G))E\B{")R 14((I R3S, 5
R) - 3(4-chl oro- 544 44 chl o -24
((2S) - 24¢ net hoxy 5 1%?63rg@r%€mp%%w§ﬁ89 ybshtuted Kith 9B B BOF. 0]
hex3-y1)-1Himd 3 Ikyi, haloalkyl, arylalkyl
oct-1-yl)phenyl) @%tﬁtﬂ!ﬁn %%p%ﬁ@éy%ﬂs&y&g%?gp@ﬁ oA Ay,
Ol hex-2-yl)car bomyﬂa)ocaelgrbmbbﬁfq@ydp},allgy&;é:lah@aatogamarmctrcSG@tﬁ?)(Hs SpORJj ng
stereoi sonmers ther t e present disclosure
provi des a corrposNg n@gr%ﬁ?%}’lnﬂ‘da&gﬁﬁgagmé mula (1), or a
pharmaceutical ly -T2 I fept abl e
ot or - uhor el perRR oGt ahg pLioRicGRLE Sy e RorplI bR b A oG
mdependently selmgtaad nfayationally bé sabsht&feda\néxomdmmdmﬁstlmenmygen (0) or
NH, Rl is hydrogen or 10R2 is hydrogen or Itx and RY are nadgpende
sel ect ed from cydhdsreaaenily eleeis Emaiksﬁéwélf‘aﬁfiﬁa %g,en, O f
substituted wt h r@xﬁi nore substituents independently sel ect ed from aryl,
al kenyl , cycl oal ky eterocyclyl, heteroaryl, -0R3, -C(0)OR4, -NRaRb, and

-C(0) NRel td, 15\/\/rlér1§h_ffdrag@d alacslljohefwmqa;r yl may optionally be substituted
with one or nore substi tuent s _independently selected fromal kyl, hal oal kyl,
aryl al kyl , heter J{eyl&rt Yyl onpeylabgbycl yl al kyl ; hal ogen, cyano, nitro,

-C(0)0R4 . OR5, (Ns HO)P( 0) 0-, and wherein cycl oal kyl
and hetgrSocycI yl Iﬂqgﬁ%&#gohaﬁksggﬁe%gﬂégﬁ onto an aromatic 20ring and may

optional |y be sultinti® e Mfd&ﬂbnﬁﬂ&lﬁeld&mﬂe’nﬁwhﬁdrbgmﬁﬂcﬁ icykdﬁmk?jﬂdent ! y
sel ected fromal kyl, hydroxyl, hal 01%’6 O%(’” o nd s Cf 0) OR4
arylalkyl, heteroaryl, -C(O)R", -C(O) —C(O)NR 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:

-3 .



R3 is hydrogen, alkyl, or arylalkyl; R4 is alkyl or arylalkyl; 25R5 is
hydr ogen, al kyl, or arylalkyl; Ra and Rb are independently selected from
hydr ogen,Wal2RiW1178ycl oal kyl , aryl al kyl, heteroaryl, -C(BYRES20100%9R7,
-C(0) N eRd, and (NRcRd)al kyl, or alternatively, Ra and Rb, together with

the nitrogen atomto which the are attached, forma five- or six-nenbered
ring or bridged BIRYy2{(26)- ﬂr(ﬁd"réﬁ@ﬂﬁ@ﬁbé ((2R)2%(drmemyéanen®a %ah@miaoe@l) or

si x-menbered ring or_ hrid i ruct may contain
one or two addit“Ral® Iﬁwge&& Z‘?Ihfel?}é}?g%’fé)merg T%{f{rg a?(? ?rﬁ'% frogen,
oxygen, and sulf r@F‘k@in?Iﬁi-NﬂCtﬁﬁl@ths}l Q.r@ﬁo_lt_%{mm @fhahgmg@ substituents

i ndependently selected TromCl to C6 alk 1 to C4 hal oal kyl , Saryl,

hydroxyl, Cl to CBRBRKESY-2-(@4(6- (LA & KX pydrang 2inbicnyesetylR8- i s al kyl ;

s o e ana S 1 B S SO EREAYEEIL Y, S oL
from hydrogen, g,wghdlﬁﬁyjzaéﬁgyj_ph@f@pet%gycI oal kyl . In a first

enbodi ment of thé second aspect thé conposition further conprises at |east
one addi tional cdimpethydokphisrd -phrnylercVHaotidaziotey4, 21yl S9€clond enbodi ment  of

the second aspect a of the onal .coppoun s i _an interferon
or a ribavirin. ﬁh‘é{‘n?%ﬂ@?ﬁ E@h‘?ﬂy“[z ]tﬁtga‘?élg” 15581580 he i nterferon
is selected from i o -0 hah PRty
consensus i nt erfe(!r[%}ng(zg? r'(fc;g(ingE?(z%@ ! g\gﬁ( @5&%&@&{1&2&@' d )Pnt ter)f eron

t au. 10 In a fdupyhfoiﬂnb@)dlﬂemﬁdae@l -4 hbpkmomyﬂ@has@)eﬂﬁ imbdezple 2381t

di scl osure provides risi ound of Fornmula (I), or
a phar maceuti cal IW&@@ ﬁmﬁe i gﬁ’ﬁ&? f@@‘% rTﬁflmaceutl cally acceptabl e
carrier, and at I ______ on Qgghgﬁl\gxgl T QCtIVIty,
wherein at | east (onzhé%@g@ 4@%&%% rTgc%rrpjcq)un S |2 s@lwelgtaed rom
interleukin 2, intyeolidinki)nHBimidazdd-gitienodpheayydiponiddzdli?ay))-énhances t he

devel opnent of a type 1 helper T cell response, interfering RNA anti-sense
RNA, | miqi rmd r iDYEPRAED-2ap% - hiphpidethan nophospate dehydr ogenase

25i nhi bi 1or, %&ﬁgr@]& @@_ﬁ(gg _gg{gp_t(gi_ ‘!‘“@(ﬁgs) 1 ( nz a fifth enbodi nent of

t he second aspect t di scl"osure provi a conposition conprising
a conpound of For((métaoﬁyl’c)arboﬁyl)a&nmbpcﬁmemdauet}a] deyﬂohﬁpy]&bﬂezmdhml%her eof, a
phar maceuti cal |y accept abl e rrier addi {I onal corrpound

havi ng anti-HCV agiherasy) phmﬂ?éﬁnmafm%&ﬁ% bk easﬁldlg}ﬁlg 280 ti onal 30

conpounds is eff ! the function of a target selected from
HCV net al | opr ot e?%%hﬁﬁéwg%?%%éprot ease, HCV pol ynerase, HCV helicase, HCV

NS4B prot el n, HQVRBIN((3S) HIMBESEBUR)- IHORRD{dinsihyHBYES fheniceiyle and

| MPDH for the treatnent of aspect _the present

di scl osidl provi d?eﬁylwHr”é'fiiﬁbéIdem@%Zéhf‘ﬂ%e%?{l)ﬂwpb?f}ﬂ)eﬂilﬂ@ azel-Z¥idri ent
conpri sing adm ni 8t 0510GHHe N-AEn R 280 RphbRAaREHMRE! | Y
methyl ((1R)-2-((28)-2-(4-(4-((4-(2-((2S)-1-((2ZR)-2-
((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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effective anmount of a conpound of Forrmula (1), or a pharnmaceutically
acceptable salt thereof, wherein: s is Oor 1; Lis -LI-L2-, wherein LI and

L2 are i NOpendditodly sel ected from Y and Y' are i n@€paIsaEnorspIdxygen
(0) or NHF RlL is hydrogen or -C(0)R ; R2 is hydrogen or -C(0)R; 15le and RY
are independently selected from cycl oaI kyl, heteroaryl, heterocyelyl,

al koxy, and al kylN'aUbet3-telivibist, bpberytenadibinsidenlt-t RedivE2S rditpendent | y

7310) oRs, NRaro PR R bt g R e PR,

optionally be sul;sg bﬁg@g; gu«qlm@n@g@tg (m(gﬁ(pzpﬁgb@@s)tu R$-2L ndependent ly

sel ected from al kyl’, hal oal kyl het erocycl y het er oc fll al kyl ,
hal ogen, cyano, Iﬁﬁcwlopemﬂ(:@pﬂmyl)mso) ZNWCG(YN%Mde(WD 1drighidazo

Fused onbo an af SHTENITH LR IO ERar P b e BEsa T t n oneor

nore substituent %hg@ gﬁ pgently selected from aI kyl , hydroxyl, hal ogen,
aryl, -NRaRb, ox0, and -C(0)OR4; R3 is hydrogen, al kyI or aryl al kyl; R4 is

al kyI or arylal k){lR) RE(2S3-2H el el (& (2 (éﬁﬂéyll -((2R)- Eddm@lmaynmo} 299 - Ra and Rb

merer oy OB Ry Y AP RS BB e e
al ternatively, RarapgiaRi- Ztﬁg‘?@%hwngfﬁ Medlmemmed&oai gmr;y%tmlamet hey are
attached, forma five- or siX ring rid icyclic ring

struct url@ Swher éi R)-34{28) 2 de4-(0¢- (§r((<28*)elnﬁéR)}a hydrtgyé?r phmyl&g@ml)ﬁr cyclic
i t t ti |1 I i {
| ndependent |y seleEERRmH I IR a DR ay Sty ey Bien B P Goical n

one, two, or thr U tly selected fromCl to C6 al kyl,
Cl to C4 hal oal k%wﬁﬂﬁy@@&é 1LAREPERdRAL y

dlmethyl (oxybis(methylene-4,1-phenylene-1H-imidazole-4,2-diyl(25)-2,1-
pyrrolidinediyl((1R)-2-ox0-1-phenyl-2,1-ethanediyl)))biscarbamate;

15 1-methyl-3-((1R)-2-((28)-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-((25)-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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aryl, hydroxyl, Cl1 to C6 al kOXY, C to C4 hal oal koxy, and hal ogen; 10R6 is
al kyl; R7 is alkyl, arylalkyl, or haloal kyl; and Rc and Rd are

i ndependenOl29108d/'®dt ed from hydrogen, al kyl, aryl al kyl, PERAIS28101028P%kyl . | n
a first enmbodi nent of the third aspect the nethod further conprises 15
adm nistering at | east one additional conmpound having anti-HCV activity

prior to, after Gmethyhiil RaREQ@SIH2y(AvBHH4t(RE(Z0pGARE2-of Fornula (1), or a
pharmaceutically acceptabl e salt theregof | n g. second .enbodj pent of
the third aspect (é‘ﬂeﬂil g%rkﬁ)aﬁ?ln?)hi"pgﬂﬁ'}ﬁclﬂé’néq‘p%‘ﬁﬁg?migﬂii@g%?ot“%t‘serfer on
or a ribavirin. 2fpliBokideth 1R lazb 0%y Mok ARRREL bl 1Nt er f er on
is selected from%igntelyggr%)n ealygﬁg&%’l, pergylagt edyi)nt%ﬁ eron ‘al pha, consensus
i nterferon, intepheristhd)giantfs; and | ynphobl astoid interferon tau.

ot hodbof £ sadrREm A ek PR I R gy S e & POV 9%S
adm ni steri ng t%?xﬂ&lpﬁ?arﬂ%l?&%ﬁ%ﬁﬁo}-ﬂ?ﬁ@r@%&yﬁ@ig%&ﬁﬁﬁﬁ}-ilMﬁnﬁ&&%ﬂ&— of a

conmpound of For armaceut’i cal'l'y acceptabl e salt thereof, and

at | east one addivhbenal)oxgmeduyhphérad)- hg-imndazeHEW ) depyrrilidinyr-2-oxotle, after
or sinultaneously with the conpound of Formula (1), or a pharnaceutically
accept abl e salt PHeMRSRYDWABrein at | east one of the additional conpounds

is selected fromyi r4 i 9 INLefl @tikinn _j.hvesbeukin 12, a conpound
30 that enhances 1tﬂféﬁdie§2¢i%gr$§2nst) %#4‘3@ @%dgrqﬁﬁ)eﬁ (pterﬁT cell response,
interferndng RNA, (@tiyilcasiemsey! Rhno)lplginyiadetyh)idayriatidmyl abH iimadsizoled-

5' - nonophospat e dehydrogenase i nhibitor, amantadine, and.rimantadine. 1In a

fifth enbodi ment YoPerzydornmeddpbenil)-{ HdmidagekinDai-aureldind)-310801ldes a

met hod of treati %?Lﬁ%ﬁet Lepfection in a patient, conprising admnistering
to the patient a rapedtically effective amount of a conpound of Formul a

(1), or a phar madetclopahtyl3 dCIFOM-6DRER2EL/I3-({(N€1-€AB)-1d(MR)a2- | east one
addi ti onal conpound having 5 anti-HCV activity prior to, after. or
si mul t aneous! y wilfdyclopentylsasamaularinpyelrayiceyD-smyaohdiayhd Eeigiifezol v

o oftodti ve to i AP ER IR Bi13Hicpld R F AR ipNR pROIPO1nCS
met al | opr ot ease, pHeyls@yimea;pr ot ease, HCV pol ynerase, HCV helicase, HCV

NS413 protein, HCV ent%, Hev asserrblgm HC\/,egr ess, HCV NSHA protein, and
| MPDH 10 for the dimethyhnk’ 4ol -rphaey-+ht-dipihight-imidazolect huliyl@speel-s of the

present disclosur | suj tak oI ' |.ments

di scl osed herei n_p%@?&g}g{l}@r(ﬁggpzzgitcé??&gng%gé@%ﬁeéﬁgﬁ%%écawg%nd in the

descri ption provi@riohersin-usIbg X sc2pR:-0dinkihidiginpy-2 phsiylsiest)-psur e

herein should be construed in congruity with the l'aws and principal s of

cheni cal20bondi ng.PyrielidByb- ithimlaedsS-vh- 1y, beterpbery shvy)- ltbimidagn2-w)-

hydrogen atomin order. {0 .accon: e, a sybsti { .any given |ocation.

Certain features 1o¥)yr{?1lé&”§1ff§g$%gt§%%§?%lpgleﬁl}gﬁlgé%ﬂ%ﬁ’rt her illustrated

bel ow.  RIR2 Li nk@éthyl ((18)-1-(((28)-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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Pyrrolidine noietyPyrrolidine noiety 20(Left) (R ght) In Formula (1),
as depicted above, the "pyrrolidine noiety" on the left side of the
"l'inker" WO2rddpwadent fromthe "pyrrolidine noiety" oRCTRS20104PR99%i de in
respect to, e.g., (1) tautoner formof imdazole ring when Y or Y is NH,
(2) absolute 25configuration of the stereogenic centers on the pyrrolidine
ring, and (3) sulkstsé¢wedtspechiBe POEOIIIEIEIRETHUSE GIMIRBEED comprivmg a

Bt hough | neGBRATE (BN (BeSr § Ry aF By B aBRyE LSRG 4003 A6 f or
connection Bﬁﬁ(’ﬁ%ﬁuﬁc? F&Q Bble darricdN@nd:B&: pyrrolidine noieties, Fornula (I)

enconpasses’a ng possi ble conbinations: 5 1 wherein Y

and Y are indepsngdéntly oxygen (0) or NH In a pyrrol idine ring, the

st ereogeni ¢ carbqgn center i ve, red heteraqc Ie |s attached
can take’either (Rp-L I L%(S?’hcrﬁlé‘rﬁ %‘8 fzt&'feo‘ﬁ q?ngqﬁyéﬁlgaeggﬁ

10(R) (S-) V\hen acyclopropyl r|n Is fused ontoapyrrolldlne ring,
. e. , vvhen , 7 oup useg] ropyl ring can take
ei ther a- or tIO% ve t rro EI na%d as depicted

bel ow. NYY . )

U,
Y and.Y' are independently oxygen (O) or NH;
R’ is hydrogen or ~C(O)R¥;

10 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(OYOR?, -NR°R®, and -C(O)NR°RY,

15 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(OYORY, OR®,
—NR‘””Ri’, (NR*R®)alkyl, and (MeQ)(HO)P(0)O-, and
wherein cycloalkyl and heterocyclyl may optionally be fused onto an aromatic

20 ring and may optionally be substituted with one or more substituents
independently selected from alkyl, hydroxyl, halogen, aryl, -NR®R®, 0x0, and
-C(0)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,

-7 -



"RI(i3--) 15In Fornula (1), when either Y or Y is NH the |inkage between
the linker "L" and the resultant imdazole ring can take place in either
the C-4 OVORAW/IT7B4position (see bel ow) of the irni dazolPETASAYI02899U per son
of ordinary skill in the art woul d understand, due to tautonerization of
the imdazole ring, a bonding of the linker "L" to the C-4 position may be
equi val ent to a bdwcimgpidfive-he sii-miembeted rhﬂg@r@ﬁﬁgt’gﬁi&ibmﬁom@ngayu@@@hom in

the foll owi ng equat.i o WO 2010/ 117704 8999 Thus,
LS Gl solbagr BBkl mAd PR Lotk B TR o TSRy when a

structure depi ct %a@&éﬁ@&%&t)génhsmgeh nadd%ﬁfufﬂarﬁ%gssw&am and, k@8t dnerebond
(e.g.,) or a floating substituent R13) on Ba struct’ure’ indicates

that the bond or ssmtmtstmmnMyaelmtc& fiom @ntp Goakylal] ® Qdsileallgn, of the
structure by rermv of a en fromthe .a | abl e ition. It should
be undergt ood théfy ]Wdéoxl? %g Bﬁﬂxﬁo‘?y }Sﬁ}}%’a}”‘f%é aé’tdrq@i‘fgﬁ?e unl ess
speci fically defigied,; gg,hervm se the position of a floating bond or a
floati ng substituent doés not |limt the position of such bond or

substituent to aRspeslkfl ervidlkd, orHaimlkyl;he fol | owi ng two 10substituent

groups shoul d be_ggnstr to be equjval e houl d be
under st ood t hat tﬁ‘]e %%?ﬁﬁ@d@ﬂ“d@ﬁ‘b@é tW‘%’fﬂ@yﬁPg‘%‘é‘i‘ﬂ‘h@ﬁT@@F‘ésure are

those that are SYrlaRi &l BLRALATIRCAS RARARGRIA MEFI, (RURRL ant! t 1S

i ntended that the inition of any sub stituent r va
parti cultar | ocat icgeiotlRyla nol ecul e be i ndependent of its def| n| ti ons
el sewhere in that nopl ecule.. For exanple, for substituent when n is

2, each of the tUbaRFsigmbRgmsALY! Be TRHRERRS! B CQPPPS BhEUTTRF | POPRiSAs,
patent appli ?%takt%ﬁ’a%iglgg%iic &%@&E‘Jﬁaﬁ%ﬁ{tﬁﬁ?ﬁ%cﬁvﬁfd in the 20specification

are herein incorpora erence i eir entitety. In the case of
i nconsi st endnaiﬁecdnki@n%éﬁmﬁ oflitscbasudraspect adkastbrgoftihé ndditiowd sompohidds

prevail. DEFI N TI ONS
is an interferon or a ribavirin.

15 In a third embodiment of the second aspect the interferon is selected from
interferon alpha 2B, pegylated interferon alpha, consensus interferon, interferon alpha
2A, and lymphoblastoid interferon tau.

In a fourth embodiment of the second aspect the present disclosure provides a
composition comprising a compound of Formula (1), or a pharmaceutically acceptable

20  salt thereof, a pharmaceutically acceptable carrier, and at least one additional
compound having anti-HCV activity, wherein at least one of the additional
compounds is selected from interleukin 2, interleukin 6, interleukin 12, a compound
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

-~ 28 -



Definitions have been provided above for each of the groups defined. In

25addition, the follow ng definitions shall be used. As used herein,
t he si nguwerofipn@®w4"a", "an", and "the" include plural PETAIS2MOM289A? ess t he
context clearly dictates otherw se. Unl ess stated ot herw se, all

aryl, cycloal kyl, heteroaryl, and heterocyclyl rougi of the present
di scl osure megteibeHEYbentiv I%féﬂaﬁgmbb’sliﬂ\b@ﬁeﬂsnﬂﬁ CNSoh prateiny andddpRIti ve

definitions. art of an arylal kyl group may be
substituted f%rstﬁagg%mngtz%fqﬁ&@n%g?éj "hition of the term" ‘aryl." 5The term
"acetyl," as used herein, refers to -C(0)CH3. The term "al kenyl ," as

used herein, refers to a nonoval ent, straight or branched hydrocarbon chain
havi ng one or nmore acatwbrseemmmsam@ distlosurg peovikdes lalrectherhef featiag an Ifiié\‘ly I

group cap nco or con ted. to angther. turate roup.

2t 2b el R GRS R S AR Red el RS 0B eny)
10gr oups, 5 lé@ﬂ@ctﬁé Ahdihk of @b oun@l&?ﬁﬁhula SB %@M&mﬁ&ﬁﬁéﬁﬂy achipatad @y
pent adi enyl , hexadi enyl, 2-et hexenyl , propyl- 2- but enyl ,

4-(2- nethyligﬁbﬁteherupentenyl An al kenyl group can be unsubstituted or
substituted with on8 5 two suitable substituents. The term "al koxy," as
used herein, reférf$'b'an al kyl group attached to the 15 parent ol ecul ar

noi ety through ar, Q&igfif'z a@vﬁéfblnﬁﬁ‘pc{n@ié%@&ﬂ n@é‘rﬁ%@%@te@ffm% :koxy group
i ncl ude, but are not limted to met h oxy 0-), "ethoxy (CH3CH20-), and

t-butoxy ((CH3 Th "al kyl S used s | n, refers to a group
derived from ghtm 3 R hed% drocar bon by renoval
of a hydgoge ne d 0 sa T e eggdkyl group

preferably contains from one to fen car bon atoms Repr esentative exanpl es

of al kyl group i ude, but are not limted to, nethyl, ethyl, isopropyl,
and tert-but;gLN The term "al kyl carbonyl ," as used herein, refers to an
Tt

al kyl group d°to the parent nol ecul ar noiety through a carbonyl
group. Represent ati ve ‘exanpl es of 25al kyl carbonyl group include, but are

not limted to, 0) CH2CH3), n-butyryl

(- C(0) CH2CH2CH) , Ad/JY 51’5%‘?%?80%%5 eﬁg%%& i val oyl (-C(0)C(CH3)3). The
term ‘ally!," as mlslgq;[ydﬁgg@i& ~¢@hrrs to the - CH2CH=CH2 group. The term
"aryl," as used herern refers to a group derived froman aromatic 30

car bocycl e by rerfbwaﬂly@bgalw(@gﬁﬁ atom froman aromatic ring. The aryI

group c be non cI| clic or pol |n|n clic

pol ycycﬁgc aryl S@y ﬁ’i"e1 B‘?{lgﬁﬁg %?gef"f)%lc%\]&y g%q\{]ﬁe fieropal: g‘ﬁf chﬁlé' her
four- to six- nE”QﬂlE&Qf Qi{cpa{fﬁ§fl'sﬁb§ftute§4vath JHR R M PIRIUsGLueAdk @r%}ﬁ@ﬂcﬁnt}
Represent ati ve exanpl'es of aryl groups include, but are not |mted to,

phenyl , indanyl, sehedtrdyfiom marhfallephl, cm&@laﬂiylzhesemc)t@h@hqrdawha@R%,h 5-yl.

The term' aryI al k he ers to an al kyl group substituted
wi th one, Hﬂ(ﬂ %@ﬁaﬂ% g?%‘{rgjé(?j) ein aryl part of the arylal kyl
group may Optl Onaﬂkfﬁéfelﬁl&?yl%ﬁgﬁéﬂ& ?ﬁ%&if%}p@@ﬁalgbe‘( s!u\é@atﬁﬂé@%@itﬁ&ﬁmﬁnore

i ndependently selected fromCl to o0 G4 hal oal kyl to C6
al koxy, 2al ogen, Wanoentandemrﬁcmlgmmﬁ@epﬁwhénl%&ybmaﬂﬁkﬂs of aryI al kyl

i ncl ude, but are not e phenyl - | - et P CH2-)
(napht h-1-yl ) et Hwefo‘é}r‘f W&%ﬁ‘fﬂ?ﬁgﬁgﬁy%@? pesant, sitro, CLO)ORE R
-NR°RP, (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
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;
279 .



The term "benzyl," as used herein, refers to a nethyl group on which one of
10 the hydrogen atons is replaced by a phenyl group, wherein said phenyl
group maywoeppl0iiaIly be substituted by one to five subsPCT{S2018/028999

i ndependently selected fromnethyl, trifluoronethyl (-CF3), nethoxy
(-0CH3), hal ogen, and QItI’O (-NO2). Representative exanpl es of benzyl gr oup
i nclude, but ar e Riend R’ pietisdepeodertyGpiected romiairagnaakgl, cyciontk

Ceter 1o he of o AR RE AL HROR %@Nﬁ?@ﬁ@@“ﬁﬁﬁjﬁﬁ@{oﬁi i ne

ring in the conpauedstifly, TORAMIRE, 6 étheﬂwﬁﬂ@uhﬁiog%ﬁ a6y WhikRthdyad " Cap” or

"cap" can also refer to the reagent which is a precursor to the final ‘cap”
i n compounds of fatachetiafof ) fimedor six-wemabeng] Bngordfridghe bisyelta iingstrigtuee,i al s i n

the reaction to append a.,group on th rrolidine nitr enthat 20 results
n the t Pnal prodlBren std ot morL s bt B ey g

pyrr ol i dine that o‘ﬁhbﬁalf%r%aﬁf &M ohdlod R éﬂﬁﬁ%ﬂﬂi&t&f)&téﬁ& Eﬂ&eﬁer(deﬁtl The term
“carbonyl," as used herein, refers to -C(0)-. The term "carboxyl," as used

herein, r ef ers tcele@e l?tomTIthogm nxygt;yzaami, sulfasam‘smdy bertahn rmpe,rtefbemsﬂlte@ CN.

25Th I f i f
BT oLl o5 ¥ RSP Bl L E! B PR SR, o
remval of a hydipaeh,@bam ¢ B et A phIGAAICUA iodher ef n the

saturated car bocyc e ‘can opt| onal l'y used onto one or two other aromatic
or nonaribmatic cdt bselml es. Repr esent ative exarrpl es of cycl oal kyl groups

i ncl ude, but are not t.0, c C ropy cycl opentyl, cycl ohexyl,
and 1, 2, 3, 4- tetr%)ﬂﬂ?‘{gﬁgﬁﬁg LN ?ﬂh %{18’ forrryl " as used herein,
refers to -CHO R mﬁ%&dmﬁ%dé&@d hydr@éedjﬁf%?lla ik, adef €r to F,

a, Br, or I. - haI oxy, - as used herein, refers
to a hal oal kyl groyolpakkit ached to the parent m)l ecul ar noi ety through an

oxygen atom The term "hal oal sed rel refers to an al kyl group
substituted by atI“Iaé"§§tte“3??éhfﬂ%qt8§3Wt§]tr§ M@vker&%ﬁS%gan be an

ALY J8uP Amitllehle &l o oy AGEM %@g@@rﬁv@gfﬁ il ey fiaggens.

Representative exarrp es o are not

trifl uor ometdfigl of Smdityneotsly h‘hﬂr‘shet:dsmbm(rﬂl (ﬁlﬂz@lﬂz}a ()), oranpharmaceutically
2,2,2-trifluoroethyl (CF3CH2-). The term "heteroaryl," as used herein,
refers to graseeptelds paleierePbm a nonocyclic, bi cyclic, or polycyclic compound

et or oat ons. - pr oraranl e ARRenciyef 18 (s ERREE A RAPRAT A AT <o ot ea

from ni trogecm)mpmy@ﬁ@anamdrfauhbﬂanbbmnnermval of a hydrogen atom from an
aromatic ring there is well known to those sk|II éjfrln the art,

het er oard? r ﬁ@blrﬁamboqh&eﬁt ol therhiccasperd thecintsrteronds selpesed framy infexferssn’
counter part s, ha% eggateal&ﬁe H@g%@%ﬁ C%Bsélﬁg iRy ?511 %ﬂfﬁf {E%@@&@ﬁf ¥iq 9r oup

need only hav SO ree o omati1c ¢ arac Irve’exanpl es
of heteroar yllmghau@amkiﬁﬁﬂetfé@n thut are not
In a fourth embodiment of the third aspect the present disclosure provides a
method of treating an HCV infection in a patient, comprising administering to the
25  patient a therapeutically effective amount of a compound of Formula (I), or a
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.
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limted to, pyridyl, pyridazinyl, pyrimdyl, pyrazyl, triazinyl, pyrrolyl,
pyrazolyl, imdazolyl, (1,2,3,)- and (1,2,4)-triazolyl, pyrazinyl,

pyri m di yD20t0etiF@zol yl, furyl, thienyl, isoxazolyl, thPEXaISgN10/02898%azol yl ,
oxazolyl, indolyl, quinolinyl, isoquinolinyl, benzisoxazolyl,

benzot hi azol yl , benzot hienyl, and pyrrol opyridinyl. 20The tetm

"het er oaryl al kyl It adisthiesdddiveentiofithertifdaspetichapreadrit discipsowpreudstd t ut ed
with one, two, o hree he aryl. groups, .The term "heterpbicyclyl,"
25 Used: her SO elfteEng g HOY HEPCUOR ot DRIEnEGRBRTEAG IS PHSe( BF b1 | dged
rings that ipg ABaIR \GrRhGe 08 a REMSH QR AForinAgPERdENt | ¥

sel ected frg%ﬁ%#g?%%g%& oa>l<1 geﬁj, an %‘gﬁfou? asﬁt he ri n‘crgl at 39( s). The

25het er obi cyphhin@ceuthgllig beasptabifesalt shemecfdogiett ekt dretaddvopel dompound handg can be

saturated or unsaturated. Exampl es of heterqbic cLic ring struct re(\lsj
i ncl ude éro&aﬂﬁg}i@%ﬂmwrﬁ&atﬁmﬂw A5PEE PETEne S ghgormula (D), The
term "heter %gxgﬁlx ébe@t&aﬁgagce@ﬁﬁ | Dyt hBE G @g&emaat QU dg e giddmam a
monocyclic, bicyclic, .or polytyclic conpound conprising at |east one
nonar omat i ¢ c3thpbumdy ic effgutivs taghiriethe funstive ofietegaatlonsd fipmefi€Vabl y, one to

t hree heteroatons, independently selected fromnitrogen, oOxy n

sul fur, by restelaprotgaseg ﬁ%ﬁeagﬁama%?nH@Xmﬁbﬁ%ﬂ%ﬁsnlﬁcﬁgfn%ﬁiﬁcw %ﬁS’ N$ﬁ§

het er ocycl yl u ASE - PRy efjeR} 0

het er ocycl yfr%%%ﬂgls@g%ﬁgﬁe pr gsssgﬂtsiydl scl o grsé canﬁgg‘hﬁ?tg@h%cpij It%ﬂ?ﬁe par ent
mol ecul 40 ndbethy tichihamgbf @ davbafecdboam or a nitrogen atomin the group.

Exanpl es of heterocyclyl groups include, but are not limted to,
mor phol i nyl , oxaZMhEiRsASALs olphparessnt fyaclospregasy Aege suilable ombipatipns of
t et rahydr of yr - ' Iyl , and indolinyl. The term
"het er ocycl ;éf%qol?ﬁ%lﬁégﬁsg&égeggk %}r{'ei n, refers to an al kyl group substituted
W th one, two, oryéthriesalirtgnaeyebydingheunsy belfoand e i\ defyiptionsyovided
"hydroxyl," as used herein, refer to -OH The term"nitro," as used herein,
refers to - NG®IN10The term"-NRaRb," as used herein, refers to two groups,
| e and , Whi ch e Q C r i L ough a
ni trogen~at om orrﬁgﬁ e%%ri@%?@)gr@a %J@%@gﬂﬁgﬁ? ggjg%h%%)a\?\ﬁb{éﬁoﬁ%}e{w%%rogen atom
to whi ch t heynafutyatittahb &tlvs dndpiingdipals o ch@nicalEutadirgd 15 bhige Distacdsusedy or
bri dged-bicyclic ring structure optionally containing one, two, or three
addi ti onal HetneeesatoTie FavsRsETEmgey atan Brdrder PraseRmNOdaly s BUbSUBERIYEHY and
sul fur. The t.ernP " -tNReI td" is defined simlarly. The term
" ( NRaRb) al kﬁlYe'n 251 %%d herein, refers to an al Kyl group substituted with
one, two, or thregertaNRafPesaifardSruchiie of Béiuld (YReRdhahds Yilustlakddefdwed
simlarly. The term"oxo," as used herein, refers to O The term
"sul fonyl," as used herej refers to -SO2-. 20In t Wpounds of the
present disclosure, it shogdl d]jbe understood that when is 0, the conmpound
of fornmula (Z) shown bel ow\ he gjesult: Rlo@ ynmmetric centers
exi st in the conpounds of tfe prjesent discl osu{xé? These,

Y R

R’ Y-
\ / \ /
A Linker Y
Pyrrolidine moiety Pyrrolidine moiety
20 (Left) (Right)
D.

In Formula (1), as depicted above, the “pyrrolidine moiety” on the left side of
the “linker” is independent from the “pyrrolidine moiety” on the right side in respect
to, e.g., (1) tautomer form of imidazole ring when Y or Y' is NH, (2) absolute

25  configuration of the stereogenic centers on the pyrrolidine ring, and (3} substituents
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25 centers are designated by the synbols "R' or "S", depending on the
configuration of substituents around the chiral carbon atom It should be
under st oNOt2hHY11fW¢ di scl osure enconpasses all stereoch@GTABRO0HE? | C
fornms, or m xtures thereof, which possess the ability to inhibit NS5A
I ndi vi dual stereoi soners of conpounds cﬁan be pr ecgar ed synthetically from

comer ci al | ynahapyrebidaestiwegeannie. nit @1d B ae gifeppndephiremn sactepthera plthaigher s or

by preparati.on of .m xtures t?‘]é enantfi oneric gproducts foll owed by separation
By R IR B &

such as conVel &l of T8 5 X geare ofers fol | owed by separation or

recrystal li zati ons fohssiBétRE RBA S the Tl GULSnd e pHrbREihe RA&les} | on of
enantioners on chiral chromatographic colums. Starting conpounds of
particul ar $oanelsdhenrenpapss alirthe gqllorvr@mgwmbémqr@hma}wae:ai | abl e or can be
made and resol ved by techni ques known in the art. Certai n conpounds
of the present di'scl osure may atso exist inrdifferent stabke confornational

forms whi ch maynbe ara Tqg.si onal asymet)y due/ ) regtricted
rotation abquf} a ¥ t R q\ Khal )pon fo §§Lpl/e[t se js steric
hi ndrancé or 1 i ng st tai nY, ma eimt s ration of Wiff nt “gonf ormers.

The present disclosure includes each confoinational isoner of these
conmpounds and mgt ures f_her eof 2 The ter r;q1"corrpot|nds of gkhe present
c

di scl osure", ang; eq Nexpressions, are gean Y'aceyconpounds  of
Formul a (1),(fRd rm gm’i'\ yTR¢cept ahlg e i drrerls, pdi-dstpreoners,
and salts the . SfmilarlYy, r newd to ref ermedi at el 15 gnt to

enbrace their salts where the context so permts. The present

di scl osur e igekdf eNgety e Magé}&gﬁgrggj(l{,wgglgta gSygf atoms occurring in the

present conpounds. [ sotopes | ons having the sane atomc

nber but diff t nb .. B I d,wi thout
W tati on, T sot JpALYBPIRPRFBEa: FREPEHE BEPEr T ARG T FTAE P e opes of
carbon i ncl yderd36e30anthddan theodiort ool by (d)absimerARRReUBsSabelolie

i nvention can generally be prepared by conventional techniques known to
those skilled in the art or. by pNee‘_e ses anal ogous td\i:%p%se descri bed
=

herein, using an appropryate Ls;@ﬁfo? IIy-Iﬁ g4g “in place of the
non- | abel ed reagent ot herw enpyoOyed. Suchemgjoundg“nay have a variety
of potential uses, for exa as standards and r\l._gagents in determning
25bi ol ogi cal activity. In thB'case of stable isot pes, such conpounds may
have the potential to favor abl(p(_)m)di fy bi ol ogi czél phar macol ogi cal , or
phar macdkRi netic properties. The conpound 3f t he present disclosure
can exi st as pharmaceutically acceptable salts. The term "pharmaceutically
accept abl e sal t, "waen asadofiepgiring iSfhise@Pite8iyidlidRk rihgl e ZWhdnt Sk i10fhec f Or ms
of the conpounds of the present disclosure which are water or oil-soluble
or di sper si §I18; gwhp ehtharfesedwiyelnprepylrénswopekendithsotiner fraxisision r¢ladgntent ,

sui table for, use ind.cont act wi.tth F)hle ti ssues of patients w thout -38-
excessi ve t d%f BYFSPAMGHRG & AEHCted P&%yi ¢ response, or ot her probl em or

conplication comensurate W thya_ reasonabl e benefit/iyisk ratio, and are
effective for their img_dqse‘r'éhe salts ¢ eJ%\Fed during the final
isolation and purific on/ of &(hé conpounds ' eparately by reacting a
sui tabl e nitrogen atom w a suitable acid. 5 esentative acid addition
salts include acetate, adi Bat e, algi(Bate, citrat®™®, aspart &g, benzoate,
benzenesul fonate, bisulfate, butyrate, canphorate, canphorsulfonate,

di gl uconate, gl yogrmplenRhatSen BEHE SUbIPLE NN SR BNQABE BetwEX HRIRKE, “I-0r mat e,
fumarate, hydrochl oride, hydrobrom de, hydroi odide,

2- hydr oxyet hexdabaitchaltrat enidhzdt ahg camke plaes im@thiet fhedihé sutlfednratpesition

net hanesul f onat e, na hyl enesul.fonate, 10ni ¢otj nate,. ..
ot ol e R e YR AR e tingans S eEoR sEatdTaY B4l e fheriupdd 3.

understand, due fo tautomerization of the imidazole ring, a bonding of the linker “L”

to the C-4 position may be equivalent to a bonding of the linker to the C-5 position, as

20 shown in the following equation:
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phenyl propri onate, picrate, pivalate, propionate, succinate, tartrate,
trichloroacetate, trifluoroacetate, phosphate, glutamate, bicarbonate,
par a- t ol IAE8W1GWAt e, and undecanoate. Exanpl es of aci @ETMREIN/028209 be
enpl oyed to form pharnaceutically acceptable addition salts include

i norgani ¢ acids such as hydrochloric, hydrobrom c, 15sulfuric, and

phosphoric, amd or garli c acids such agtoxalic, maleic, sucgnic, and citric.

Basi ¢ additi on salN can thdonmregined, dupNag4t he final isofati 4 ~
purificati oWelo OUTTIS— By rwngc gbwow dl suitabl e
base such as e hﬁ{d? dxr’?de, car bon , OfN |c§‘t bonat e of metdl” Tation or
Wi th anmonia or an organic primary, secondary, or tertiary am He. The
cations of phar eutjcally acceptabl e 20 salts ingclude lithiu sodi um
pot assi um cal ci us’ﬁtl‘@ﬁb%?gﬁ%e I%ﬁ‘ﬁf"gf’ﬁm ??C(ﬁf%%{tg PRETHIC g@kar%ﬁ%% b\t er nary
am ne cati oRgy&HeepRiAIMIPHIdGRthé AL r amet hyl ammoni um  tetraet hyl anmoni um

met hyl am ne, di nethylam ne, trinmethylamne, triethylam ne, diethylam ne,

et hyl am ne, . tri.butyl am ne ridi ; i methyl.ani l.i ne 13
AR PR R AR e S
di benzyl am ReuuéRrdinitcdied eREZMHPREA 8F SibsBilticMoan ARECh to any available position of
N, I\|'-di benzyl et hyl enedi am ne. O her representative organi c am nes useful
for the for s stowtwé b sseovatiof 4 hyshogseal fran thvoivateble pesjlier dé Bkoviches
et hanol am ne, .di et hanol am ne,.. pi peri di.ne,. and piperazine., nit is
possi bl e thé?lfierﬁt&?g%?g“} ?%?H‘gfca%??{%cﬁg}c qu(?ﬁir%)ﬁmgeﬁ gjceﬂf{?&ll%ﬁ%eﬂ/\}h?ﬁs of a
conpound of sk amé bdsitids oMElbatAS HORALIRERHEALAbLH AR RB ARNIBiS Blet S
thereof, 30 nmay be adm nistered as the raw chemcal, it is possible to
present t he pastiouef swhrbedil ensutagtianigharspacBaringalhes theollowog.twaccor di ngl y,
t he disalosurg further provides pharnaceutical. conpositions, which include
t her apedPi c APPSO gEupy shaypmesied todg eauValsiiounds of Formula (1) or
pharmaceutical |y acceptabple salts thereof, aqg1 ne or nore pharmaceutically
acceptable carriers, di ts,yor e@xci pients.” T er rﬁ"t her apeutical |y
effective anount," as useé rein(RPhfers to the®ofal »drount of each
active conponent that i su1j i(;f‘{ent to show a i mgf pati ent benefit,
e.g., a 5sustained reductt™n i viral |ocad. Wien applied to an individual
active ingredient, admnistered alone, the teii-1 refers to that ingredient
al one. Wien applied to a conbination, the termrefers to conbi ned anounts
of the active ingygoljueitbsudddpkodd@st the tombiiddb BRARAKHGyehd Siglont Whet her
adm nistered in conbination, serially, or sinultaneously.” The conpounds of
Formul a (1) disudospresarmtcsetliat atelsyitady sigblzifbeusak pharh@ktigcebdgenar e as
descri bed above. The carrier(s), diluent(s), or excipient(s st ..be
accept abPe i Iﬁlstlﬁ@ng‘w’é%@%t "B‘F ﬁﬁtﬁﬂ&\ﬁn g a?Pf’%}léerW)f ﬁarfai?beé) %@W@%“%‘l}?ﬁnﬁ%c&flg?lt s of
the formi athann@BQugol ifiEhakiesl 4 denlibes LRGURkEH mhNEbRANe. 8 accor dance
wi t h anot her aspect of the present |scll osure there is also provided a
process for dxampjs; &panbgtitomt R'*p, pher misc whélcaf thé ororl agrowrs machamieng
adm xi ng a conpound of Fornmula (lI), or a 15 pharmaceutically acceptable
salt ther eof G HifEHEtor nore pharmaceutical |y acceptable carriers,
di | uents, or excipiiehises, JiehbBEaiiBRALAP ARG INneEcsRIRPYR, | as used
herein, refers to those conpounds, nmaterials, conpositions, and/or dosage
forms whilch seeificatidohdrahétom incoperatti byoafecenoe di thalr eptisdgnanthe cwé b&bl e for
use in contact with the_ti ssues,o{ patjents w thout excessive toxicity,
irritation, @FousisgEesohe pregenigisclaghreqghyds dingrVillgpratcat i on
commensurate with a reasonable benefit/risk ratio, and are effective for
their intended use. Phar maceutical fornulations may be presented in
unit dose fornms containing a predet dBFidNTHIGNBUNt of active ingredient per
unit dose. Dosage | evel s of between agout 0,01 gnd about Sgég n("&dl | i gram per
He

ki | ogr am (" mg/ kg" Pelsaitignskavg Rechevidlad abovs IoF each i Hhegraw bldut 0. 05

and abo 100, # i : he conpounds of the present

di scl osuuirse a%)délq?z@/%%a H?ﬁ%%h%@ﬁge?%%beﬂé?&t he prevention and treatnent of
HCV nedi at ed di seasasedepdiaahé yingllhefopharsacaut bahtthetinplode piuarls of this

di sclosure wll be adm nistered fromabout 1 to about 5 tines per day or

al t er nat i vel spfergrceginieshiliesapigst ¢lpglisdistates StheRvis8ni ni strati on can be used as
a chronic 30 or acute therapy. The anobunt of active ingredient that may be
combined with the carrier materials to pfbduce a single dosage formwill
vary depending on the condition being treated, the severity of the
condition, the tinme of adm nistration, the route of - 40 -




adm nistration, the rate of excretion of the conpound enpl oyed, the
duration of treatnent, and the age, gender, weight, and condition of the
pati ent. WOa@Pwyrigw4unit dosage fornul ati ons are those c8ATAISAINH2829Yai |y
dose or sub-dose, as herein above recited, or an appropriate fraction
thereof, of an active ingredient. Generally, 5treatnent is initiated with
smal | dosages subkianstatediojharetss, alhaml, cyaoatkyli miencarss endhetetpeydpmpound.

Thereafter, the d d | J i|..the opti
ef fect undefiaRg oI Qe e T rL B Ao G SREPRPa iy #Eh ol HsBund. | s most
desirably a%g?&itﬁk%ﬁﬂiti%s.af&%%grezﬁa%ia%n ph\6€hn hﬂﬁd;k}vrnig%ﬁupgﬁm@l ly afford

antivirally fective results without cdusing any r or del eterious
si de ef f ect substiibas deseritedrip s defioitonaff thehesn ditybT osure conprise a

conbi nat Lon of a_conpound of, the esent di scl re.and one or nore
addi tional ther aagﬁ?‘?rﬁl &Fe%{’o%‘iﬁ?g%ﬁe@ﬁ %ﬁt?”ggm%e conmpound and t he
addi tional agent gk geiSURldny], PALREN hedln, 498398 2 hRBY e stREinMREN about 10
to 150% and nore preferabl y between abdéut 10 and 80% of t he dosa?e

(4]

nor mal | y adianch¢dheiodarbea amindtaliagamy or egirerdoubld BRtda tiaeie uTheoddub
formul ati on y.be adapted for_ admi nistration by any appropriate route,
for exanpl eiﬁg&f’ﬁ%‘l %}?%ﬂ @T%@ICH’EIP?@HW%P%&I CBWBE‘#P\%%@, f E%sta rated 5sal |
topical (i n%&wg; Gt MC SREny1 g&t&és NRURle, biftard SANSHEITB! ¢, to\@Galkahyl OF

I ncl udi an

par ent er al ng subcu ous, I ntracutaneous, 1ntranuscular,

i ntra-andi cygrarps, such nasipghwilgl butemtls mesiteayh hexdnyt, batadeogl, peitadiergtlesi onal |
i ntravenous, or_intradernmal ipjectigns, or 20, infusi route. Such
formul at i onéleﬁ%fl))e‘}i’i» %?tgﬂa?my{;?péﬁ@ﬁ%éww $hbn eﬁwﬁ?ﬁ%ﬂw}pwexyﬁd}%cy,
for exanple aTel I SOed 3t 4881, RE Ael bortRgegigNt With the
carrier(s) g?%gglcérg?%%(%ﬁlﬁg%ﬁ%&g%ﬁnﬁr@g?rati on or ardm' r?i stration by

i nj ection arsebgiteines.red. Pharmaceutical fornmul ati ons adapted for oral
adm ni stration na_]é}ebe present ed 25as dj screte uni gs such as %‘g@s | es or
tabl ets; powders Bt tg§Parlkes;” Baer hare: F?rferéﬁ%ﬁbﬁ Yl_(ﬁﬁ"%uﬁ #tagh e84° or
non- aqueQus : : 95% - Or W i

enul si oﬁg orIJ a\}/\%}ttl g{ré)-%icﬁ- gﬁ%’l“%}’rﬁ}?g nagl.rma%élpam o%éi’l&énsseftug%%%%}&?n grlésgir{gﬁmxy
admi ni st r at i@eug dckbe, fuoammt limitdld, etethoxya @5 0He sthoke (EHICH-Urand
conponent can be conbined with an oral, non-toxic pharmaceutically 30
accept abl e itria#exyd&eHi)e¢Oguch as ethanol, glycerol, water, and the |ike.

Powders are prep “ 1 I he 0, { le.d 4 si ze
and m xing with ?}%Sﬁl a@?@nc%#d]n%r%@’ %ﬁ%%%%ﬁl gg]ﬁvezia%érlﬁg rSﬁglglég&as an
edi bl e car bdhyehad ehaigsatufagdd hydiocarbex dppémrova bas dhdropemaiomichebf thel avor i ng,

preservative, di ;ger si ng, and col orﬁ% agent can al so be pr es%nt.
Capsul e20ar esaivaried parbemse piciaty] Sryawaerrapnaontaans fxum gag & ©p &M Lan8PES: and

L1 ead 1o TepdeballDonhRAI qih ARNIRARE LR hEARREUCheRRLEAI O 12

silica, talc, ‘5ragnesi um steara cium steara or sof i yét’hyl ene
gl ycol can beomeshatarddqetbatypowder m xture before the filling operation. A
di sintegrating or_solubilizing agent such as agar-agar, cal cium carbonate,
or sodi um car bonatke tewn “@k%afg@ﬂgﬁd’éﬁs%dohqfﬁﬁr s torr adkndigrapi atiaekedde t he

nmedi cament en the le is kn te r i

eceoanry. o BasEmERAGH Golohy BRAER LGB SOYE! RatlORRGE LAl of

col ori ngsagefkdcaBinydlgfitipitclids Bunat abEinited @, hbwyl AOYCES), gtﬂphﬂé}ﬂe bi nders
i nclude starch, gelatin, natural s)t;{g}grs such as gziiucose or beta-I| actose,

corn sweet ene€&?) AIn-BIHAYE G R AR H L Hpith) s0d 7. adimedhsdprgpanoyhgfacant h or
sodi um al gi nat o t.hyl cel | ul ose, pol yet hyl ene glycol, and the like.
Lubri cants u%léé%‘bﬂﬁ@gag&%ge forms include sodium ol eate, sodium
chloride, and therhd dan “dUDDi sk REQUIALA! @ fdrN tHeleCIMCHROM, ghdupl t at i on,
starch, nethyl cellulose, ‘agar, betonite ‘ i
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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xanthan gum and the |ike. Tablets are fornulated, for exanple, by
preparing a powder m xture, granulating or slugging, adding a |ubricant and
di si nt egrQt20104i@70pr essi ng i nto tablets. A powder m xt uPETIES2p0ORRWEd by

m xi ng the conmpound, suitable comm nuted, with a diluent or base as

descri bed above, and optionally, wth a 20bi nder such as

car boxynet hybeetdmdtioserboayrlal Representative exanplegof 2oyl gsouppinelyde, pyraroppidone, a

quat er nary SaiEdtarER ang bhdarpeT stubEn et e LR RUET A o
di cal ci um phosphag terfherRARKE! asMis¥d HEBInG AferB & 1 ARYI AbGHsUDYHRIILIRY Wi th a

bi nder such as syrup, starch paste, acadia mucilage, or ‘solutions of
cel | ul osi ¢ one,pobyorghiee arpigerupal whesimar faot o thgatylllod grour sayredienallys an

| t t] t . ti , h wd m, xt b h t.h
Cabl et o hbhauRHARHEY et e uBTEr BT RS i bt BRErAIH o
granul es. _Ts GEARHbERYICRN1PIE LNBKY, Galofth. 9ard] YEAtroSkbigh] Rpiclditp t abl et

form ng dies by neans of the addition 6f stearic aci a stearate salt,
talc, or ni eeampleoofarylEhg! incbrdeclattad: mitkimited to,Senipdn2-pbemit-dsdlesd i nto

tablets. The_c nds of .the.30 esent di.s¢l osur.e.can al so be conbi ned
with a freg%?}i@ﬁ’}pﬁgl;?i’éﬁi{hﬂﬁéﬂ)fr@}g’_ r?&?ﬁgﬁar?g‘még'é’g@eiﬂ?ﬁl'o tablets directly
wi t hout ~going thrguelf AR, gnanihald el refthd /@] ROnSH &8s or?‘v&ﬁ&ladnzgff opaque

protective coating consisti'ng of a sealing coat of "s ac, a -

coati ngiof shglaydregenmodmysiisrepdacedtbera phienylamoipg whetdisfrid pdnyhgroop megrx can be
provi ded. Dyestuffs.can be ggded to_.these. coatings to gi,%ﬁin% jsh different
uni t dosage$Ptieally bejsypiduted BK ong tasfhye ¥ ﬁﬁ?e@§¥rﬁg%?ndaﬂ G Ran be
prepared in P alal 1 i i 2 a

pr edet er m ne arr’ogtﬁir%dl B%%n{t%g Tc(%ﬁﬁ%gﬁﬁgéﬁég%?%%gg%giﬂ’%éd %ﬁﬁ)@ﬁg?' by

di ssol vi ng tRepresempiuskainpla of bewabgyoup lirohedes tuteae eotsnisal tof PloOE-whi | e

elixirs are prepared throu%g t he use of a non-toxic vehicle. Solubilizers
and enul si f iIM#Q-GatlskiHas 284 Rd:yirametyl-66diddryl al cohol s and pol yoxyet hyl ene

sor bi t ol, et hers, Y Yy « f 1 avQr MERY oA il or
nat ur al lgmetener@{e%%‘rﬁ{ssgaéhgﬁﬁl nJa t agtuﬁgdrjﬁég%l%l i I%F%?gpeg% tegigﬁgﬂg% t he

| i ke can al s thOnin@gadgieh of the pyWiRk e Mgpmahe catpounds stfpemuli(d). fior mul ati ons
for oral adm nistration can be m croencapsul ated. The formul ation can al so
be prepar ed sheulgbsuadersiopd dins { Grm’ ArnEaR’ e Ak ralér fghe Esagayvaiglys@oat i ng or
enbeddi ng p i L).ab . ] , : I e
conpounds of rgﬁﬁﬁaﬁfﬁ%ﬁgﬁ?b %%égféﬁfgfﬁ@ggg%%eghégﬁéﬁgﬁereof,
can al so be sagthdinatceiaBdn ke rehrichas apgdlal gpogsanbe getrbldiny nsygtetm; such as
smal | unilanmellar vesicles, large unilanellar vesicles, and nulti] anmellar
vesi cl eg0 Litpedisiethedingl pedpe areempeundh vaighpordeips the fandiopalie pyaslidisech as
chol esterol , steanyl am ne ti oli nes. 20The conpounds of
Formula (1) ﬂé% %hl}aérp?r%gg{e%ﬁ itfg%(f(ﬁgy&g‘légé)g?%@%% ILil ts thereof may al so be
delivered by the Tigaegh “cmbast0aaliscdMetdddess tasC(@di vi dual carriers to

whi ch the conmpound nol ecul es are coupled. The conpounds nmay al so be coupl ed
with sol ubl e pol yhertermaScarbexgbt apheedderrindeters tersO2Buch pol yners can

i ncl ude pol yvi nyl.gyrnlidone, .pyr c I [
pol yhydr oxypr opylﬂiettﬁ%r%ag%i %éﬂﬁee%n%e?ggﬁg%% to -CN.
pol yhydrgxyet hyl appaeiam@apnenols ued nediy atiyd ©neasasleable v ne

substituted with palitoyl residues. Furthernore, the conpounds may be
coupl ed to asabirated caboniclsd byring ptsiesalpy e osci gl epiboniaiprag Ry &9meil ebat r ol | ed

rel ease of ru Qr -ex I l,act | ' 0 j ol.act one,
pol yhydr oxyalwglf#?l@{%& ?Cr ma%g F@B’??%o“é&‘%"&?é’slga "g@%rgﬂalég %?@?{eggﬁ?ﬁl ;i/edéraglpyr ans,
pol ycyanoacroﬂt@h@%y b@RHe €686 Ink bkedomer AomRbiPat Kinsrodihtielcatisced@ol ymers of
hydr ogel s. har maceuti cal formnul ati ons adapted for transdernal

adm ni st r at | Bepreseptabize praseples eftyalpeliybgroupeinplideas ajenos Hawigdt® remain in

intimate,contact with the - 43 - .epiderms -0 h Cl.pl.e for a prol onged
period ot ti %ﬁ’pﬁ?ﬂyﬁ’ec)‘(‘él%?rg,l’ {;)(%o}ggyli, %ﬂ ’2é‘r‘£¢”&°ﬁf8ﬁ¥‘{r§%?s?%§5p'§le‘| i vered from
the patch by iontpRhRHESFHINEE” SeNRHRetern, deBRkMtbPEHO. N Pharm Res., 3(6):318
(1986). Pharmaceutical formulations adapted for topical adninistration may
be 5formul at ed asThs istmethade” andéhnlogesliepesedihgresy, relst fodhs:L Boweer s,

sol utions, pastes,
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gel s, sprays, aerosols, or oils. For treatnents of the eye or other
external tissues, for exanple nouth and skin, the foiniulations are

pr ef er ablWoapp/ilgw4as a topi cal ointnent or cream WenPCHAIBR0IAH028999 N an

oi ntnment, the active ingredient nmay be enployed with either a 10 paraffinic
or a water-m scible ointnent base. Alternatively, the active ingredient may
be fornul at ed i nThe eredimlvaikhxgh apied heraimtreferscipadwldaliod gonpatteghedto i n oi |

base. Phar maceuti cal f.ot&ﬁul at.i ons adagt ed for topical admnistrations
to the eye Fh‘?cﬂaﬂed‘é‘@@u Gps° EP‘éghrf“r’twgﬁ% % ingredient is dissolved or
suspended in a syht abh e nGRATNE? as BRACIA, H¥feANo 88 YRV SroSH kRBEuted by at

15Phar maceuti cal formnul ations "adapted for topical admnistration in the

mout h i ncl utkast ardnbpesn apast Thd ledoalign gronpueh baas hiky] group of whlthrattaceut i cal
formul ation dapted for rectal ,admpistrati on may be presente S

SUppPOSi t%ri gg‘%Bg na%to’&ﬁé%%‘.gﬁﬁﬂﬁfi%ﬁ?@ﬁ’gf%ﬁiq%‘?sm%ﬁ ngp ‘?fé’gﬁ%@’aﬁ‘éﬂr nasal
adm ni st rat g, Sﬁt?a'r@m%thﬁni%& S iHuBfondhd (@Plub,q-%}ﬂ&gb't‘légl @1CAYERE) povwder

having a particle size tor exanple in the range 20 t O mcrons which is
adm ni st er ednd B, 2theifharnoedryl (GFtileh snuff is taken, i.e., by rapid

i nhal ation thr ou%h t he pasal Q§saL%e {lr om a _contai ner, of the powder held
close up to the rds&Ermshetesgnrds rrhrdPdetofdeiisorh EREdd P Per is a

liquid, for Lahstathian 0 NG aqueous
or o1 1 sol ufT ARE R BEHISD0RRyPRS SR oRloriSRR A, e URS ol e

f or mul atid onsomgdaphgdné or markiandrsdtoms | afelnply, chatathrerhetancdtods fi ne particle
dusts or msts, which may be generated by rzragl%ns of ~variou {%ggjsr of

met ered, dodReleprRasEHY sPedchEPRIBIEINSBIEFN AR ST, by R gt Hpirogen

Phar maceut | Galm fOR{AH AbLARSHAUARIRE hats YBOIAAL: ALY Shialih ol 4Ry be
30presented as pessaries, tanpons, creans, gels, pastes, foans, Or spray

f or mul at i onsheteRinaylirage hbveclabs dromanid diarans thadathtiedllfcarbopaventepaas. Thus,

adm ni stration include aq};lje_ous and non-aqgueous sterile injection saolutions

whi ch may cdit P RUERETs-Banendion, g heteroapil graupdiech gply dit H¥aft L84y sout es
whi .Ch. re qerarcg aeticf&%@d{eﬂtIgﬂ&a&ﬁgggﬂgﬁeé’%ﬁﬁ%térpfryp%rgﬁgs i?xfsluﬁ&%\%}]&re%%ged
reci prent; and aqueous and non-aqueous steri | e”suspensi ons I ch may

i ncl ude suspriiedde, BERNT, pyAdakit) phediyigpaaen! isiaziiiie phroslplibabkdpls may be
presented in unit-dose or nmulti-dose containers, for exanple seal ed
ampoul es andmsdagplal.£1.2ehad apd(] Bé)-tiazplvl nvrzipyt pyepadigyl, Birazelylo BV i zed)
condi tion regujli L o] 4 e L@ I for
exanpl ¢ vat HopE Bl UEoOE e ShERY Gub o aRRIIR,

i njection sdlediik@psoR)besHsBERTVIOB&Z0MYeRE apd ppasiegyidiayh steril e powders,
granules, and tablets. It should be understood that in_addition to the

i ngredi @Ats par t i'’helteron Yhetgropalalybn e usgddwesinapiers oemalkat Bong sHesiityted | ude
ot her agents_.conventio ' r ving regard to the type of

formul ati on 11 Qrﬁeég‘ﬁ’ooﬁ%lg%get%%glﬂglg}eoupg‘ose suitable for oral admnistration
may include fl avoriengmadiesidsbicydlel, t &nized pakingfifers kdg HugdesudiakRohyagingand

other manmals. The teiiii "treating" refers to: (i) preventing a disease,
di sorder or twerddsadiaspridged 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[2.2.1Theptane.
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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15from occurring in a patient that nay be predi sposed to the disease,

di sorder, and/or condition but has not yet been diagnosed as having it;
(1) inhiwDR2HW1TWe di sease, disorder, or condition, i.&CT/UH201882890Y its
devel opnment; and (iii) relieving the disease, disorder, or condition, i.e.
causing regression of the disease, disorder, and/or condition. 20The
conpounds ohetetvbigyclht grip diTse hetsucgclglbgrowssd theprashmt disslberedambe h a

cycl osporin, for exanple, cyglosporin A cl osporin A has been, shown to be
active agal ASICHERTP (IR PEIPHIMCIECOIRF Maiely (R AR S198-01 SBITQESB9m M ce/ 2m

Bi ophys. Reg, BT SPfetdr arohpSRRIIR SN 8FShot 1imdRd367 (2003)) .
Tabl e 1 bel ov{\?é;? s s%mrf@ag?ﬁqustg\%{aﬁ%gr egarrpl es’ of corropolunds that can be 25
adni ni st er ednosplidiinyh exemiidoyhdspaizitflj gpaidicyl osuradidinfhdetcaypodmys of t he
di scl osure can be adm nistfered wth other anti-HCV activity conpounds in
conbi nat?ont@H@P%@ﬂnﬁi%Wd?lﬁ?y |y or separately, or by conbining the
conpounds into a RSl Fqor 2({1)]3._.@/ 999 Table 1
Brand Name Physi (;I?lggl calﬂegggbsygﬁ%ygépggQl%%%lgltz’o?é%g&%rget Sodr ce Conpany
NIMB 11 Cycliopinited withlhe iwooor thmedieicsoFaghgionps.| mmuno- nodul at or Sci ¢l one

Suvus Met hyl ene bl ue Bi genvi sj on )
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:

! y‘b\ (\\ \Rz

R’ ST~ 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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Actilon (CPU 10101) TLR9 agonist Col ey Batabulin (T67) Anticancer
Ii-Tubulin inhibitor Tularik Inc., South San Francisco, CA |ISIS 14803
Ant i vi ralwonplogdnd®eé | SI S Phar maceuticals | nc, Carlsbad, PCAUS2@0428999
Phar maceuticals Inc., New York, NY Summetrel Antiviral Antiviral Endo
Phar maceutical s Hol dings Inc., Chadds Ford, PA GS-9132 (ACH 806) Antiviral
HCV i nhi bi t chirdchirets cby/pré@iatadimd oPyrizinodsep gnintiodienie peahvptsupldiewethlly sal t s
From V\D2005/sc9pA§1Za%§3% such as conversion to a mixture of diastereomers followed by separation or
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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26 May 2005 Antiviral HCV inhibitors Arrow Therapeutics Ltd. Levov r n
Antiviral 1 MPDH inhibitor Ri bapharmlInc., Costa Mesa, CA WO

2010/ 117 NORCWIUEPA10/ 028999 Brand Nane Physi ol ogi cal CPEIAISTIHH289P9

I nhi bitor or Target Source Conpany Merinepodi b (VX-497) Antiviral | MPDH

i nhi bitor Vertex Pharmaceuticals Inc., Canbridge, MA XTL-6865 (XTL-002)
Antiviral Mekessbignbixiciv ithtsdpnatierdd mspeistery athar patbdem pgcomplegont , | srael

Tel aprevir (cgﬁ(ﬁn%%gdratléﬁi 7&9 %%anagfétbiexéfgt%gsklya "igo,sag(ri ieu%eefﬁggéee%§ eiirnlpilepléiécf) r
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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Vertex Pharmaceuticals Inc., Canbridge, MA/ Eli Lilly and Co. Inc.,

I ndi anapolis, IN HCV-796 Antiviral NS5B replicase inhibitor _ Weth /

Vi r ophar MeORNM028370Ant i vi ral NS5B replicase inhibitor | deRITAUS2OINGWAPL I s
G.-59728 Antiviral NS5B replicase inhibitor Gene Labs / Novartis G.- 60667
Antiviral NS5B replicase inhibitor Gene Labs / Novartis TC MeA Antiviral
NS5B repl i casmpoduriisiof Formdh (I adpR@maéasioalymdceptalde sNS3Bercef hivdeizaeori nhi bi t 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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Roche R1626 Antiviral NS5B replicase inhibitor Roche 2' C Methyl adenosine
Antiviral NS5B replicase inhibitor Merck WD 2010/ 117704PCT/ US2010/ 028999
Brand NarwORA#i1610dgi cal Cl ass Type of I nhibitor or Tar gET/USau0®H89TbNpany
JTK-003 Antiviral RdRp inhibitor Japan Tobacco Inc., Tokyo, Japan Levovirin
Antiviral Ribavirin |ICN Pharmaceuticals, Costa Mesa, CA R bavirin Antiviral
administration, the rate of excretion of the compound employed, the duration of

treatment, and the age, gender, weight, and condition of the patient. Preferred unit
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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Ri bavi rin Schering-Pl ough Corporation, Kenilworth, NJ Viram dine Antiviral
Ri bavirin prodrug Ri bapharmlInc., Costa Mesa, CA Heptazyne Antiviral

Ri bozynme WOROWYIEOPhar naceuti cal s I nc., Boul der, CO | 31 PRIABEM0ARRPYI r al
Serine protease inhibitor Boehringer Lngel hei m Pharma KG | ngel heim
Germany SCH 503034 Antiviral Serine protease inhibitor Sehering Plough
Zadazi m | mmexenpiochtdral or mhmnitohe Flawokit g orseSeti G, dispeingr anaomlaringzgent nc. |

San Mateo, CA Cep] ene | mmunonodul at or
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 granules, 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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| mmune nodul at or Maxi m Phar maceuticals Inc., San Diego, CA Cell Cept

| mmunosuppressant HCV |1 gG i nmuno- suppressant F. Hof f mann-La Roche LTD,
Basel , SWwoOzervidnw4s WO 2010/ 117704PCT/ US2010/ 028999 Br aR@TNeaw® 0/028999

Physi ol ogi cal C ass Type of Inhibitor or Target Source Conpany Civacir

| munosuppressant HCV 1 gG i nmuno- pressant Nabi Bi opharnmaceuticals Inc.
Boca Rat on, c@atinglof lﬂﬁ@r @npoiymermmterr@? @nd Alplolish. ppatiRRIOA YBX ERINBHPICEINe fre
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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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Interferon IFN-ai Intarcia Therapeutics |FN-13 and EMZ701 Interferon
| FIN-13 and EMZ701 Transition Therapeutics Inc., Ontario, Canada Rebif
| nt er f er ONORZFNVILI3MA Ser ono, Geneva, Switzerland Rof er onPATIU2E002599N
| FN-a2a F. Hof fmann-La Roche LTD, Basel, Switzerland Intron A Interferon
| FN-a2b Scheri ng- Pl ough Corporation, Kenilworth, NJ Intron A and Zadaxin
| nterferon epNemabobthe redipinnisiona RedenssRpeBiéphtamealon sremplagerstva, M /
gg |1CC):I/ 2253752%@&”?& & %@%g%ed %.%nm ’%% tpgt%h b%ontt\)/}\%oresis as generally described in

Pharm. Res., 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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Brand Name Physi ol ogi cal C ass Type of Inhibitor or Target Source Conpany
Rebe ron Interferon FNa2b / ribavirin Schering-Pl ough Corporation,

Keni | wor tWO 20D/1AEI0 nmrune I nterferon | NF-T | nter Mune | nc PCTBISR&IGQPRIPI CA
Interferon-0 Interferon Interferon-0-1a Serono Miultiferon Interferon Long
lasting IFN Viragen / Valentis Wellferon Interferon Lynphobl astoid | FN-anl
A axoSni t hKbiffersphasteriosistsi aiggesouts varieli feadarthe forapfadiop msotonic with the blood

of 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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natural 1FN-a Viragen Inc., Plantation, FL Pegasys Interferon PEGyl ated

| FN- a2a F. Hof fmann-La Roche LTD, Basel, Swtzerl and Pegasys and Cepl ene
| nt er f er ONORE®y11210¢d | FN- a2a / i mmune nodul at or Maxi m PREAASACIE02898%4] S
Inc., San Di ego, CA Pegasys and Ribavirin Interferon PEGyl ated | FN- a2a /
ribavirin F. Hoffmann-La Roche LTD, Basel, Switzerland PEG I ntron
Interferon PEGyl ated | FN- a2b Scheri nd’abledugh Corporat | on Keni | worth, NJ

PEG | nt r on j=—=R-bavi+ia—tnt-erferon—PEOH-ated—t+Fh—aZb A -
Scher i ng- Pl |BgK Xspgor at i on rPhysslpiglGlass [iype pf gtlj‘lb‘if)ifv &“ﬁe&%qnéfn
Antifibrotijc 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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| ndevus Pharmaceuticals Inc., Lexington, MA WO

2010/ 117704PCT/ US2010/ 028999 Brand Nane Physi ol ogi cal C ass Type ofibi or

or Tar getW8a0rid7TWdnpany 1DN- 6556 Liver protection Casp&€&/USpiioHrgos? | dun
Phar maceuticals Inc., San D ego, CA ITM\-191 (R-7227) Antiviral Serine
protease inhibitor InterMine Pharmaceuticals Inc., Brisbane CA G.-59728
Anti viral NEBEnd RBhbCase | Niphpiiblopickaniabsa b pANA AT AN Sotitcaompdry! agoni st
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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Anadys Boceprevir Antiviral Serine protease inhibitor Schering Plough
TMS-435 Antiviral Serine protease inhibitor Tibotec BVBA £ Mechel en, Bel gi um
B 201335 WAPWEI04Ser i ne protease inhibitor Boehri nger PCRESRENOIORIPhanna

KG Ingel heim Germany MK-7009 Antiviral Serine protease inhibitor Merck

PF- 00868554 Antiviral Replicase inhibitor Pfizer ANA598 Antjviral

Non- Nucl eosiBiand¥$aBe pol ynmer|aagsisiogichli Class Anadys Inhiistora Rk deo@diBpany
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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Inc., San D ego,
I nhi bi tor

CA, USA 1DX375 Antiviral Non-Nucl eosi
| deni x Pharnmaceuticals, Canbridge, MA USA

de replicase
WO

2010/ 117 NORCWIUEPA10/ 028999 Brand Nane Physi ol ogi cal CPEIAISTIHH289P9
I nhi bitor or Target Source Conpany BILB 1941 Antiviral NS5B pol ynerase
I nhi bi tor Bgehringer Ingelheim Canada lLtd R&D, laval Canada PSI - 7851
Antiviral NBhebNude pol ymePagsologhilifibor 'Ripaof haslset, |Rurcec@tropanyNJ, | USA
VCH 759 Antjviral NS5B pol yjmerase inhibitor ViroChem Pharma VCH 916
Anti viral or Target
Civacir Immunosuppressant |HCV 1gG Nabi
immuno- Biopharmaceuticals
suppressant inc., Boca Raton, FL
Albuferon - o Interferon Albumin [FN-o2b Human Genome

Sciences Inc.,

Rockville, MD

Infergen A Interferon IFN alfacon-1 InterMune
Pharmaceuticals
Inc., Brisbane, CA
Omega IFN Interferon IFN-®» Intarcia Therapeutics
IFN-f and EMZ701  |Interferon IFN-§ and Transition
EMZ701 Therapeutics Inc.,
Ontario, Canada
Rebif Interferon IFN-Bla Serono, Geneva,
Switzerland
Roferon A Interferon IFN-02a F. Hoffmann-La
Roche LTD, Basel,
Switzerland
Intron A Interferon IFN-02b Schering-Plough
Corporation,
Kenilworth, NJ
Intron A and Zadaxin |Interferon IFN-02b/al - RegeneRx
thymosin Biopharma. Inc.,

Bethesda, MD /
SciClone
Pharmaceuticals Inc,

San Mateo, CA
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NS5B pol ynerase inhibitor ViroChem Pharma GS-9190 Antiviral NS5B pol ynmerase
inhibitor Glead Peg-interferon |landa Antiviral Interferon ZynoGenetics /
Bri st ol - Myer281084uiokb The conpounds of the presenPCHiS2010928989 may

al so be used as |aboratory reagents. Conpounds may be instrunmental in
providing research tools for designing of viral replication assays
val i dati on [HramhNambk assay |[Pysteosicandast ITpewf hititool (dpurs Companys t
further enhance know edge of the HCV di sea er mechanl sng. Further, the
conpounds of the present dijsclosure are usd 2% n establishing or
determ ni ng madir g~ ST Her—ant onpou 10 mpie, by
conpetitive I{eﬁﬁtr{gltl on. ?ntgﬂﬁlghcorrpounull: (?j]%ff;’ll s discC 82%?21"%3 al so be
used to treat or prevent viral contam natigayvafn materi atsrpangohher ef of e
reduce the risk of viral infection of 10 |aboratory or [nmedij cal ersonnel or
patients V\/no cone in cont act vvith such materials, e.g. Kepbodth, Nssue
surgical in uur;llL S and—garne: abor-at strumet T llb‘lIL 5, and
bl ood col | e*At t ® transf ué 4 HR Bpar at uselllq ahd materi chllnzerﬁuﬂe% S

di scl osure |s |ntended to encorrpass conpounds havi ng FoBA¥age, (¢ when
prepared by|synthetic processes or hy netabolic processes including. those
occurring i fintehferdatfran or rihtnﬁbrobody (| n I\ntevﬁc)omB 1pr oc%@gets occurring in

vitro. The abbrevi-albi-ons—used—i

TUrSTO—T

4 present V catt n Hael udi ng
particul arl NPWf‘irﬁ’é 5i Il ust rI%tﬁf?/fémexarrpl e<L%|f$i iéﬁ‘“ﬁ&ﬂ“ov A /v%ar 2%nown to

t hose skill he—art—Sgue [ne abb 5 ows:
Etethyl; t- y}eftﬂé}r & butyl; 1 nI rifﬁsopropyl ﬁ{%ﬂ{ndlb%b&j ﬁggm%ﬂ(%g%

tenperature;or retention tipre (context w ljFNdixgt at e) ; pic,Uxbndge,UK

O

Omniferon Interferon nataral IFN-¢ Viragen Inc.,

Plantation, FL

Pegasys Interferon PEGylated IFN- |F. Hoffmann-La
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
o2b 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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Boceprevir Antiviral Serine protease | Schering Plough
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TMS-435 Antiviral Serine protease | Tibotec BVBA,
mnhibitor Mechelen, Belgium
BI-201335 Antiviral Serine protease  jBoehringer
inhibitor Ingetheim Pharma
K@, Ingelheim,
Germany
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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Schene 1: Substituted Phenyiglycine Derivatives
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TR28R2z  SRosstediestor rtherianBance knowledge of the HCV disease mechanisms. Further, t

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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C Ar (oRs20R32 *----COH brom nation Br Ar CO2MeAr CO2Me Schene 2:
Acyl ated Am no Acid Derivatives In another enbodi nent of the present

di scl osur®O 2auyl1ateéd phenyl gl yci ne 5derivatives may be BEEABREE/028999
illustrated bel ow Phenyl glycine derivatives wherein the carboxylic acid is
protected as an easily renoved ester, nmay be acylated with an acid chloride
in the presence dhisglifrdewuresisdtendsdite prcompaansarepquadphaagiéorpia (1) when

correspondi ng am.des t hway A). Path Billustrates the acyl ation of
Che Starti ndBREAD oY R aRe AR g Ao o b i M8 bl o

whi | e pat hway e siawsr i€ 86dy GRvvbT & RBcaRRIRAItAE & Jigecyanate or
carbanmoyl chloride. Each of the three internedi ates shown in pathways A - C
may be depr ot ect ddebhbieintionssiska ovihe pyesetiapliedtion] iaduilmgmrdicalarly (n ge
treatment of . the.t-butyl ester wth str bas uch HC1 or

trifluor éac Slystratlyg %a?}%lwslﬁ%i& Y7 9@4“’&{19%%%%&%%36 Skg?edA%}rﬁo%ﬁs BRS¢ ut ed
phenyl acet i gr @l MsrdiBYioRCuRH AR SHIIOWs:t reat ment of a

chl or onmet hyl phenyl acetic acid with an excess of an am ne. R39 RN-R40 50
CO2H \ CO2H Synt hesi s of common caps Compound anal ysi s condi ti ons:
Purity assessnent .and | ow resol ution nmass analysis were conducted on a

Shi madzu LC ystgmy oupled with Waters M cromass 10 ZQ M5 system It shoul d
be noted thalgyetgatLin tines may vary slightly between machines.

Addi tional LC conditions applicable to the current section, unless noted

ot herwi §8. @nd. .isdyBp;

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-CI1 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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15 Colum= XTERRA 3M X 50 mm S7 Start %B=0 Final %B= 100 WO

2010/ 117704PCT/ US2010/ 028999 Gradient tinme=2 mn Stop tine= 3 mn Flow

Rat e= 5 WORVHW/NM&EW¢| engt h= 220 mm 5 Sol vent A- 0. 1% TFAPCH/UBROK/028999

nmet hanol / 9094420 Sol vent B= 0. 1% TFA in 90% net hanol /| 0% H20 Cond. - M5- W2
Colum= XTERRA 3.0 X 50 nm S7 10 Start 9B=0 Final 9B= 100 Gradient tinme- 3
nmn Stop ti REELAPHLR Flbwirpderdphasphinpipalisliyva(bdchlpride; MEXK spirdgevent A=

0 100TEA oS T SRPSOLR0. S f O 190 TR 0% et hanol 0% o
G adi ent time= 27THeRompounds and 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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Stop time= 3 min 25 Flow Rate= 5 nL/ m n Wavel engt h= 220 nm Sol vent A= 0. 1%
TFA in 10% net hanol / 90%420 Sol vent B= 0. 1% TFA in 90% net hanol / 10% H20 30

Cond. - DI WOI20E7FERRA C18 3.0 X 50 nm S7 Start 98- 0 PCERIS2010§E3999

2010/ 117704PCT/ US2010/ 028999 Final 9%B= 100 G adient tinme- 3 mn Stop tine-
4 mn Flow Rate= 4 nL/mn 5 Wavel engt h- 220 nm Sol vent A= 0. 1% TFA in 10%
met hanol / 90pk0ySanb(t)- Beh@ylthanph an fivensonezdhidinone. Jgenapeneasally D2 10

Cplum PhnRERSIRATR. §oforly5E0 T BT it RS BP0 o o
chromatography (silica gel, HPLC, crystallization, etc) followed by removal 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 A= 0.1% TFA in 10% net hanol / 90%120 Sol vent B=
met hanol / 10% H20 20 Cond. - MD1 Col utmm= XTERRA 4.6 X 50
vBWOQ010d1aWHent tinme= 3 min 25 Stop tinme=4 mn FPEWURAQIOH28991 / mi n
Wavel engt h=

Fi nal

0.1% TFA in 90%
mMmm S5 Start 98=0

220 nm Sol vent A= 0.1% TFA i n 10% net hanol / 90%4420 Sol vent B=

0.1% TFA in 90%rrethan0|/|O%H20 30 Cond. -M3 Col um= XTERRA C18 3.0 X 50

mn 57 -59-

Wavel engt h So;{rv‘eiﬁf’

10

Stwart 98 Fi nal gé nt thrﬁmStoptlrmS FIl ow Rat e
+A Sol vem,/LQ(O“- .-Af%—. o= mn 5 nm/mn = 220 nm
reductant
’Pe) R = P28 OH
& o,)’( N RygoX 2
o :
W A CO,Bn
l TsCl
RZE\) RZ?’
L_[ﬂlw___ N OREBNHRY  QTs
é e =4
ey CO,8n A 008
%o
ENG%
» "o
FzziN,Rza separaion o oo
ORagfcimers R%R esterification R~ R
AF/H( OR?? OH
O A Ar
(R = ghiral auxiiiary) o 0
"
Br » Br
bromination  BY Ar)YOR - OH
A 00, Me —— AT
2 A TCOMe O 0

Scheme 2: Acylated Amino Acid Derivatives

In another embodiment of the present disclosure, acylated phenylglycine
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
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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= 0.1% TFA in 10% net hanol / 90%420 = 0. 1% TFA in 90% net hanol! 10% H20O 10
Condition OL1 Col umPhenonenex-Luna 3M X 50 mm S10 Start %B=0 Fi nal 98100
G adi ent WOB1647WNn 15 Stop tinme= 5 min Fl ow Rate =4 nECHRIUS2MAP898Nhgt h =
220 nm Sol vent A- 0.1% TFA in 10% net hanol / 90%4420 Sol vent B= 0. 1% TFA i n
90% net hanol ! 10% H20 20 Condition OL2 Col unmm= Phenomenex-Luna 50X 2 mm 3 u

Start 980 Final 9%8=100 25 G adient t| =4 mn Stop time= 5 mt Fl ow Rate=
0.8 nmL/mn Oven Tenp =40C Wavel engt Qe nm 30 Sol vent AR %l FA 1N 10%
Acetonitrilel/ 90%420 Sol vent B— 1% 0% Adedonitril el §0% H20 - 60 -
Condi ti on R OH

Ch
&
O O

RY R ,U\ rar
NH 5 CICO,RY OR¥ _Add N™ “OR¥
0 Sl /'\m T oy
O s O
Qn %&?.9
Yo
RZ7 = H, alkyl @\OO/ 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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Col um= Phenonmenex-Luna 3.0 X 50 nm S 10 Start 98= Final %8= 100 5 G adi ent
time - 2 mn Stop tine= 3 mn Flow Rate =4 nL/m n Wavel ength = 220 nm

Sol vent A¥OQOIITRA i n 10% net hanol / 9094420 10 Sol vent BECO/UBWITHZZPN 90%
nmet hanol/ 10% H20 Condition Il Col umPhenonenex-Luna 4.6 X 50 mm S10 Start
%8=0 15 Final 9%8=100 G adient tine =2 mn Stop tine= 3 min Flow Rate =5
mL/ mi n WavelGeadjett time@20 nm 20 Sol vent A=2®in% TFA i n 10% met hanol / 90%420
Sol vent B= % 1% TFA in 90% et hanol / 10% H2Q Condition 111 CoI um= XTERRA
C18 3.0 x 50MRYE®25 Start 9B=0 Final YB2™B0 Gradient time = 3 min Stop
time= 4 m nddwwaRate=4 rnL/mn 30 Waved gnahin = 220 nm Sol vent A= 0.1% TFA
in 10% net hanol / 90%120 Sol vent B= 0.1% TFA i n 90% met hanol / 10% H20 - 61 -

Wavelength =220 nm
5  Solvent A = (0.1% TFA in 10% methanol/90%H,0
Solvent B =(),1% TFA in 90% methanol/10% H,O
Cond ~-MS-W2
Column = XTERRA 3.0 X 50 mm S7
10 Start %B =0
Final %B =100
Gradient time = 3 min
Stop time =4 min
Flow Rate =4 mL/min
15  Wavelength =220 nm
Solvent A = (.1% TFA in 10% methanol/90%H,0
Solvent B = 0.1% TFA in 90% methanol/10% H,0O
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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A suspension of 10% Pd/C (2.0g) in nethanol (10 nL) was added to a m xture
of (R)-2-phenyl glycine (10g, 66.2 =lop, fornmal dehyde (33 nL of 37%w. in 5
wat er), IWORCW/I13®4nl) and net hanol (30 mi), and expose®CTASBROOEIDsi) for
3 hours. The reaction mxture was filtered through di atonaceous earth (Cate
), and the filtrate was concentrated in vacuo. The resulting crude materi al
was recrystaﬂn’talﬁ/éij from isopropanol to prd¥i de the HC1 salt of Cap-1 as a
whi t e needl éﬁl s Optical rotation: -117 1' [¢c-9.95 ng/nL in H2ZG k=589
Find NVR (DNESTHE 188 2 5 10 ppm 500 MB) ™8 7. 43-7.34 (m 5F). 4.14 (s,
1H), 2.43 (Xto e LC (Cond. 1): RT-0.254 ni/ MS: Anal . Caled. for [M-191]
Cl OF114NO2 18 .10; found 180.17; HRMS: Anal. Calcd. for [MtH + C OHL4NO2
180. 1025; dﬂmﬂRﬁBﬁO 1017. 15 OH ”4NéBBB0V (6.22g9, 94 mmol) was added
in porti i few mnutes to a COO'z‘;ﬂ ice/water) m xture of

(R)-2-Ph nyI Wﬂ?qggl((; 02 g, 39.8 mvl ) thanol (100 nmL), and stirred
for 5 m nut egjvefegt al dehyde EX010iprangs BgdRehadbimmggoover 10 m nutes and
stirring was continued at the sane cool ed tenperature for 45 mnutes 20 and
at anbi ent tSeippatBture for -6059%dEAsin 9hemetanelildfc MRt ure was cool ed back
with ice-water bath, treated with water (3 nL) and then quenched with a
dropwi se addition of concentrated HCl over - 45 mnutes until the pH of the
m xture was @,k pr>- 2.0. The cooling bath was renoved and the stirring was
continued whil e addi ng concentrated HC1 in order to nmaintain the pH of the
m xt ur e 18r oimdurhn5- 2. 0. The 25Phemaumehonlumaxd.aieStes §t10 rred overni ght,
filtered toté %/}g the white suspension, and the filtrate was concentrated
i n vacuo. e material was recrystaltized fromethanol to afford the
HC1 salt of wZgas a shining white solighgin two crops (crop-1: WO

2010/ 117704PCT US2010/ 028999 4.16 g; crop-2: 2.19 g). NVR (DVMBO-d6, (2.5
ppm 400 M—|z(}radil=ﬁtt4h4e(1.00, br s, 1H), #366in(m 2H), 7.51 (m 3H), 5.30 (s,
1H), 3.15 (br 2.98 (br in, 2H), 1.20 (app br s, 6H). Crop-1: [01] 25
-102. 21 (c- Ogt%m‘?m‘”’HZO) crop-2: [a]25 -9g9.mn (c=0.357, H20). LC (Cond.
1) RT=04543 {5 foid MS: Anal . Calcd. fors[MhL+ 5C 2H 8NC2: 208. 13; found
208. 26. Acet al dehyde (5.0 nL, 89.1 nmo and a suspension of 10% Pd/ C
(720 nmg) in Waveteigianol / H20 (4rr1_/ 1 m) =v&X) mequential |y added to a cool ed

(- 15 O mxture of (R)-2-phen i n 09649, . 20. 48 mol ), 1IN HC1 (30
m_)tand met vt go ma) Thg %&%ﬂyﬁ 6 héoggwn%)gﬁfg ag\d tgg_ ;_eact: on

m xture was under a. n additiona

acet al dehyde§&(“i%ﬁm_ 178 2 rmg ‘P%légag 2‘5 t%é&/s?l rrlgng conti nued under H2
at nosphere for 24 hours [ Note: the supply of H2 was 15repl eni shed as needed

t hroughout the reaction]. The reaction m xture was filtered through
di atonn&(@ousc@%W{ Celite ), and the filtrate was concentrated in vacuo.

The resul ti de material was_ jggély%; b i sopropanol to provide
the HCl1 sal ?@(gﬁﬁl R) - 2- (et hyl am no) ny{#acetl C ée;jcnl d as a shining white
solid (2. 846t % NVR (DMSO-d6, 8=2.5 ppap 400 MHz): 8 14.15 (br s, 1H),

9.55 (br s, 2H), 7.55-7.48 (m 20 5H), 2.88 (br m 1H), 2.73 (br m 1H),
1.20 (app t,Fna?sB, 3H). LC (Cond. 1): RT2B0939 mm >95 % honogeneity i ndex:

LC Ms: Anal . %gn for [ MtH C OH 4NO2_ 10; found 180.18. A suspension
of 10% Pd/ C ((S%Le i n met hanol / H20 (3 m.) was
25  Stop ‘ume =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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added to a m xture of (R)-2-(ethylam no)-2-phenylacetic acid/ HCl (1.492g,
6.918 25 mmol ), fornmal dehyde (20 nL of 37%w. in water), IN HCL (20 nlL)
and met hawoI20{237MWi) . The reaction m xture was stirred BOTAIS261019289PDon of
H2 for -72 hours, where the H2 supply was repl eni shed as needed. The
reaction mxture was filtered through di atomaceous earth (Celite) and the
filtrate wastagbhbentrated in vacuo. The Fésulting crude material was
recrystalli iﬂed fgr m i sopropanol (50 ni) igoprovi de the HCl salt of Cap-3
as a white 8}ail 0%)985 mg). 1HNVR (DVSO-d6, "8=2.5 ppm 400 MHz): 8 10.48 (br
s, 1H), 7.5%ddied tlher, S5H), 5.26 (s, 1H}2 8308 (app br S. 2H), 2.65 (br s,
3H), 1.24 (br m 3H). LC (Cond. 1): RT=0.39 nm >95 % honogeneity i ndex;
LC/ MB: Anal Stgalimd. for [MrH Cl i Hi 6NG23 1194, 12; found 194. 18; HRMS: Anal .
Cal cd. 5for Fﬁl% Aiiii6NO2: 194.1180; finBd 194.1181. OH 0 10 Ci1CO2Me
(3.2 nL, 241 "°%881%9 was added dropwi se 1840l ed (ice/water) 10 THF (410
niL) sem -Sﬁi[y‘}ei}é?@ﬂpf (R -tert-butyl 2=appnrg2- phenyl acetate/ HC1 (9.877 g,
40. 52 mmol ) and dii sopropyl ethylamne (14.2 ni, 81.52 nmol) over 6 mn, and
stirred at <SolvenbA t enper at urd. 26T B WGumsthaftlPOlotiA2i | e conponent was

renoved in vyacua, _and the resi S rtitio en water (100 ni)
and et hyl aég’f"aGPEB(zoo m) = &rﬁfgu@?%%h?@%%i}%@o A&%@?’Sd with 1IN HCL (25
m.) and saturated NaHCO3 15 solution (30 nL), dried (MgSO™4), filtered, and

concentrated in vacua. The resultant colorless oil was triturated from
hexanes 10f i |Gexigibnadd! washed wi th hexanes (100 nlL) to provide

(R -tert-butyl 2-(methoxycarbony|am - 2- phe acetate as a white solid
(7.7 g). 11 n?mo“dé‘yeﬂggﬁ?@x“tb?ﬁgﬁé%g%ﬁi‘)%ﬁ98 (d, J=8.0, 1H),
7.37-7.29 (a5 Q9 (d, J=8, 1H), 3.56 (s, 3H), 1.33 (s, 9H. LC (Cond.
1): RT=1.53 mn; 20 -90 % honogeneity index; LC MS: Anal. Calcd. for [M+Nar
Cl41- 119NNa(4nal288. 12;= f{dund 288. 15. TFA (16 nL) was added dropw se
to a cool edé%%ge/mter) CH2C12 (160 nmL) solution of the above product over
7 ninutes, FREESST f M bat h was renoved and the reaction m xture was
stirredkor rs. S the deprotection was still not 25 conplete, an
addi ti onlgl 'ISI%:%P]%EO rrL_;SS\AH/gIS added and stirring continued for an additional
2 hours. Th&lvelRaté | e =émigmént was renoved in vacua, and the resulting oil
residue was treated with diethyl ether (15 nmL) and hexanes (12 nm.) to
provide a pr¥ersezh e = F b Brecipitate was filtered and washed with diethyl
et her/ hexan c1a3 rathos ' 4 cua to provide Cap-4 as a
fluffy mn?&‘?ﬁ#? (5.59‘%?p{\q‘jézo(?”qg%g‘{“}og’g?/"r@{égti on: -176.9 [c=3.7 ng/nlL
in H20; X=58blvimdB. 1H: 0. NMRTE MBSO HGnetBa]80ppiiO 400 MHz) : 8 12.84 (br 5,
1H), 7.96 (d, J=8.3, 1H), 7.41-7.29 (m 5H), 5.14 (d, J=8.3, 1H), 3.55 (s,
3H). LC2(0Cond. [): RT=1.01 mn; >95 % honobgeneity index; LC MsS: Anal.
Caled. for | zﬁoq% , 2N04 210. 08; found 210.17; HRMS: 5Anal. Calcd. for

[ MF11]+ C o 210. 0766; found 210.0756. Cap-5 OH cN A mxture of
(R) - 2-phenyCgumai ne (PRer@menet2unad0X 2 dind-wi br onobut ane 10 (1.57 g, 7.27
mmol ) and Na2CO3 (2.10 g, 19.8 mmol) in ethanol (40 nmL.) was heated at 100 C
for 21 hours>tatffeBreactPon nixture was cool ed to anbient t enperature and
filtered, ang 1h,}%Bfi I t;gé@ was concentrated in vacua. The residue was

di ssol ved in ethanol and acidified with 1IN HC1 to pH 3-4, and the volatile
conponerss waSrademoyed + 8 nvacuo. The resulting crude material was purified
by a reverse_ phase

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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15 HPLC (wat er/ nmet hanol / TFA) to provide the TFA salt of Cap-5 as a

sem -viscous white foam (1.0 g). 1H NWR (DMSO- (16, 5-2.5, 500 MHz) 8 10.68
(br s, 1HyO291051770y 5H), 5.23 (s, 1H), 3.34 (app br s, PEHUS2B003%app br
s, 2H), 1.95 (app hr s, 4H); RT=0.30 m nutes (Cond. 1); >98% honpgeneity

i ndex; LC/MS: Anal. Calcd. for [MrH C121-116NO2: 206.12; found 206.25. 20
Cap- 6 Condition IThe TFA salt of Cap-6 was synthesized from

(R) - 2- phenyl gl.yci ne and_1- brono;2-(2- et y) et hane by using the

met hod of pr‘g?}éﬁn&tion "’6?%“6881%‘?"“}%“%0 (Tt‘i%/g d6, 8=2.5, 500 Miz) 8 12.20
(br s, 1H), $.20,8m 5H), 4.92 (s, 1H), 3.78 (app br s, 4H), 3.08 (app br
s, 2H), 2.81 (app br s, 2H); RT=0.32 mnutes (Cond. 1); >98% LC Ms. Anal.
Cal cd. for [INed|%B1211F16M03: 222.11; found 222.20; HRMS: Anal. Calcd. for

[ M 4- Hr 512%2503: .222_.%130; found 222.1121. 5Cap-7 Cap-7a: enantiomer-1
Cap- 7b: enantie§ifgt U8 A“@Bq 2 (200 nL) sol ution of p-tol uenesul f onyl
chloride (8.83,%me45- 4-apml) was added dropwi se to a cooled (-5 C) CH2Cl12
(200 nL) sol uti)on of (S)- benzyl 2-hydroxy-2-phenylacetate (10.0 g, 41.3
mrol ), trietFiglvdtitee (S470./mlin 41.3 10 mmol ) and 4-di net hyl am nopyri di ne

(0.504 g, 4. ), while maintaining the tenperature between -5 C and O
"C. The reac i%%@ S%AIE#(#B*@ at 0 Cfor 9 hours, and then stored in a

freezer (-255@befi 14-1Quf $ralih 1985mahhaRdefipd haw to anbient tenperature
and washed wth water (200 rrLﬁ\, IN HC1 (100 nL)" and brine (100 ni), dried
(MyS4) , 10 i | $dved B and=6dft ERAriatéth mathead (8% H,Qr ovi de benzyl 2- phenyl - 2-
15(t osyl oxy)acetate as a viscous oil which solidified upon standing (16.5
g). The chiral integrity of the product was not checked and that product
was used for B;?tﬁ -&iﬁt' step without further purification. 1H NVR (DMSO- (15,
8=2.5, 500 Mglz g .78 (d, 1- 8.6, 2H), 7.43-7.29 (m 10H), 7.20 (m 2H),
6.12 (s, 1H)Colnid6 (d,=Phdibnienckupa8d.61R S0dpmPBi02.5, 1H), 2.39 (s, 3H).
RT=3.00 (Cond. 111); >90% honogeneity index; LC MS: 20 Anal. Calcd. for

[ MeH C22H20oR&teEE” 419709; found 419. 04. A THF (75 mL) sol ution of
benzyl Zﬁohep%lgr(%]s(tos;gl g%y) acetate (6.0 g, 15.1 mmol), 1-nethyl piperazine
(3.36 nL, 30.3 mmol) an& , N-di i sopropyl ethylamne (13.2 nL, 75.8 mmol) was
heat ed at 65GEdiar tilichelnsin The reaction was allowed to cool to anbient
tenperature and the volati]e conponent was renoved in vacua. The 25 residue
was partiti onOf et weefi 3é8Hy| acetate and water, and the organic |ayer was
washed with nd brd Agried (MpSH), filtered, and concentrated in
vacua. The rg@lﬁﬁtﬁg cr&d{e}ﬁhn%ﬂeri al was purified by flash chronat ography
(silica gel, weivBlhgthcetakehnt 0 provi de benzyl

2-(4- rretSQ/I pi_perazin-1-y1l 5 2-£ph‘enyloacet ate as an or angi sh-  brown vi scous
oi | (4.58 g) Solegntrdl  HPIOG *ad&iyisi 9% tsthaapld¥I® H) i ndi cated that the

sanple is a @ re of _ j FeSo) N0 8.7 ratio. The separation
of the enant %ﬁféﬂsﬁv\er e%gl?%teﬂg?‘gﬁgz)s/{’ @gﬁaﬁ%{ﬁ%)ﬁg{zgr oduct was dissolved in

120 nL of ethanol/heptane (1:1) and injected (5 mlinjection) on chiral

HPLC col um (Chiracel
ondition 111

Column =XTERRA C18 3.0 x 50mm S7
25  Start %B == ()
Final %B =100
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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50.1, 5cmIDx 50 cmL, 20 ttm eluting with 85:15 Heptane/ethanol at 75
m./ mn, and nonitored at 220 urn. Enantioner-1 (1.474 g) and enantioner-2
(2.2149 gyowervalli®dri eved as viscous oil. 1HNVR (CDCl 3, PETUS2@0/05399 MHz)
7.44-7.40 (m 2H), 7.33-7.24 (m 6H), 7.21-7.16 (m 2H), 5.13 (d, J=12.5,
1H), 5.08 (d, J=12.5, 1H), 4.02 (s, 1H), 2.65-2.38 (app br s, 8H, 2.25 (s,

3H). RT=2.10 (Cond. 111); >98% 10 honodewel ty i ndex; LC/ Ms: Anal. Cal cd.
for [ MFEI ] + C20H25N202: 325.19; found.325. 20. A net hanol (10 nl)
solution of either enantiomer of be 2-¢ 4-

met hyl pi perazin-1-yl)-2-phenyl aceta 3.1 nmol) was added to a
suspensi on of 10% Pd/C (120 ng) in net hagol ('L%. 0 nL). The reaction m xture

was exposed to a 15 ball oon of hydrogen;y ‘tnder a careful nonitoring, for

<50 m nutes. | mregi I f1eln l.et | reactq tal yst
was filtered thr o%ﬁﬁépg?é?lg%}ﬁ&@?g%egg% lﬁ&qﬂﬁng{(rﬂ)o?ggnﬁ%t%g&ﬁq%}rﬁg}ftg%was
concentrat edofi(Rg—@?ﬂiéﬁylggrcﬁéfév(bg!66.@&ﬁm31}, fenkrRIghyRl8HmM stBPhemnylnceti c acid
as a tan foam (867.6 ngy; nass 1s above the theoretical yield). The product

was used 5f orwathd, EHCISs@mIviant sethapol GRenlpard ¢xpesad tordl: (6HpMvEerZ0( DVSO d6,

8=2.5, 500 .A44-7. 37 (] 2 71.37-7..2 3H) , 1H) ,
2.63-2.48 ( bs. e ?aﬁm,m’%{“&%?"?%ﬁf@%ﬂ&? éﬁ&%cfgs e%’i%—ﬁl ,?8%%@@33‘@(00nd.
11); >90% hopgenat Ws badexiabddMacudNahe res@kifg crul nddaFwak rdehdillAaN202:
235.14; found 235.15; HRMS: Anal. Calcd. for [M1l-1]+ C131-119N202:

235. 1447; f ofiord i@8Bopado p2&videths Hit ek iof Cap-1Gap-ehitrreediafd 9 sla®pticriduct ed
according to the synthesis. of p- 7 hy._ usi appr. i at 1.nes. for the SN2
di spl acenent &I (%Ué?fci?-gsrf}?gﬁ%[xybﬁf)(@r w(ﬁgaé‘nﬁorﬁ&}@émgb(ﬁ 525
(S)-3-flyoropyr rolnidi f.0r2 Cap- i §4 frb. he
separ atil?(r)l oﬁ%fl h%aorlggggcstﬂiﬁé%fa I?%Sﬁi%rr{agr) fltﬁl{ﬁ? é@?gg’%@ég’%ﬁgé?&ri bed

bel ow. 30  R&po8s5; KNS AhathicaMes-[M-E)" GRANNOME018; fothll Th&17;
enantioneric_separation of the intermediate benzyl 2-(4-hydroxypiperidin-
1-y1) - 2- phen%ﬁRNg%:e%W-eCa\J&é- & Mt %W@N@ﬁé?%@%’i;ﬁ@m&&%ﬁlﬁg condi ti ons:
the 5 conpound (500 ng) was dissolved in ethanol/heptane (5 nL/45 nL). The
resulting solution was injected (5 nUinjection) on a chiral HPLC col umm
(Chiracel OI, 2 cmID x 25 cmL, 10 gmcg-pting with 80:20 heptane/ et hanol
at 10 nL/mn, nmonitored at 220 nin, to provide 186.3 ng of enantioner-1 and
209.1 ng of enantiomer-2 as |light-yefT®w vDscous oils. These benzyl ester
was hydrogenol ysed according to the gar ati on of Cap-7 to provide
Cap-8: 1HNMR (DVBO d6, 5=2.5, 500 MHz) 7.740 ¢d, J=7, 2H), 7.28-7.20 (m
3H), 3.78 (s 1H), 3.46 (m 1H), 2.93 ( NLT) 2.62 (m 1H), 2.20 (in, 2H),
1.70 (m,£H, 1.42 (m 2H). RT=0.28 (Coan. I'1); >98% honpgenei ty i ndex;

LG MS: Anal. Calcd. for [MrH |- C13HI8NG3: 236.13; found 236.07; HRVE:

Cal cd. for [ MH] - NeBBRIBNOZ2e.8enmplrvastasided inppsliamgyer 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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15 The di astereoneric separation of the internediate benzyl 24(S)- 3-
fluoropyrrolidin-l-yl)-2-phenyl acetate was effected by enpl oying the

fol | ow ngWweRIWHNd@itHi ons: the ester (220 ng) was separ at @GTAS2E06P8PAl HPLC
colum (Chiracel 0.1- H 0.46 cmID x 25 cmL, 5 gm eluting with 95% CO2/
5% nmet hanol with 0.1% TFA, at 10 bar pressure, 70 nL/mn flowrate, and a
t enper at ur e %16 5re-2Théo HPLE NMR EDMGO- dheREqpen Pl dEel 048 bR was

concentr at ed, r o 2C1 washed
with an aquegoﬂlg?gze%‘{]ﬂeﬁ?n Ogﬁf(%a?% 553% S’ﬁ% égéﬁﬁ@e@fﬂé&é&g%?ﬂ%l on). The
organi ¢ pha JETSLEN g 2 cuo to
provi de 92. ?620’\@%?@ !r;g%tll g%% LOQ 55)%&(F (C(;?@???g e}oga} $ﬁes?9\t§§nzyl
esters were (by@lBS)’géW)yiﬂiChmdoi)dRﬁth% mllneLﬁﬂ\dﬁaAaall Ghlodf f@apd-7Ht'0 prepare
Caps 9a and 9b, di astereoner-1; the sanple is a TFA salt as a
result 5%f ¢ Hﬂﬁ@ﬁa%%ﬁﬁ dAved 48 se phase HPLC using H20/ net hanol / TFA
solvent): H NVR (DVMSO-d6, 6=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. 1); >95% honogeneity i nd&p:3 LC/ MS: Anal. Calcd. for [ MtHr

Cl 2H1I5FNO2: 224.11; found 224.14; Cap:9b (diastereoner-2): 1H NVR ( DMSO d6,
8=2.5, 400 MHz) 7.43-7.21 10 (in, 5 5.19 (d of m J-55.9, 1H), 3.97 (s,
1H), 2.95-2.43 (m 4H), 2.19-1.78 (i =0.44 (Cond. 1); LC Ms: Anal.
Calcd. for [MHF-1]1 C121-115FNO2: 224.11: f d 224.14. 15 To a solution
of D-proline (2.0 g, 17 mol ) and formauzéI yde (2.0 nL of 37%w. in H20)
in methanol (15 nL) was added a suspensionfof 10% Pd/C (500 ng) in nethanol

(5 nmL). The m xture was stirred under a_balloon of, hydr cgren for 23 hours.
The reaction m xtﬁ?@alﬂﬁﬁ’dﬁl@ P &rle 3%t npBIodrandi eaisraneien 06 1 8arRAC (G4l mebin) and

iR (oo b Uy Gl i iRy g s St O LGPl y i O
1751 60 (mOiH) RES “‘63(” TN horogeac Ty A, ("P&”%E) anal

Cal cd. for ['Rhemqo]lmg @@tix vmszmmvedlm z;@reaﬁwmmm vog stiped wager 2 pallogn ¢f xt ure

P o ey aahe B ATIRER, LA SRLESNL UR) T B Wik Bl o
(50 ng) in nﬁhﬂ 85 0bnt{rOd Hﬁ&er‘l‘@%ﬁﬁbdﬁhé@%ﬂ@ﬂﬁéw@ Eb@tbl @esufly byds agen for 19

hours. The reaction m xture was filtered through di atomaceous earth
(Celite()) aregtleBished &g metedai émmboutdh@mpmﬂea“hr: reagtieumixtTreev gsddfaiele was

recrystalliz i SO angl ovid e HCl salt of Ca 11
W 1o sol | d (ARG SCEE SRR (et e el Ve igpppled Gati. nivery
4.30 (in, "Qesulayg Qrlad dhterihT Fhs %cq%@ail@zed‘ﬁén 1313%9 arol 3 ﬁdiwdc tﬂe‘gl@l @ait 313 4,
1H),285( 2.60-2.51 (m 2.39-2 O(p H})
11); >98% ho(ﬁ))gb(mhylgammq}émhehﬁhmc adidads 2 shOiad white $adid ([Zlﬁlﬂég} Hﬂﬂ[MRLlFNOZ
148. 08; found 148.0
(DMSO- d6, 3=2.5 ppm, 400 MHz): & 14.15 (br s, 1H), 9.55 {(br s, 2H), 7.55-7.48 (m,
20 5H), 2.88 (br m, 1H), 2.73 (br m, 1H), 1.20 (app t, /=7.2, 3H). LC (Cond. I):
RT=0.39 min; >95 % homogeneity index; LC/MS: Anal. Caled. for [M+H]"
Ci10H14NO;: 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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Cap-12 (sanme as cap 52) 0 O N -ssr- O L-Alanine (2.0 g, 22.5 muol) was
di ssol ved in 10% aqueous sodi um 15 carbonate solution (50 n-iL), and a THF
(50 L) swPeP10 7 net hyl chloroformate (4.0 nL) was a®@&ASee0i02899The
reaction mxture was stirred under anbient conditions for 4.5 hours and

concentrated in vacua. The resulting white solid was dissolved in water and
aci di fi ed wiGdp-1hb #i@hite solad (985 m@)- SH NMR (DAEHOtdsnir2sopmini 409sMWas &xt r act ed

(Na2son) 200144 &F bal DA doncGh o S407h IPCLE (605 avirie TAoat: Bofdss of |
(2.58 g). 58&?%%/339&, I SORIAE! P RS, 0URI E?ﬂ"/@ﬂorﬁogeﬁfﬁ@f fnaem@gmN#I\P/EC

(H20/ et han to provide 150 ng of Cap-12 as a colorless oil.
(DVBO- d6, 8=2ndh, (B, MAM-THEA (d,sND-71Bt. 170 faud, 197, 180 HRMS sAnd). Celjed. 3. 97

08 ot} 5t JRREMAB i HratGe B 4TS Sing 194 0BG 150Dy and 20% b & (500

nmg) in nmethanol (30 nL) was stirred under a hydrogen atnosphere (50 psi)
for 5 hours. The reaction m xture was filtered through di atomaceous earth
(Celite) and the filtrate was concentr@ipedl i n vacuo to provide the HCl
salt of Cap-13 as an oil which solidified upon standi ng under vacuum (4.4
g; the mass is above theoretical vyi . e product was used w t hout
further purification. 51H NVR ( DVS = , 500 MHz) 6 12.1 (br s, 1H),
4.06 (q, J=7.4, 1H), 2.76 (s, 6H), 1.46 (d, J=7.3, 3H). Cap-14 Cap- 14
10Step 1: A m xture of (R)-(-)-Dphenyl& ‘e tert-butyl ester (3.00 g,
12.3 mmol ), NaBH3CN (0.773 g, 12.3 mmol ), KOH (0.690 g, 12.3 mml) and
acetic acid (0.352 nL, 6.15 mMmol) were stirred in nethanol at 0 C. To this

mxture was addedcghtiiag (22 Hﬁ?hﬂ.@%fﬂ@l)(‘)\%g%édé&moﬂ@isé tﬁr@é&%@{i&#%z%@ over 5

m nutes. The reaction mxture was stifred as it was all owe O warmto

anbi ent tenpEHAN(4Emdn dersi-salutiongp R $-rerBbuiyt Bﬂummb%{pherh,éacgm}ﬁljé (h&TTag.ur e
o 18, hour o HISSa) YeTL vesySUlceauen Ly ooyl and, Lhe rest dup ves
cromotet AR RSl B ST PR o e Op, O 2
( Pri mespher evdcudBand3Be resito mags pGHAGHEdH2AWOer ¥afEFAN0 el )gindetityhaecdtait &0Pedi at e
mL). The organic layer was washed with 1IN HCI (25 mL) and saturated NaHCO;
15 solution (30 mL), dried (MgSOy), filtered, and concentrated in vacuo. The resultant
colorless oil was triturated from hexanes, filtered and washed with hexanes (100 mL)
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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20 ester (2.70 g, 56% as a clear oil. 1H NWR (400 MHz, CDCl13) 8 7.53-7,44
(m 3H), 7.40-7.37 (m 2H), 3.87 (d, J-10.9 Hz, 1H), 3.59 (d, J=10.9 Hz,
1H), 2.99W0t2010)0TM42 Hz, 1H), 2.59 (t, J=11.4 Hz, 1H), ZPRCOUS2010228989 2H),
1.82 (d, .1=1 .82 Hz, 3H), 1.40 (s, 9H). L Ms: Anal. Calcd, for
C1l7H25NQ2: 275; found: 276 (MrH)1. Step 2: To a stirred solution of the

i nt er medi at edgihkrotdtibnl 2g6.92 [&8nTrolg/mLin PROdheFR9amulre FHENMR (DMSHEDs, was
added TFA (3.L). The reactiogon m xture was stirred at arrbl ent tenperature

folr 4 Eour slgbn%ﬁ PR 0 MBS Scldrtdclbr Bkt 798 @r&@e%é@&@ Veddm: Pt yel Ihow
T 0
S 15 50 x TR VARSI ) TG RE AP EPOERL 03 ot el EsPher ©

conbi ned andnéenceniisaied). tCalelt. yioe Sg-+H)" @@H@JOMI@ 0% $huthde2 1043; HRAMS:

di ssol ved in a _m ni num anmount, of net hanol and applied to applied to MCX LP
extracti én chwaly Caljds fprAM-1] §ioHTNO4 24P W@@Ié@‘éﬁcﬁ@roé)’/r 9Pnsed with met hanol
(40 nm.) and then the 5 desired conpound was eluted using 2M anmmonia in

met hanol (50 inL). Product-containing fractions were conbi ned and
concentrated and the residue was taken agp-§n water. Lyophilization of this
solution provided the title conmpound (0.492 g, 78% as a light yellow
solid. Il NWR (DVMSO-d6) 8 7.50 (s, BHp, 5013 (s, 1H), 3.09 (br s, 2H),
2.92-2.89 (m 2H), 1.74 (m 4H), 1.4 g, 2H). LCO MS: Anal. Calcd. for
10C13HL7NC2: 219; found: 220 (M+H) 4. A 1:0(S) - 1- Phenyl et hyl

2- brono- 2- phenyl acetate: To a m xture of:i- 15br onophenyl acetic acid (10.75

g, 0.050 nol), (S)-(-)-1-phenyl ethanol 4 g, 0.065 nol) and DVAP (0.61
g, 5.0 mol) in dry dichl oronethane (1007%.) was added solid EDCl (12.46 g,

0.065 ol ) all atAGhigere Ehgz)r gsfﬂbﬁyzglgm&@tpo 08\ GE\@@n&P JI4-@lbr@hotheare
tenperature under Ar for hours and then it was uted with ethyl

acet at e, I0wastied & HAY o) @ﬂlN‘fQ¢03 -1@d, INapoDd) in gthqnobt4®dnL hyies heated

trated t Si 02
hoxano: et hy Doty Er 23, BRS FRY Faef hstins e S B TR RE BRI 1. 64
g, 73% as aﬁ}t‘é}b& %uﬁ({’lllé gltra@e%as%&ﬁ!ﬁﬂed%acm%eﬁdﬁe @@Jcﬁss%ﬂeﬁ% 10H),
5.95 (g, J=6. 5H) | 4 (q, J=6.6 Hz, 0.5H), 5.41 (s, 0.5H), 5.39
(s, 0.5H), 1et581o(1 dnd dcigified Hz’gh TN Bid) to QH5314,(enid tlﬂe:ﬁ)lﬁﬂmzpmmorﬁd) WaSt ep 2:

S)-1-Ph | et h R th d -
(25¥Jhenyl Sggt’%@é’x’ gﬂ%fwé‘&( fh‘? ﬁlpé(cg %%‘ézﬁyipagt&’hg} 1e(§!3)b¥5%¥8rs§pbﬁsgny| acetate
(0.464 955 1. APT BT R)adernibrildiol/ TBA ng?r%ﬁe%dﬁﬁysm gt @xﬁ Clo1S Q@erﬁpv@éoum- 4 35

mol ), followed by tetrabutyla um i odide (0.215 g, 0.58 nmol)
reaction m xtvhttefoms(ls(n BY. rléﬁNMR (NSO égper aISD()eIVIﬂ—Im) Saommmgé}ﬁﬁmt hen a

| ut f 4-nmeth ‘ di 0. 25 2.18 THE (2
rsric_)) uvv:agnagde(in W;}fﬁ)gf%z‘)(ﬁ Jr@ %\;ég)((%’g’:t}gr%&ﬁi (%?05(1(3%9?5’ :r]o%?ﬁag’wg’ﬁé»rdg'?)ur e aﬁld

then it was b The
cool ed react?gﬁbﬁ%g)??l h}ngé\(l\(g% \Qfgyg Aflgt %ge&lgﬂﬂ lt[@%a\%ge?{aﬁa{el ?%g&n{(sr washed
(H20 x2, bri [yH]OC| &My 208, 2; fouhd 20@I5.and concentrat ed. 5 The residue
was pUI’IfI ed by silica gel chromatography (0-60% et hyl acetate-hexane) to
provide #9rst the (S, R -isomer of the title conpound (0.306 g, 60% as a
white solid and then the correspondi ng E?{ﬁ)l sonmer (0.120 g, 23%, also as
a white solid. (S, R - isoner: 1H NWR ( ) 7.51-7.45 (m 2H), 7.41-7.25
(m 8H, 5.85 (q, .1=6.6 Hz, 1H), 4. S, olH), 2.56-2.45 (m 2H),
2.41-2.29 (m 2H), 1.71-1.49 (in, ﬁ@%(d J=6.6 Hz, 3H), 1.18 (s,
3H). LCMS: Anal. Calcd. for C22H27 3 und: 354 (I\/H—|)+

(S, S)-isoner: 1H NMR (CD30D) 8741730mm 5H), 7.20-7.14 (in, 3H,
7.06-7.00 (m 2H), 5.85 (q, J=6.6 Hz, 1 .06 (s, 1H), 2.70-2.60 (in,
1H), 2.51 (dt, J=6.6, 3.3 Hz, 1H), 2.44 1(|n 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. Cal cd.

for C22H27NGB: 353 FFaunds (Bps A4 éiﬂlfhesmed from (§t)Qpp}§nylglycme and 1-
(R)-2-(4- Hydr oxy-4-net hyl pi peridin-1-y1)-2-phenyl acetic” acid: To a sol ution

of (S) - 1- phehydnaes-By(PR- b(rcﬁ)le@hc@@-)d:th&hedstmgtbc h}eﬂmdpzé’pmnamtlbn;biﬁaﬁé 'H
phenyl acgl at &R BbRTs:as 33%, T08 Miry's £ S5O} DA% 31 03RS, Aflded

- 65 -



trifluoroacetic acid (1 nL) and the m xture was stirred at roomtenperature
for 2 20 hours. The volatiles were subsequently renpved in vacua and the
resi due WO 2pW¥i1fi0éd by reverse-phase preparative HPLC PPTIUSR&I0/02%989 C- 18,
20 x 100mm CH3CN-H20-0.1% TEA) to give the title conpound (as TFA salt) as
a pale bluish solid (0,128 g, 98% . LCMS: Anal. Calcd. for Cl41119NCG3: 249;
found: 250 QGMsHzpdbr 236903, Q&(appb@@,)zfmp{él&app brs, ZH),SlMHZmSjme%-(andyl et hyl
2-(2- quorophengI)acetate A m xture of_ 2- quorophenébép %c acid (5.45 g,
oSt

35.4 mmol ), im bhéMy é@ﬁla&ﬂicd( 5*“06@\4@}1] 461ttt 22 2852, 46.0
mol ) and E Baich: £ (MRl | fir GRBCLA(1460. mdm@gtrred at room
t enperat ure or ours. e soI 1l t’hén concentrated band the

residue partiti oned wi t h H20- et hyl acet ate The phases were separated and
the aquegus | ayer back-extracted with ethyl acetate (2x). The conbi ned
organic éhases wer e washed (H20, bri nefapﬂrl ed (Na2SO4), filtered, and
concentrated in vacuo. The residue was purified by silica gel

chr omat ogr aphy (Bi ot age/ 0-2 et h{l acet at e- hexane) to provide the title

conpound as a colorless oil 27380 2% 1H NMR (400 10MHz, CD30D) 6

7.32-7.23 (m 7H), 7.10-7.04 (m ,2). , 1H), 3.71 (s, 2H),
1.48 (d, J=6.5 Hz, 3H). e“f)z bt i)

2-(2-1f1 uorophenyl) 2- (piperidingl-yl) acet ate To a sol ution of
(S)-1-phenyl ethyl 2-(2-fluorophenyl)acetate (5.00 g, 19.4 mmol) in THF

(1200 nL) at 0 C was added DBU (6.19 g, 40.7 nunol) and the solution was
15al | owed t o war m U0, CRQRDO SiTpesiativh of wdilienesilifdnyt digofids (83} gndsut es. The
solution was then cooled to -78 C and a solution of CBr4 (13.5 g, 40.7
mol) in Tlenmbmam)id%h@oawae@o anepledheS X Cle1@80 wil)) sokstion ef Warm t o - 10
C and stirred at this te e f ctlo ur e, was
quenched wi &9 @é@&? éf%fgg ea@é Ota’ug?lj g %B‘é&aﬁeﬁ‘ ‘]‘ﬁ(}.
aqueous jbay %111%%11@ a%m%ﬁ&[a%ﬁﬁ%ﬂﬂek(o 2046t »}M B n%ﬁ@lt) aliald Mihtadife e

conbi ned organi ¢ phases wére washed (H20, “brine), dried (Na2SO4), filtered,

and concent rtanpeatune bavae -5TE ki) ?(ésifﬂumawml ‘aahjfenlrepilap@f’Cdbm‘.éh(nﬁ"s Zadmi,
58.1 mmol ) and the solution was stirred at roomtenperature faor 24 hours.

ghe v?)l at i | diergpedimahreessi f@at Fafdd 4 ouisa dhwanplP Yo sy antigd purifi ed
0
DY ot teCs SbPHEQTRLARGAREN o030 BUVEA et Bl BT pREAOEILY |

oil (2.07 g, dri%&i%\/lgS@,;}Qﬂ'gtert b]nmwmaﬁmdi zsct»amta norovtebeayl £-3h&31¢; 519 .
Furt her chromat ography of the diastereoneric mxture (Biotage/ 0-10%

di et hyl 16t he(ﬁasvwwﬁ@yte@ﬁ évigew eihwhichisplidifisdypemefarding (16e) |Té@§h6rﬂ|

10 0 g N 308 e O oo S B
J-6.6 Hz, 1H)itheht4tHes purlf‘ﬁatloﬁ 3§N‘1\§R (ﬂﬁd%&%ﬂi :5053«1}123?55'873 J‘H'Qé 1. 40

- 1.42 (m 1H), 1.38 (d, J= : for C21H24FNOR:
341; found: Z4R7@/MEST (m, 1@}9,0730 (m, 2H), 6.12 (s, 1H), 5.16 (d, J=12.5, 1H), 5.10 (d,

(R~ ((9) - 1+ phers ottt 35 o o7 R OprGHpsy o ToPhbPrasnt S Br AN (0. 727
G, 2. 16 2101 hoind RAVBHHIPIC UGN DI, sk ) v

hydr ogenated at room tenperature and at rmspherl Cc pressure (1-12 ball oon)
for 2 hours. The AdHI (7(5nnh}isplmtiwrpf benzyl 2-phenyl-2-(tosyloxy)acetate (6.0 g, 15.1

mmol), I-methylpiperazine (3.36 mlL, 30.3 mmol) and N,N-diisopropylethylamine

(13.2 mL, 75.8 mmol) was heated at 65 °C for 7 hours. The reaction was allowed to
cool to ambient temperature and the volatile component was removed in vacuo. The
25 residue was partitioned between ethylacetate and water, and the organic layer was
washed with wgfer and brine, dried (MgSO,), filtered, and concentrated in vacuo. The
resulting crude material was purified by flash chromatography (silica gel, ethyl
acetate) to provide benzyl 2-(4-methylpiperazin-1-yl)-2-phenylacetate as an orangish-
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5 purged with Ar, filtered through di atonmaceous earth (Celite), and
concentrated in vacua. This provided the title conpound as a col orl ess
solid (0.%0320y/119899 . 11-1 NVMR (400 MHz, CD30D) 6 7.65 @EaQS2018928099 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
(br s, 4H), 1.62 (br s, 2H). LCV5S: Anal. Calcd. for G 3H 6FNO2: 237; found:
238 ( MtH) +. browrCaipediig oil (4.56 g). ChBagpPLC a(Bysid cChedoel ORI indicated that the

(R -2-(4-hydro 4- phenyl pi peridin 1)- 2-_phenyl acetate; To sol ution
of (9)-1- phéﬁ}}P%tlmFm’EmEFr‘efr%‘a‘?“‘ﬁWéﬁm %%%@é‘f &8. ?Ia’% e SpRAgticpyOf 1) in THF

(25 nl) was .added,dd wg&%ife?%}iggg&%ov@%@géfod&t%% UL bived fro doqueds by

t et rabut yl ammoni um 1 odi e reaction m xture was
stirred at rdanlieoppeedt:uy and mjecﬁedr(ﬁ mmegecand) mm@nraw%mmmn Ehiracel

4-phenyl-4- hydroxypiperidine (1 nr.no 2 nm) was added.
The mi xt 8r e Qad Bt i ¥ &0 ook, zﬂﬁlfﬁbﬂld%n%ﬁﬂhtgﬁéﬁ qutewaéeﬂ&alpw d D fHet hy|

concant r at ednt HewPER G20 HEC sRiptine P2 & P8Rt 0 05088 2T

acet at e- hexagagkvdasRiR6i66i1 aTH ARDPR QR DTH, @lzy 28, SO0z 7 84 0f 4@ B eoner s,
as judged by 1H NVR Separation of these i Somers was perfolined using

supercritical 33f'V@i’rﬂlncﬁﬂbﬁaﬁle'gﬁéﬁhyﬂ(lbﬁdﬁa{ﬂoﬁlm 1H), 5308@ 2502 112D% et hanol

25(0. 534 g. Ak 4lh P P b shld e oRe: BoF Pl e e omer
(0.271 910 141@nog@1‘xe?1@ 1ﬁ§exalml/I|SOWan' |CalddS, @EM$HTEC29H}§N2%2(54WT"MT{€ CD30D)
8 7.55-7.47 (m 7.44-7.25 (m 10H). 7.25-7:17 5 88 (q. J=6.6

Hz, 1H), 41325(2@, 1H) 282272(m 1H), 2.64 (dt, Jll 1, 2.5 Hz, 1H),

T 5 26 b T piyitngt @byt spljiion T pRnd e&%n]f'@fwew{%m@f&%‘]( i e
311). LQME: g

(S, )S) - somr@ﬁ#ﬁlﬁ%{z%% y%pﬁ%%?%%&@é%@%@% ﬁigféﬂ%as%ﬁ)@?& i;ﬂ*i%u@p?gmg 53) f( in,
2H), 7.38-7.1306 PdAg, (138me)Tn 2BiHane3 5(0 mL).4H)g reZctBB-17ix00¢ (wap e2pdsed B2 88 (q,

J66 1 1 2,95-2.85 (m. 1H), 68 (dt, J=11. .5 Hz,
2 5. %9% ﬁ#zhﬁa%en%dﬁae?ﬁgﬂ Fop g S Py sy o151,
4 6 Hz, 1H) .2 cargplggfm of]thg: %cal: 101{1 tﬁe &Ealysjt 'x')l)as ﬁlte?e'é tﬁfé)‘l%h élra%()%u&eo& Qrihiz, 1H),
1.64 (dd J=13. § CMS: Anal . Cal ed.
for C27H29 N@:eht’b%an& il lﬁiltraté ¥as ﬂ:ﬁ&(dbﬂtﬂr&téd in %ﬂ@&o tooprowisie r(@pé?s centsmiverel
prepared in sim|ar_ fashion: Internediate-17a * 0 111
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 intermedifes, as

described below.

30
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>Zz 0\/ 11 D astereoner 1: H NWR (500 MHz, DVSO- d6) 8 ppm 1.36 (d,

J=6.41 Hz, 311) 2.23-2.51 (m 4H)  3.35 (s, 4H) 4.25 (s, 1H)  5.05 (s,
2H) 5.82 WO2010/02B471 Hz, 111) 7.15-7.52 (m 15H).  LCRET/US2e10/025999 ed.

for: C281- 130N204 458. 22, Found: 459.44 (MA-1)4". D ast ereoner 2:
VR Cap-8
0O
QL
N

10

15

20

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
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
preparation of Cap-7 to provide Cap-8: 'H NMR (DMSO-dg, §=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.

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
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

- 68 -

1H



(500 MHz, DVBO-d6) 8 ppm 1.45 (d, J=6.71 Hz, 3H) 2.27-2.44 (m 4H)

(s, 4H) 4.23 (s, 1H  5.06 (s, 2H) 5.83 (d, J-6.71 Hz, 1H) 7.12 (dd,
2010/ 117 NORCIVISPA10/ 028999 J-6.41, 3.05 Hz, 2H) 7PCIUB2GP/OP89PO 3H)

7.27- 7.44 (m 10H). LCVs: Anal. Caled. for: C28H30N204 458. 22; Found:
459.44 (MrH)+. Internediate -17b 0 O

10

15

20

25

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
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
(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

Hoi/“{

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

Cap-11
T

¥
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\o =z -\l * Diasteroner 1: RT.11.76 minutes (Cond'n I1); LCMS: Anal.
Caled. for: C20H22N203 338. 16 Found: 339.39 (MtH)+; D astereoner 2:
RT-10. 05 WDr20ted70&€&nd' n 11); LCMS: Anal. Caled. for: CPOHABRMOD283B. 16;
Found: 339.39 (MtH)+. Internediate -17 ¢ 1101 | 410 D astereoner 1:

TR, -4.55 mnutes (Cond' n I%; LCV5: Anal. Caled. for: C211126N202 338. 20
Found: 339. 45 (MiHpixtupid$2siRpAdluopepynREdDe-Znianaatic padh@sh gl 38 Lavs:

A 1S3 il PRI B S ot gy o

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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LCVMS: Anal . Caled. for: C27F129NO2 399. 22 Found: 400. 48 ( M+H) +;

D astereoner 2: RT=9.76 mnutes (Cond' n 1); LCMS: Anal. Caled. for:
C27H29NOMWO29102127704 Found: 400. 48 (MtH) +. Chiral SFC Com@irttiSaeg/0289p9
determning retention tinme Condition 5 Colum: Chiral pak AD-H Col um,
4.62x50 mm 5ptni Sol vents: 90% CO2- 10% net hanol with 0.1%EA Tenp: 35 C
Pressure: 1%5Qdivgen 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.

5 'HNMR (DMSO-dg, 5=2.5, 500 MHz) § 12.1 (br s, 1H), 4.06 (g, /=7.4, 1H), 2.76 (s,
6H), 1.46 (d, J=7.3, 3H).

Cap-14
©/Lcozt~8um,_ ©/Lcozt~8u T : 1 GO
Cap-14
10 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

15 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

20 ester (2.70 g, 56%) as a clear oil. "H NMR (400 MHz, CDCl3) 6 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

25  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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Flow rate: 2.0 inUmnn. 10 W nonitored @220 nmlInjection: 1.0 ng/3nL

met hanol Condition I Col um: Chiraleel OD>-H Colum, 4.62x50 mm 51.tm 15
Sol vent s:WO@9300a027020% net hanol with 0. 1%DEA Tenp: 35 C PECE4S50168/028030 bar
Flow rate: 2.0 nmnin. U/ nonitored @220 nm 20 Injection: 1.0 ng/nL

met hanol Cap 17, Step 2;

(]I:{) 2- ( 4- Hy dr-o%\304¢ mﬂany;l(ng@diEﬂj(hGJWT)’Az 'ﬁlmamplr(alr@ta: fraciiohsiwef®o a sol uti on
ohety! acel acBhbaedbts S Sk 1ol BT SPGB e
trifluoroac ﬁ’ﬂlﬁﬁ m t enper at ure
for 2 5 hou‘r:r‘lgih eagmfdgt%ﬁ%%%mgg %ﬁg sl)ggﬁ{aﬁ)qmg Fozirgn({/}ggﬂle%&%%gﬁlo amrjrp t he

resi due was cpuriddes €2 xtoye)r Ghe catriduea serqrinpd vathi m@haﬂl(ﬂq L) pedthhetie C 18,

20 x 100mm CHBCN—HZOOl%TFA e the tjtle co s TFA salt) as
a white 2ol idgsias conpoynd gaesl ut@é@@@gg%&ﬁ&rnm%% pgnethgio gil(\%é’ duedy | 15. )

found: 812 (Miklning HiHIE kAl doMiM £RIBRAaRIAGH U 16GHS: RESRREER i
optically pure fin a siom as Cap-17a 1 0 0 1\0 --Z Z 0 RT=2.21
(Cond' n I 1) ;waterl HybpiRli¢H00 dfidzs sEIVBEh phyided pigentit: @@pound (0 492 g, T8%) as

a light yellow solid. "H NMR (DMSO-de) 8 7.50 (s, 5H), 5.13 (s, 1H), 3.09 (br s,

2H), 2.92-2.89 (m, 2H), 1.74 (m, 4H), 1.48 (br s, 2H). LC/MS: Anal. Caled. for

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

Cap-15

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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235 (m 2H) 2.34-2.47 (m 2H) 3.37 (s, 4H) 3.71 (s, 1H) 5.06 (s, 2H)
7.06-7.53 (m 10H), LCMS: Anal. Calcd. for: C20H22N204 354. 16; Found:
355. 38 WOEBMHI7TAp-1 7b H NO RT=0,27 (Cond'n I11); CRCUBIS28684P899Cal cd.
Kr

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.
5  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

10 (d, J=6.6 Hz, 3H), 1.18 (s, 3H). LCMS: Anal. Calcd. for CypHy7NO5: 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;

15 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

20  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,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)+.

25 Cap-16
0 ) O Me 0
oH "0 — T OH
. J

(R)}-Cap-16
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OH for: Cl2H14N203 a 0 234.10; Found: 235.22 (MtH) +. Cap-1 7c i RT.O0.48
(Cond' n 11); LCMS: Anal. Calcd. -....--- N for: Cl3H181\1202 OH
234. 14; PYOnd10/R3®431 PCT/US2010/028999

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

5  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

10 MHz, CD;0D) 6 7.32-7.23 (m, 7H), 7.10-7.04 (m, 2), 5.85 (q, J/=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

15 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

20 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

25  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,

30 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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0 (MF11) +. Cap-17d 110 SOH O RT,-2.21 (Cond'n 1); LCVsS: Anal. Caled.
for: C19H211\ 102 295.16; Found: 296.33 (MtH)4-. LCMs Conditions for

det ermi niW@ 20¥BAT0HON time Condition | 5 Col unm: PhenomB@USRUGA28996 X 50
mm S 10 Start %3--0 Fianl % B-100 G adient Tinme=4 min Flow Rate=4 nL/mn
10 Wavel engt h=220 Sol vent A-10% net hanol - 90% H20 - 0. 1% TFA Sol vent B=90%
met hanol - 10% HZGp-3: GRY:%(THEnocphdntl}-erpiperidis- Iop)asiic acidt drsixunbire 4,6 X

50 M S5 St (-5 enylethyl) 2-(2-fluorophenyl)-2-(piperidin-1-ylacetate (0.737 g, 2.16
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

5  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, CDs0D) § 7.65 (ddd, J=9.1, 7.6, 1.5 Hz, 1H), 7.47-7.53 (m, 111),
7.21-7.30 (m, 2H), 3.07-3.13 (m, 4H), 1.84 (br s, 4H), 1.62 (br s, 2H). LCMS: Anal.
Caled. for Ci3H16FNO4: 237; found: 238 (M+H)+.

10

) Q Q
A B HO” “Ph

(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,

15 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

20 x2, brine), dried (MgSOs), 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

25 (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 .



Fianl % B=100 Gradient Tinme=2 mn Flow Rate-4 inUm n 20 Wavel engt h=220
Sol vent A-10% net hanol - 90% H20 - 0. 1% TFA Sol vent B=90% net hanol - 10%
H20 - 0. WOPRPA/ITEMdi tion |11 25 Col um: Phenonenex 1011P€TASXN1802§99N - 80-
Start % B=0 Fianl % B=100 Gradient Time=2 nmn Flow Rate=4 nL/mn 5

Wavel engt h=220 Sol vent A-10% net hanol - 90% H20 - 0. 1% TFA Sol vent B=90%
met hanol - 20%HZD(m, DN %ORRAL Y6111, 2.5 Hy P12, 58 R3& mEl Hy2.40 (dt, J=11.1,

(1005 6 85 Frohfh Proans  Tiael (o BuPniath arltfl s « i MY 25844 Be-
(0.99 m., 6.&62Ay0l33 (dTB%.SQPz?BH?”LGMS;%LV\@ﬂc@J f&‘@%ﬁiz%ﬂo\!&@tm Engoom
tenperature over 30 mnutes and then it was cooled to -78 C. To this

mxture 15 #as (Mddbd (S8 4scinzer2 H' MBS (48 Mit, ¥ Dab®) $t7.557.A§ (wa2Hy GrtS- nued at
-78 Cfor 2_hours.._Th tion JnXxgure _was e nched w t at. ag.
NACT and ¢ Aedgmat fab dhupmo s et a5 gl Lo fHIimeae e @ (orine)
dried (Na2S & b 1 teer ed; 6 Rt i ug.11Fh bt yel | ow
oil was i m’rt?(gj—kl)S %ﬁ%%:’yl 0%?% |(%3@%§??fgs@ﬁ (g‘{ﬁﬁg%a%?%%@’pﬁl1(%?0%?’?&2&%2? et hyl
acetate, 1:D)5X(,dMDy2.de(dthé=1l.1,12e5 Honjddyads(dt, 46120, 46 RS W), 8s! 2a(ds,onmewhat

unstabl e yellow oil. 1H NVR (400 Mz, 13)..8 8,62 d_J=4.6, 1.8 Hz,
4 J7.74iy(da“,125:ﬂ-.6éjlza B T (w}—wizr,.é,zﬁ?&zf %1,-644(.d§51-a1}§é il 1
. J-7. , Fu : a kﬁ% 4;44 ound: ,
245 (M+H) +Hzlsdfde3§‘)’”£; &%S;ﬁgt %%V%g%i&%%%#kg% ) I\I—%%ﬁéé?%‘éﬁéﬁ no) acet at e:
To a 2540l utMyi6f (R, S)-ethyl 2-(4-pyridyl)-2-bronmoacetate (1.40 g, 8.48

rnrnol) in DVF (10 nmL) at roomtenperature was added di nethylamne (2Min
THF, 8.5 nL, 17.0 mmol ). After conpletion of the reaction (as judged by

thin layer chr Onaith%%ﬁ&b%x)g egég% were prepared in similar fashion:
Intermediate-17a \Q Diastereomer 1: 'H NMR
oYo (500 MHz, DMSO-dg) &

[N] ppm 1.36 (d, J=6.41 Hz,

N 3H) 2.23-2.51 (m, 4H)

mo 3.35 (s, 4H) 4.25 (s, 1H)

o é 5.05 (s, 2H) 5.82 (d,

J=6.71 Hz, 1H) 7.15-7.52

(m, 15H).

LCMS: Anal. Caled. 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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vol atiles were renoved in vacua and the residue was purified by flash

chromat ogr a

2H), 3.92 (
for Clllll6
(R S)-2-(4-
(R, S) - et hyl
mmol) in a
Li OH (0. 120
for 3 hours

phy (Bi ot age,

s, AH . 52.27 (s

40+M Si 02 col umm; 50% 100% et hyl
to provi NWOR2AW/t170He conpound (0. 539 g,
(400 MHz, CDC13) 8 8.58 (d, J-6,0 Hz,
6H)

2H),

1.22 (i, J=7.0

acetate-h

J=6.0 Hz, 2H),

). LCMS: Anal

Cal

exane)

319 as a |ight PE&EIUS20623999 1H NMVR
7.36 (d,

4.17 (m
cd.

N202: 208; found:
Ryridyl)-2-(N, N-di
2-(4-pyridyl)-2-(
n xture of THF-net
g, 10 4.99 mmol)
and then it was a

r

209 ( M+H) +.
met hyl am no) acetic a
N, N- di net hylam no) ac
hanol - H20 (1:1:1, 6

At
cidified to pH 6 usi

roomt enperat ure.

St &76.41, 3.05 Hz, 2H)

ROYEEICN et
M \@s1@gdded powd

The sol uti on was

of
960

er ed
stirred

hpCIMS: A@B]. THed.afpueous

phase was washed with ethyl agetate and then it wag Hg\%?}ijljrﬁzge to gilve the
di hydrochl orjiide of the title gonpound as a yell oM S&t+ o ing LiCl).
The product |was used as such | n subsequent steps. b {§Mrsd 400\iMHz DIYVBO- d6)
8 8.49 (d, J=5.7 Hz, 2H), 7.34 (d, J-5.7 Hz, 2H),|3.56 15(s, "1H). 2.21 (s,
6H) . Theichmbdiow -0ngh exanpl es Wéreqor epar ed i hDsistardmaer If: aRTildeusi ng
the method described above; Cap-19-™: | L...N-j---- Nwe2 ,CCIJZH LCMS:
Anal . Calcd.| for C91112N202: 180; gﬁo;ﬁh: 181 (M+H) WintgyCopd'mll 0 N
NMe2 CO2H LGMS: no ionization; 1H NWR (400 MHz, C . 5 ks 4. 3 Hz,
1H), 7.84 (dpp t, J=5.3 Hz, 1H TN =7.8 szf%@%'?\@?ﬁai%g‘pﬁ&t, J=5. 3
Hz, 1H), 4.35 (s, 1H), 2.60 (s ap-121 | CaoHz2N,03 338.16

Found: 339.39 (M+H)";
Diastereomer 2:

RT=10.05 minutes

Calcd. for: CopH:NLO5
338.16; Found: 339.39
(M+H)".

(Cond’n IT); LCMS: Anal.

Intermediate -17¢

Diastereomer 1: Tr-4.55

minutes (Cond’n I);

CyiHogN2O, 338.20
Found: 339.45 (M+H)";
Diastereomer 2: Tr=6.00

minutes (Cond’n I);

Cy HyN; 0, 338.20
Found: 339.45 (M+H)".

LCMS: Anal. Caled. for:

LCMS: Anal. Caled. for:
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Nve2 CO21-1 LCMS: Anal, Calcd. for C91-111C1IN202: 214, 216; found: 215, 217
(M+H) 1. Cap-22 NMe2 (1101CO2H 02N LCVs: Anal . Calcd. for ClOH12N204: 224;
found: 2280(2MWANF704Cap- 23 NVe2 aCO2H 14101 LCVS: Anal . @&ITA$20104628999
Cl4F115NQ2: 229; found: 230 (M+H)+. Cap-24 NWe2 F3C 0 CO2H LCMS: Anal ,

Cal cd. for CLIHI2F3NCR: 247: found: 248 (M1-11)".  Cap-25 Nre2 0CPH C F3
LCVS: Anal . | Gakodedidior ] I 1H12F3 47; found: 2/4Biaftkbeeiner 1 CRI-2.69

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
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NVe2 OCO2H LCMS: Anal . Cal cd. for CLOHL12FNO2: 197; found: 198 (MtH) +.
Cap-27 NMe2 CO2H 0 LCGVs: Anal. Calcd. for Cl01-112FNO2: 247; found: 248
(M+11) +. WOpOmaLIRve2 CI OCO2H LCMS: Anal . Cal cd. for ClECTAB2QOMNEX29 213;
found: 214 (M+H)+. Cap-29 NMe2 OCO2H d LCMS: Anal. Caled. for Cl1OHL2CINOZ:
213; found: 214 (MT) . Cap-30 Nve2 OCO2H CI LCMs: Anal. Calcd. for

C101- 112C1I NO2:  2€3p 1 obtap 2; 2RA2(faHdroxGappBanyliNpaidsedba)-2-phenylacetic

acid: To a solution of (S)-1-phenylethyl (R)-2-(4-hydroxy-4-phenylpiperidin-1-y1)-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 oH for: C;3HigN2Oo
m 234.14; Found: 235.31




LCVS:

Anal .

Cal cd. for C8H12N202S: 200;

found: 201 (MtH) +.
2010/ 117704PCT/ US2010/ 028999 Cap-32 Nwve2 CO2H LCMs: Anal .

WO
Cal cd.

for

C8H1

| NO2S: 18%0 2ptiidi04186 (M+H). Cap-33 NWe2 ---CO2H LCVS: PEHAIS20104R%989 f or

C8H111\ 102S: 185;

Cal cd. for C111i12N203: 220: found:_221 (MtH) +.  Cap- 35 i oNMe2 CCPH
Anal . Calcd. for Cl21-113N2S:| 235; found: 236 ( WH KIM%H)éap 36 Nwe2 .
LCMS: Anal . C%E‘lyl—f% for—C121—31H4N20 25— 250—F-ound: %zzgj"fl (éo'nﬁ’n 0
LCMS: Anal. Caled.
for: CiotlINO, 285.16;
Found: 296.33 (M+H)".
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 Il
25  Column: Phenomenex 10u 3.0 X 50 mm

found: 186 (MtH)'

Cap-34 i pNMe2 /CO2H O N LCVS: Anal .

CMVES:
2, 40
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cap-37 Step 1; (R S)-Ethyl

2-(quinolin-3-yl1l)-2-(N, N-di net hyl am no) -acetate: A 5m xture of ethyl

N, N- di r névByebyriméacet ate (0.462 g, 3.54 mol ), K3IPO4 @CTAB2¢10/08399%5 Mol ),
Pd(t-Bu3P)2 (0.090 g, 0.176 nrnol) and toluene (10 nm.) was degassed with a
stream of Ar bubbles for 15 m nutes. The reaction m xture was then heated
at 100 C foiStaR¥Helts, after which it was cooled to roomtenperature and
poured into gﬁr?" %’b? i xture was extracted with ethyl acetate (2x) and the
conbi ned or&H & BG %ﬂases were washed (H20, brine), dried (Na2SO4),
filtered, apf.g&encEBRt8LEd in vacua. The residue was purified first by
reverse- phase preparative HPLC (Prinmesphere CG-18, 30 x 100mm CH3CN H20-5
mM NH4A0Ac) dthalv Raes4lgl/flimsh chr omat ography (Si 021 hexane- et hyl acetat e,
1:1) to groxkde th 5 ble conmpound (0.128 g, 17% as an orange oil. 11-1
NVR (4007 MHZ §§)§890(d J=2.0 Hz, 1H), 8.32 (d, J=2.0 Hz, 1H),
8.03-8.01 (@Oz\%mw?e%znaﬂm 0% A oaosl%mm 1H, 7.62 (ddd, J-8.3,
6.8, 1.5 Hz, 51H), 4.13 (m 2.22 (s, 6H, 1.15 (t, J=7.0
Hz, 3H). LO%iveAnB#rQO%mhmhhnotedO?Za]HHDSPQZUQTFZ%SB found: 259 (MtH) +.

Step 2; (RS) 2-(Quinolin-3-yl1l)-2-(N, N-di net hyl am no)acetic acid: A mxture
of (R S)-ethyl 2-(quinolin-3-yl1)-2-(N, Ndi net hyl am no)acetate (0.122 g,
0.472 mmol) and 6M HCL (3 nL) was heate %92 100 C for 12 hours. The sol vent
was renoved in 10 vacua to provide the ydrochloride of the title
compound (0.169 gX >100% as a light yell'egywfoam The unpurifi®eg-materi al

was used in subs eliEtst eps w t hout further %lflgatlon LCIVE; A’Eﬂ-ﬁ-
Cal cd. for C|3HI4N2D2: 230Q:—f-ound> 23 Y

(R -((S)-1-phergl ethyl ) 2-(di met hyl aming) - 2-¢ 2- quoropheny etabe and
(S)-((S)-1-phenyl ethyl) 2-(di nethylam no)-2-(2-fluorophenyl)acetate: To a
m xture of (RS)-R-XdH yl am no)-2-(2-f|g:orophenyl)aceti C acicg &g 60 g,
13.19 mol ), DVAP (0.209ig, 1.71 nmol) and” (S)-1-phenyl et hanol ‘( 09 g,
17.15 rnnol) |n52qf0§201 140 rnL) was added EDCI (3.29 g, 17.15 nrnol) and
the nixtl@re was &ltowed to stir at roomtenperature for 12 hours. The

sol vent was then ¢e/pvVedks)LhyREIa AT d)tmrcrrﬁadosﬂa% PRY 4 §d1hRRest oyt b- et hyl

acet at e-H20. The | ayers were separate t he aqueous | ayer was
back-extr actpa'dldyduacmatet(hg)ﬁ gaces atneolig ﬁxdryd“ﬁ{f’ &1!5@ nd@rﬂbi()ri’éfdlr@mga’gmwhas es were

washed (1120, .b ri NaZS filtered, and co at ed j n vacua.
25 The 1 es FHESHRE TR T EGS 5O vl Thesme G s grs AN TPHOr gL o 505
di et hyl et hegam (BRx&HGNe o@@omﬁudeg hﬁtgtheﬂiﬁyéycaareg&@we OTéTlMstx‘ﬂbﬁuﬁé/aS t hen
separated by reverse-phase preparative HPLC (Prinmesphere C18, 30 x 100mm

CH3CN- HAG- 0. &% aflEé] CBoy @121@, i abshmEB)and spiraagerdsydontinued at -78 °C for 2 hours.
R) - 2- (di met.hyl am no) - 2- 2f| oro acetate 1 139 and then
(51 bhenet w%%‘)onzmé wtaﬁ R RS e NS Sk o SEHER G bhis 80 (07727
g- 18%, Dbotda,ashhehE of 0 %ﬁeswaév%i&& (lﬁﬁig?rdrleakN%4%4ﬁ%rMmd CD30D) 8

7.65-7.70 (m 1 755 ddd, 1-9 7.36-7.41 (m
2H), 7.28-7. cﬁ)ﬁcc(mnateﬁl-@z vaeﬁmoéll"l(eq'ﬁsulmfg Fellew, oill Wiis mﬁnﬁ:ﬁat(ebf putiflpd b fidsh (s, 6H),

1.43 (d, =6.5 Hz, : Cal cd. f Ci18H2 : 301; f 302
(e o (s GomataEarhy oMb e B0 oV o cppoupdd A0

550 (s 1ry® %3 s feigppiiatRighoy b ‘%M%‘%OO ﬁﬁ%%;éﬁ%aiﬁg Ry, o
CHH20FNQ2: 313446f10&lHd 21802, 4(‘5“(351)11*46 1.8 HzSIHp 524 (s 1H),421 429 (m ZH),

(R -2-(dineth | ani no é | uor ophenyl ) acetic_ac

(R -((S)-1- phé%w éﬂiﬁz HY). d-addSh yinghi Gelyd. 2@%%%@@%%@&@% &4TFA
salt (1.25 I\%%H 1) and 20% Pd(OH) 2/ C (0.125 g) in ethanol (30 nL) was
hydrogenate fm(;m tenperature and at nospheric pressure (H2 ball oon)

for 4 hours. The &@Mt (1@@)AmalsyiQt(arpymyg@d(mmdinémylzfmlhbﬁbaaitet Moaugh
di at omaceous earth (Ce e), and concentrated in vaczto. Thi s@%ave t he

title colpouitdutios of (&ﬂ)mth)é§3(4§bfrldm1)(2®br5m9a@tatgsb/&0 218-Avq s NEA10 cp30D)

anai - cai ca. MopEkBFRRes e Racd dps tyaB e e B Lo

mmol). After completion of the reaction (as judged by thin layer chromatography) the
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The S-isomer could be obtained from (S)-((S)-1-phenylethyl) 2-

(di met hyl am no) - 2- (2-fl uor ophenyl )acetate TFA salt in simlar fashion.
Cap-39 WOR0HYH3D4 A m xture of (R)-(2-chl orophenpCYgiSgeiomessf. 300 g,
1.62 mml ), formal dehyde (35% aqueous solution, 0.80 niL, 3.23 mol) and 20%
Pd(OH) 2/ C (0.050 g) was hydrogenated at room tenperature and atnospheric
pressure (Hohéldsean remved irhouws and He reofiug warpwdpditblydlaspur ged with Ar,

vacuo, The. COSTRNRRRS Bir s b b} i behset e s 0Bp el B einel © 7 '
(Primespher o, {eidd; e?‘l%e%%rh? 3 mgo@??gn\?t% ada gxéﬁt-c%ﬁ%wtog gimeniRN@bAgal t - of

the title conpoun hl'or ophenyl)acetic acid as a

col orl ess 0idDCY) BB, MHZJEHNM%((@OE:NBH{Z QIB&OD)”? @nm’o)% 7268 1M
21-1), 57.45-7.53 Anal Cal cd.

for C mﬁﬁzcﬁ_l\a@z@»@g)al 2?3?1#67 02). (H@Mé%ﬁn@a&amséO@uHmpz%%@md OHOH 00

cap- 40 10To (kgg)lcol d solution of (R)-(2-chlorophenyl)glycine (1.00 g,
5.38 mmol ) and (0.862 g, 21.6 mol) in H20 (5.5 nL) was added net hyl

chlorof ormate (1.524 31L(R, 3332-3441@5&1)-Qr@pMA@methmﬁnm)x&ammcmsr@l $cduerdh t O
stir at 0 et for 1 hour and then it was acidified by the addition of conc.

HC (2.5 ni)of (RiSe-efivk2ufeyridd) 87@%@1@@&%&%@@%& . Jedanmghdn g he
corbi ned °r§§1tx 3 8%‘?‘1%? ﬁ@&ﬁ@’éﬁf‘%% mﬁl%é Dfied ggyd%d(ﬂ\ﬁﬁﬁ@%o filtered,

and concent vacua

(R -2- (et hop@%@frmlr@dmma ezatﬁl% qme@bmﬁbﬁwh)smai foe 3auh g then it was
yel | ow-orange foam (1 1H NVR (400 WHz, CD30D) 8 7.39 -7.43 (In,

2H), 7.29 - apidifieq tmszﬂ)xsmg 15@'1/%15 leue@lsa@aqeswamsheqlm ethdh agetatea) cd.
for G OIT10G] 5‘%‘6{1 1? ad Iyoghulﬂged t%4g41've,( tl}{H- H}hydrochfé‘%%e 0% the title compound as a

yellow solid (containing LiCl). The product was used as such m subsequent steps. "H
NMR (400 MHz, DMSO-dg) & 8.49 (d, J=5.7 Hz, 2H), 7.34 (d, J=5.7 Hz, 2H), 3.56
15 (s, IH), 2.21 (s, 6H).
The following examples 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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cap-41
g, 10.8 mol

t he sol utWoOr0Wad770dti rred at
m xture was then diluted wth ethyl
The aqueous phase was |yophilized and the r

To a suspension of 2-(2-(chloronethyl)phenyl)acetic acid (2.00
) in THF (20 nL) was added norpholine (1.89 g, 21.7 rnnol) and

sidue was purified by

roomtenperature for 3 houPST/UPRE0028282 i on
acetate and extracted with H20 (2x).

silica

gel chronat ography (Bi ot@age/ 040@6nﬁ@hanolCHZEm2$ Amﬂg(hkﬁtﬁe:title
conmpound 2- (2- ( Mar phol i nonet hyl %@ﬁetlc acid as a b5, colorless|solid
(2.22 g, 87%. I1HUNKR (400 MHz, oo}3 FFaplphQm224pundt 99 7 33 (m
iﬁéi.4C§ﬁcg§,fgr)blgﬂigN(brO§§5 fou§d682g2 6§£%§f§ 14 (bros, 4;%e e
foI[om@ng exampl es were S|nllarIyPQMQpared LSlg&@;ﬁgégigﬁég.ggggriged épfor
ggg ?hﬁHfiP ?2 ° 41103CE ‘napcg%gfgd : 1 ; ngnd:
220 (M+H). Cap- 4@&23 LCVS: Anaﬂ[‘.lsga%ﬁbzdz.u’zror %}11 115NOR;
193; found: 194 (M+H) +. -N Me NJ |QMBOOH LQVE: Anal. Calcd. for
C14H20N202: 248; found:
NMe, LCMS: Anal. Calcd. for
Cap-24 FsC COoH | CriHpF3NO,: 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
)ﬁN (M+H)"
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Cap-45a OHOH 00 NH2 pl.sOH sal t NH Cap-45a HVDS (1.85 ni, 8.77 mmol)
was added to a suspension of (R)-2-am no-2- phenylacetic acid

p-tol uene¥02pwidf®4(2.83 g, 8.77 mmol) in CH2A 2 (10 nlLPCRAAB2100289M Xt ur e
was stirred at roomtenperature for 30 mnutes. Methyl isocyanate (0.5 g,
8.77 mmol) s added in pne portion stirring.continued. for. 30.mnutes. The

reaction was |quenched by| addi ti on nie,H20 (5 rﬂ.@M§hﬂﬂ{iihé3aﬁ@sdei ng
precipitate was i | tered; washed wth H20 an nd, dri.ed under
vacuum (R)-2-( ﬁyl uf ei do)(-2F pké&nkl acet d(é@g?ﬁ(é%ﬁ%g Qi gg% Was
recovered as |a V\/mte sol | d and8 was used Wi .10 further purifiication.
| FI NVR (500 N DVSO-d6) 6 ppm 2. 54 (d, . J=4. 88 3H) 5.17 (d, J=7.93 Hz,
1H) 5.95 (q, [J-4.48 Hz, (H) 6.66 (jgveJ=7.93 HzGMEHANF], Bl 38r(m 5H) 12. 67
(s, 1H). LCM$: Anal . Caled. for G QI 2N203 {2 09 H';
HPLC Phenomenex @Hé%. 0| x 468@/%@&54100% égﬁgbggoéo#gu’%@%d ll%(l)m ngte hol d
time, A-90% water, 10% net hanol== 0. 1% TFA, B=i@fprwat er, 90% 15 net hgnol ,
0.1% TFA, RT=1.38 nm_90% honogeneity index.| The desi red product was
prepared accagrding to the net dempiel bed fdnCMSpAnﬁlO%ai berNI\/R 500 MHz,
DVSO-d6) 6 ppm 0.96 (t, J=7. 2.94-13 d, J-? 93
Hz, 1H) 6.05|(t, C483419 i, 6 eo%w 1=7.% Baﬂégbﬂ:é%? 3£72138 (m 5H)
12.68 (s, 11-1). LCMs: Anal. for CL1Hi 222.10 found 223.|15
(MrH) . HPLC XTERRA C-18 8.0 x 506 m_0 to 100% B over 2 minutes, WD
2010/ 117704PCT/ US2010/ 028999 A nufgehol d tlmtEMSAA&@PA)M(Erfm 10% ndt hanol
0. 2% H3PO4, B=10% water, | 90% hangl , 0. 2% H3PO4,  RT- 0. mn, 90%
honogenei ty ilndek@-35 St 8pA T RCO# t - b ipHisNO:S: 235 fouﬂd 236

2- (3, 3-di net yl ur ei do) - 2{ phenyl geetate: To a (?\IIJrI[IIIed sol ution of

(R -tert-butyl-2-am no- 24 phenylacet ate (1.0 (g, 0 mml) and Huni g'|s base
(1.79 nm., 10.]25 nmol) iniDVF (40 nl) VRS addegcMismaby | caehafseyl chljori de
(0.38 L, 4.18 mmol) dxopvvl se,over 10 mnutes. After stirring at rodm
tenperature 10 f&r3Fbhours,_the t i 6@Mas| €olcdhthat&d; madi 2tleduced
pressure and |the resulti ng r -6 as di ssol&zglém et hyl acetate. The
organi c | ayer| was washed|{w th H20, 1N aqg. Hd brine, dried (MSO]),
filtered and concentrated under reduced pressure. (R)-tert-butyl

2- (3, 3-di net hyl ur ei do) - 2- phenyl acet ate was obtained as a white solid ( 0.86
g; 75% and used without further purifCeativon" IFI NWVR (500 MHz, DMBO- d6) 6

15 ppm 1.33 (s, 9H) 2.82 (s, 6H) 5.17 (d, J=7.63 Hz, 1H) 6.5 J=7.32
Hz, 1H) 7.24- 7.41 (m 5H). LCMS: Anal. @ for C 5H22N203 .16 found
279. 23 (MtH) + HPLC Phenonenex LUNA C 1§ 440 50 mm O to over 4

mnutes, 1 mnute hold tine, A-90% water|, 10% et hanol, 0. 1% TFA, B=10%
wat er , 90% et hanol , 0.1 TFA, ,RT=2.26 nTY,” 97% honmggeneity . 20Step
2; (R-2-(3, 3-diviem (%Ee/l de%—é—-—phenyl acefl e gigi d—Fo—a stirrled ggl ution of
((R -tert-butyl 2-(3,8-dinethyl urei do)esN phgnyl acet ate (M386
in CH2C12 (250 niL) was added TFA (15 nL) dr@pw se and the, iesubti ng
solution was stirred*at rt for 3 hours. The desired corrpound was t hen
preci pitated out of solution with a m xture of Et OAC. Hexanesad-87 20),
filtered off and dried under reduced 25 pressure.

(R) - 2- (3, 3-di et hytemd e(%lﬁ)ﬁm)@ﬁe(qyﬂnabm?nd) -2dNdN-wasethgleinatogdiceistea Ahi t e

oBO-d6) %8 painiyess e Noppnieby ooyt th BLE s Rdbrop0 (Lt "1
728 (1, 7J3;8 §9 i, D8040 10901 BT L5203 ORRRAS (L [ BBl 7- 9

i H 4N203: 22®itR4 strem nﬂAr Bﬂﬁ)leslfo(' W&H)muteHPU@ XFERRMICEEWEs Oier h§@edmy O to
100% B over t ut old ti A- 90% wat er 10‘V nmet han 0. 2%
PO, BesOofU et Ta oot TRLONCD b Sa PSS TORT Pt OOy ne! ¢y
H,0. The mixture was extracted with ethyl acetate (2x) and the combined organic
10 phases were washed (H,O, brine), dried (Na,;SOy), filtered, and concentrated in vacuo.

The residue was purified first by reverse-phase preparative HPLC (Primesphere C-18,
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5i ndex. Cap-48 Cap-48 Step 1; (R -tert-butyl

2- (3-cycl opentyl urei do)-2-phenyl acetate: To a stirred 10sol uti on of
(R) - 2- amWO-2010p1H&My| aceti c acid hydrochloride (1.0 g, 4PCU/Usap0)02820Y
Hunig's base (1.0 rnL, 6.15 nmml) in DVF (15 nL) was added cycl opentyl

i socyanate (0.46 nmL, 4.10 nmol) dropw se and over 10 minutes. After
stirting at aw&%w&mq 0 NEBGYAS) 200 thep sl piams e S1Cst ed

d d | hy!
acetat e, TrCoRERIA ot 1: b Eaie bieRel S ol dRfnd 0 ot bin oL
filtered, ang égrmm{t(aa@ SeHHRSCL,] BABEE, PE2OIH, OH), (32 tert2 buty i),

2-(3- cyclopentylureldo)-2-phenylacetate was obtai ned as an opaque oil (1.32
100" %) asd3u®et (wi D dt77i(ddd, e.3p 618, fi5dae,i16%), 7.62 (ddMR=§.5008 M-& HzCD3CL- D)

S0P L 80" LET (I 2H 58 60,0 4 LT 190,61 By 2l 8 98 (m

318.19 foungs2Q, qucg@{m A58 ; fodﬂaLgs_%w_ C18 3.0 x 50 nm 0 to 100% B

over 4 mnutes, 1 mnute hold tine, A % wat er, 10% net hanol, 0. 1% TFA,
B=10% wat er, O%Siwtzhéhgﬂ)z (@uix%liﬁﬁ?\yl)ﬂT@\ENS@mthy@ﬁ%}ao&tWhﬂei Aynikvgex .

ol it i on' of of B SVEND! Blagris e SCPEr SpBRReRel B Muad b lalartn ] a1 g

4.10 mml) i;048%1 ﬁti%@lm %as Memm@d@% Tfﬁmh@l @‘ké séht twak 84 hSwash | ane

(1.64 m; 10.3 mol) dropwi se, and the resulting solution was stirred at
room t edfer aztzwmtofmnvaﬂe ﬁmtﬂﬂsydrmé)ndmifaha titte @ompané (1. Eﬁa/\gmd Oﬁ%}awed under

duced d th d t ta Ilized |
Lot at o/ penBRERCLED (ry dheRPDR R Boter fuan (o BeSdon: SR AVIRLLt i ¢ aci d
as a white QVSBOd 35
2;) 1421, gghi(%]p(‘%ﬁ)% 54 ’ i%f’%ﬂ %ﬂ) QQIOC R gaﬁbn 32@7%0\&%%1?89 (§nrn
1H 5.17 (d, J=7.93 Hz, 1H) 6.12 (d. J- 32Hz 1H) 6.48(d J=7.93 Hz, 1H)

7.24-7.40 (in, 5H) 12.73 (s, 1H. LOMS; Anal Cal cd. for Cl 4HL8N203:
262.31; found: 263.15 (MH)+. HPLC XTE@% -18 3.0 x 50 nm 0 to 100% B

over 2 mnutes, 1 mnute hoI dti A— % ter, 10% met hanol , 2% H3POM4,
B=10% wat er, 90% nmet hanol , 0.2% O‘ g 24 mn, 100% @iﬁity i ndex.
10

; ! 0

OH
F NR'R? m Me o
| A F /§J\ O*@ F; q or
~UN
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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cap-49 To a stirred solution of 2-(benzylam no)acetic acid (2.0 g, 12.1
nmml) in formc acid (91 nL) was added foiiiialdehyde (6.94 nL, 93.2 nmol).
After fiWsOROWHTMS at 70 C, the reaction m xture was cE&aE8IS2eIAM0289UNder
reduced pressure to 20 nL and a white solid precipitated. Follow ng
filtration, the nother liquors were collected and further concentrated
under reduc édxq@ueb s”Eiw @smwmne ﬂgasw\@n@ﬁmdelxprr@ tMge then Pgﬂvamtﬂd:by FayRrspy

{1 ow rat6 SETHEA ?@’Ié“‘;kfé e B oD g, GHRGF B0 TR ol

0. 1% TEA 2%, va% he&@nympm@whylgnm Ilfﬁ)ﬂulafcg?‘ﬁbﬂﬂﬁcétﬁﬁ (isol e

conpound 2- (benzyl ( )-amno)acetic acid as its sal t 23 ng, 33%

as a col or | gs§3%paand ihbﬁm P BOOthyHE)- H@@eﬁt@amwp&ﬁ&ﬂa@op@w@memm (s,

T oo BoukuTh 60163 s el rEN s Wk A0 TENGTR (d i puly BBV

3- et hyl - 2- d 30 nL
was adtied KICES (2 b “‘”‘"**3“”’ SRt O R e G PR

mol ). The r7eeT. B@(mnibi},tﬁmé (gpf~66f Hzr £d), St 60ashient. Emezsmﬁéf)at 43 &d,feo. 518
hours. The rea onmtr s.extr e th .eth e om_ 2
ang t he 5aq %{)I QQMSXWE@ cvﬁé‘én){(qrﬁ@gﬁ gﬁ\énéfmrl o d? é@éﬁ}g Prbvi )C(II nzg
th d f

Octerra 50" G H YR ARt EDLGf) B e LR P TR S 48 G0
over 6 nmon; (&d, 28%, Wt g, 2HD%WQ(@,U%(BDHZ QD)L %604, 1 1B=2.08430aHgr 1. 58, %

nmet hanol , O. 1%TFA to provide enzyl (et hypam no) - 3- rreth | but anoi ¢
acid. TFA saFo. 5(11@353% (G5 A otk Gl @B g0 TR0 GO P

OIS0, 8PP kS @%"%&‘ e %ugfgﬁmy}?’e‘}%‘? nav”g g
C131- 119NG2 (R?—I(S?A@Héﬁ?l@ﬁhyl)zg@nﬁ&hg/%ﬂl ?ﬁg%}é&g@?&ei&ﬁe TFA salt 2803

(1 83g, 17. was added 33 nmol ) sol ution of

L-val i ne (3.93¢] Iﬂ@obgﬂﬁ%ﬂ/)?cﬁﬂ@)ﬂﬁém 88 SP e qﬁ@ar@b(mmbhwm@%m@ @t h

bat h h hl f d
over 1515 nooRd RS eRGMIHRO MR, Bt (e PR L E e e SRR e °
stirred at 20,.ap8 1@&%&& KIP -2k dr8d iR6ugh: @éoﬁﬁceoﬁ@@aﬂ?@%ﬁﬂtﬁﬁ 'cﬁi'dXt ure vvas

washed with ether 3x), and the aqueous phase was cooled with
i ce-wat er bax)hcwtmtedan dizdrioe d hid gave dlomigbntonatomdd BICL colorlessblid é(gﬁ%g,of 1-2,

) Do ahal LSBT T Ty il DB TS TR,
e dorvnantyt ey BB E4es Ry PR SO GARDS [l 9 1,2

0. 87 (m206|—|)(MHEWB Anal . Calcd. for [MFFI] C7Hi 4N04: 176.0923; found

176.0922. Cap 51 (alternate route é /0. H 10 0-tB D EA (137.5
1L, 0,766 mol ) waeautreme eod Bespainer GiorbS)(6: Bhenvlstig) 2-2-

am no- 3- met hy|:but anoat-s i QGHLRNISRfalSTPA Sat s”iéﬁaﬁﬁbﬁmh.” THF (900 nt),

and t he

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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5 mxture was cooled to O C (ice/water bath). Methyl chloroformate (29.0
m., 0.375 nol) was added dropw se over 45 min, the cooling bath was renoved
and the NEOa@pUgdR®dus m xture was stirred at anmbi ent teRPEADRU0O2890? 3 h.
The sol vent was renoved under di m nished pressure and the residue
partitioned between Et0Ac and water (1 L each). The organlc | ayer was
washed wi t hapg eor(%ntmtefémmsw néhg residye wap paidtiodhby 1yEeRphase preperadiye and

Chrough a prUg o uitsPhat SRS PG R et PR LEALY s E e ARG . o5
Et OAc/ hexan%tﬁe‘htle)c ohfpoahd CR- (cﬁineﬂgrldmxhblﬁX/J(Qthbf@ﬂlW)é@@meém no) - 3-

nmet hyl but anoate as a clear oil 99% vyield). 11-1-NVR (500 IHz,
DVBO- d6, 8 =oRrigssoph§0. 29039 56%). JE NVB, (4@_0 Mz, EDEP)dd] SV 2.68 (8, 26).1, 1 H),

3.53 23 - 5 3 3. 0.92 6

13C- Nﬁ/SR ?122) WS?MEg 40]8(5 J@@@%&@MW&,A&%B%@ £ 38, 6(().mOO, v
oL 80, 29 T4 gR1CHI0, D3 und BISUUGHNS: [ MNal + 254 17

Trifl uoroacetic acid 2 mol) and Et3SiH (142 nmi, 0.887 nol) were

added sequentially to a solution of (S) tert-butyl

2- (met hoxycar bonyl am no) - 3- 20 net hyl # ?@ate (82.0 g, 0.355 nmol) in
CH2Cl12 (675 nmL), and the m xture was s d at anbient tenperature for 4
h. The vol atil e conponent was renoved under dim nished pressure and the
resultant oil triturated with petrol eum ether (600 qﬂm to afford a white
solid, which was filteredCandiyashed with hexan& H®$000M) and petrol eum
ether (500 nl). Recrystally i Oelt her af f orded
Cap-51 as white flaky 25 ystal s (54 8 g, 88 . MP = 108.5-109.5
'C. 1H NMR (500 MHz, 6, & = 2.5 ppm 12. H, 7.31 (d, J= 8.6,
1 H, 3.83 (dd, J=8.6, 6.1, 1 H, 3 53 (s, 3 H), éﬁ§4 - 2.07 (m 1 H),
0.86 (dd, J=8.9, 7.0, 6 H. 13C NWR (126 Mz, = 39.2 ppn) 173. 30,
156. 94, 159-48,_511?03%ic@%ol@%ohﬂa%n%5§]Rﬂ(8b~c§§oro%ﬁ¥dg§ggk gﬂﬁﬂg,53§ﬁaxﬂél Anal .
Cal cd. for C7H 3NO4: C, 47.99; H, oun , 7.55;
N, 7.99. OptanddaCRd{G86¢Zom: 21[fal}1m1)116 HzDZCS@mLB g# added eyl chtqupn’aatte purity:

99.5 % ti | t hyl
coter dor i vAlrodr e R SRl e AR SRR S R Ge BnsiaRh Tkl
5(benzene/ MaRHkh&@Sit G4k aélaﬁitea o] tﬁHélfdﬁfdﬁ' of coid-Gianal yhrgane pighuld Was:

columm, Chiral Pak AD-H (4.6 x 250mm .1m; solvent, 95% heptane / 5% | PA
(i socrati c) extrhgwd wathesthyl apdtdteri2x) anéﬂmomh;umi org@hiephagy ws miaslsdd .6 205

Cn- 105185 Gl b N st b S T RS R S eI dhes DERTr EPmESRRT e

procedure dg ?S-TZLC‘ﬁ’f‘é@h{f}?f&ar%B@l&ﬁﬁbﬁ@%ﬁ%h@roﬁéﬁyl%etzf@cﬁd GhavaRhbiat | on

pur poses, a portion of the crude material” was purified by a reverse phase
HPLC ( H20/ nebhardB3 BEHY%).0 I{amm&oamﬂzlsagogs) 54 . 3%+ BAB éms 2H), IS T8Il . 1H

0 B8ty 7, odm 2 %@5’&”‘16?132%“?*%@%5@4 1 aigl 1o Cdiy 0334 127 5,

3H). foun 2981 -64 were prepared from appropriate starting
material s according ‘to 0 t he procedure described for the synthesis of
Cap-51, 28 th noted nodifications if any. Cap Structure Data

Cap-41

Cl 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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Cap-53a: | FINMR (DVMBO-d6, 8 = 2.5 ppm 500 (R) Cap-53b: (S) --- y 00CH O
MHz): 6 12.51 (br s, 1H), 7.4 (d, J =7.9, 0.9H), 7.06 (app s, 0.1H)
3. 86- 3. 8WOrP101H)y70353 (s, 3H), 1.75-1.67 (m 1H), 1.62- PCO/UB2®H4A/028909 1H),
0.88 (d, J- 7.3, 3H. RT = 0.77 mnutes (Cond. 2); LC MS: Anal. Cal cd.
for [MrNa] C6H1|l NNaO4: 184.06; found 184.07. HRVMG Cal cd. for, [MrNa] WO
2010/ 117704FETI L2600/ OTRGHYT for SippIs\R0Icacian A VAhRIifHad W@gz.
Cap- 54a: ethyl acetate and extracted with H,0O (2x). The aqueous phase was lyophilized and
the residue was purified by silica gel chromatography (Biotage/ 0-10% methanol-
CH;Cly) to give the title compound 2-(2-(Morpholinomethyl)phenyl)acetic acid as a
5  colorless solid (2.22 g, 87%). 'H NMR (400 MHz, CDs0OD) 8 7.37-7.44 (m, 3H),
7.29-7.33 (m, 1H), 4.24 (s, 2H), 3.83 (br s, 4H), 3.68 (s, 2H), 3.14 (br s, 4H). LCMS:
Anal. Caled. for Ci3H sNOs: 235; found: 236 (M+H)".
The following examples were similarly prepared using the method described
10 for Cap-41:
Q LCMS: Anal. Caled. for
Cap-42 O C14HsNO;: 233; found:
OH 234 (M+H)".
NQ LCMS: Anal. Caled. for
Cap-43 o C13HsNO,: 219; found:
OH 220 (M+H)".
Me
N LCMS: Anal. Calcd. for
e
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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(R Cap-54b: 0 1H NMR (DMSO-d6, 8 = 2.5 ppm 500 Miz): 812.48 (s, 1H),
7.58 (d, J - 7.6, 0.9H), 7.25 (app s, 0.1H), 3.52 (s, 3H), (S) OH
3. 36- 3. 33VORP10H7041. 10-1. 01 (in, 1H), O 0.54-0.49 (mPCIAS2010/02%99. 40 (m

1H), 0.39-0.35 (in, 1H), 0.31-0.21 (m 1H). HRVS Cal cd. for [ M+H +
C7Hi 2N04: 174.0766; found 174,0771 Cap-55
Cap-45a
" O T Y 0
NH, HN.__0O
¢ pTsOH salt
_NH
Cap-456a

HMDS (1.85 mL, 8.77 mmol) was added to a suspension of (R)-2-amino-2-
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 =0
NH, HN.__O
¢ 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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1H NVR (DMBO-d6, 5 = 2.5 ppm 500 MHz): 5 12.62 (s, 1H), 7.42 (d, J
8.2, 0.9H), 7.07 (app s, 0.1H), 5.80-5.72 (m  .,r 1H), 5.10 (d, J
17.1, 1HWOR0DMIyW4 J =  10.4, 1H), 4.01-3.96 (in, 1HPCTAIS3BOLS99BH),
2.47-2.42 (m 1H), 2.35-2,29 (m 1H). Cap-56

1 minute hold time, A=90% water, 10% methanol, 0.2% H3;POy, B=10% water, 90%
methanol, 0.2% H3PO4, RT=0.87 min, 90% homogeneity index.

Cap-47
o O . O
H O : O = ©
NH, HRIYO HN\fO
A /N\ /N\
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
aq. HCI 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,

-90 -



1H NMR (DVBO-d6, 8= 2.5 ppm 500 HON..."--y 0 OH Mdz): 8 12.75 (s, 1H),
7.38 (d, J =8.3, 0-..00.9H, 6.96 (app s, 0.1H), 4.20-4.16 (m 1H),
3. 60- 3. GEVORPLZHYT043. 54 (s, 3H), 3.24 (s, 3H). Cap- 5PCI/US2010/028999 \

1H) 7.33 (t, J=7.32 Hz, 2H) 7.38-7.43 (m, 2H) 12.65 (s, 1H). LCMS: Anal. Calcd.
for C HsN203: 222.24; found: 223.21 (M+H)". HPLC XTERRA C-18 3.0 X 50 mm,
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
= 0 T 0 - ©
NH, Hﬁi\fo HN._ O
A N ) i: SN
B Cap-48

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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1H NVR (DVMBO-d6, 5 = 2.5 ppm 500 MHz): 8 12.50 (s, 1H), 8.02 (d, J

0.08H), 7.40 (d, J - 7.9, 0.76H), 7.19 (d, J = 8.2, 0.07H),
(d, J = 6WP200/00My, 4.21-4.12 (m O0.08H), 4.06-3.97 PCHUS2010/0850P
3.96-3.80 (an, 0.85H), 3.53 (s, 3H), 1.69-1.51 (m 2H), 1.39-1.26 (

7.7,

2H),

for

0. 85

[ M1 -H yolatile components were removed under re

10

15

20

25

(t,. 3 =7.4, 3H. LC (Cond. 23: RT = 1.39 LC MS: Anal.
uced 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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C7H 4NO4: 176.09; found 176.06. WD 2010/117704PCT/ US2010/ 028999 Cap-58 z
xz 0 1H NV\R (DMSO-d6, 6 = 2.5 ppm 500 MHz): 5 12.63 (br s, 1H), 7.35
(s, 1H), WQRo10/d7703 = 8.2, 1H), 6.92 (s, 1H), 4.33-4.29PCIrAJS2018{028939 54( s,
3H), 2.54(dd, J = 15.5, 5.4, 1H), 2.43 (dd, J = 15.6, 8.0, 1H) RT - 0.16
' Cond. 2 L al . Cal N205:; 1 f d
TQE §L4 nCap )59a %@@stm@gﬁo@ggn o% eﬂ@yld[u%w eljaiﬁyiammo b I@Fg‘dacgg} oun

(DN 6., & ] 129 (S0 gBIBCAD ey é’??w% ﬁ:ﬂd%%ﬂ# g{ﬂoés%ﬁ: 115
(t, J = 7 2 (138, 1 HRNBolANEhe reﬁi@tlcmdm}dme ﬁak/lsﬁﬂremhliﬁﬂd‘rﬁ#*terﬂ;&&‘atﬁ%&ﬁr 18 ound

162. 0771. Cap-60 OH Q The crude materi al purified wwth a reverse
phase HPLC (1096/ NBOEparhay miﬁuﬁrwwe&tr&d&wmv@% agqtafe bHfsmbiy 2 @[%étthe

crystall kze és@ [ EK
( DVBO- d65 8%’%’.‘%1 pfr &r‘{gs i%é%W%ggg&%%%%Eg o ‘Hﬁ’%q%’%‘é%lgj%m . 7.48
(s, 0.18H), vhiGdwas ﬁﬂriﬂdde reversi-Phasd pPalative AHLC (Xt& & 10 IQ(Hhm HRMVS: Anal .
Cal cd. for [M+I-g, CoHi ONO4: 160. 0610; found 160.0604. Cap-61
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) 6 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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H ON OH 0 1H NVR (DMSO-d6, 8= 2.5 ppm 400 MHz): 5 12.27 (br s, 1H), 7.40
(br s, 1H), 3.50 (s, 3H), 1.32 (s, GH). HRMS: Anal, Calcd. for [MFi]-
C6Hi 2N04:wWoe1png®s f ound 162. 0765. WO 2010/ 117704PCT/ BeZ1/BR01023999 Cap- 62
0 ..ommmemm ... - 0NO .--).L-Chl ""'" 1Il NWR (DMBO-d6, 8 = 2.5 ppm 400
MHz): 8 12.74 (br s, 1H, 4.21 (d, J_=,10.3, 0.6H, 4.05 (d, J= 10.0,
0.4H), 3.62/3.60 (two singlets, Shaiferndte rue)” 2 14-2.05 (m 1H), 0.95
(d, J -- 6.3, 3H, 0.81 (d, J - 6.6, 3H. LCUM: Anal. Calcd. for [MH
c8414N04: 188.09; found 188.05. Cap-63 @0 OH [ Note: th& reaction was
allowed to run for Ionggq t han what was n,ét:@d for the &W}é?al procedure.]

.5 pp

1H NMR (DVBO-d6, 8 = W 400 MHz):FN2.29 (br s, 1H)3 7042 (br s, 1H),
3.50 (s, 3H), 2.02-1. (mY{ 4H), T1766-1. m 4F) 7 L ~<Anal . Cal cd. for
[ MFHr C81- 114N04: 188.09; f&thvd 188. 19.\<5.8{é,t;3u WH
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]" =
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Cap- 64 O CH [Note: the reaction was allowed to run for |onger than what
was noted for the general procedure.] Il NVR (DMBO-d6, 8 = 2.5 ppm 400
MHz) : 12.8920Ww1187041H), 7.77 (s, 0.82H), 7.56/7.52 (ovePCARSRMY/0R399%,
0.18H), 3.50 (s, 3H), 2.47-2.40 (m 2H), 2.14-2.07 (in, 2H), 1.93-1.82 (m

glr_?)pvm se ovéros! nx%%{;yé%&gl @gg}géﬁﬁ;gg &Zﬂ?g’r@’n}%%e&lﬁgg 9211‘]? %ﬁ@g?ggiﬁQ g,

4.23 mmol), MNaON %02 JPkicRf R M 8- 24 1P oA /T ; M i ity:

(S) - 2- ami no- 3- hydr %Qy-@ﬁfnetﬁ%ﬁ?%%%i c gécr?l&o(z?ﬂg?d %Oléq %TB)E .pu%?{'e
reacti on m xPareswas Netd: theagpticalrpudidy msessnentwidh@ndd drethe oodthyigstoat h was
renoved and stirring was. continued for an additional 3.75 hr. The reaction

m xture was SRHEHEE NCR-YBHPErR WasmicRaERs uieed §enda d&¥edNe 0ol ed wit h
ice-watee b anohReirf ik j e : pon of 1-2.
The vol ati | Zﬁ%grrponeﬁgﬁféﬂgﬁﬁ%%g}gé&?gﬁvg:%o %%W %%éoggg}oggecroﬁg%&t aken up in
a 2:1 m xt urhi@fPalROBVICHECE 2 50, Sp)) sodwsht, IS4 edptthe / SREITRA Esdordticer fdve Was
rotervaped to afford Cap-65 as a ite sem -viscous foam (1.236 g). 1H NWR
(DVBO- d6, 8 rate2l BLjpin; tehq@rakie) 35 CpUYmeudtored &t 2058m.0. 9 H), 6.53 (br s,

0.1H), 3.89 J.=.8.8..1H), 2.94 (s, .3 1.15 (s, 3H), 1.13 (s, 3H).
Cap- 66 and -[%gte\héﬁg 5@?8%‘3@@8 qﬁlpblrﬁ%‘ﬁéeﬁlrfB?}PHi)FMijommrci ally available 10
starting materials by enploying the procedure described for the synthesis
of Cap-65. Cap-66 OH 0 ,"OH 1H NVR (DVMSO-d6, 8 = 2.5 ppm 400 MHz): 8 12.58
(br s, iB), 7.07 (d, J = 158.3, Qu13HSar@.8Xqpd[2)) = 8.8, 0.67H), 4.10-4.02
(m 1.15H), 3.91 (dd, J = 9.1, 3.5, 0.85H), 3.56 (s, 3H), 1.09 (d, J = 6.2,
3H). [Note: only the dom nant signal§ ofy NH were noted]. Cap-67 NH '' OH 20
1H NVR (DVBO-d6, 8 = 2.5 ppm 400 Miz)f 1@.51 (br s, 1H), 7.25 (d, J = 8.4,
0.75H), 7.12 (br d, J = 0.4, 0.05H), H\8 r s, 0.08H), 3.95-3.85 (in,
2H), 3.54 (s, 3H), 1.08 (d, J = 6.3, 3H). [Note: only the dom nant signals
of NH were noted]. 25

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]"

-95.



Cap-68 OH O,
drop-wi se to a m xture of
(9.0 m, WOQOMWHI1y704L- asparti c 5aci dP- henzyl

D oxane (9
3 hr, and t
acidified
50 m). Th
filtered,
10( 1. 37q;
further pur
s, 1H), 7.5
5.10 (d, J
16.2, 5.5,

LC MS: Anal |

(2.416 g, 3
m.)/ MeOH (1
| at er aceta
cool i ng bat
condition f
reacti on wa
reaction m
was heat ed

vacuo and t
resin (colu
2010/ 117704
prepared by
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ppm 400 NMH

2H), 1.23 (
prepared ac
by enpl oyi n
J' LOH

Bn
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hoen-wnachaod
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Met hyl
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GCApBHOPT |

H O

O_-N
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ate starting mater

~on

(s, 3H).

el M aMEPRd,, §B2. 58pm S0 (S
MHz): 8 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

Cap-57

4.21-4.12 (m, 0.08H), 4.06-3.97 (m,

LC/MS: Anal. Calcd. for [M+H]
C7H1aNO4 : 176.09; found 176.06.

'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),

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
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1HNVR (DVBO-d6, 8= 2.5 ppm 400 Miz): 8 3.42 (g, J = 7.1, 1H), 2.68-2.60
(m 4H), L53-1.44(m 4H), 1.19 (d, J = 7.3, 3H), 0.85 (t, J = 7.5, 6H).
LC/ MB: AMD.20@ANEW4 for [ MF11]+ COH20NOR: 174.15; foundPCTAISIBO0TPS 71a:

(R Cap-71b: (9) ----- \0 OH -~ 1H NVR (DVBO.d6, 8 = 2.5 ppm 500 Miz): 8
3.18-3. 14 (m 42.77(m 2H), 2. 76-2 68 (m 2H 1 69-1 54 2H) ,
1.05 (t, J —C@Jéé 0.91 (t, J = 7.3 HIHR Wﬁ@déﬁélaﬁSMCWOfor

MrH] 4 C81-[118NO2: 160. 13; found 160. 06 H
B N AR (DI\/SOde)ug =25 ;médau%(? \Hi%sé*%}%(’r%‘ 3H)
2.39-2.31 (jm 2H), 1.P94-1.85 (m 1H), 0(%&@82%}5,692@@ ,4.83-9D9( d,

J
6.5, 3H), 0.85 (d, J F 6,5, 3H) LC/ MB: Cal cd. for [M1-1]+ COHR2ONCR:
174 15: found 174 15. | Capy73 0" NoHA ,m(m, 1H),.3 ﬁzas,m,mm(c(dmmm, 6|- 2

R0 326 (6 3. 2 50588 (W 4k, ot 1t 28 oy Sz nsggo Teygd O £ T
o =0.16 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: \/OTQ W)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 (1, J = 7.2,
3H). HRMS: Anal. Calcd. for [M+H]"
CeH1:NOy: 162.0766; found 162.0771.

[HRN

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 --Ao \\,...NOH O NH2 Ili NVR (DMBO-d6, 6 - 2.5 ppm 500 Miz): 8
7.54 (s, 1H), 6.89 (s, 1H), 3.81 (t, J - 6.6, k,1H), 2.82-2.71 (in, 4H),
2.63 (dd,WQZﬁIOﬂBT@A 7.0, 1H), 2.36 (dd, J - 15.4, 6.3, PHF/US2010928%9 J -

7.2, 6H). 0. 125 m nutes (Cond. 2); LC Ms: Anal Cal cd. for [MH
C8HL7N203: 48942 tre—189—13—Cap—74 O—t-CH-MB—ARat-—Cated, for
[McH G 0H225§ﬁ523j188 17: found 188.21 ddamﬁg@l\ﬁpsha% orEeda 0 j1 o

Bn OH NaBH3CN (1.6 g, 25.5 nmol) a t : er
bath) water| (25 m)/nkthanol (15 m) YV SPERE LS RIS @?3 b g,
8.6 mml ). |Acetal dehyde (1.5 nmg 12.5 mowh), nes (@ddedody OpHYSE2/P6er b nin,
t he cooling bath 10 was genmved{ and the reaction m xture was stirred at

anbi ent condition for| Z hif The ©¥acti phivkesindetsc¥ill B (Gudhchdt-24% h 12N

HCl1 and concentrated | n vdtua~_The resi S Iv \nd
purified wiith a reverse phase HPLC (NE()?#‘H&%?%&%@% a }Q Wﬁrﬂ? al t of
(R) -benzyl 2-(diethylam no) - 3- hydroxyprsqg;aﬁ%e/ms Angol@qddeqsr prscous oi |

(1.99). 1HNWVR (DMBO-d6, 8 = 2.5 15ppm 3 (br s, 1H),
7.52-7.36 ()m 5H), 5.B2 (d, J = 12.2, 1HI CQ{QNO(»dIS&O%@zdeSSOS

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
/O\H/Héol\(m 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
T 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
-~ Y Z
© 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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J =12.5, 1H), 4.54-4.32 (m 1H), 4.05-3.97 (m 2H), 3.43-3.21 (m 4H),
1.23 (t, J =7.2, 6H). LM (Cond. 2): RT 1.38 mn; LC M. Anal. Caled.
for [ MPHWQ24H2AR0B: 252. 16; found 252.19. 5Cap-75 NaH POTABR2010§28999 82
mmol , 60% was added to a cooled (ice-water) THF (3.0 nL) solution of the

e e ST L S
nmol ) prepa , e T X | iodide
(561. 1L, 0. YbhsAPmRhdd Was C@Q@%‘?a@d‘@e%ﬁﬁc{dﬁ% B_Eas}é@@as%@@lteh Ru@dcd-Qatel Bathfand0 Whi l e

allowing the bath to thaw to anbi ent condition. The reaction was quenched
with water anidificiadidhlconentraed/H0Hps pHaegidh vf bRed VX a(i: gmmaentrvage, and
washed wi th net hanol foll d by, co nd el.uti.oan wi .t h | .
Roroval of | CHEOVG BUAFE EEHBORSTEC S e b it # o i el 5T MO S gt ed
With (R s 2-0) Slahyleass, BRd t3-MeHONUPIARMRRIIGo AL CAR6RaY S WhAVERN - sol i d
(100 ng). The "15product was used as 1s without further purification.
NaCNBH3 ( 1. 6scgus R4mX 136lg). Vil NMBIBMSO-dpat € Bsssppng 400 MHE): 8b.94 M5 €) 20
wat er/ MeOH (12 nl_each) sol ution of

('S) - 4- ami no-52% QeHY-Sott BxjchHHbryiod#i h5)3- butBnePt (adar {55 673H) 19134 nol ) .
A few m nut | at er acetal dehyde (2.7 nL, 48.1 nmmol) was added drop-w se
over 2 min, tHe cooling bath was renoved, and the reaction nixture was
stirred at anbi erfapethahd 160wdrepredared filom #ypragitd coomakbreatigtabitidhy de (2.7
m., 48.1 mmol) was added and _the reactign was stirred for. 20.5 hr. 25 Most
of the NBOH SESHpbMaktialdy cplexesthepracseiss deggitbet fer the paithsPl Gt e was
treated with concentrated HClL until its pH reached - 1.0 and then heated
for 2 hr at 40 C. The vol atile conponent was renoved in vacuo, and the
residue was treated with 4 M HCl/ di oxagep680 nlL) and stirred at anbient

condition for 7.5 hr. The volatile - 103 - conponent was renoved in vacuo
and the residue was purified with Dowexy50WK8- 100 ion-exchange resin
(col um was washed with water and t o %ms eluted with dilute

NHACH, prepared from 18 nl of NHAOH a 282 of water) to afford
internedi ate (S)-2-am no-4-(diethylam Yur@noi ¢ acid as an off-white
5solid (1.73 g). Met hyl chl oroformate (0.36 nli, 4.65 nmmol) was added
drop-wi se over 11HINNR (DBISCoG, 66 1.5 pprmnad@®MH2Y &1 258 (afs, NIRCAF (@07 243 g,
2.29 mmul), NaCH (I%.DG m_ of 1M H20, 4.6 mmol) and the above product (802.4
mg). The3r edetibolthh @8U{E A s & Lio7FahF G- 085 muh 1 SERP Phedd ¢ FeY-EcbPi ng bat h
was renoved il nt L pueg10 i it : . The
reaction m xqi%]érhef évasé (%flr!ﬁq’g\tl\,ggg&n&tjﬁl ggﬂg{{}'vﬁ(ﬁ%ﬁ) &@1\%&0@}8@%% ga%%éﬁfeghm th
CH2C12 (30 mdsgrezuded].and the aqueous phase was cooled with ice-water bath
and acidified with concentrated HC1 to a pH region of 2. The volatile
conponent was then renoved in vacuo and the crude material was free-based
with MCX resin (6.0g; columm was vvashee.%g\jétgh wat er, and sanple was el uted
with 2.0 M 15 NH3/MeOH) to afford inpur p-76 as an off-white solid (704
mg). Ili NMR (MeOH-d4, 8 = 3.29 ppm 400 Mz): 8 3.99 (dd, J = 7.5, 4.7,
1H), 3.62 (s, 3H), 3.25- 3.06 (m 6k, ﬁ.}l 2.09 (m 1H, 2.04-1.96 (m
1H), 1.28 (t, J =7.3, 6H). LM “Anaf. “Cal 6 for [114+H + Cl OH21N204:
233.15; found 233. 24. The syni hesys  of Cap-77 was conducted
accordi i’y to the procedure described for Ca%”-’? by using

7-azabi cycl o[ 2. 2.1 f0h tshe di p ffecting
the enantioneric ge%&%@?@r?%%’?ﬁ??%ﬁ@f ﬁé@@?@%%%?ﬁfﬁé%}?%ﬁ&f
25aé abi cycl q{he, ®R7SHhenedbr -/ D420 0B ENYY. 86 ek 3f ®O08E), 3P Sthes (1) 210NBI3g (s,
condition: the

3H), 1.08 (d, J = 6.3, 3H). [Note: only the dominant signals of NH were noted].

25
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internediate (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 mm  5VOr20/8IrWEi ng wi th 90% CO2-10% Et OH at 70 ni/ mPAT/UHACL0428999
tenperature of 35 Cto provide 124.5 ng of enantioner-1 and 133.8 ng of
enanti omer-2. These benzyl esters were_h g&ogenol ysed according to the
preparation of Cap-7 to provide Cap-??c.“f;_/[ NVR (DMSO-d6, 8 = 2.5 ppm 400
MHz): 8 7.55 (m 2H), 7.38-7.30 (m 3H), 4-16(s, 1H), 3.54 (app br s, 2H),
2.08-1.88 (m 4 H), 1.57-1.46 (m 4H). ;%c Cond. 51): RT = 0.67 nm LC MS:
Anal . Calcd. for [M+H] + C14H18N02:/?3§/.3 >~ Todnd 232.18. HRMS: Anal . Cal cd.
for [ MtH CL14H 8NO2: 232.1338; found 2.91348. Cap-78 10NaCNSH3 (0.5828 g,
9.27 mol) was added to a m xture of the HQI salt of

(R) - 2- (et hyl am no) - 2- phenyl acetic acid (anG. 1ger medi ate in the synthesis of
Cap-3; 0.9923 ng, 4.60 nmol) and (1-ethoxycyCl opropoxy)trinethylsilane

(1.640 g, 9.40 m}@éthylidhid\@f?;ﬁnﬁt%%.@klnl, 41.9%&181? w%@@ﬁdé&?dr@@%&%%ﬁixfﬂrét ure
was heated at 50 Cwth an oil bath for 20 hf. Mre

( 1- et hoxycyeif dPridgIRIOP Heh§l0simabel 1‘(/11?5@*1@@;3 (a3 (DO 88, Hfrwhol), ArcpMNACNBH3
(52 ng, 0Q.827, I re ded and the reactig 1 xture was heated for an
addi ti ongl §?@W@3ﬁ§wﬁ r-se%-%mﬂe a5 ) ahis EAtIPERREFaM@ e and
acidified tqy 1=Te1 - ht : ixd,4r e was
filtered an u?ﬁ%afl ]%If@%tcgﬂalgén%g?gr%’a%ggﬁﬁ%%&%ggﬁﬁﬁ tlr%%laa'g?ta%}e‘{g (?r;mii’ejr}pél was
t aken up i n TheRg@dubayet aaaddifiedtadh 120N B ecd pHi~sba) aitd exractad dithfeehyl

non- di ssol ved part 20wa1s filtered off and the filtrate concentrated in
vacua. About2®¥r8 (3¢ YDy dsaremhined pregBiciayeEs vaie wgshegwithprigs dhicth a

Col o 655 i et e, YA LonElorbdy b R ke T 67 Bhe SRS 51
D20 exchang€).37p; madsbs aboAB thavretiohd) yield, &kl thSprotimt, was 38d (ithodtHhrthéed. 06 (app

brs, 1H), 2.66 1IH, 1.26 (t, J = 7.3, 3H), 0.92 1H), 0.83-0.44 25
O 5t L & roagtaon) RN (MO~ 26 s SN AR 1068 (bs. TENERS 1

Siﬁiliéﬁ.?'%(ﬂ%gfﬁgﬁﬁﬁﬂﬁ%z 155 18 2. A S0l LYER i ) o

through a cood®ed3§(m3114), 3B3LEIAY 3.50 (ad)s sabt 58n1EaR- B d0369160D,8.2, 13
mol ) for about 50 mn until the reaction mxture attained a tint of 5 blue
col or. Me2S lHo 1§t Semdd 2yg8Y =viad) mird &/ Man dngh eCaledh cKord M-k Custé sMBs:
stirred.for 1 A, - 48 C bath was replaced with a -10 C bath and
stirri ndscorﬁ%ﬁl}@'egowgﬁg%zaddi tional 30 mn, and then the volatile
conponent was renoved in vacua to afford a colorless viscous oil, NaBH3CN
(149 nmg, 2.25 mmol) was added to a MeOH (5.0 nL) solution of 10 the above
crude material and norpholine (500%#;69%.arZ -0l ) and the mi xture was
stirred at anbient conditionfor 4 hr. It was cooled to ice-water
tenperature and treated w E\gon nt r at €ep-E8 (R)enbrtiomgrits pH to -2.0, and
then stirred for 2.5 hr. Th D'%tgbhe c 6Ap Bt AY-@domeroved i n vacua, and
the residue was purified wth ail conbination of MCX resin (MeOH wash; 2.0 N

NH3/ MeOH el uti on r S hase HPLC, (H20Q/,MeOH TE af.ford

Cap- 79 cont ai ni n)&qmﬁgﬁﬁféﬁé@%é%?l%‘ﬁfoﬁ#ﬁ%.gnl_{)a(%cms ?ﬁcgﬁé%t"‘qlﬁokgonsurre
the nor ghol i\ﬂeﬁem?mM@OH(ibh‘ﬁ)%@ﬁﬁﬁ%n@hﬁhin@'(i.\ﬁ@§g,diss.@%ﬂcﬁﬂ AReH2C12 (1.5
m.) and treated with Et3N (0.27 nL, 1.94 mmol ) fol Fowed by acetic anhydride
(0.10 ni, 161'0'61!11612&15&3%5@2?1@@(&&(6@ sataéhfazmmt;i_) m_adtﬂdddoin?g—misemfh# miﬁ,ghi' HF "
1.0 mL) an were added a stirrin ont.i nued. for 1. r. e
Vol ati s corsehsbanded rhng oG RhRe Sbioh Sl nd et ehibieatioadiRpn
passed t hr oughs NEXAh @aifiohdYROHaBR e (z%q?%;hmdue@ E%@#Iié%&ﬂbn LA &kl d

i mpure Cap-79 as a brown viscous oil, was use or the next step
wi t hout f ur tfe? hpu€ohdeotiated RIC] was added slowly to the reaction mixture until the pH

25  reached ~ 1.5, and 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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0 O N 0 O-s(( SOC12 (6.60 nL, 90 5 mml) was added drop-w se over
15 mn to a cooled (ice-water) m xture of

(S) - 3- amWO-22410(1&mw2yl oxy) - 4- oxobut anoi ¢ acid (10. 04g, 42CYRISB0104289P9 and
MeOH (300 nL), the cooling bath was renoved and the reaction m xture was

stirred at ambient condition for 29 hr. Mbst of the volatile conponent was
renoved in vewpeourahdas ¢leted egihdlibite 5O Hy Blfepaﬂesibpafmiingiléneld)fﬁﬁﬂﬁénn@ 0AcC

win EoAc CHBOnA R IE RSO pa B RO pRRT o b T MySor)
filtered, andvkQoapasentsaber, rﬂmq\uﬁzysam%wﬁ fiaRomavl od ey |

2- ami nosucei nate as a col oriess oil ppm
400 MHz): 672.8902.80 82, 21, 158)(d, b=T11 (3§1), DH) (t$~—7723,(@f))p t, J - 6.6, 1H), 3.55
(s, 3H), 2.68 (dd, J_ =1 , 1.96 (s,
oH). LC fCond. 1C#PRf e %%‘de%mepaﬁ@%ordwﬁ fh?c%FPE@SHY‘f %%CTIW 2H16NOA:

238.11; fou %]%?Ip s added over 1 mn
to a CI—I2012@??3%‘;j’!”f%r’ﬁ_%izccgg1 ﬁ??g%¥% _%ﬁ)@%ﬁtzeis?arﬁn@t%ﬁa}@; am nosucci nat e
(4.50 g, 19. (Uapmbca 9+ br ono- 9- phenyl- QH-INMRr(BMS(()@ﬁA&—gsﬁﬁanmmI) and

Et3N (3.0 m, 21.5 nmo} ), and the heterpgeneous m xture was stirred at
ambi ent condi Bl)on for W48 hr%The m xture Nﬂé@ b Bl42dael=and 1Hhe2.68 [ZtGOa e was

treated wth &QE . filtlered again, and the . fd

concentr at ed. g&?% ting gru mat er %‘/ﬁ% Ié&bﬁ%‘% frgtig{%)etleﬁég
purification (350 g silieagd 12 ¢ I7u_gt BAR)O. gfpitaqurgj 669) L@Mgnz I
4-met hyl 2-(19- phenyl-PH-fl uor eén-9-yl ami no) succi nate as hi ghly vi scols

colorless oill (7.93 g)| 1E1 NVR ( DMBO d6Ansl. Cdcd prw+&ﬂbcmwozs 7.82 (m
2H), 7.39-7.113 (m 16H), 4.71 (d, J = 12 = 12. 6, ,
3.H)78 (d, J 4 o. (1 NH) 3, 50 (s,( 3H), 2. qéé%#'?%%}?“l ‘50- 2 41 (m 2 H)
artially ov Wth solvent). LC /5.
Rnal. Ca?/cd edgégﬁpf) CSlH28N04:)478. 20%?@‘&%{@3“}%61‘5’.3 ]265‘59‘%53303 9.2
.2 -

(
rr;_ of 1.(0 M | TR, rrmI]Z \(Na)S adged dlromm)sﬁm\geg 1:1@an) };zc84azm)ol ed
C) THF (50 nL n o S) - 1- benzy met -9H - 107

%25@@ gy

fl uoren-9-yld natg (3907 g, 8. i@a%lz)76a2}%8§ﬂl ﬁrlbd ®ok-341 RHr.
0.57 nL, 9.2 nmol ) was -W se tp_
( ) 16.5 whi | e%gf ?%gnlnrﬂgﬂtt e tgioﬁgléﬁ:lf)ﬂ%la&h t haw

stirring was| continued|for
to roomtenperature. After uenchi ng wth=$gt3}q)atmml4@ﬂalsghml R (E m),
nost of the jorganic 5 conponent was renpved |p vacua and t he residue jwas
partitioned between CH2C12 (100 ni) and |kt (4O TRelSofqradi c | dyer
was dried (MgSO™4), filtered, and concentr gb g in vacua, and the resul|ting
crude materifal was purified with a Bi otdd ?)5 silica gel; 25%

Et OAc/ hexanesgyf.92afford 3.65 g of a 28 3ﬁmq(@§;g§5_&| g&tzegﬁg}mg()c
m xtures of 1-benzyl 4;methyl 3-nethyl-2-(9-phenyl- 9H-Tluor en- 9~

yl am no) succjnate in -1.0:0.65 ratio (1++hm®)§m2§6@meﬁ)ﬂh@m9s2 By of t he

dom nant isomer was nof determ ned at thi guncture he m xture |was
submtted to| the next stepiwitfout separ é]tnb H)» 1941 ﬁél(milﬂl OhpOR 05T a

(DMBO-d6, 8 = 2.5 ppm | 480 .~Jmaj or di 12. 3,
1H of CH2), B.33 (s, 3H ovell apped wtrﬂ%"e@ %J&égo%?mgﬂd o,

NH), 1.13 (d, J=7.1, 3H); nor di astereoanes 316}4 m/m(ﬁlaalJeaﬁdBforlH of

CH2), 3.76 (d, J= 10.9; NH), 3.64 (s, 3H) 71% J= LC (|Cond.
1): RT - 2.10 nin; LC/ WS Anal. Caled. flaMiHAGo @émmmaé fm@ 22: flound
492. 15. Di i sobut yl al um num hydri de 1(73%57 m of 1.0 Min hexanes
20.57 mnol )| was added|drop-wi se over 10 mnto a cooled (-78 C THF (120
m.) sol ution| ghp(2S) - 1 20 benzyl 4- TTE”YHNMR(DMSO d6,6 25p m, 500
3- et hyl - 2- (P- phenyl ore8 9-yl am no) succi nat e % 86 nmgl )

prepared abope, and stl rre 78 C for MthrSQﬂ'[’cesr éH};BL'Hr'(dd;JkFure was
removed fromthe coolin \h)(%rrtg*rapl dlly,

o~bat red.int PQ4/ H20 (1250
m) with stiyring, andjthe mxture was ax rgagt eH{Wtq?? %%}r](e’fn’%ﬁg 2x).

The conbi ned| organi ¢ phase wasowashed wilt i } , i | tier ed
and concentrated in | (8 3! 890-2Hd @S OBy, U
7.2, 6H).
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25 vacua, A silica gel nmesh of the crude material was prepared and

subm tted to chronmat ography (25% Et OAc/ hexanes; gravity elution) to afford

1.1g of (W¥828®L79dnzyl PCT/US2010/028999

4- hydr oxy- 3- met hyl- 2- ( 9- pheny1- 9H f | 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- mgt®apt?42- ( 9- pheny1- 9Hf | uor en Q{WME(WSm{da,rﬁthé mentsabni g t he

30 (2S,3R) stereoisonmefr as an inmpurity.|The |later was resubmtted to
the same coliumm chronat ogr aphy purifi caf ?‘@'ﬁz)égﬁcﬂ“t(ﬁo&g 68945180 ¥50 | ng of

purified matjerial - 108- __as white foa ) onel

el utes beforle the (2S,3 \\ ebr under 1ﬁ]éjabo§/’g{ %@rz?llggzlz%% a§ , 3S
i somer: 1H NMR ( DMSO- d6\5 Hopm  400.684dg,./ # 185, (.M 112];1)2.367(d3,9} 7,08 (m

16H), 4.67 (d, J = 12.8, 1 J=12.4 1 4.21 t, J¥
G—l)l_? 3.22 (((j, J = 10.1] NH)H) ?;1 (m 1H):,1534,(§8§,(1H5?11il§gt,Jf.(ﬁg?tﬁH)- 1H,
t

5over| apped W th the splvent s‘M@naI) 1 { : cH}id’ J ~n6:.8, 3H).
LC (Cond. 1) RT = 2.00 nmin; LG MS: Anal . Rt ?‘éé%ﬂ“"%ﬁ é%Jli%%'ch;:
464. 45; found 464.22. (2S, 3R) i Soner: .LHHMVR}QQ\/S@;'Q%L eﬁwﬁzmpm 400
MHz) : 7.81(d, J=7.5 2H), 7.39-7.10 4.63 (d, J 12. 1H) ,
4.50 (app t, = 4.9, 1H) 4.32 (d, J- _L28Q12,1ﬁ9|)md B3%BBL.3. 53 (m 2H) 3.23
(m 1H), 2.4 3 3t O 1ot O0- 57 (d—3—+%6. 8,
3H). LC (CondC& ?4 ﬂz

C311- 130NCB:| 464. 45; fDu\nd - % gr%&ﬁd?ﬁéfcgt%ngm cal

assi gnnments lof the DI BAL-red ction prod§@1?{2\§§0§ mede7bRsad 19592NOB stjudi es
[ dtr

conducted on | actone deriv S prepar om each i somer by enpl oyilng the
follow ng priotocol: LiHVDS (50 11, of 1.0 MTHF, 15 0.05 nmmol) was added
to a cooled (ice-water) THF (2.0 nmL) solution of (2S,3S)- benzyl

4- hydr oxy- 3- nmet hyl- 2- (9- phenyl- 9H f | uoren-9-yl am no) but anoate (62. 7 ny,
0.135 mml ), and the reaction m xture (W8 73tirred at simlar t enperature
for -2 hr. The volatile conponent was.yenoved in vacuo and the residue was
partitioned between CH2C12 (30 rnL), tero’(ZO rnL) and saturated aqueous

NH4C1l solution (1 20 nL). The organic i Jdps dried (MgSH4), filtered,
and concentrated in vacuo, and the resulf{ing crude nmaterial was submtted
to a Biotage purification (40 g silica getg 10-15% Et OAc/ hexanes) to afford
(3S, 4S) - 4- et hy1- 3- (9- pheny1- 9H-f | uor en- 9-1 yl ami no) di hydr of ur an- 2( 3. H) - one
as a colorless 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 aborgted simlarly to (3S,4R)-4- ? Y 13- 9- phenyl - 9H-f | uor en- 9-

S

yl am no) di hydr of uran-2(31/) - one. (38 Ia tone isoner: 1H NWVR (DVSO- d6,
6= 2.5 ppm 400 MHz), 7.83 (d, J = , 7.46-7.17 (m 11H), 4.14 (app
t, J =8.3, 1H), 3.60 (d, J = 4@n(appt 9.2, 1H), -2.47 (m
1H, partlally over | apped with soIv S|gn 2.16 (m 1H, 0.27 (d, J =
6.6, 3H. LC (Cond. 1): 30 RT = 198m C/NB Anal . Cala for [ MtNar

C24H21 NNa02: 378.15; found 378.42. (3S, 4R? | act one i soner: LH NMR (DVSO- d6,

8 = 2.5 ppm 400 I%BI)I%LC}Z(ﬁgg Zﬁg%molz (Iv%s acideﬁ t§ a@ooﬂ:t['h’ce/zva% bﬁﬁll) w;lte‘r 7.3,
1H), 7.46-7.20 (in, 9 8.8,

1H), 2.96 (o(,zsm;m&mpomﬁ les@ﬁtz@@depseﬁo&zl HCI(\KZB-I); smm&ﬁolol n 1H). 0.97

(8007 o orintsde SO0 7% ) 2B e o £ A0 e SEh G
fol I owedgby \?5@ oA aﬁgﬁrcﬁreéram Onid83e TPk dBlt SnAHdR dodBtich 3Gk 2 Tha rri )

solution of (2S, 3S)- enzy roxy- 3-
met hy1l- 2- (9- mh@hm]w&f&afdfmihr@xm@hqdlmﬁﬁ Y bitland abecefirdt®d & mguo0TRSE8 Mol ),

and the m xture was stirred at anbient. condition for, 14, The reaction
m xture was ©HERC WA %&V% ‘Pﬁvaéﬂ?éﬁi’u{lﬁé‘? i aé’ﬁ\ﬁFr%%}Wé%lHi’if:h water (15 ),

and the Or 9aRILOH/H,0O/TFA) to afford the TFA sait of (R)-benzyl 2-(diethylamino)-3-
hydroxypropanoate as a colorless viscous oil (1.9g). "H NMR (DMSO-dg, §=2.5
15 ppm, 500 MHz): § 9.73 (br s, 1H), 7.52-7.36 (m, SH), 5.32 (4, J = 12.2, 1H), 5.27 (d,
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10 layer was dried (MgSO™4), filtered, and concentrated in yam). The
resultant crude material was purified with a Biotage (40 g silica gel; 5%

Bt 0Ac/ hexX¥ife8)0/1g704f f ord ( 2S, 38) benzyl PCT/US2010/028999
4- (tert-butyldimethyl silyloxy)-3-nmethyl-2- (9 phenyl 9H- f | uor en- 9-
yl am no) but anoat e, cont am nat ed wi th TBDMS based inpurities, as a colorless

vi scous’ oi | J(1DA341 High.54(¥ GR) LDehd§i3.97 (m, ZH), 3.43-3.21 (m, 4H), 1.23 (1, J =
ol abor at ed il LG7YE EHEENE RGP I LGRS AR, R IRphy s

but yl di met hyjigli)zmngx)z By, maiddyk2249( 9- pheny1- 9H-f i uor en- 9-yl am no) but anoat e.
(2S,3S)-silyl ether i somer: 1H NMVR (DVMBO-d6, 5 = 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, 1Hg 4.42 (d, J =12.3, 1H), 3.28-3.49 (m 3H, 2.56 (dd, J = 10.1,
5.5 1H: 1.61 (m 1H), 0.90 (d, J 20=%"8 3H), 070 (s, 9H), -0.13 (s,
3H), -0.16 (s, 3MNaH (70N, szlmmwhet)%)wa@adm th b ¥BoNa m@)ata@é?}im?t(gm mn):
RT = 3.26 mn; LCMS: Anal. Cal cd C37H44 i: 578.31; found
578 40. (2sn§9)sob4tnoppf dhenBiA s@bﬁ@rbenm 21(6!}“&%@@&3&6}3*@@@1@%% 400

7 82 7. 80 16 4. 66
i)y 155 (00 e Y Sy vhlhon bréhsd gpove, iy mikhoy s b A 15 OL) 5
3 35 ili)( d, ‘Méthﬁ 15611::1%{) @6 }L@ O‘@O 1(;1%9) vJaS‘adHQd a1?i ﬁlrrnlx!g'ﬂvas gorﬁﬁlu@&i @or 1@3 hr ?s 3H)
-0.08 (30 3i’vt)hﬂe aﬂowmgﬂthbéhiﬁldo H:ha(wf torwxdnmgenn&xlaen a'rhfamaeebmmasaqmo&tedr e of
(2S, 3S) - benz

4-(tertbut yl‘%‘fhrfé(i‘tﬁwrgji lpytegape aMrQH pre-eondiioprd MaX 68} ¢aiideR-28dy | ami no) but
anoate (836 v&&hed]'wﬂﬂ' ?foﬁe@e&%‘bgﬂﬁ)&lﬁgﬁld@itﬁ Qﬁ%ﬁme@aﬁo n.) and the

m xture was 30 stirre roomtenperature for - ere the balloon
was r echar gddenwivehofHie aelanbmmnmt i hecuw edordedrCap- %8, eoxtamasitell Wbl &)-wi t h
CH2C12 and fi d through a pad of diatomaceous earth (Celite-545), and
the pad was %@éﬁﬁ*@gawv@ 3%&3%}/@@@61%?@ oS PN A U0 Omg)e Thext ure,
200 nl) 4 M%&Zé&?sea‘a);m\mtg lgmepﬁgng‘gaggpl c phase was concentrated, and
a S|I|ca gel nmesh was prepare romthe resulting crude material and
submtted to a flash chronmat ography (8:2:1 m xture of EtOAc/iPrOH H20) to
afford (2S,3S)-2-am no-4-(tert-butyldi rret hgl si l yl oxy) - 3- 5net hyl but anoi c
acid as a white fluffy solid (325 ng) 3R) benzyl 4-(tert-

but yl di met hyl si | yl oxy)-3-nethyl-2-(9- phenyl 9H- f | uor en- 9-yl am no) but anoat e
was simlarly elaborated to

(2S,3R)-2-am no-4-(tert-butyl di net hﬁmr[\‘y H 3- rret hyl but anoi ¢ aci d.
(2S,3S)-am no acid isomer: 1H NVR (Methanql -d4, 8 = 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 = 1010.5,
7.0, 1H), 2.37 (m 1H), 0,97 (d, J = 7.0, , 0.92 (s, 9H), 0.10 (s, 6H).
LG Ms: Anal. Calcd. for [MtH G i H26NO3Si 1\ 248. 17; found 248. 44.
(2S,3R)-am no acid isonmer: 1H NVR (Methanol-d4, 5 = 3.29 ppm 400 VHz),
3.76-3.75 (in, ZﬁﬂaCﬁBﬁQ 160 3231,Zlmholﬂ%sa(ﬁed@lﬁmhe%hﬂacﬂﬂl@@(~(1‘$ = 7.3,
3H), 0.91 (s, 9 0. S, % . Anal. Calcd. for [M1-11+ C | H26NG3SI :
248. 17; 2Pounikt e@H(IZM@@h) eqlumr) owmarmapw(ze(terebmmxmrbpnwiammo 0.18

mol ) were ed.to

Mol ) (et e SIS iBCKLYG SR A o s st Resalgnude b 8a (41 o
ng, 0.169 mMybl)aid saE@Bpwide Svard m, hb200HmY Dath S8 réniie@adRicthé or about 1
mn to effect di'ssol ution of reactants. The mixture was then cooled with an
i ce-wat er baectiopmikidre wht stitofdont aabéent gomgition for 8.5289 Ansldjtionas added over

min and ¢ herf PR Phrer A Spopid 3y fle dion e FORT ALY v
di | uted it W&ﬁ&h&lﬁem congRRLRGV W ol 6EMWALES, abatile r@ﬂﬂuﬁﬁ%ub@ﬁ#edﬁﬁp W' se

with 1.0 N HC1 aqueous solution (-0.23 nL). The m xture was rther diluted
with water (tnfiatenh_\yiﬂamcetxtrat@ctHé?élunmltlﬁ @i—m&@d(ﬂs()rmd tign)heatP dorchimtyit e d

or gani ¢ phas; S filter and oncentrated i cua to
ot ford. Cap. aba 1% aia:G plrbibReR et telmovpS e uRpo-sa feigsigne was faed i
(tert-butyl %@@MB}?&H&:&D@&‘M}) aﬁd@ﬁ%r&i@t%@&ﬁ'c@mﬁﬁblgfdm B, nTHeaJolla)fﬂ@l abor at ed
to Cap-80b. Cap-80a: 1 DVBO- d6, - 2.5 ppm 400 MHz) . 57 (br S,
1H), 7.64 (d, J = 8.3, 0311) 719(d J:8.8, 0.711), 444(dd J 8.1,
4.6, 0.311), 4.23 (dd J = 8.7, 4.4, 0-191y, 3.56/3.53 (two singl ets, 3H),
3.48-3.40 (m 2H), 2.22-2. 10 (m 111) 300.85 (s, 9H), -0.84 (d, 0.9H,

overl apped with t-Bu signal), 0.79 (d, J =7, 2.111), 0.02/0.01/0.00 (three
overlapping singlets, 6H). LCMs: Anal. Calcd. for [MtNar CL3H27NNaO5Si :
328.16; found 328.46. Cap-80b: 1H NWR (CDC13, 5 = 7.24 ppm 400 MHz), 6.00
(brdJ 68 1H) 436(dd J:71 31 1H) 387(dd J:105,3.0,

P R — ~ S ~ ~ SN a ~ ~



5328. 16; found 328.53. The crude products were utilized w thout further
purification. Prepared according to the protocol described by
Fal b et aWO:28itiR®Ei ¢ 10Conmuni cati ons 1993, 23, 2839. C&pAB201002888D- 85
Cap-82 to Cap-85 were synthesi zed frontappropriate starting materi al s
according to the procedure described for Cap-13, The sanples

exhi bited 15SWAPIGEE WapEEIQVER Ihyespp|agd ﬂ&rsretlﬁ%ﬁ W&i*r pttrrf&erl@hQﬁW%@er s (i.

Cor 4, o A A R TR B 00 b Do

0- et hyl - L- téhk ebinedeith dilke WHLPH Shepam@l fromNS@H (ANIDAR gnd 222 b ofrivate)) i1 n H20
(15 nL) was added Cl CO2Me %1 4 m., 22 dropwi se at QC. The m xture
was al | owed ¢ #ffendjiptefrpgdiato (- %rﬁm%t"&thﬁﬁhéfhﬂtl%‘))éﬂmlme§P1f3rgls anjofioyhiterhe
aqueous ghaig 7§étract ed with Et0Ac and (2x250 nL) and 10% MeOH i n
CH2C12 (250 and the conbi ned organi ¢ phases were concentrated under in

vacua 25to af f or Mahgahtirbssatei(d. BG%E&Qm&B%WW@H ttmg-v@fse sufrfliici ent
purity for use in - 112 - subsequent ste8 IHNI\/RS) CDCI 3) 8 4.19
(s, 1H), 3. 99ndo avoglad (igedvaten) Itasmers; of By O2 (O12A3( & 2.2 ﬂnmoia NaOHgyo mLCws:

Anal . Cal cd. ‘of IM/H%,H-%% It\il%jfol) ]a% the e?o%@g pro]d%gt (@%H)mg) %he reaction mixture was

stirred for 55 min, and then the cooling bath was removed and stirring was continued

10 for an additional 5.25 hr. The reaction mixture was diluted with equal volume of
water and washed with CH,Cl, (30 mL, 2x), and the aqueous phase was cooled with
ice-water bath and acidified with concentrated HC! to a pH region of 2. The volatile
component was then removed ir vacuo and the crude material was free-based with
MCX resin (6.0g; column was washed with water, and sample was eluted with 2.0 M

15  NHy/MeOH) to afford impure Cap-76 as an off-white solid (704 mg). "H NMR
(MeOH-d4, 6 = 3.29 ppm, 400 MHz): 6 3.99 (dd, J = 7.5, 4.7, 1H), 3.62 (s, 31), 3.25-
3.06 (m, 6H), 2.18-2.09 (m, 1H), 2.04-1.96 (m, 1H), 1.28 (t, J = 7.3, 6H). LC/MS:
Anal. Caled. for [M+H]" CioHyN;O4: 233.15; found 233.24.

20 Cap-77a and -77b
0O
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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Cap-87 MeO2CHNI O H ?2-- O OH To a m xture of L-honoserine (2.0 g,
9.79 mmol), Na2COB (2.08 g, 19.59 nmmmol) in H20 (15 nL) was added C1CO2Me
(0.76 nL,WO.2¥0V/iAtH) dr opwi se at OC. The m xture was al PERAEH2910/0289P¢ for 48
h and acidified to pH 1 using 1IN HCl. The 10 aqueous phase was extracted

wi th EtOAc and éﬁZXZSO mL) and the comnbi ned or?anl ¢ phases were concentrated
in vanp, toPsidr 4 BeIdepaiomssiliad (183 Bong of cramfionpr-2h Thess bsrzuf £ i ci ent

PuET Y o, U5 Wer HRBS A Wse LBt I By %%W caf R Bafiedeptridd, I -
182 180 (NN (DNISHR, B0l 3 paal 40 My ST 58 ENOSE), 1987 SQURCIHY 02 (MFH) .
15 Cap-88 NH O A mxture of L-valine 54 nmol ), 3-bronopyri di ne

(1.8 i, 1847ithsplH), 3KACAD w@,aﬁ)gfi,o&?sé (mné%), b 16 (g, 760 k., (Cong87 mol )

in DMSO (10 ,2¢ _) s.h .at 10 o The ti xtyge was
cool ed t 1%0% Ul 3‘% ?5‘511 (géﬁé iﬁ@@lﬁyﬁ%m 9%511—:?10 08y2) . The
organic lay%g m/e'PH{MStAﬁﬁt 1o, tbr Hfﬂ Az (LU): 291133%0f<ﬂnazt3aq3ﬁ@nbl ned
aq phases were acidified to ca. pH 6N HCL. The vol ume was reduced to
about one-third and 20g of cation exchange resin (Strata) was added. The
slurry was allowed to stand for 20 mn anggloaded onto 25 a pad of cation
exchange resin (Strata) (ca. 25g). The was washed with H20 (200 ni),
MeOH (200 L), and then NH3 (3Min M 200 m.). The appropriate
fractions was concentrated in vacua e residue (ca. 1.1 g) was

di ssolved in H20, - 113 - frozen a phyd 1 zed. The title conpound was
obtained as a foam (1.02 g, 62%. IHNI\/R l(l400 WHz, DVSO-d6) 8 8.00 (s, br,
1H, 7.68 - 7.71 (m 1H), 7.01 (s, ?/lH)\/688(d J =7.5 H, 1H), 5.75
(s, br, 1H) 354(s 1H), 2.04 - 0.95 (d, J = 60Hz 3H),

TSN RO ﬁ%ma @»'fa"s%dgaﬂ"%rp%&r‘é SR el Bfar punc
(4.03 g, M@)-@Qe%&rﬁm @%ﬂa@eﬁ]@a(ﬁd ah AnferiEMmAt: i@ sGhthedid SOCHB3; 0. 94

mmol ) in d at 100C for 12h. The reaction m xture was

cool ed to RIW. 95&3@& 6ﬁwmmqmd((¢@th0ﬁ3ww0m)tmﬁ%ﬁlhm 0-#&0on@40x2). The

organic | ayers ﬁ&é h a s anmount_of H20 conbi ned
aq phases mé?@ogﬁ?g/i{ &P‘f%iga?‘“dé r%‘ﬁ“?ﬂs MHRRE Waf ﬁ??g ‘%\%?0 gduced to
about one- t hi#ilaepd ba@ %00 BANIOR (@&@lﬂﬁ@gﬁiopropoxy)tmmethylsﬁane (150 mg,

15 0.86 mmol) and NaCNBH; (52 mg, 0.827 mmol)} were added and the reaction mixture

was heated for an additional 3.5 hr. It was then allowed to cool to ambient
temperature and acidified to a ~ pH region of 2 with concentrated HCI, and the
mixture was filtered and the filtrate was rotervaped. The resulting crude material was
taken up in i-PrOH (6 mL.) and heated to effect dissolution, and the non-dissolved part

20 was filtered off and the filtrate concentrated in vacuo. About 1/3 of the resultant
crude material was purified with a reverse phase HPLC (H,0/MeOH/TFA) to afford
the TFA salt of Cap-78 as a colorless viscous oil (353 mg). 'H NMR (DMSO-dg, § =
2.5 ppm, 400 MHz; after D,0 exchange): & 7.56-7.49 (m, SH), 5.35 (S, 1H), 3.35 (m,
1H), 3.06 (app brs, 1H), 2.66 (m, 1H), 1.26 (1, 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]"
C3H;sNO;: 220.13; found 220.21. HRMS: Anal. Caled. for [M+H]" Cy5H;gNOy:
220.1338; found 220.1343.
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15 resin (Strata) was added. The slurry was allowed to stand for 20 mn and
| oaded onto a pad of cation exchange resin (Strata) (ca. 25g). The pad was
washed wiwe2pROLITRA0 mi), MeOH (200 nmL), and then NH3 ( BUTIUS20B0RE92x200
mL). The appropriate fractions was concentrated in vacuo and the residue
(ca. 1.1 g) was dissolved in H20, frozen and |yophyllized. The title
compound was obtained as a foam (1.02 @#-62% . 20 | HNMR (400 MHz, CD30D)
showed the m xture to contain valine and tfbe purity could not be estinated.
The material was used as is in subsequegt meactions. LCMS: Anal. Calcd. for
C9H13N302: 195; found: 196 (M+H) +. 0 B-1 -1, 1Mme2 Cap- 90 was
prepared according to the nethod descyy bed for the preparation of Cap-1.
The crude nmaterial was used as is in subsequent steps. LCVMS: Anal. Cal cd.

for Cl iH5NO2: 193; found: 192 (MH-. - 4 - The foll ow ng caps
were prepared according to the nethod useﬁr preparation of cap 51 unless
not ed otherw se: Cap Structure LCVS Cap-91qg NHCO2Me OCO2H LCMS: Anal .
Calcd. for C iH 3N04: 223; found: 222 (M HY. Cap-92 NHCO2Me 40CO2H

LCVB: Anal . Cal cthzdhewaCbubile@iNddigh22@iolddquri:C) 2L AIMSH) mLEsuSd £z80 0 OH
LCVB: Anal . S%a(l’} gg()j ingf 8.r1 3 %Ln?g{:)l- %ol\rlza.%g{lt 52()2r;41in éncgilf ?}(Ee reazozti?)n(ml\g;‘lcjl)r; éttaci:r?e% agtlilnt%f N O
5  blue color. Me;S (10 pipet drops) was added, and the reaction mixture was stirred for
35 min. The -78 °C bath was replaced with a -10 "C bath and stirring continued for an
additional 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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NHN, T,0,, O LCVs: Anal. Calcd. for C8HI I N304: 213; found: 214 (M+H) +.

Cap- 95 0O OANH 0 OOH LCMs: Anal. Calcd. for C 3F117N04: 251; found: 250
(MH Cap¥Vogim/mroMH 0 OH 01 LCMS: Anal . Cal cd. for Cl2BRCHN32010228P99 f ound:
236 (MH). Cap-97 0 NH O a.'JLOH LCMS: Anal . Caled, for C91-115N04: 201;
found: 200 (MH. Cap 98 O NHO arLLOH LCMS: Anal. Cal cd. for CO9H15N04: 201;
found: 202 (M+H). Cap-99 Cap-80a and -80b

Y Cap-80a: S/S-diastereomer
Cap -80b: S/R-diastereomer

O“Sl

SOCH,; (6.60 mL, 90.5 mmol) was added drop-wise over 15 min to a cooled
(ice-water) mixture of (S)-3-amino-4-(benzyloxy)-4-oxobutanoic acid (10.04g, 44.98
5 mmol) and MeOH (300 mL), the cooling bath was removed and the reaction mixture
was stirred at ambient condition for 29 hr. Most of the volatile component was
removed in vacuo and the residue was carefully partitioned between EtOAc (150 mL)
and saturated NaHCOs solution. The aqueous phase was extracted with EtOAc (150
mL, 2x), and the combined organic phase was dried (MgSOy), filtered, and

10 concentrated in vacuo to afford (S)-1-benzyl 4-methyl 2-aminosuccinate as a colorless
0il (9.706g). 'H NMR (DMSO-dg, 8 = 2.5 ppm, 400 MHz): § 7.40-7.32 (m, 5H), 5.11
(s, 2H), 3.72 (app t, / = 6.6, 1H), 3.55 (s, 3H), 2.68 (dd, J = 15.9, 6.3, 1H), 2.58 (dd, J
=15.9, 6.8, 1H), 1.96 (s, 2H). LC (Cond. 1): RT = 0.90 min; LC/MS: Anal. Caled.
for [M%H]”'" Ci2H16NO4: 238.11; found 238.22,

15 Pb(NOs); (6.06 g, 18.3 mmol) was added over 1 min to a CH;Cl; (80 ml.)
solution of (S)-1-benzyl 4-methyl 2-aminosuccinate (4.50 g, 19.0 mmol), 9-bromo-9-
phenyl-9H-fluorene (6.44 g, 20.0 mmol) and Et;N (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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0 0')L NH 11- 1NMR (400 Miz, CD301)) 8 3.88 - 3.94 (m 1H),
3H), 2.80 (in, tH), 2.20 (m1H), 1.82 - 1.94 (m 3H), 1.45 - 1.71 (in,

3.60, 3.61 (s,

2H) .

CO2H CapVo28100110A4NH 0 ' ' CO2H 1HNMR (400 MHz, CD301)) BeT883201082849 (m

111), 3. 60,
1.45 -1.71
CL2H14NOAF:

10

15

20

25

30

3.61 (s, 3H), 2.80 (m 1H), 2.20 (m 1H), 182-194(in,

(ﬂm 214). Cap-100 O A ONH O OH 1410 LCV5: Anal. Caled. for

pEEn-5 Hamino)aseinaioi 207 gap 1§ gung) agd stirredigr ~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
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-
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
(d, ./ =12.3, 1H of CHy), 3.76 (d, J = 10.9, NH), 3.64 (s, 3H), 0.77 (d, J = 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-
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
vacuo. 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
(28,3R) sterecisomer as an impurity. The later sample was resubmitted to the same

column chromatography purification conditions to afford 750 mg of purified material
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CO2H S LCVs: Anal. Caled. for G |1H 3N04: 223; found: 222 (MH)'. Cap- 102
O -.0ANH CO2H |. LCMs: Anal. Calcd. for CI ilii3N04: 223; found: 222 (MH'
Cap- 103 OVNR010/117708C2H -. --N LCMS: Anal . Cal cd. for ClORCZNZQ0/028249 f ound:
225 (M+tH). Cap-104 -4 . ----- )CO2H HN-( O 0/ 1HNI\/R (400 MHz, CD30D) 8
3.60 (s, 3H, 350-353(m(ﬂg,266-2 d244-249( 1H),
1.91 - 2.01 3§ awhitgpfoam. Bote: the G isamer el;@tegjgeforqth@;@fé AR) Bpprer 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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Cap- 105 HNI - CO2H | HNVR (400 MHz, CD30D) 8 3.60 (s, 3H), 3.33 - 3.35 (m
1H, partially obscured by solvent), 2.37 - 2.41 and 2.16 - 2.23 (m 1H),
1.94 - 2.WO20ry112144, 1.43 - 1.53 (in, 2H), 1.17 - 1.29 EEI/UBRHL0/028¥2%< O /

Cap-106 -\1\1.-0-.002H J | HNVR (400 MHz, CD3OD) 8316(q, J oo 7.3 He,
4H), 2.38 - 2.41 (m 1H), 2.28 - 231& 214), 1.79 - 9 (in, 214
Prepared frédJct 641 Har¥nisey cl dhebldin 46é7rlib&lylh1&1)a%98(%d 9.1, aBek Ldehyde

o uae HeL oar® Gud BT AP Mg VRN ElEDRs Rty o RrS NeRha S (e ook

elution) to oegfﬁ(qrvdwaﬂo @H), L‘@ﬂ@"&ld"‘@? Idr ssz,qhvxﬁﬁl m/wm&m@az@p%% yophi | i zed

to afford a tan SO|Id 1.74 (app, .5, 15.9 Hz, 2H) 1.46
(app dt J - [M+0Na]1Q8L AENaQ#BTS. 15,2%11(@ 378‘149- 7 3 Hz 6H) Cap-107 O NOH |
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 temperature 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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0 LCVs: Anal. Calcd. for C8HLION204S: 230; found: 231 (MtH)+. Cap-108 O N

| OH p--yo Ph----- 0 LCVS: Anal. Calcd. for C15H17N304: 303; found: 304
CiP-20009110704, OANN CO2F1 ? | N LCMS: Anal . Cal cd. PEGUSSUOMISRP 04
found: 225 (Mtl-1)+. Cap-110 0 -,0.,-1-LNH CO2H, 1 '1\r LCMS: Anal .
for CLOH12N204: 224; found: 225 (114+H)

10

15

20

25

30

EtCAc/MeOH (1:1 mzxture 200 mL) and MeOH (750 ml). The combined organic
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-111 0 -.0).L.NH CO2H 140 RN ,0 P Me0' \OH LCMs: Anal. Calcd. for
Cl12H16N08P: 333; found: 334 (MtH)+. Cap-112 0 NH CO2H 41 NNH LCMS: Anal .
Cal cd. fAavOQMBIHIT4N204: 262; found: 263 (M+rH)+. Cap- 11BCO/USQO1P/0R899NH CO2H
140 OBn LCMS: Anal. Calcd. for C18E119N05: 329; found: 330 (MtH)+. Cap-114
,CO2Me ' 1HNMR (400 MHz, CDC13) 5 4.82 - 4.84 (in, 1H), 4.00 - 4.05 (in,
2H), 3.77 (€18 Na@;%5631% ] 6;Hpund?398.46. Cap-80b: "H NMR (CDCls, § = 7.24 ppm,

400 MHz), 6.00 (br d, J = 6.8, 1H), 4.36 (dd, J = 7.1, 3.1, 1H), 3.87 (dd, J = 10.5,

3.0, 1H), 3.67 (s, 3H), 3.58 (dd, J = 10.6, 4.8, 1H), 2.35 (m, 1H), 1.03(d, /= 7.1,

3H), 0.90 (s, 9H), 0.08 (s, 6H). LC/MS: Anal. Calcd. for [M+Na]" Ci3HyNNaOsSi:
5  328.16; found 328.53. The crude products were utilized without further purification.

Cap-81
O

H
oy or
O

Prepared according to the protocol described by Falb et al. Synthetic
10 Communications 1993, 23, 2839,

st

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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COPH Cap- 115 CORF1 NHCO2Me 1HNMR (400 MHz, CDC13) 8 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-Wog0DAMHMMHCO2Me 1HNMR (400 MHz, CDC13) 5 5. 10PC@/US3014/038989 Hz

1H), 3.74 - 3.83 (m 1H), 369(s 3H), 2.54 - 2.61 (m 2H), 1.88 (sept, J
= 7.0 Hz, 1H), 0.95 (d,J= 7.0 CS{%CaE)ll?toCa -123 For the
prepar at i on Selfseqgst tegs. t CHEMR@Q}@ MHa, @B€hafidnd Eciids 3re9bnailhed from

e A Ao B R R s D R B P TS | orovea

in maw and thedcoog eapondi ng TFA salt of the amino acid was carbanoyl at ed
wi th nmethyl chl oroformate according to the procedure described for Cap-51.

Cap Structure LCM5S Cap-117 O ?LL. "".ONH I.
5 Cap-87
HO OH

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
N
7\
s/ NH

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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0 OH LCMS: Anal. Calcd. for O 2H 5N04: 237; found: 238 (MrH)+. Cap-118 0 NH
nS 0 CH LCVs: Anal. Calcd. for CLOHL3NO4S: 243; found: 244 (M+H). Cap-119 O

..1.L. ONMO@P®/O7108MS: Anal . Calcd. for ClOH 3NO4S: 243PCTAISAN/028989 ( MrH) +.
Cap-120 0 '0')"L NH

10

15

20

25

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:
194; found: 195 (M+H)".

Cap-89

~ .

A mixture of L-valine (1.0 g, 8.54 mmol), 5-bromopyrimidine (4.03 g, 17.0
mmol), K,CO; (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
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%).
'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
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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(- \\--g )01-1 O LCVMS: Anal. Calcd. for Cl01113N04S: 243; found: 244

(MtH) +. - 120 - WD 2010/ 117704PCT/ US2010/ 028999 Cap-121 0 .0ANH n....02H
1HNMR (4000NBW/11CDEL3) 8 4.06 - 4.16 (m 1H), 3.63 (s, BHIUS2014328989 1H),
2.82 and 2.66 (s, br, 1H), 1.86 -

The following caps were prepared according o the method used for

preparation of cap 51 unless noted otherwise:

Cap Structure LCMS
Cap-91 NHCO,Me LCMS: Anal. Caled. for
COLH
d\/ Cy1H;sNO,: 223; found:
222 (M-HY.
Cap-92 NHCO,Me LCMS: Anal. Caled. for
*_CO,H
©/\/ C11H1sNOy: 223; found:
222 (M-H).
Cap-93 LCMS: Anal. Caled. for

|
0.0 o
H\\;fq/ CioH12N204: 224; found:
’ 225 (M+H)",
=
\ .

LCMS: Anal, Caled. for

‘ OH
N
0
engH CsHjN;O4: 213; found:
N \[01/ ~

Cap-94

214 (M+H)".

Cap-95 LCMS: Anal. Caled. for
o) NH O CisHpyNOg: 251; found:

OH | 250 (M-HY"

Cap-96 O LCMS: Anal. Caled. for
0" "NH O C15HsNOy: 237; found:
OH 236 (M-H).
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2.10 (m 3H),
. OA NH CO2H

Cap- 123 WO 2010/117704

1.64 - 1.76 (m 2H), 1.44 - 1.53 (in, 1H). Cap-122 0
IHNVR profile is simlar to that of its enantioner, Cap-121.
PCT/US2010/028999
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:
ijmor—i 202 (M+H)".
Cap-99 0 "HNMR (400 MHz,
07 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.
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f ound:

/ LCVMS: Anal. Calcd. NH O ilk 1t%..,NFl o for C27TH26N206: 474;
475 (MkH) +. W OH The hydrochloride salt of L-threonine tert-butyl
ester waswo2pWanditkat ed PCT/US2010/028999
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:
6002&1 225 (M+H)".
“ "N
\\l
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 3.33-3.35 (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 ﬂN —<:>‘002H '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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5 according to the procedure for Cap-51. The crude reaction m xture was
acidified wwth INHCL to pH 1 and the m xture was extracted with Et0Ac
(2X50 nmL)WOPhW/IdoM™Hi ned or gani ¢ phases were concentr at e®@CTAISRHOO289PD gi ve a

colorl ess oil

concentrated in vacua and the resulting mx

whi ch solidified on standing. The aqueous | ayer was

salts was triturat

or gani ¢ phase con
by LCM5 to be the
of a solid. 111 NM
1H), 1.49 (d, J
found: 146 (M+H)+
ng), aqueous form
(15 nmL) was added
(1 g, 4.48 mol).
was stirred overn

m xture was filter

vol ati |l e conmponent
used as is for th
found: 247 (M+H) 1
CO2H cap-126 Thi
Cap-51. To a 15su
THF (10nL) and H2
resulting m xture
m xture all owed t
starting materi al
HC1. 20The sol vent
20 mL

ture of product and inorganic
ed with| EtddddelpdREF2- MeOH 10§ Lapb; ddLy =ethl then t he
centrated in vacuo .tq give|a_ co]orless oil ilch was shown
desi r ed | FPBHYEE  BEElAT cr 03§2%1r5e9@6n%}'1}aéd*6t0 gi ve 0.52 ¢
R (400 M 1H 4 6. 5.0 Hz,

6.3 Hz, %%C%%C%Rnaﬁg ﬁ?&? for (@I{—bl%\ 104: 145:

- 121 - theGaptht @b of Tap-d. sUSHgrislofm, of 7RAEOH) 4, (20% 100
| dehyde (r37%wt 4 m), acetic acid, (0.5 nL)| i n nmet hanol
(S)-4-am ﬁ%detfgﬂtsﬂit?s”aﬁm ycar bonyl anmi no) but anoi ¢ aci d
The rea( l{{ﬁ%g several tinmes with hydrogen and
ght with g%@%ng o%len al l pon roomtenp. The rleaction
ed thr OugMe@I—ﬂHQDMHﬁ]l@.tOTHCEOUS earth (Celitie ), and the

was rermved in vacua. The resulting crude nmaterial was
> next st SEsIONNEL/MEOH  cal cd. for Cl11-122N204: 246; 10

Cap- 126 | glgll—i THF H20 / 0C /j--INMe MeQ2CHN
$ procedureleu%(’%l\%%a ¢ation of that used to pr epar e
spensi on | afhidr wed diydoidedihstidine (0.80 g, 4.70 mmol ) in
) (10 inl) at OC was added|NaHCO3 (0.88 g, 10.5 nmol). The
was tr egtl@CGN/BRO@réo2Me (0. 40 nL, 5.20 mmol)! and t he
D stir at rring for ca. 2h LCMS showed no
remaini réyo%iphlgegig% ‘lgrgn was acidified to pH 2l with 6 N
S were riempyg@d. i n vacuo and the residue was sjuspended in
Cap-107 G L.CMS: Anal. Caled. for

QN]/\])LOH CgH 9N, 04S: 230; found:
HN. O
S Y 231 (M+H)".
O

Cap-108 Q LCMS: Anal. Caled. for
(NNOH C15H17N304: 303; found:

N HNG_O N

304 (M+H)".

ph—' E)r
Cap-109 j\ LCMS: Anal. Caled. for
~o NH C1oH12N»04: 224; found:
COuH 225 (M+H)".
&
N
Cap-110 j])\ LCMS: Anal. Caled. for
e NH CioH2N2O4: 224; found:
CO.H 225 (M+H)",
=
_ ]
N
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of 20% MeOH in CH2C12. The m xture was filtered and concentrated to give a

| ight yellow foam (1.21 g,).

9: 1 m xt uWe 2010/11A®4 et hyl

taken up in THF (10nmL) and H20 (10nL),
25 After

10.4 mml ) was ad
remai ni ng. Theref
renoved i n vacuo.
ester. The title

inorganic salts (
steps without fur
7.35 (s, 1H), 4.5
3.35 (dd, J 5= 4.
J =9.0, 15.6 Hz,
228. 09 (M+H) +.
for Cap-126 above
(S)-2-am no-3-(1-
mol ), NaHCO3 (1.
title conpound wa
Wi th inorganic sa
met hyl ester. The
purification,
(dd, J = 5.0, 8.6
(in, 1H);
Preparation of Ca
2-(tert-butoxycar
To a sol ution of
i Pr2NEt (1,7 mi,
m., 4.83 mmol).

KHSO4, 10bri ne),
resi due was purif
give the title co
CDC13) 8 7.35 (s,
1H), 5.17 (d, J

2.00 (t, J - 2.5
303; found: 304 (

T

C

1HNMR (400 N

LCMVS: Al

ded

QTII’I’II’]('] ca

LCMS and 1H NVR showed the nateri al
ester and the desired product PCTRISZ01462%9p9 al
cooled to OC and Li OH (249.1 ng,

to be a
was

pEaptiié |
LCVE ang
conpound
1.91 g,

[ her puri
(dd, J
, 15.6 |
1H) . LOWE
ap- 127
starting
et hy1- 1h

2
D

>1009%) .

vi xt ureQwas aci di f
| IR o 122 -

was obta:ned as

CGAMpOU
TENMVR (
= 1 Hz, 1H)
iz, 1 rtially ¢
5. Agal b Cal cd. for
0 127 was pre
g M?éﬁ%o

N

ficati
= 5.

n.

400

lh | CAMS showed no _ester

BEMS:tAnabNC#lail. fond
R SR
5 Cs0D) 8 8.

, 3. 89’ (s, 3H),
bscured by solvent)

C91113N304: 227.09;
bpared according to

+H$ed as is in

t he sol vents
of the

nated with
subsequent
84, (s, 1H),
62 (s, 3H),
3.12 (dd,

;. found:

t he nmet hod

6. 56

ts.
15 crude

|_|Z1
nal .

1H),
Cal ¢

[

obt ai ned
LCVS$

tim dazol -4-y1) pr
4 mmob) and C1CO2

@HHCl salt
I NVR showe
e $ used
Oé¥@% 8. 90
3H), 3.6

D

VB.CMS: Senai_Caled 2gor

panoic acid (1.11

e 28ndsing ¢

ag3 U\S{.;_W)‘t hout furth
1

(s,
2 (s,

7.35 (s,
3H) 3.35 (m

227.09; found: 228

tion of (S)-benzyl

9

ont

). The

am nat ed
cla. 5% of the
er

H)y, 4.48
1H), 3.08

( M+H) .

D- 128
DT
(

(]-é?ﬁ (1.

9.8 mMmol)
he solutl
dried (Ng
iled by f
mpound (
5H), 5.3
12. 2 Ft
}

I
1.

O)pa@t-4-ynoate (¢
01 4.74 mol ) |
i a 12 (100 m
on |l owed to
%ﬂ ered, a
Ql utm chr onaf]
91% as a ¢
br, J =8.1
1HGoed. 48 - 4.53

N
D

JL@M%),‘?
1ﬁ{19NOsvm &ddéd C

LCME:

+4 h at 0C,
ntrated in

a0 b

ography (TLC 6:1 he
1HNVR

olorless oil.
Hz, 1H),
(m 1H),

Anal 15Cal.cd

5.23 (d, J

nd?o@amdc‘f&'ﬂ”
0. 475

2.68- 2.81

fo

Cj-27b
nmol ) and
pbz-Cl (0.68
washed (IN
vacuo. The
X: Et 0Ac) to
(400 MHz,
12.2 Hz,

(m 2H),

Hz
PAQQPH 14

1 44 (s_ QgH)
/002M@

Q

CO,H

'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)

C17H21 NO4:

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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Step 2. Preparation of (S)-benzyl

3-(1-benzyl-1H 1, 2, 34ri azol-4-yl)-2-(tertbutoxycarbonyl am no) propanoat e
(ej-28). WOBBWHNTT®EIZBN cj - 28 To a m xture of (S)PO&EABPI10/028999

2- (tert-butoxycarbonyl am no) pent-4-ynoate (0.50 g, 1.65 mml), sodium
ascorbate (0.036 g, 0.18 mml), CuSM-5H20 (0. 022 g, 0 09 mmol) and NaN3
(0.13 g, 2.1 nmmol) in DMF{H20 (5 ni, 4:1) at 1M}, 3vees(sadffed.sBrBr |5 (0.24 ni,
2.02 mol) and the m xturée was wai ned to 65C te di cated | ow
conversion. A further portion of NaN3 (100 rr%f)ﬂA Egggeéécaé/%ﬁ“ﬂ ating was
continued for 12h{ The reaction was poured |natxy F;0A9) and (4129 land shaken.
The | ayers were sgparated|and the aqueous | ayer extracted 3X wiith Et0Ac and
t he conbi ned orgapi ¢ phasées washed (1120 x3| 70rH=aé}). dried (Na2s™),
filtered, and 10 eeneentratet—The—+estduve—was—purtited—by—F+ash (Bi ot age,
40+M 0-5% MeOH in CH2C12; TLC 3% MeOH in CH2A 2) to afford a light yellow
oi | which solidified on standi ng (Y% 81]3t5r@ Ji@%%- The NMR was consi st ent
with the desired product but suggests the p esence of DMF. The material was
used as i s wthodbor ﬂmqﬂhmratmmff@apallﬁdn CapHNRh¢ BOO atvhip, aclilvB@rel6Ytaine84 (s,

1H), 7.27 - 7.32 10 155. 54 . 2H), 111

3.H)16 (dd, Jf mﬂlC%mrPlswsa Ouffiﬁﬁﬂd %ef(séie?rd’aﬂcfeﬂif "?agie%‘%%ﬁ%,ﬁé 186 (dd) J =
9.1, 14. , 436
Pound: 437 oy Aferthyirtere Mebiiod Sl ffie AL CAR Geholl By SEATEHDER:

3- (1- benzylvadds dnd2h3 ecbxmspamhnngYA)saR of ﬂﬁ a@mmb had yeachdaybgaieds)ifir opanoat e

(cj-29). Ph-\ _ MeO2CHN &1 % | utjon of (S)-benzyl
3-(1- benzy1-111‘!@135117}112’?%{0{@?“856‘?01 ng ‘)WEP(?C@?WB@F%F%S‘PEQf%W hi no) pr opanoat e
(0.52 g, 1.15 mmol) in CH2Cl12 was added TFA (4 nlL). The m xture was al | owed
to stir at roomtenperature for 2h. The m xture was - 125 - concentrated
in vacuo to give @agol brless oil Suukcrbe solidified on staaM®g. Thip
materi al was dLssolvedlin THE-H20 and cooled to-QC_ Solid I\jaj_—_m“(_[)_ 25 g,
3.00 rnmol) wab @addd fol | owed by C Co2Me (0. 25 ni LGVIBsApstpCpledaf | er
stirring for 1|5h the m xture idhfied to ph -t ngd then
poured into H2D- 5 EtOAc. The Iayeﬂxﬁ ere separatle O%&E{]f?gbég%ghaae
extracted 2x wth Et0OAc. The conmbinee”orgH | ayers wefoenivaRe®1-(H20, | brine),
dried (Na2SO4); filtered, and copcentrated in vaguo to give a colofless oil
(505.8 ng, 111% NWMR spggested presence of an unidentified inpurity)
which solidified while st andi ng@p-t he punp. The |material was used|as is
without furthef _purification. |HNMR (400 WMHz, DMHO-..10d6) 7 .87 (s |1H),
7.70 (d, J= 8. LCFezp,—Hl&—f, 7.27 - ©32 (m 10H), 5.54QMS:2ml, GBlao (d, J =
12.7 Hz, 1H), 5.06 (d,{J = 12.¥ 4.32 - 4 3,49 (s, 3H),
3.09 (dd, J = 5.6, 14.V Hz, 1I—|)O 2. dd, J = 9. 6,01‘1(51517‘%3@431%.’ | CVS:
Anal . Calcd. for C2 | H22N404: 394: 3 395 (MirHifhnd: 244 (M+H)".
Cap-119 LCMS: Anal. Caled.
for C10H13NO4SI 243,
found: 244 (M+H)".
Cap-120 /([)L LCMS: Anal. Caled.
SOTNH Q for C1oH3NOS: 243;
OH found: 244 (M+H)".
R
\ S
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15Step 4. Preparation of

(S)-2-(nmet hoxycar bonyl am no)-3-(1H 1, 2, 3-tri azol
(Cap- 128)WORMNOKEORPEHN CO2H Cap- 128
3-(1-benzyl-1H1, 2, 3-triazol -

ng, 1.11 mol)

(5 nm) at atno
di at omaceous e

(S)-2-(net hoxy
obt ai ned as a
10% of the net
purification.

7.50 (d, J - 8§
14.9 H

4.8 He,
for C7THLON4O4:
HYND / 1) K2

Cl CO2MeMe02CHN'

Preparation of
5acid (cj-31).
2- oxooxet an- 3-
nmol )
to rt overnigh

10( benzyl oxyca
The filtrate w
amount of CH3C

370.4 ny (44%
J.
2.0, 1H),
(d,
4.49 (in,

7.48
1H) .

in CH3CN

Am Chem Spc

12.7 H, 1H

4-y1)- 2-

(S)-benzyl

was hydrogenated in the 20 presence nf Pd-C (82 ny)

-4- yl)propanoic acid
PCT/US2010/028999
(met hoxycar bonyl am no) propanoat e (502

in MeOH

séheﬂﬂé
arth (Ce
car bonyl
col orles
hyl ester. The nat
| HNVR (400 25MHz,
0 Hz, 1H), 4.19 -
z, 1H), [2.96 (dd,
214; found: 215 (
Pd-C / MeOHr
kCO2H ci
(S)-2-(benzyl oxyc
CbzHN CO2H cf-31

pressure f
lite )
am no) - 3-

S gum (266

CbzHNO CH3CN / 50'C C
-30NaHCCG3 / THF- H20 cj - 31¢

12h. The mi xt |

FE centrated iniv
1H1, 2, 3-ti azol - 4
LR whi ch

e | was used as
DMSO-d6) 8 12.78
4.24 (m 1H),
J 9.9, 15.0 Hz,
M+H) +. 126 - F

ar bonyl am no) - 3-
A suspensi ¢

ir e ERBRF(A0Q MFEy t

) 31%“(3%%%. o

hout fu th
( 3 431@,,1}{3}9 82 709
3.49

Y8, BRRRY

P66 54 ik L

)r%)

z HN?C%%H@) PeaCap

apk12@n, 2H), 1. 8tep
1Hp
n of

- 1-yl
Ynggb k%)p

hr ough
d was

d with ca.
er

ropanoic

@gr%nat e (U 67

)| was heate
t and the solid 1o
I bonyl am
as conce
N (ea. 4

ntrated in
m) to af

no) - 3- (1FLp a%ﬂfkﬁ yl ) prda

3. 03 Mot ), a
at 50 C for 24h.
t'aHed to afford

)

Znd then t
f ord a second crg

IR
( Simatar to that of its

panoi c acid (330
r epatigmes et la

p (43.5 ng).

was

Tota

g, 3.29
cool ed

1 ng) .
smal |
yield

5.5 - 1

D3l
Chp 107, 71

.~ 1985
(s, J

, 5.03
LCMS: A

C it mp. 168 1
NH | HNVR (

o

'LC%@ ﬁth@AFcHaS
,CD30D) 8 7.

( rior G;i-rﬁzel\ﬁ%&i’f’#;

2%"@/1? ‘f‘é?g] ﬁPf@z’Soél

et al.
d, J
LH) ,

42 -
M+H) +.

5. 05

The hydrochloride salt of L-threonine tert-butyl ester was carbamoylated

IN HCI to pH~1 and the mixture was extracted with EtOAc (2X50 mL). The

according to the procedure for Cap-51. The crude reaction mixture was acidified with

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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Step 2. Preparation of

(S) - 2- (met hoxycar bonyl am no) - 3- (1H pyrazol - 1-yl ) propanoi ¢ 20acid (Cap-129).
r, N Me02CMR2010/1CTRH capPCZd4iS2010/028999
(S)-2-(benzyl oxycar bonyl am no) - 3- (1H pyrazol - 1-yl ) propanoi ¢ acid (0.20 g,
0.70 mml ) was hydrogenated in the presence of Pd-C (45 ng) in MeOH (5 nL)
at - 127 - atnospheric pressure for Zhp-12he product appeared to be
insoluble in MeOH, therefore the reagtion m xture was diluted with 5nm H20
and a few drops of 6N HCl. The honpbggneous Bolution was filtered through
di at omaceous earth (Celite), and the rggnmoved in vactio. The remaining
solution was frozen and | yophyllized to Zgi S yel | ow foam (188.9 ny).
This material was suspended in THF- HEOcKid: 1, "10nL) and then cooled to OC.

AR e e N
(0.06 ni, 0.4%51)Mawetid aée@,g(oﬁsdxﬁﬁﬁnghaﬁx&%o‘i 15 miw% $8AHIq sYAsndhd oWRg-t 0 stir

for 2h and was acidified to p W t N HCl1 and poured into Et0Ac. The 10

| ayers wér e beepacabadlandoituanagueesld pHadSenert)r dbe echctivt WaEp@gat (x5). The

conbi ned organic | ayers were washed (hrine), dried 254),. filtered, and
concentr at eée‘f%aid}“@/% W‘ﬁéhff‘i}%eél %@m%ﬂﬁe‘gezﬁn@é‘i BRR é’%Ngy SB%IUba(lfi’W %My,
79% . 1HNWR OV - Hz, 1H),
7.48 (d, J 4P TRy EE!@_EEE%&%&% S,jfgte%ﬁgﬁﬁzu,gﬂ%a? 3%&‘%*9&?&5"5%”%? b A He,
1H), 4.47 (dd‘elité@);aﬁd the vbletiZe Sonrzonedtias #md9ed indvadilo.( The 2khlfingcrle (s, 3H).
LCMS: Anal. Calcd. for C8FI 1 IN304: 213; found: 214 (MtH)+. Cap-130 AcHN
COPH 20Cap- TaUeH# avas vsgshasdd fanthemsat step o hCAVISe bl rcaled: | 19T SuidlaeDiahie24R) -
phenyl glyci 138/ © the procedure given in: Calnes, M; Daunis, J.;
Jacqui eri?5 Rr}gm%graég@g[?ﬁ)\] Tetrahedron, 1987, 43(10), 2285. Step
a: Di net hyl earbanoyl chloride (0.92 ni, 10 mmol) was added slowy to a
solution of (S)-benzyl 2-am no-3-mnethyl butanoate hydrochloride (2.44 g; 10
mml) - 128 - and Hunig's base (3.67 -6 nmmol) in THF (50 nL). The
resulting white suspension was stirred at roomtenpgegfure overnight (16

hours) and concentr at d Nitfder red r re. The r&sidue was partitioned
bet ween et hyl acet at ehé;WT\dB;vater. éliﬁ§g\6$é\§ﬁ|&§3| ayer %ﬁ/\ashed with brine,
dried (MgS™), filtered, dnd conce e under reduc ressure. The
resul ting yellow oi | wesNPUCOLiHed %E?Fégﬁg% MEO,CHN™ O

cj-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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chr omat ogr aphy, eluting with ethyl acetate: hexanes (1:1). Collected
fractions were concentrated under vacuum providing 2.35 g (85% of clear
oil. 1H NWR20BOO7NHz, DVSO-d6) 5 ppm 0.84 (d, J=6.95 Hz PCIRS2010/089¢ d,
J=6.59 Hz, 3H), 1.98-2.15 (in, 1H), 2.80 (s, 6H), 5.01-5.09 (m J-12.44 Hz,
1H), 5.13 (d, J=12.44 Hz, 1H), 6.22 (d, 10 J=8.05 Hz, 1H), 7.26-7.42 (m
5H) . LC ( Comonfirt) the Rifsencd offthe miter. W: titlkrrpimpotad wes opteineql p+ith HEL salt 122N203:

279.17; f d 279. g s S b: H 0 nL I i f. th
ter wedi ot SomRBRaRS et B - IGe aa R TReeTbaR iRt fistl 00
mg) and t he spesuldit ROk AES THIRGREHARHNRS ' FINuBR eshonith, BD6B¥ b s (9! aced

under 1 atmof H2. The m xture waS stirred at room 15t enperat ure overni ght
and filter edH)Hbbmis, AHpidciofddbér 3.0,1% eHzt dy, 886\s Ahe3.62(xBY813.356, J
resulting clear soluti was .t hen copngcentrate r_redu ressure to
obtain 1543 292'?8]9535 Pt 1 I‘fﬁ@@@c c wcévm%ﬁ&ﬂ&c%%?&ﬁ%% ‘wi t hout
further puriy i1@Na A HAMVR DB BP0 (B4 hd, J-4.27 Hz,
3H), 0.88 d?*)-?i‘%mg%fﬁ“}, 3H);(fl. 99§¥(5$31014'(m' %ﬁ{)‘);u&zaggb(@s(ﬁ g&l) 3.90 (dd,
J=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 mn; Ms: Anal. Calcd. for [Mtl-11+ C8H 7N203: 189.12; found
189.04. Cap-132 0 0 NH2 HC 25Cap- 1327 prepared from (S)-benzyl

2- am nopropanoat e hydrochl ori de according to the od descri bed for
Cap-131. 1H NMR (50 DVSO- d6 %@@pm 1,27 (d, J%?.\BZ Hz, 3H), 2.80 (s,
6H), 4.06 (qt, 1H), 6. d, J=7.950ae NgiCOs12 27 (67 4H). LC (Cond. 1):
RT = 0.15 mn; MS: Anal. | cd. for OH13N203: 161 09; found 161. 00.
- 129 - Cap-133 OH NH2 CaGap- 1379‘;\K/é§g;;69ébar edePrGN ( SFOtrer t - but vl

2- am no- 3- et hyl but anoat e hydrochl ori de and 2-fl uoroet hyl chl oroformate
according to the method debéfibed for 5 Cap-47, 1H NRR7€500 MHz, DVBO d6) 8

mO0.87 (t, J - 6.7 . 6H), 1.97-2.10 (in, .1 .83.(dd, J=8.39, 5.95
FE Dby 10, 14 4. (57 igorediiabiceonton i the et o Cary T Se S
,45 39-031ng (ifhm ) 2-arhimdd3-( AmethyE 18- R adfl-4 Wiorophforhicldl . 1hH), 6.56aRmb B4

. NaHCO; (1.21 g, 14.4 mmol) and CICO,Me (0.56 mL, 7.28 mmol). The title

compound was obtained as its HCI salt (1.79 g, >100%) contaminated with inorganic
salts. LCMS and '"H NMR showed the presence of ca. 5% of the methyl ester. The

15 crude mixture was used as is without further purification, "HNMR (400 MHz,
CD30D) 6 8.90 (s, 1H), 7.35 (s, [H), 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. Calcd. for CoHj3N3:O4: 227.09;
found: 228 (M+H)".
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OH H NH2HN 0 100 Cap- 134 was prepared from (S)-diethyl alanine
and net hyl chloroformate according to the nethod described for Cap-51. NWR
(500 MHz,WONBO/dB)048 ppm 0. 72-0.89 (in, 6H), 1.15-1.38 @ER{I/USR)10/02898%-1. 66

(m 1H), 3.46-3.63 (in, 3H) 4.09 (dd, J = 8.85, 5.19 Hz, 1H), 7.24 (d, J =

8.85 Hz, 1H), 12.55 (s, . LC (Cond. 15 2): RT = 0.66 mn; LC/ M5 Anal.
Cal cd. for [Avkdrati@odfid 204.12; found 204.02. Cap- 135 20A sol ution
of D 2-am no- (4 fl uorophenyl)acetic acid (338 ng, 2.00 IN HC1 in

di ethyl ether (2.0 0 mml ) and formalin (37% nf rrethanol (5 )

for 16 h at 25 was<t hen fitteredthrough Cehi to afford
the HC1 salt of p- 135 35 as. a whit foam(3‘i URPSCEBIE . 11- | NVR (300 MHz,

MeOH d4) 8 TakONT “IROH- dd BodANE 80,85, 1 Naf DMFUH07 | 2 GBoetin” €886 He
2H), 5.17 (s, 1H)4.23,05 (v br s, 3,;—1)27,,2 63 (ﬁﬁ°tbf1%h 3H; Rt g2g 0.19 mn
(Cond. - M5- W) ; 0//ohom)genlty |ndex LRVS: Anal. Calcd. for [’M+H]+

Ci OHBFNQO2; 198. 09 found: 198.10. 5Cap-136 ) /10 CH To a cool ed
(-50 ) suspension of 1-benzyRr-Ht+im dazole (1.58 g, 10.0 nmol) in
anhydrous di et hyl ether (50 niL) er nitro

ge added n- | Iithium
(2 Min hexanestrad.dh,ol, 10. ONrrﬁ 1) dropm bei n‘g dtirred for 20

was subjected t b %(fJ «-:1 ation ovénBrﬂmﬁdSQaBiHﬁjl un&pn\ carbon (60 ng)
@é F

mn at - 1050—-G—e+y—earboen~di oxi Ne passed thin%@mngh Dr| eritel bubbl ed
into the reactdiCEiMa/ve&Cler 10 mm (F)l’ was al | OWES@?? v étho 25
C. The heavy preci pig-ai@ whi chePeritd & 2Bofbldl tion of car 2 2to the

reaction mxture was filtered to yi g-zh a hygroscopic, white sebigg whi ch was
taken up in water (7 nL), acidified to pH = 3, cooled, and induced to
crystallize with scratching. Filtration of this precipitate 15 gave a white
solid whi ch Sigs/.skrpaatdesof (8)behhandtert-buteatcacbonyumiddipddDddybteylj-et her (4
m.) and concentrated in vacua. Lyophilization of the residue fromwater (5
m.) af f oPdedEhe HCL salt of Cap- 136 as a white solid (817 ng, 40%.

11-1 NVR (300 MHz, DVBSO-d6) 5 7.94 (d, 1.5 Hz, 11-1), 7.71 (d, J= 1.5 Hz,
1H), 7.50-7.31 (m 5H), 5.77 (s, 2H); = 0.51 nin (Cond. - M5-WB); 95%
honogenity i ndex; LRMS: 20Anal. Cale. fof [ MtHr Cl11-112N202: 203.08;
found: 203.11. BocHN” ~CO,8n

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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- 131 - Cap-137, step a ON A suspensi on of

1- chl or o- 3- cyanoi soqui noline (188 ng, 1.00 mmol; prepared according to the
pr ocedur evOr20IAD 12083/ 099274) (188 ng, 1.00 mmol ), cesi BETBISLUOHOREL (303. 8
ng, 2.00 nanol), bis(tri-tert-butyl phosphine)palladiumdichloride (10 nyg,
0.02 mmol ) and 2- (trlbutylstannyl)furan (378 I'it, 1.20 mmol ) in anhydrous
di oxane (10 ni) under nitrogen wasaat ed at 80 C for 16 h before it was
cooled to 25 C and treated with saturdted, aqueous potassium fluoride
solution with vigorous stirring for ¥shd _The nixture was partitioned

bet ween et hyl acetate and water and the 1D organi c phase was separated,
washed with brine, dried over Na2SOdg,f, d,and concentr at ed.
Purification of the residue on silica gel utlon with 0% to 30% et hyl
acet at e/ hexanes) afforded Cap-137, step é”%%BO my, 105% as a white solid

whi ch was carri ed.f i ; = VB+ - ()
hormpgeneity i nde>(<jf © {ngggﬁ)eg%%%g" 2 uf%ﬁ% %@1@%%%%@83?/ f ound:
221.12. 15 Gap:653imol), sodiund @scart&tts(pmﬁigoﬂ 1®fmrﬁelp B0, SH AP (RO22 g, D097y, 0. 50
mmol ) and sodi um periodate (438 in carbon tetrachloride (1

r1). acer onmpilat NaNJ0 ah YRRl B BV QS mladed 3 Dt PRPh! onde
he f 2 h and
hydrate 62 8ag00 bl WBlol k. 20 MM Guotl obbec Snalydiefrsl of 2 1 an

Iorone ane a € aqueous | ayer was

separ at ed, axdicaed Rv toMveSiciDIe fustHehpsalitioh o NaNe ( ftdnagawsk 4dded amivbiariag
di chl oronet hane extracts were dried over Na2SH, filtered and concentrat ed.

Trituration s copenyeddprlab. iheresrdioaries parred igfe Etods 2nd ThOsmdigakesssy as a

JsL e nal Tead: e pnmed p S e, MR EROROBREGE ' "N
2010/ 117704RGHESIGHUA2SR98 apsd mgo k9, bkﬁﬁ) Qioll (4SO, it REAgNd Met hod A
5 Cap-138 o CO2H Cap-138, step a a stirred suspension of

5- hydr oXfi smupmmateﬁe Thp F@Wé@sm@ﬁ@ K @%lb(ﬂlﬁ@g‘b ﬂ@ﬁré@@rﬁeﬁ QhG™2003/
Lot rahyar of {GAHCIE20 o VROPRR el S NEPRERAM: i ity husrbmulie ' Y
azodi car boxygadthe((349.3 g, 10675, THONMIP @ak cOMWMt&R withBe awhtea fpeodd@sbwgt i rred

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—£)“”.

/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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15 at roomtenperature for 20 h before it was diluted with ethyl acetate
and washed wth brine, dried over Na2SO4, filtered and concentrated. The
resi due WA 2predb®dr bed onto silica gel and chronat ogr apR@dSeen@28%h wit h
40% et hyl acet at e/ hexanes) to afford Cap-138, step a (1 00 g, 45% as a

i ght yellow solid. 1H NWR (CDC13, 500 MHz) 8 9.19 (s, 1H), 8.51 (d, J= 6.0
Hz, 1H), 7. %onded{ratde ibva@ubliq givelp colprises qil goichrpli@bedyn stAndiog 6T (m 1H),

4.01 , 3H); Rt .= 0.66.mn. -D2): 95% h L Anal .
€O (oo e B0 PRl o T A PRISRY Sl I OV A
- 133 - To n@néh Wak 88dRIGbUEW b PEICRRA BB25 BIEB.28 ntidel34 Adler &&nﬁg fgol ) in
anhydr ous di chl oronet hane (50 nlL) at roomterrperature was add

met a- chl or ogetitbn mxf@rm‘&axﬁ%dﬁ% togpH2 jth 6% BCharsl then polb‘ﬁfémrb@ﬂtz@on After

bei ti f wd d b dded d
Phe S v ol B e REe SRR B EOR: BT DERE BRAR LA D uRn o ES TRE 1o &
filtered an@oﬁx@ﬁfeﬁ'@r# ﬁiry@tg wele WA ( ?Dalgrfrféﬁ %Q@QN&%@):;) Sﬂléﬁedbaﬁd? 15 g, 83%

as a pale, yellow so whi ch was sufficiently pure to carry forward
directly. 1H0Mtr@@ﬂ)@18qcu4®@giVHZi)008)rEs§@1 (5. &mg,ﬁiﬂ{z NMNR)suggestet! theld, J =
7.3, 1.7 Hz, 7.28 (d,
J- 8.3 H, pmf beig uegi%nﬁﬂe PG ‘%W* szil@%ed&hﬂ%ﬁiﬁﬂd%m@w

(Cond. -D1); ﬁ@%ﬁ&%%@h&éﬁ ész DEBSut ﬂu{%i\/(&a\ilmﬁ@@mmlﬁamwmaoéw IﬁMQULONOZ
176.07; found: 176.0. Cap-138, step To a stirred solution of Cap 138,

step b (0. 7Glps 748708 1#PT.J0 &hd + ledﬁ:’cmlﬁarﬁ 28— T((n, 10H, 5.84 GO2HGLY0 i n dry

acetonitrile (20 nl)_at roomter}Derature under nitrogen_was added

trirnet hyl si(fyf cydni de 1. 586 fd./ 13230 mIRGI 432 THS Tl e’ 0SS At ed at 75
C for 20 N DEOOIR YL 4854000) i) 908004 LORCIRL UEL Yl LEARD AT et hy]

acet ate and "Was sat ur I'Um bi car bonat ut1on and bri ne

prior to dryiagl ofeeC, Na2SOLapek: Sohndends garegnt rati on. The resi due was flash
chromat ographed 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

ng, 68%;,.as i i
addi ti onal gpﬁ"%g%p%rt%{é&%ﬂsé— R arBlnitl 3 PR T84 (CDC13 500
MHz) 5 8.63 }ﬂ}jxophﬁoﬁa&dl-ﬂcaplllﬁ};) 8.26 (d, J= 5.5 Hz, 1H), 7.88 (d, J- 8.5
Hz, 1H), 7.69 (t, J=8.0 Hz, 1H, 7.08 (d, J= 7.5 Hz, 1H), 4.04 (s, 3H); Rt
25 = 1.75 mn, (Cond.- Dl), 90% hormgéﬁ‘é \ty i ndex; LCIVB: Anal . Cale. for
[MH C | H9N20: 185. 07; found: 185.10% p- 138 Cap-138, step e (0.45
g, 2.44 mol) was treated with 5N sodi um Hydroxi de solution (10 nL) and the
resul ting suspension was heated atp\88 &forch,d, cooled to 25 C,_diluted
with dichlorornethane and acidified with 1IN hydr ochloric acid. The 5
organi ¢ phase was separated, washed w CAPH#E ne, dried over Na2SM4,

AT ARSI G 10 e,
g g 1H$ 67 ( rﬁn@e}lﬁ%y&%b%@b(namo?}ar 3%85%&56-% ﬁhpglfg&b wig hﬁk@géﬂ%’eed Hhhe
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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3H); RR = 0.70 min (Cond.-D1); 95% honogenity index; LCMS: Anal. Calc. for
10[ M+H] 111 10NC3: 204. 07; found: 204.05. Synthetic Strategy. Method B
(derived WM omdfdhedr on Letters, 2001, 42, 6707). KCRCTA[SRPO/OFRRIPAC) 2
TMVEDA, 150C C/tol uene WD 2003/ 099274 15Cap-139 CO2H Cap-139, step a OCN
20To a thick-walled, screwtop vial containing an argon-degassed suspensi on
of 1-chl oro- 6- net hoxyi soqui nol i nBrdphir@iay, of€.c@-H¥ol ; prepared according to
the procedure in WD 2003/ ,099274), potassium cyanide (0.40 g, 6.2 mol),

1, 5- bi s(di phenyl phosphi ng) pgntane (0. 2R 0.62 mmol ) and pal | adiar (rr)
acetate (70 ng, 031 mmof)"™~nh anhydr ou N@ué%ﬁd@wyoﬂas added-Ne N, N -
25 tetranet hyl et nedtamne—0. 29 , 2.48 Mot )y—Ttre vial wad seal ed,
heated at 138z8Nior 22 Gil:aNd 5¥Fep,alN-owed, i 0 26660Me 25 BeOXHAT €60¢H on

m xture was dilutieg®® w th ethyl acet E‘Jfﬁ wasNedCoy tThPviger and _3579 ne, dried
over Na2SO4, filtered and concentrated. The residue was purified on silica
gel (gradient elution with 5% ethyl acetate/hexanes to 25% et hyl

acet at e/ hex : - 9 hbi
ol d. 111 N PO ABL R G SRR R T LRI IRBLISE o
Hz, 1H), 57. &6id((dj-30=5.5 Hz, 1H), 7.41-7.39 (m 1H), 7.13 (d, J- 2.0 Hz,

1H), 3.98 (s, 3H); Rt= 1.66 mn (Cond.-D1),; 90% honogenity index; LCMS:
Anal . Cale. for [MH - C11119N20: 185.07; yﬁz%d: 185. 2. Cap-139 10Cap- 139
was prepared fromthe basic hydrol ysis of -139, step a with 5N NaCH
according to the procedure described for JCap 138. Ili NWR (400 MHz,
DVSO-d6) 8 13.63 (v br s, 1H), 8.60CkaHN J=COt8 Hz, 1H), 8.45 (d, J= 5.6 Hz,
1H), 7.95 (d, J=5.9 Hz, 1H), 7.49 (d, Jg32.2 Hz, 1H), 7.44 (dd, J= 9.3,
2.5 Hz, 1H), 3.95 (s, 3H); Rt = 0.64 min (Cond.-D1); 90% honogenity i ndex;
LCMS: Anal . Cal e.A s@pedsSoMiHS)-Bbnayll RicabeXta84/1anfatedds7 £G4300molap- 140

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

- 127 -



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® 20051 051410), palladium (11) acet aPET(US201§/0289904
mol ), sodi um carbonate (223 ng, 2.10 mml) and

251, 5- bi s(di phenyl phosphi no) pentane (35 ng, 0.08 nmml) in dr%

di met hyl acetaams@éelqczpmwea r%@, Thepipduetrappparedipd inzpdutde deieOH,

N,NNN,N-tetr | et dlamn n, the
m i ur e v OAPRY aceragh s W ale B ) e oS QR
cyanohydri n1Rh8RREGENS QTG whs ﬁ-ileer@d t@&?ﬁ%ﬁoﬁm@é&@!ﬁ\ Y& (Telife™), ahdbhe 4. 34
nmL. DMA) was added In 1 nL portions over h using a syringe gurrp The

m xt ure was M¢RH rpaevddin oned. Tdrwenaingigsplutmnerastfozan dndyyophylhzed tohe

t h t h filt d
Ot A LT 0 R Pl S U SRR Ll Lo
wi th 10% et hm}n];,%ﬁaa{eﬁcbaleb%@@STétﬂe%oﬁQr@ﬁﬁﬂwas%@é@w%cm hmm&%} to
af ford Cap-140, "step a (160 ng, 34% as a yellow solid

(Cond. - M5- V\ﬂ)74 Iﬁﬁﬂzﬂ}mrﬁfgléjnﬁevylutmm eﬁ{iohﬁl\ﬁterigaa evol@adrehadt @aseﬁil(m—i] 15

acia yar of gEpLCHRoRp N omEo il rmgl R g etbuse ey UG Vi gt

procedure faog &g, Br GRALAL hGM el t&aﬂ%%%h eﬁl@ﬁ@i w@cgo&@d 91% E@Ac Ba24 MmN
(Cond. - M5-W2) ; 90% honopgenity 1 ndex; LCVE:

C121411®mNCBaye%@eﬁ4ﬁppdrﬁmhdnd %Zqﬁ)@us rﬁmwxﬂrmtecbw%@a@mjiﬁ) sTle?p a ON

20Cap- 141, step.a was prepared fro br ogo: 3-f nol | ne (prepared

from 3-ani n&om%ﬁ}e&r%g%w%mw%%&re o dﬁ’ﬁéé@ﬁ%‘% Jﬁ%’ﬁdﬂ%‘ii n J Med.

Chem 1970, r aration of
cheen ?l%t%g t@g %ﬂ%@? a 951%?1@%%%3&91 7.4 Hl%B ‘@P '

Cap- 140, step a (d, J=8.5
Hz, 1H), 7. QBII\(MR(AGO &.{I-Sz MS@hﬂﬁ)81388(itlH),J'#67(cﬁ3f+lZ;6Ha‘-|)iH),77 ZZ%?EéVJk’} (m

1H), 7.55 -D1 0% h it d
Ao oo e S b W ACTor B ES Ha e o8 iy 196 g TR 447 (aa. 7 9%, -

15 12,9 Hz, 1H), 4.29 - 4.41 (m, 2H), 3.48 (s, 3H). LCMS: Anal. Caled. for
CgH N304 213; found: 214 (M+H)".

Cap-130

O

AcHN” “CO,H
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]
° HN._O AN©

NH; \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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Cap- 141 Cap-141, step a (83 ng, 0.48 mol) was treated with 12N HCL (3 nl)
and the resulting slurry was heated at 80 C for 16 h before it was cool ed
to room t\OPETALITT¢ and diluted with water (3 inL). ThePRIIASA016/02%989 stirred
for 10 mn and then filtered to 5 afford Cap-141 (44.1 ng, 48% as an
off-white solid. The filtrate was diluted with dichloronmethane and washed

with brine, agd Hagigoyvkase kbOBod, 24 nunelp He BHE (&9 8d-)t dhafaitiag addet i onal

Cap- 141 (29.30 f f d
Girectly.  1PRRETEREES MEr G RS iy R R bRl sSRtatiefly o1
8.10 (d, J=u8d& rk&uced essufe. 8Bhe re8flué Mas Biftitioded etwechlethyhacdikle anfRivater 1. 33
mn 10 (Cond.-D1); 90% honogenity index; LCVMS: Anal. Cale. for [M-1-1]+

CLOH7FNOZ: Tog oemmcrI@}fﬂmvasr@fh@i?Witthpnw@ed@@gﬁ% f"l@arﬁdam coggerapd CN

Cap- 142, ste ared m 4- o) i de as descri bed
in t he t Bg?f r\é\@g’c?ggﬁ‘%%m?o?ﬂ? %EUISPQBQ‘?QY I%gﬂ&’ag ti'%\‘lgggﬁsteps b and c. R
= 1.45 20 Nichr %prgﬁei\%h ¢ W% Mﬁ@h&%ﬂb@ 6‘1() Gcﬁvaedﬁﬁadlons%r@ for

[ MEHr C1OH6Br N2: 23 found: 233.00. @np p_b, To an

ar gon- degas setcestiaisdnsilarvaotuncapviding 236 @i 85%4) ;in@laﬂrgoﬂ 0. 1BOMR®EB90 M[ﬁﬂ, assi um

0. 015 mol ) NSO BreTRhhy oaTEh PRI DR Rbry P o 1 A o5 k) T

anhydr ous tqlmemo( F?)s YaS, o@q&eghn@wml lH?S(l@J(d'wai—ZMJHZOlHWQ'zb dThe

m xture 5 was heat ed 100 C for h, cooled 25 C, teredthrough
di at orradéousf*—“éa)‘jtﬂﬁz L(EBI 7. ﬂé@r@l)(naﬁw)chﬁ?dé}mndaﬂ)ad{r Pdr?éfmmaMSom\mf t he

resi due on I|c W t oto 70% et hyl acetate in
hexanes) af 2{%5%—%}%28 22{5 ﬁ? nﬁo‘“@gg/’é s a yellow solid which was
carried forvard dyLeethya NROE (Jo 48, %ﬁ&?@?’m MaeModiatdPRSIREGRI (2851 ndex;
CoNE: Canal e o SEEE Fa IROR o ) FEiRDFYe S PP 0540, 13

Cap- 142 Cap-g; 825uasioprvepsadéel Pd/Gril Cep2Qdidg) sm@melnesmtdglﬁa\éksmspmmhmsom de
as described, in the procedure_ fo (Cond. - M5-WL) ; 90%

I p.,138. R - 0.7
15homogeni t ylyshebyith X) %&Héﬁlaceéa@r lra qfNAzf flibp neme 5 at Soggn 11

found: 45 temperature overnight and filtered though a microfiber filter to remove the catalyst.
The resulting clear solution was then concentrated under reduced pressure to obtain
1.43 g (89%) of Cap-131 as a white foam, which was used without further
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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259.08. CO2H 20 Cap- 143, step a To a stirred solution of

3-am no- 1- br onoi soqui nol i ne (444 ng, 2.00 nunol) in anhydrous

di et hyl f\E@i2amvid@70610 nL) was added sodi um hydri de (60%PCHAKAGIOAIIP5 96
ng, 2.4 mmol) in one portion. The m xture was stirred at 25 C for 5 nm
before 2-bronoethyl ether (90% 250 4, 2.00 mmol) was added. This m xture
was stirred further at 25 C for 5 h ak@rd375 C for 72 h before it was
cooled to 25 C, quenched with sagurated anmoni ugy chl oride sol ution and

diluted with ethyl acetate. g\ét{ | c laye 5, separ ated, washed with
wat er and brine, dried over OFf Mittered d ‘concentr at ed Purification
of the residue on silica gel d| ent elution@th 0%to 70% et hyl acetate

i n hexanes) afforded Cap- 143 steﬁ a (180 ng, 3%%~as a yellow 5 solid. Rt
---- 1.75 mn (Ca 90% honpgeni dex; Anal . Cale. for
[ M F1-1]+ C131-1 rﬁggwa epaes] %%‘ggg‘@” @é‘éyfofr?‘m 5 %\K@ﬁ‘?}“%"éﬁl d (-60 C

sol ution of J

t et r ahydr of u?gl% %@ﬁde hEP. ﬂ%%&ﬁl gigglg?%%%gen%hﬂnéo %?Pﬁﬂlﬁ?(&%%ﬂ%e gcganes
(2.5 M 6. 2%aplq7. O‘}BSMWO)MHATDMS(lﬂg)rﬁﬁpde (Garboni dzpiHlld .9%3.1bubbl ed
into the reaction m xture mn before it was _quenched wth IN HCl and

Al | oved 0 s Hig Bdd. /Tha%rd 9% rel Hind 16ets en Bt aa A 11D, &
di chl or omet hadent 31, #30Mes G NEs LAY D840 G (afgs were

concentrated’ 1 n"vac ron o esi y tY'evérse phase HPLC
(MeOH wat er/ TFA) afforded Cap-143 (16 ng, 12%. Rt 1.10 m n (Cond.-NM5-W);
90% honogenity index; LCMS: Anal. Cale. for [MtH Cl14HLI5N203: 259. 11;

found: 259.08. Cap-144 20CORH Cap- 1449rst¥p a C

1, 3-Di chl or oi soqui noline (2.75 g, 13.89 nmol) S added in small portions

to 25a cold (0 'V) solution of f@ring nitric acid (18HnL) and concentrated
sulfuric acid (10 int). T ture was stirr
was gradually warned to 25 reGt stiTTed for

for 0.5 h before it

6 h. The m xture was
then poured into a beaker contadithing - 140 - chop 9ce and water and the
resul ti ng suspensi on was stirred for 1 hat O Cbefoge it was filtered to
af ford @8p-144, step a (2.73 g, 81% as a yellow sol it which was used

For (M Corsciangon” ¥ apred hhm ST HBRTARRME B onboffbimal - G ¢

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-144, step b Cl Cap-1 44, step a (0.30 g, 1.23 nmol) was taken
up in nmethanol (60 nL) and treated with platinum oxide (30 ng), and the
suspensi ONORAY/HiWfected to Parr 10 hydrogenation at 7 B€iI/US2010628929 5 h
before formalin (5 nL) and additional platinumoxide (30 ng) were added.

The suspension was resubjected to Parr hydrogenation at 45 psi H2 for 13 h
before it wadd, ducsd-Bom-1( ?e?}é)d7t2ﬁr(bdg‘t18 6 3 elbUs, bfé}ﬁWS((EérB,tﬂ“}L and

concentrate wn t t on of .the. en

preci pitat ega@%r}’%g‘”ﬁﬂé ti t emglo(fr%f}én@%a g %’}‘% O%%’Iniydn%i’ @%s flash
chromat ogr aphef Oflcd Sfos [M+¢H" g§jH (ENEdi1oRhoetdhiorswiot h 5% et hyl acetate in
hexanes to 25% et hyl acetate in hexanes) to afford Cap-144, step b (231 ny,
789% as a pale, yellowsolid. Rt 2.36 nm (Cond D1); 95% honogenity index;
11-1 NWR.(400 MHz, CDC13) 8 8.02 (s, JCI&% 95 (d, J= 8.6 Hz, 1H),
7.57-7.53 (m 1H), 7.30 (d, J= 7.3 H 14)3 2.88 (s, 6H): LCMB: Anal. Calc.
for [MtH CI tH i Cl12N2: 241.03; found._241.62. HRMS: 20Anal. Cale. for

[ MF11]+ CI " Hi 1 CL2N2: 241.0299; foung: N . 0296. Cap-144, step e CN
Cap- 144, step c¢c was prepared from Cap-id4, p b according to the
procedure 25described for the preparatign of Cap-139, step a. Rt= 2.19 nmin
(Cond.-D1); 95% - 141 - honogenity sngdex; LCMS: Anal. Cale. for

[ M 1-1-1]4" C12H11CIN3: 232.06; foul 232.03. HRMS: Anal. Cale. for

[ M 1-1-1] C12H11CIN3: 232.0642; fou 232.0631. Cap-144 5Cap-144 was

prepar ed accordl 44 L S B RSSNE, B oS, 0k RSl 39 30 T
238.09. Capsnrhdf id Sntrylifohs BRGaRStHef B50L:A1 Lol VBt gBh %@Qé&ﬂzdfnﬂlﬁﬂyltlhﬁmm

appropriate 1-chloroisoquinolines according to the procedure described for
the prepar at(?8Mat hepes 39 et hoamyl) dropgags- ¥8ter bvegistdedforifinegt not ed

otherw 36 asSOQt'Jt ghl'ync%r oneciloxzde &%Eseﬁ through Drierite) was bubbled into the reaction

mixture for 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) & 7.94 (d, /= 1.5 Hz, 1H), 7.71 (d, J= 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

- 131 -



Cap Method Hydrolysis Rt (LC- Cond.); % honpbgen city index; M data

1.14 mn

( Cond. - M5- L) ;

WO 2010/117704 PCT/US2010/028999

10

15

20

25

Cap-137, step a

\CN

=N

“ 0

A suspension of 1-chloro-3-cyanoisoquinoline (188 mg, 1.00 mmol; prepared
according to the procedure in WO 2003/ 099274} (188 mg, 1.00 mmol}), cesium
fluoride (303.8 mg, 2.00 mmol), bis(tri-ferz-butyiphosphine)palladium dichloride (10
mg, 0.02 mmol) and 2-(tributylstannyl)furan (378 pL, 1.20 mmol) in anhydrous
dioxane (10 mi,) under nitrogen was heated at 80 °C for 16 h before it was cooled to
25 °C and treated with saturated, aqueous potassium fluoride solution with vigorous
stirring for 1 h. The mixture was partitioned between ethyl acetate and water and the
organic phase was separated, washed with 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.

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
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;
LCMS: Anal. Cale. for [M+H]" C1;HgN;02: 200.08; found: 200.08.

-132 -



90% C O N LCVMs: Cap- co2H Anal. 145 Prepared from comrercially
avail able 1,3- dichloroisog-uinoline B 12N HCL [M1-H]
WO 2010/117704 PCT/US2010/028999

Caps 138to 158

Synthetic Strategy. Method A.

OH o o/
N feon %y mCPBA TMSCN SN NaOH__ =
N CTHF N DCM _TEA, ACN Tec 2N
BMCL 2001,
11, 1885-1888. COH
5
Cap-138
o
=
=N
COzH

Cap-138, step a

0
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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Cale. for

C I0H/C1 NC2: 208. 02; found: 208.00. - 142 -

2010/ 117704PCT/ US2010/ 028999
WO 2010/117704 PCT/US2010/028999

10

15

20

25

To a stirred solution of Cap 138, step a (2.34 g, 14.7 mmol) in anhydrous
dichloromethane (50 mL) at room temperature was added meta-chloroperbenzoic acid
(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
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
index; LCMS: Anal. Calc. 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
(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
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,
= 1.75 min, (Cond.-D1); 90% homogeneity index; LCMS: Anal. Calc. for [M+HT"
C11HgN,O: 185.07; found: 185.10.
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1.40 mn (Cond.- D1); 95% O N LCMS: Cap- OH Anal. 146 Prepared from
commercially avail abl e 3- hydroxyi soqui noline A 5NNaCH Cale. for [M11]
C1110N WO 2010/117704 PCT/US2010/028999

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

5 organic phase was separated, washed with brine, dried over Na,SQOy, 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

10 [M+H] C1HoNOs: 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

Gt {olusne CN COH
WO 2063/ 099274
15 Cap-139
Ao SN
=N
COH

Cap-139, step a

A e
=N

20 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'-

25  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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03:

204.07; found: 204. 06. 0.87 mn (Cond. -

WO 2010/117704 PCT/US2010/028999

10

15

20

25

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
(d, /=9.0 Hz, 1H), 7.76 (d, /= 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
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
[M+H]" Cy1H1NOs: 204.07; found: 204.05.

Cap-140
-0
O
2N
OH

Cap-140, step a
~0

\CI

=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
1,5-bis(diphenyiphosphino)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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Dl); 95% 40N LCWVS: Cap- co2H  Anal. 147 Prepared fromcomercially
avai l abl e 1- chl oro-4- hydroxyi soqui noline B 5NNaCH Calc. for [ MtFI]+
WO 2010/117704 PCT/US2010/028999

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

5  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
10 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,

IS5 Cap-141

x F

=N

o;H

Cap-141, step a

™ E

=N

CN

20 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

25 (Cond.-D1); 90% homogenity index; LCMS: Anal. Calc. for [M+H]" C1oHgFNy:
173.05; found: 172.99.
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G 11-110N 03: 204.07; found: 204.05. 40 ' N 0.70 mn Cap- co2H

(Cond. - 148 Prepared fromcommercially avail able 7-
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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hydr oxyi soqui nol i ne A 5NNaCH D1); 95% LCMS: - 143 - WO
2010/ 117704PCT/ US2010/ 028999 Anal . Calc. for [ 11/ 1+Hi

10
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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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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
solid. R¢= 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
anhydrous tetrahydrofuran (5 mL) 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
residue by reverse phase HPLC (MeOH/water/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/

o

1,3-Dichloroisoquinoline (2.75 g, 13.89 mmol) was added in small portions to
a cold (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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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
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
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:
Anal. Cale. for [M+H]" Cy;H;;CLN: 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
described for the preparation of Cap-139, step a. Re= 2.19 min (Cond.-D1); 95%
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A 5NNaCH Calc. for Prepared from commercially avail abl e 5- [ MtH|
hydr oxyi soqui nol i ne C tthoN 03:
WO 2010/117704 PCT/US2010/028999

10

homogenity index; LCMS: Anal. Calc. for [M+H]+C12H11C1N3: 232.06; found:
232.03. HRMS: Anal. Cale. for [M+H]" Cp,H 1CINg: 232.0642; found: 232.0631.

Cap-144

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

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.

Cap #

Cap Method

Hydrolysis

R; (IC-
Cond.);
%
homogen
ity
index;
MS data

Cap-
145

\CI

N

COgh
Prepared from B
commercially available 1,3-

dichloroisoquinoline

12N HC1

1.14 min
(Cond.-
MS-W1);
90%;
LCMS:
Anal.
Calc. for
[M+HT"
CioHyCl
NO;:
208.02;
found:
208.00.
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204. 07,

f ound: 204. 05. 0.26 mn (Cond.- 40N TFA D1);
WO 2010/117704 PCT/US2010/028999
1.40 min
(Cond.-
D1}
95% ;
S LCMS:
Cap- ;?H Anal,
146 Prepared from 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 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 5N NaOH D1);
commercially available 7- 95%;
hydroxyisoquinoline LCMS:

- 143 -
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95%

Cal e.

Cap- Prepared from 8-net hoxy-
1- chl or oi soqui nol i ne,

f orwo 2010/117704

LCVS: 150 which A 12N HC1
can be synthesized follow ng the procedure in

PCT/US2010/028999

Anal.
Cale. for
[M+H]"
CiiHpoN
Os:
204.07;
found:

204.05.

Cap-
149

=
=N

COH
Prepared from
commercially available 5~

hydroxyisoquinoline

5N NaOH

0.70 min
(Cond.-
D1y,
95%:;
LCMS:
Anal.
Cale. for
IM+H]
CyHoN
0s:
204.07;
found:

204.05.

Cap-
150

=
=N TRA

QO CoH

Prepared from 8-methoxy-
I -chloroisoquinoline, which
can be synthesized
following the procedure in

WO 2003/ 099274

12N HCI

0.26 min
{Cond.-
D1);
95%;
LCMS:
Anal.
Calc. for
[M+HT
CriHoN
Os:
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[M+H WO 2003/ 099274  CHI Tl oN 03:

2010/ 117704PCT/ US2010/ 028999 204.07; f ;)uﬁftlm -204Y\6D4.
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- B 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 B 12NHCl | Cale. for
commercially available 6~ [M+H]
methoxy-1,3- C11HoCl
dichloroisoquinoline NO;:
238.00,
found:
238.09.
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1.78 mn (Cond. -

D1); C

90% O N LCVMs: 02H Cap-
WO 2010/117704 PCT/US2010/028999
1.18 min
(Cond.-
MS-W1);
Br
SN 05%;
7 LCMS:
COH
Cap- Anal.
Prepared from 4-
153 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 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);
: . o . 90%;
dichioroisoquinoline, which
can be synthesized LCMS:
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Anal .

Prepared from 5-net hoxy-
1, 3-di ehloroi soqui noli ne,

151 B 12N HC1 Cal e.

whi ch can be synt hesi zed [hﬁg?Lﬂl fol |l ow ng
t he proced0re1/i7704 C11HOC1 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%;
;;; LCMS:
Cap- Prepared from 1,6- Anal
136 | dichloroisoquinoline, which SNNaGH | Cale. for
can be synthesized [M+H]"
following the procedure in CioH7Cl
WO 2003/ 099274 NO:
208.02;
found:
208.03.
1.49 min
& (Cond.-
! D1);
COLH 95%,;
cap- Prepared from 1,4- LCMS:
157 12N HCI
dichloroisoquinoline, Anal,
which can be synthesized Calc. for
following the procedure in [M+H]"
WO 2003/ 062241 CioHi5C1
NO:
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NO3: WO 2005 / 051410. 238. 03; found: 238. 09. 1.65 mn
WO 2010/117704 PCT/US2010/028999
208.02;
found:
208.00.
0.69 min
{Cond.-
MS-W1);
cl
R 90%;
A LCMS:
CO,H
Cap- Anal.
Prepared from 1,5-
158 B SN NaOH Cale. for
dichloroisoquinoline, .
[M+H]
which can be synthesized
' CcH-Cl
following the procedure in
NOZ:
WO 2003/ 099274
208.02;
found:
208.01.
0.41 min
(Cond.-
- MS-W);
=S 90%;
N LCMS:
CO,H
Cap- Anal.
Prepared from 5-fluoro-1-
159 B SN NaOH Cale. for
chloroisoquinoline, N
[M+H]
which can be synthesized
CioH+FN
following the procedure in o
WO 2003/ 099274 >
192.05;
found:
192.03.
Cap- " S 0.30 min
N B SN NaOH
160 o (Cond.-
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( Cond. - D1): Cl

95% O N LCMS: Cap-

co2H

Anal . 152 Prepared
fromcomercially available 6- nethoxy-1, 3- dichl oroi soqui noline

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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B 12N HC1 Cale. for [MA+1]+ Cl 11-19Cl1 NCB: 238. 00; found: 238. 09.
- 145 - WD 2010/ 117704PCT/ US2010/ 028999 Cap- 153 Br 40 ' co,H
WO 2010/117704 PCT/US2010/028999

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)

5  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

10 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).

15 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

20 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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Prepared from 4- bronoi soqui noline, which can be synthesized foll ow ng the
procedure in WD 2003/ 062241 A 6N HO 1.18 mn (Cond.- M5-W); 95% LCMs:
Anal . Cal%WO2pwy11fMKl i r Cl OH/Br NO2: 251.97; found: 251. 86T/US2¢)0/02%949 0 N
co2H Prepared from 7-fluoro-1- chloroi soqui noline, which can be synthesized
followi ng the procedure in WO 2003/ 099274 B 5N NaOH C1OH7FN 0.28 mn
(Cond. - NB- REY sa08fCdpeis: asarmlbite solid (1.7 g). "H NMR (DMSO-dg, 8= 2.5 ppm, 500

MHz) 7.54-7.47 (m, 5H), 2.63 (m, 1H), 2.55 (s, 6H), 2.31 (m, 1H), 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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Cale. for [MHEI ]+ 02: 192.05; found: 192.03. Cap- 155 |I.N ci co2H Prepared
from1, 7- dichl oroisoquinoline, which can be synthesized B 5N NaCH 0,59 mn
(Cond. - N®BO\2EN/119A0; LCMS: - 146 - WO 2010/ 117704PCTPUSAB2O00Z2899D9
followi ng the procedure in

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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in MeQOH (60 mL) was placed in a Parr bottle 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).
'"H NMR (CDCl3, § = 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.

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
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
Cap-170 a colorless residue. 'H NMR (500 MHz, DMSO-dg) 8 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.

Cap-171
O O
OLi
HN YO

0
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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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Cap-172

5 Cl
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

10 (186 mg, 1.0 mmol), CuSO45H,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

15  layers were combined, dried over MgSOy4 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.

20 | 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
25  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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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
SN

The following diazotization step was adapted from Barton, A.; Breukelman, S.
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
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
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
THF/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
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,

10 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

15

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
20 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,
25  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-
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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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Cap-176, step a
OO
T L0
0 H
Cd

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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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.)
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
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
H, m}, 1.37 - 1.60 (5 H, m). LC {Cond. OL1}: R,=1.95 min. LC/MS: Anal. Caled.
For [Mﬂd]+ Ci1oHz6NOg: 364.18; found: 364.27.

Cap 176, step ¢
AO-0 O/©
N/&O

H

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
visible. 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,

- 161 -



( Cond.

D1); 95% OcoZ2H LCVE: Cap- Anal . Prepared from 4-

WO 2010/117704 PCT/US2010/028999

10

15

20

25

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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mixture was stirred at ambient temperature for 48 h. The suspension was then filtered
though a plug of Celite and concentrated under vacuum to give an oil that
corresponded to amino acid Cap 176, step ¢ (2.04 g) and that was used without further
purification. 'H NMR (400 MHz, DMSO-ds) & ppm 3.62 (3 H, 5), 3.20 (1 H, d,
J=5.77 Hz), 1.91 - 2.09 (2 H, m), 1.50 - 1.88 (7 H, m), 1.20 - 1.45 (2 H, m). "FNMR
(376 MHz, DMSO-ds) 8 ppm -89.39 (1 F, d, /=232.35 Hz), -100.07 {1 F, d, /=232.35
Hz). “C NMR (101 MHz, DMSO-dg) 8 ppm 175.51 (1 C, 5), 124.10 (1 C, t,
J=241.21, 238.90 Hz), 57.74 (1 C, 5), 51.39(1 C, 5), 39.23 (1 C, br. s.),32.02 - 33.83
(2 C,m), 2536 (1 C, d, /=10.02 Hz), 23.74 (1 C, 4, J/=9.25 Hz). LC (Cond. OL2):

R = 0.95 min. LC/MS: Anal. Caled. For [2M+H]" C1gH3,F4N,0,: 415.22; found:
415.40.

Cap 176, step |

OO

X

g 0O
F
F

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;Cl; (100 mL). The resulting solution was stirred at rt 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
corresponding to carbamate Cap-1706, 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
C,s), 156.69(1C,s), 119.77-125.59 (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.

- 163 -



217.10; found: 217. 06. 0.65 mn . oco2H (Cond.- Cap- Prepared
from m ani si di ne

WO 2010/117704 PCT/US2010/028999
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Cap-176

A solution of LiOH (0.379 g, 15.83 mmol) in Water (25 mL) was added to a
solution of carbamate Cap-176, step f(2.1 g, 7.92 mmol) in THF (75 ml.} and the
resulting mixture was stirred at ambient temperature for 4 h. THF was removed under
vacuum and the remaining aqueous phase was acidified with 1N HCI solution (2 mL)
and then extracted with EtOAc (2 X 50 mL). The combined organic layers were dried
(MgSOy), filtered and concentrated to give a white foam corresponding to Cap-176
(1.92 g). "HNMR (400 MHz, DMSO-dg) 8 ppm 12.73 (1 H, s), 7.50 (1 H, d, J=8.78
Hz), 3.97 (1 H, dd, /=8.53,6.02 Hz},3.54 (3 H,5), 1.92-2.08 2 H, m), 1.57-1.90 (5
H, m), 1.34 - 1.48 (1 H, m), 1.27 (1 H, qd, J=12.72, 3.26 Hz). '’F NMR (376 MHz,
DMSO-dg) 8 ppm -89.62 (1 F, d, /=232.35 Hz),-99.93 (1 F, d, /=232.35 Hz). LC
(Cond. OL2): R¢=0.76 min. LC/MS: Anal. Caled. For [M-H]" CoH4F,NOy:
250.09; found: 250.10.

EXAMPLES

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
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
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
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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MB); 162 follow ng the procedure ._ 95% described in J. Refer . LCVE:

Chem 1993, 17 and Anal. Heterocycles, 2003, 60,

WO 2010/117704
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Condition 1

Start %B = 0

Final %B = 100

Gradient time =3 min

Stop time = 4 min

Flow Rate = 4 mL/min

Wavelength = 220 nm

Solvent A = 0.1% TFA in 10% methanol/90%water
Solvent B = 0.1% TFA in 90% methanol/10% water
Column = PHENOMENEX® 10u C18 3.0X50 mm

Condition 2

Start %B =0

Final %B = 100

Gradient time = 2 min

Stop time = 3 min

Flow rate = 4mL/min

Wavelength = 220 nm

Solvent A = 10% MeOH / 90% H,0 / 0.1% TFA
Solvent B = 90% MeOH / 10% H,O / 0.1% TFA
Column 2 = PHENOMENEX®-Luna 3.0 x 50 mm S10

Condition 2a

Start %B = 0

Final %B = 100

Gradient time = 3 min

Stop time = 4 min

Flow Rate = 4 ml./min

Wavelength = 220 nm

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 50 mm S10
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Condition 3

Start %B =0

Final %B = 100

Gradient time = 3 min

Stop time = 4 min

Flow Rate = 4 mL/min

Wavelength = 220 nm

Solvent A =0.1% TFA m 10% methanol/90%water
Solvent B = 0.1% TFA. in 90% methanol/10% water
Column = PHENOMENEX®-Luna C18 10u 3.0X 50 mm

Condition 4

Start %B = (

Final %B = 100

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
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

- 166 -
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Cap-163 OH To a solution of 2-ketobutyric acid (1.0 g, 9.8 muol) 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 1IN HClL and the product was extracted with ethyl
acetate (3 x 100 nil). The conbi ned organic | ayer was washed with water
followed by brine and dried over MiSamplafXeta concentration in vacuo, a
white solid was obtai ned. The solid w stallized from 10

hexanes/ et hyl acetate to afford&ap A itersneedl es (883.5 ng). NWVR
(DVMSO-d6, 5 = 2.5 ppm 500 MHz): 12. (br—s¥ 1 H), 7.54-7.52 (m 2H),
7.34-7.31 (m 2H), 7.26-7.23 ( 1H), 5.52-5.39 (br.s, 1H), 2.11 (m 1H)),
1.88 (m 1H), O. ﬂ*@%%&lqn,ofﬁl%fmphaxa@?e 8H)° £ 120c¢hpmpgyangd 2|:2“d1tefb}&tyhi xture of

vt er) PR H T e e b s r ol B A rorl MR IR SR T Dosea
to H2 at 550 aphidride (& 1Paulr, Sa@ imh@1f orhed42sultingldodutiopacdsistnedhasrobid t ered over

20 Celite and concentrated in vacua, the residue was taken up_.in MeOH (36
nL) and t he tprBRIGEEe ouesnighly ihiesalvant Festemevedt wlep Mergwmypihe eNAGHY R0/ TFA)

AR ( Do dgrvep 8 hexani b ERltrel, TRERIGRNA0 B PG pltnfipl) - 57
(s, 6H), 2. 3he(otganidayerOvBoiriedputit potdssiany catbditute akd)conbéomptei THe cltde N
To a m xture of 2-am no-2-indanecarboxylic acid (25

C i 8.6 rr)% 1.46 mmrﬁf!ﬁzj and
formic aci d odwt fps puntficgl by Bash ghrpmatograplenisBica eehatreetiv apgtpte(igsangdted

f | dehyd , 37% j . i tids - 251.C f
15 mn 30 ¢ ne st SRt e Rk R R 2T D MR e BB e i
vacuo, and tNweRr SDMEZ,\@CHWE%WIESMnéﬂ%ﬁ,411‘}1@)~mﬂ(r@mﬂfilﬁdvb)63a

reverse phase HPLC (MeOH H20/ T to afford the TFA salt of Cap-165 as a
vi scous oi | (180D hel - 580 (m, Rtk LONES 4enl. Galed Fos[NIHH ™ Gol1Ws@9S:: 7. 29- 7. 21

, 3. d =z . 1) ... 3.50.(d, = : : , 2. :
). L0 e el e T e Sand 1S 1B esiie (054h: Founa: 206, 07,
Cap- 166a and -166b

15 Example QC-1b

0 e
O O
To a flask with bis(pinacolato)diboron (2.79 g, 11.0 mmol), potassium

phenolate (1.98 g, 15.0 mmol), PdCl»(PPhs), (0.21 g, 0.3 mmol) and
triphenylphosphine (0.16 g, 0.6 mmol) was added 50 mL of dry toluene and (1a) (2.29

gy #

20 g, 5.0 mmol). The resulting mixture 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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Cap- 166a: Di astereoner-1 N)NCap-166b: Di astereoner-2 Caps-166a and - 166b
were prepared from (1S, 4S)-(+)-2-nmethyl-2,5- 20 diazabicycl o[ 2. 2. 1] hept ane
(2HBr) acwordiong7id t he met hod descri bed for the synt he®C3/UsR01CAREI?E and
Cap-7b, with the exception that the benzyl ester internediate was separated
using a sem-prep Chrialcel 0.1 colum, 20 x 250 nm 10 1.1meluting with
85: 15 heptane/ ethanol mi xture at 1E¥pds RCelaution rate for 25 min.

Cap- 166b: NVR (DVMSO-d6, 6= 2.5 ppm 5Q0 MHz): 7.45 (d, J = 7.3 Hz, 2H),
257.27-7.19 (m 3H), 4.09 (s, 1H, 3.G4 (app.br s, 1H, 3.16 (app br s,

1H), 2.83 (d, J---10.1 Hz, 1H), 2.7{();;;’2\H), 2.46 (in, 1H), 2.27 (s, 3H),
1.77 (d, J---- 9.8 Hz, 1H), - 151 - “-}{63 J 9.8 Hz, 1H). LC Ms: Anal .
Cal cd. for [MrHdi Cl4H19N202: 247.14; fogpd: 247.11. Cap-167 5 A
solution of racem c Boc-1, 3-di hydro-2Hi soi ndol e carboxylic acid (1.0g, 3.8

mol ) in 20% TFAGTEGLE IWAB o3 UDYY i avaldr) wabaddeli GropttviseAvkr Theinvelati |l e
conponent was renoved in vacua. A mxture of the resultant crude material,

f or mal dehydéethamoh{32 izpsolionerfapymonwm hedroxidy (A2 ymlamad (9B mdprelipalo ng) in

in a Parr hottle.f T i
i xture das (o b Ba OB eta b R Ple b o S ae i tos M ora
Cap- 167 as %oﬁ%%@ﬂﬁa@%ﬂ&@a% Sadi)and Hid AHMBRué PYEENIed B #1adhd ppm 500 MHz)

nd
7.59-7.38 (m , 5.59 1&; 1H), 4.84 (d, | - 14 Hz, 1H), 4.50 gd, J=14.1
Hz, 1H), 3. @Garquptogephy GiGeassl shal acetetsl) deflowegrby[avearyjtalbizetiop(ty! 178. 09;

found: 178.65., 15 Cap- 168 ' -16 d :
e ¢ 190 AE e ARt 1 AT ARl SR as s A ROk Al iR
described f g4 48p¢ iﬁrﬁmgﬁmo-ph@@a@jé%o I(EPIQ%:QH.LB%?UZ@ (fzm&,elrfit)als.9w§, _
enpl oyed as such. Cap-169 0 CH A m xture of 2-am no- -pheng/l pr opanoi c
aci d hydPocHIHy ¢.de (s, 3HY, 476 @5l 153 dindi) | Hp,cGr3ab a8 md e}, £523q1 .73 nodidh

water), 1IN |_1|%’]9/ f}? (tr\go) s, 9?[51{(} PCO@nP. é?)CR( '=6.?87q1)1in-; >&§*’% homogeneity index.
LC/MS: Anal. Caled. for [M*FH]J” C12HooN2 0, 238.16; found 238.22.
Imidazole Example QC-1¢ had an ee of 98.9% when analyzed under chiral

HPLC condition noted below:

15  Column: Chiralpak AD, 10 um, 4.6 x 50 mm
Solvent: 1.7% ethanol/heptane (isocratic)
Flow rate: } ml/min
Wavelength: either 220 or 256 nm
Relative retention time: 3.25min (R), 5.78 min (S)

20

Example QC-1d

SEM
N
Y

|
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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in MeOH (60 nm.) was placed in a Parr bottle and shaken under hydrogen (55
PSI) for 4 days. The reaction mxture was filtered over Celite and
concent r 0010 1VAdua. The resi due was taken up in MeOHPEHAISPAIO/02898Y by
reverse phase prep-HPLC (MeOH water/ TFA) to afford the TFA salt of Cap-I 69
as a viscous sem-solid (2.1 g). 51H NWVR (CDC13, 8 = 7.26 _ppm 500 MHz):
7.58-7. 52 (mgactoMyas quengher with mgfer 3y expraged wish edhyl aqqpate. oTherorgppics . 3H) |
1.93 (s, 3H). LG M5 al . Calcd. .for. Hr 1 0194, 12; d:
194 12, Cagia]yjfﬁ VRIS oo d,mséecgggg%rmu&ﬁeg v&%].h Mjggkﬁ)%nd g‘orﬁ:er}tgateé. OHIK
(5) - 2- am nocAdetpRsduahyed Surdtddmy fRh 4hidnabseiphs (atitdlgd SHE edyl 8ol ;

obt ai ned from Astpfe%t ech) ?ﬁ wa?g (15% was 1‘jadded_ sodi um car bopat e %673@;
6. 35mmml ), apdatehexanesitotzive Example e has cedpeess o8 (03¢ 2abbothe ] ARy |

Feact | on 15 GRAMER Bt 43 578 B YAG CO0RN SRl R B 1o

thaw to anbioemi 1 Y€ PEDUE &T) 3TIE- 1.2RGh] PH) AIKUL-W.63 WSl Hhe07 parii (i, eped
bet ween 1IN HCL and et hyl acetate. The organic | ayer was renoved and the

aqueous | aydrHwad0/p T8t(tndemenst ¢/dot =d0WBLIR.92 BaldiF 6ok, b 6% s o). et hyl

acetate. Th i,ne api ¢, l.ayer wth j pe, dried over
magnesi um S&(ﬁg{gé,AHFE|@L&eﬁr§16ﬁ%§h§ﬁﬁ$§%§?ﬁgﬁf¥8\?§ %)g"gff ord 20 Cap-170
a colorless residue. 1H NVWVR (500 MHz, DVMBO-d6) 8 ppm 12.65 (1 H, br s),
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, 1082 - 1.95 (1 H n), 1.41 -ExamggeQ-H rn), 1.21 - 1.39(2 H, );
LC Ms: Anal. Calcd. for [ MHH C9HL6NO5; 218.1; found 218. 1. A

sol ution of nethyl 2-(benzyl oxycar bonyﬁ’é% no) - 2- (oxet an- 3-yl i dene) acet at e
(200 ng, 0.721 mmol; Il Farnmaco (2 , ~ 609-613) in ethyl acetate (7
m) and CH2Cl12 (4.00 m) was degassed y\bd bling nitrogen for 10m n.

Di et hyl di carbonate (0.116 m, 1.08% nmoN d Pd/C (20 ng, 0.019 nmol)
were then added, 5the reaction m xturBoanas fitted with a hydrogen bal |l oon
and allowed to stir at anbient tenperature overnight at which time TLC

(95:5 CH2C12 / Mekae salptian ofi Bpawladdfn! St2410he, pefPenmobrin B ndepidHy) 2S04, 69

amoni um nol ybdat e, sul fur,i cid, and.10 ter) 1indic d;c | ete
conver si on. ﬁtgfl{hglﬁ@? g%ﬁ W_ sa%fl‘?cﬁt\lgqxg%lwlﬁ%lﬂ@}%{%ﬁ'!ﬁt%egéé@%@b}&ﬁf?&to d. The
resi due was cﬁ’&'ﬁéétérﬁgilcy Bﬁp@ﬁé&t&gﬁ((ﬁ id.! "Pﬁé%e%‘&ﬁiﬁg dhistdoneiaihane 00 .p2 25
sanplet; elute on 25S colum with dichloromethane for 3CV then 0 to 5% MeOH
/ di chl dsondt. HaneolowdrwR5emtvdédherehodcduat HBordedid wasdilodnl wprionet hane f or
250ml; 9ml fracgtions). Coll ect Sd fracti O,P}? cont ai,ni n%v desired t.elgi al and
concent r at ed[z«?l‘éorj_) ng g4 /3vag}e ﬁx@p}.‘vgter. e aqueous layer Was re-extracted wit

2- (1 net hoxy Ry leA,00 = [Pz 1aERCTIYY t & A l,.egs oil. 1H
NMVR (500 M—E(?E%%LGS%I&%N? %?‘J‘%g%%%?‘%?%@ﬂ?é ‘Ql’%%ﬁ{fg %ﬁ‘? Py Mzl ha) H 3.70
(s, 3 H) 3. ZbntsntraBdHIhé chlle(rodudteadpurificd Wy Hsh 4hfonatogtaB® (ibica 2elH)5-4. 67 -
30182,( mf Oﬁng‘?()ﬁ/g gt%él éc%{atesfﬁef(én%fq]gq% I]\E?Eémﬁﬂﬂa Cnlg%ils gl?i’gh{ ferlioLvl\gF{l.% F11411 108:
2- (met hoyyc Y aneR) c . 6 ) in THF
(2 ) B 8 ) B ORGP e roagazare. 20( 10. 33
ng, 0.246 mmbi)/1.3Thmtereay ¥g9tH)SDE UL 2OS (a3 HIA. dveti4t 0nst H) 30%erdii4 @n,at
anbient tenperature. TLC (1:1 EA /[ _Hex; @gnessi an stae' n [1g &e( NH4) 2S04, 69
ammoni um nol 4HA48e/4- Bhiotemersupy e A&D P20 1 Hpdat/ Swit gipyperspdideat ed - 10%
starting mateni r Al i A i ak].owed to
stir overnig tngtbllv%hl cE‘P’ti?ﬁnzsﬁ?ﬁ%%éh(o\/\g%gﬁbglg’ﬁgﬂ'iL%Mn%ﬁgﬁ'g%}%Fé%i ni ng.
Concent r at edCjsHx v atigOsRidMI5440. by dfomaii46.¥h vac overnite providing 55ng
lithium 2-(methoxycarbonyl am no)-2- (oxetan-3-yl)acetate as a col orl ess
solid. 39 NVR (500 MHz, MeOD) 8 ppm 3.39 - 3.47 (m 1 H) 3.67 (s, 3 H 4.28
(d, J=7.93 Hz, 1 H 4.64 (t, J=6.26 Hz, 1 H 4.68 (t, J-7.02 Hz, 1 H 4.73
(d, J=7.63 Hz, 2 H. 30 - 154- Cap-172

- 169 -



a OH Cap-172, step a 5 The foll ow ng diazotization step was
adapted fromBarton, A ; Breukelman, S. P.; Kaye, P. T.; Meakins, G D.;
Mor gan, DVOR010J117@4 S. Perkin Trans | 1982, 159- 164: APE®UR10/289P9 NaNO2
(166 ng, 2.4 mmol) in water (0.6 n.) was added slowy to a stirred, cold (O
C) solution of methyl 2-am no-5-ethyl-1, 3-thiazol e-4-carboxylate 10 (186
my, 1.0 mmol), CuSO4.5H20 (330 ny, HEsmpelG-1f NaCl (260 ng, 4.45 nmol) and
H2SO4 (5.5 nL) in water (7.5 nmL). The m xture was StSEEAred at 0 Cfor 45 mn
and allowed to warmup to g;] orat irred further for 1.
h before CuC (118 ng) was added, , “Was| stirred further at room
tenperature for 16 h bef or@~f Whs th ®rine™and extracted wth
ether twice. The organic hayers were conbi ned, dn.ed over MgSO4 and
concentrated to give methyl 2Bl oro-5- ethylthi 8%l e-4-carboxylate (i.e.

Cap- 172, step a) (175 ng, 85% as an orange oil (80% pure) which was used
directly in the S@@mqfﬁaﬁﬁe chl.bdéS%mg@ édﬁampl)lxﬁﬁ%n;lplﬁ@%é@ (%Rdal .

Cal cd. for I X ; : “ 0Cap- 172 To a
Sol ut§ on'_of "SecHy "D L ar B Rl bR B BB P 175 ) i

THF/ H20/ MeOHik2@yidctmaimide atd 7 id. tflyatevasascadided PA{PRH; ) 805 mg, 0. IPmA®mol ) .
The m xture was stirred at roomtenperature overnight before it was

concent r at ed bgaonltinecpotsionreasiroderediaf RS Fomernight Ehhalvanpwaptomovede resi due
was extracted,.tw ce 25w th.ethyl .acetat.e,and ni.c | r re

combi ned. —anad BoErAng Bt W (I RB R 2P Db BTN e XSV 2y s
a red solid wiH whteeBhdi5rhivldybowhs Wakhicl @/ithitne! digat with MgBdiiRd ( 300 Mz,
DMSO-d6) 8 ppm 13.03-13.42 (1 H m, - 155 - 3.16 (2 H_q, J= 7.4 Hz),
1.23 (3 H, tcongeatrgtes. Hhy crude pm@pwamwxﬁe@&ydeswghastmwézsymseil . Cal cd.

for | NHﬂ)l c(‘?nlé%%%o W:ﬁér/”h?&) f?)ggivé g;lgaprgﬁle %f(il—l ? e?s' a V\C%Ré %0117&51?0 mg%?%,l 73, step a
mixture of diastereomers). "H NMR (500 MHz, CDCls) 8 ppm -0.02 (s, 18 H) 0.74 -
1.03 (m, 4 H) 1.19 (s, 9H) 1.38 (s, 9H) 1.43 - 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 H) 4.81 (s, 1 H)4.97 (s, 1 H) 5.07 - 5.21 (m, 2 H)
521-532(m, 1 H)5.60(t, /~11.29 Hz, 1 H)5.71 - 5.96 (m, 2 H) 6.79 (s, 2 H).
15 LC/MS: Anal. Caled. for CygHgNgOeSis [M+H]" 893.58; found 893.42.

Example QC-1g

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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The foll ow ng diazofization step was adapted from Barton, A.; Breukel man,
S. 10P.; Kaye, P. T.; Meakins, G D.; Mrgan, D. J. J. C S. Perkin Trans |
1982, 159WO026uy11A040l uti on of NaNO2 (150 nmg, 2.17 mmol ) PCA/UA2218/028929 O ni L)
was added dropwi se to a stirred, cold (0 C solution of methyl
2-am no-5-ethyl-1, 3-thiazol e-4- carboxylate (186 ng, 1.0 mmol) in 50% H3P02
(3.2 nL). The nixture mas stirred aBx@uplef@C-11 h and allowed to warmup to
roomtemmrﬂure r rt for h. ter ooling to 0 C,
the m xture was troe”eﬁ %Sfbi ""‘\R»ijet(lfq8 gs@f’@t@%r‘?%%’ﬂ@@) Egé)n% in water (10
The m Xt iy XY th%'ytre@h bdedhopd i b:t@@@n 9l uRigRoBRd2
extracted t$§%e1 rtd%??e# )The organi c Iaye?ﬁ 9@ conﬁ?ned dr?gd over
MySO4 and c@nstceﬁdtnyahzadthgrlfoxgtaﬁﬁdmhydtdeﬁ{h;edsptbpﬁetaylehmeﬁl(”ieatrLb())éth ate (i.

Cap- 173, step a 134 rrlt% 789 as an_orange oil (85% pure) .which was used
di rect | y3i n mmobhdhpessuling seixiugh wagstireedpat sgomdempeegig. fonpmyn. HaT Ve Anal |

Cal cd. for v/ 5; ution
of et hyl 5 HPRY 5@%.5%%& R o ndy Pt S MG SRR B S 1
2.7 m/ 11 m.)Theasivedcess leiroved 2@der Facuudil . Tie dru@d prodddievaipytifiebyvas stirred
at roomtenperature overni ght before it was concentrated down and

neutral i zed FWeEs HhQSQ—ﬁELpr{n@fhﬁé?U‘(@@fﬁEﬁ Threlikeelsacigns Wae corbingds ed twi ce
th ethyl s
W th ethy g{ég%ﬁtzgd?{tgﬁ sgtt&tgtﬁ %3%@%}%@%%&,5&%&{}&&@@ ik %‘écl)g‘é.m% s

and evapor an oran

used W tiboutorgdnid Resrs pierd ddiciaditloM S, M@B&Qrawdao gwsaaet@)e QCppmee
12.74-13.04 (1 H, m, 3.20 (2 H g, J= 7.3 él'ZS 7.5 Hz). Rt
= 1.27 min (eshanixivmyt diptymsnerahe @ wibdg sdid €85 mmﬁﬁﬁ/dalcﬂﬂﬂcﬁ@ =158. 03;

(5.0 9, 15 MR actﬁﬂr?;oa%afgd%@%“%cﬁﬁag1@%@@%&‘3@@%\%& Y TRy

3- hydr oxypl crl7imatRME: Snd. CAEd. FoURHEkN0 [NEN( 2424588, fhdhd4mmmRY, | n
CH2C12 (80 nL). The mixture was stirred at 0 Cfor I'h before it was all owed

to warmup to roomtenperature where it stirred for an additional 1 h. The
15 m xtyr.e was then quenched wth_satur solution (40 niL) and
t he orggﬁl c layer was separ at ed, E&%@ﬂféda\tﬁggﬁc"\@?’%ﬁ, dried over MgS™ and
concentrated to give nethy (trifluororrethylsulfon xy) pi colinate (i.e.
Cap- 174, step a) (3.38 g, V3 as a dark br own orI (>95% pure) which was

used directly wi thout furtHher 300 MHz, CDC13) 8 ppm
872879(1Hn)771r<(—£ ANSBHT.B5R(1 H,_ m), 4.04 (3
H s). R 1.93 nmn (Cond I\/@l Anal™ Cal cd. f%r [ MtHr C8H7F3NCBS:

286. 00; f d: 2 :I t

3 Chr it or oty H@ﬁ@@@i@%@?ﬁrﬁﬁt@% el i B ISOmRRS PSR ( 20
nL) was addeghbbithlng #edespBoetive-aBiddWEY Qap-5 T AiiiyAd thb B¥the SleBdAaRScr{bé8 o, 2.4
rnnol ) and bi s(tri phenyl phosphi ne) pal I'adi um di chl oride (42 ng, 0.06 mmol).

The mi xt ur e Bwanie@Cetl at 100 C overni ght before a saturated sol ution of KF
- 157 -

20
Example 0 RT (LC-Cond); % homogeneity index; MS data
R)kf
QC-2 O RT = 2.08 minutes (Cond. I); LC/MS: Anal. Caled.
S for CagHsoNgOs [M+H]" 691.39; found 691.58;
HN\H/O\ HRMS: Anal. Caled. for CagHsoNgOg [M+H]
© 691.3932; found 691.3965
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(20 nL) was added to the reaction m xture at

roomtenperature. This m

xture

was stirred for 4 h before it was filtered through Celite and the pad of

Celite waWORAEYETOM t h et hyl

acet

ate. The aqueous phaseP6T/USRE 0028999 at

€ Was

t hen separated and concentrated down in vacua. The residue was treated with

4N HC1 in

ioxanes (5 5 m) and the resulting mxture was extracted

nmet hanol , f
solid whickh
wi t hout fun

1= 3.7 Hz),

| Exeaipel
) was sl i
t her pur

7. 831-1

and ev/gor at eg
ghtly @ontam
ification. 1H
Q0 (1. H

RD(Iaf-Cond); Caperhogehelt? 6dengyiSaktaa gr
ated with inorganic salts but was usé

NMR (300 MHz, DVBO-d6) 8 ppm 8.21 (1
7ﬂQ(’IHdr‘i 1= 7 7 ARH7\ A_98

L th

en

dd, J= 17.4
11.0 Hz). H
{114+H] CsH{
To a soluti
173, step
Cap-1 74, i

’1
Rt
NO2:

Pas WA I WE S

QC-B H
0. 39
150.
on of ne
a) (570 ny
n 20 DIVH

i) 74 41 H,
- M
06,

t hyl i%lfh

(20 ) was

n.ano

0)

fong“l“

RIE= 2J50 rhihuges (Cod. Hit) LCAID0mLHaladd,

ooy R S S8 oK tia o

GRS ke dlalani @ REO) ivpalie (1 . e.
e preparation of

an internediate in
d:’déd»’?a&ii Cf_@ur(uiz&m M6 6.0 nrnol),

tributyl (vi
bi s(tripher
was heat ed
resi due was
resulting n
t hen separ g
the residue
elution wt
af forded ne
ng, 40% as
4.6, 1.7 Hz
J= 17.2 Hz)

CCOT

yi Bhot

n xture
it ed, 25f
by fl as

phi
at 100 G fep
taken up in
was wa

TTUTTO \IU.L IIB,

i ne) pal | gdi um
for

iltered

to‘gitr
W C

hr oug
h chromat ogr ap

K erloA *ﬁ@%%écﬁﬁd 2 o Mivrohyal- Geled ni

1
SO s s,
s e
P45 Lokl 4 gpd 26041

strunent (gradient

%e
th

7.94

).

. LC/ MB:

(Cond. - MD1);;

5 Cap- 175,
of nmet hyl

step h

daetdl e i

tihyt

-vi nyl pi colji nat @
a yel | ow opt” MR
: (1 H, J5. 7.

5. 47(1

H d, J¥
Anal . Cal cd.

1To

Palladiumon _c

@?K%”@Pcrgir&t&??ggﬁ ] 11@5\@% ajil?al' Fal EE"E
step a) (1
(fawmgagman g7ppm Hubd 714241, dd,
7 Hz), 7.33-7.51 (2 H m, 572 (1 H,
Hz), 3.99(3 H s). R 1.29 mn
for [ MtH COHLONOZ2: 164.07; found: 1§

xture
he
he

r was
n of

nes)

30

J=
d,

4. 06.

ar-bhon (100@ 25 mJ) was_added _to _a sol

uti on

3- vinylpicolinate (120 ng, 0.74 mol)
suspensi on was stirred 10 at
hydr ogen for

Celite was washed with net hanol .

Anal . Calcd. for [I\/HrH14 H1

10

YNH o "

in ethanol (10 niL).

room tenperature under an atnosphere of
h before it was filt éxedplch@Otigh Celite and the pad of

The

The fiItrate was concentrated down to

.e. Cap-i7 step b ) whic
nd.-MD 1); LC

166, /99\/15

" HNJ(

Example QC-6a
SEM. SEM
CH:\\N N’;'H_.\\
L Y,
Boc Bos

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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Cap- 175 To a solution of nethyl 3-ethyl picolinate in THF/ H20/ MeOH (5 ni/
0.75 n./ 3 nL) was added LiOH (35 ng, 1.47 mmol). The m xture was stirred
at room t\EQPert1E0e for 2 d before additional LiOH (80 mgY/Usaslogzreed. After
an additional 20 24 h at roomtenperature, the mxture was filtered and the
sol vent was renoved in vacua. The residue was then treated with 4N HCl in
di oxanes (5 vmpﬁanmcgitmﬁxma IQG hyasuspertess ghswiadiageoncante mixdred S0meo

Ui 11 cat | onl oK %4%3% 0 R L P Rt R T

Hz), 7.82-7.89 (1 H, 1), 7.53 (1 H, dd, J= 7.7, 4.8 25Hz), 2.82(2 H, q, J=
7.3 Hz), 1.17(3 H, t, J= 7.5 Hz). R=0.36 nin (Cond.-MD1); LC/MS: Anal .
Cal ed. for [114+Hfr C8HLONCR: 152 GantobuE:-6t152. 10.  Cap- 176 A

solution of 1, 4- dloxasp|r0[4
m.) was added to a solutio R
(d|nethoxyphosphoryl)aceta 0
1,1, 3, 3-tetranet hyl guani dt ne 10. 45 nL 83 nnDI) ap “E}OAC (150 nL). The
resultln§ sol ution was the“stirred at 10 anbi ent tenpérature for 72 h and
then it was diluygd sWiiHinErRRGmEREOMe, (504181200 98 Rirfolh AY Y miasy washed wi th
AN HC1 (75 nL), HZ0 (100 nL) and brine (100 ni), dried (MySO4), filtered
and concentﬁaﬁﬁﬂonﬁﬂmnwwstdhbdﬁ&&ﬁﬁhnmﬁvgmwwﬁaﬂBl6&ag€u@@%ﬁﬁmh25VW$

Et OAc/ Hexanes; 300 colunnéw The conbwge fracti ons containin the roduct

5

J@g mml) in EtOAc (150

r bonyl am no) - 2-

wer e then C&F@eﬁt}f‘i‘e £EOhY e(?ﬂtfﬁﬁh‘?f& t e solgnfiiras foved up s’ta‘é‘ﬂ zed
15from hexangga/E; CwésQ%&bW(% nfét ¥eiah ? énﬁ%t turEd %ﬁH% ofer. Mebyl 2-
(benzyl oxycar bonyl am no I oxaspl ro ecan 8-y ene)acetate (6.2
g) 1H NVR (4étﬁlltmgzsphm%elﬂe)ctsﬁi E@rﬁﬁtﬁtx&ﬂand ﬂasmdd Qxathl-dhethyi etI&r(t)Qgi(v& thd, br.

fr)) 254%5( 22115 S@ﬁ)déasgﬁ'f%n miXturefaf gxenﬁg%@ﬁh ﬁi@ﬁ‘)@%@gﬁl@ (3@3%;?&( o
2.89 mn. L‘é’%@ LEARS: Ax‘?% gﬂ(c)ci Fof %ﬁﬁh MN%HF%%H%%W%Q@%M? 21; found:

745. 47. Cap step Cap 176, step b was
prepared from al kene Cap 176, step a accor di ng to the met hod of Burk, M
J.; Goss, M F. and Martinez J. m Chem Soc., 1995, 117,
9375-9376 and references therein): ,EXS’@E % gh- pressure bottIe was

charged i th al kepg BE‘?&P &lBy fl§%\¥§1&m kBt ba%e%t e%lb g%&@gg ﬁIQOH

(200 mL) 5 under a e solution was t

(+1, 2- Bi s((2Scadhngdo the ptomufeydepttﬁ;&ﬂtfoﬂ ma@mhésmﬁ(mmp@wtjammms RAdi um

(I') tetrafluoroborate 108 g, 0. 194 mmol ) and the resultlr_; m xture was

fl ushed wit 09 paRytes ne—’hé)r MalHé“akCéxijor Crtb NP M Al a3 -4haken

vi gor ously [ eﬁ'gg r he sol vent
was remved%gggieérg&edguige Sprﬁéggtgragcﬁg}hg@hﬁ IT%%I ng %9254%255(31%%&-%5 t aken
up i n Et OAc.69Fle7br owni sh solution was then filtered through a plug of
Silica Gel and eluted wth Et0OAe. The solvent was concentrated under vacuum
to afford a clear oil corresponding to ester Cap 176, step b (3.4 g) .1El

NVR (500 MHz, CDC13-d) 8 7. 5.32 1HdJ916
( ) o pom 1 Bamples e 7%&1'%%?’8 S onca’

Hz), 5.06 - 5.16 (2 H, n), 4. 37( 92(4H t, fr--3.05

Hz), 3.75 (3 H, s), 164-&\:,

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.

-173 -



15H, m, 1.37- 1.60(5 H m. LC (Cond. O.1): Rt = 1.95 mn. LCMS: Anal.

Cal cd. For [MtH G 9H26N06: 364.18; found: 364.27. Cap 176, step c 0 Ot
"C) 0 20B%0ep1004p70376, step b (4.78 g, 13.15 mmol) was @#CTLGRUSO289A9 THF (15
m.) followed by sequential addition of water (10 nlL), glacial acetic acid
(26.4 nL, 460 nol) and dichloroacetic.acid (5 44 m 65 8 mol). The
resul ting myiBtampde ias sti ored for RR2(IC-Gondnbé bormogearmeimsex™S datad t he
reaction s quenched by,zﬂl\ w addition of solid Na2CO3 with vi gorous
stirring uptil the|rel edse ®f gag was no longer 25 visible.
was extracted-i-nt-0-110%-et-hyl_acetla —chl-or-ompth 80 ;_;,__J

were combi medQCdt i dd ( MySO4 fi ] | ¥iod 2AKdn 0t 6Gerhtad. CAS Anskialgthg

i d $ ifi t
L Tord ket gne Cap 17605 4P 05 485 SRR RIS A R TD) Mo,
CDC13-d) 8|ppm 7.29 - 7 2:‘ \%faoﬂd, @RM@ Bhall taldd. B C;IRENGS; INEYET™5. 09 (2 H,

s), 4.46 (1 H, dd, |- 161 - 13=8. 16 14 Hz), 3.74 (3 H s), 2.18 - 2.46 (5
H in), 1.96 - 2.0 (1 H, n? 1. 6(575(5ﬂ4|§~ﬁ fan@ri”féﬁ—él‘bz?»figg 5.96, 2.89 Hz), 1.44
2 |

- 1.68 ( g =12367 1236142 Z. 00 J A\ a 1) Rt
= 1.66 mn. Lépﬁ%: Anal .: Calja For lptjﬁ/kl\llaﬁhmﬁuﬁ FRF\%(??, L%@ 1@)&1&%‘;&&
342.10. Cap 176, step~g - fo%mz]_\@bg(gﬁ/(m @@31@ fdlnd 163 8% mol|) was
added to a|sol ution of k%\pne Cag 176, steE . 49 mml) in CH2C12
(50 nL) folll owed by additi o\ﬂ’o‘r\ o TERME: i Cﬂﬁdafﬂw@dﬂﬁzﬁﬁoﬁt {0. 149 inL,
2.55 mmol ).| The resulting yell ow rred at rt overnight.
The reacti gn was quenched by addi ﬂ% 4C}8$ ilé) dy@%‘ﬁﬁamoe (25 nmL) and tlhe
m xture was extracted W ith EtOAE (3X/5 L)) . Thée ¢cOonbl ned organic I ayers
were dried (MgSM4), filtered and dried to give a yellow sh oil. The residue
was purified via Biotage chromatogr %%Q 29{ (Y 15% Et 0Ac/ Hex; 90g 15col um)
and a white solid corresponding to 8% ¥tor o ani no acid dl|f0l’lde Cap
176, step d (1.5 g) was re ered. 1H NWR (400 MHz" 13 d 6 ppm7.29 -

7.46 (5 H m, 5.34 (1 d J=8 28 Hz), 512(2%} 4,41 (1 H dd,
N - 1 98(1 H, m,
TN 1 @ H 13-d) 8 ppm

J=8.66, 4.89 Hz), 3.7
1.60- 1.81 (4 H m, 6

-92.15 (1 F, d, J=23 HHZY, - 102. 44 0(1 F, d, J=23. &%q LC (Cond.
OLl): Rt =1.66 min. LT MS: Anal, Calcd. For [ZNHNa] C34HA42EAN2NaO8:

705. 28; found: 705.1 ZSD'quorlde Cap 176, step d (4 g, ¥1.72 nmol) was
di ssol ved in MeOH (120 m.) and charged with Pd/C (1.247 g, 1.172 nmmol). The
suspensi on was flushed with N2 (3x) and the reaction m xture was pl aced

under 1 gtmof H2 (balloon). The - %%m}'ﬁchaQa

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;fa. "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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15



m xture was stirred at anbient tenperature for 48 h. The suspensi on was
then filtered though a plug of Celite and concentrated under vacuumto give
an oi |l tHO22WwKnég®¥ponded to am no acid Cap 176, step e PETASH2¢[)/02899 t hat
was used wi thout further purification. 1H NWR (400 MHz, DMVSO-d6) 8 ppm 3.62
(3 H s), 3220 (1 H d, 5J=5.77 Hz), 1.91 - 2.09(2 H m, 1.50- 1.88(7 H,
1.20- 1.45 (ExpnplQCoorvaavpnthesisdvss dioraernejc BixpmiagoEgenple F, d,

m,
2o, 55l Bt iRl S o R0

51.39(1 C, , 5186 (1 c d,
Ly (()2 m)ﬁl&é[%?ig%?ﬁiﬂz @Déig)a%pmmg;%zg 33265312 H)ZieQ, nvs (8D §9(5 <

L2
LC/ V5. Anal .1.88ad 688 (ol Hp 28 H2.451@HITEUNID 2 8&151.,221) g@lm@ﬁ"? an5/A5 Cap

to a ZE,FS“ &E? 843 Tl ek o B 1 g e o 32T, TRV iR (. 74
n, 38.6 (B.28,1900 0% fourl@ndl&sid &idnet %iéétw&ﬂn\&@&ss ghdorred at rt
for 3 h and voI ati es were removed under reduced pressure. The residue was

purified viah8nbttage (0% to 20% Et 0Ac/ Hex, 90g colum). A clear oil that
solidified upon standi ng under vacuum and 20 correspondi ng to carbamate
Cap-176, step f (2.22 g) was recovered. 1H NMR (500 Hz, CDC13-d) 8 ppm
5.27 (1 H, d, J=8.55 Hz), 4.39 (1 Hg 61{89@5 4.88 Hz), 3.77 (3 H 5s),
3.70 (3 H s), 2.07- 2.20 (2 H m, 1. 4 96 (1 H, in), 1.64- 1.82(4 H,
m, 1.39 - 1.51 (2 H m. $8F NVR )SE8! ppm -92.55 (1 F, d,
J=237.13 Hz), -102.93(1 F, d, Z) 3 (126 M—|z CDC13-d) 8
ppm 171.97(1 25 C, s), 15
br. s.), 52.48(1 C, br. s.

, 57.24(1 C,
52.43 (1 C s) 39 15(}&225 32 50 - 33.48
(2 C m, 25.30(1 C d, J= .§®Bg-ciz) 24.03 (1 C @ 60 Hz) LC (Cond.

aLl): Rtm: 1.49 mn. LM Anal. Calcd. For {MtNar C i H 7F2NNa0O4: 288. 10;

found: 288.03. - H&adple QCafr ddbsyAtirsiketd asondiaftedeo®kti¢ s i@omfﬁa&@ldﬂml) in
Water (25 nL) was added to_a solution of carbamte Cap-176 steg (2.1 g,
7.92 mml) i@QCHepnd Fsample Qadbaseordibgip ﬂherigwﬁdieﬁfieécrmg fax the sehesis Hfnbi ent

tenperature T r r

aqlrirgous phasée}’y“(gallin foe C"d{H fi WR(?@)%WQI%@%%?Q%ESI@@?% ﬁlgﬁé @traot ed
with Et0Ac () X256, pip). 1.3, senliiTed.68 gani«H) aysr. %«e{ngidﬂae@p(wsozi)
filtered and concentrated to ve a white foam corresponding to Cap-1

(1.92 g)I5 1HWR KO8T DS (mwg%imé o Bbiman o3 A 3 Gyl ) 536 ¢ 500G,

m, 157 gaos R Chyrie g T Ry 1 By i@k B 3387, 2

3.26 Hz). 19E7N¥Ri£376), M@M@M@@i @ﬁ)cdeq@mﬂﬁﬂ.s@@i{ [.MFH]""OBS9J5§28cRm35 Hz) ,

-99.93 (1 F, d, J= 232. 35 Hz). LC (Cond. 0L2): Rt .76 mn. LCMS: Anal.
Cal cd. For [&&9%% Ci OH14F2N04: 250.09; found: 250. 10. 15EXAVPLES The
present disclosure will now be described in connection with certain

enbodi nents which are not intended to limt its scope. On the contrary, the
present - scl osure covers all alter E@me@ch,@ﬁdi fications, and equival ents
as can be included within the scope of the clains. Thus, the fol I ow ng
exanpl es, which include speci fiN NH i | lustrate one
practice of the present disclao ' 8t ood that the exanples
are for the purposes of ilYugtra |on of certain enbodinents and are
presented to provi de what Nrel i eved to be the nostiNugeful and readily

under st ood description of its procedures and conceptual aspects.
xample QC-9d was synthesized from Example QC-9¢ 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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Sol ution percentages express a weight to volune relationship, and solution
25ratios express a volune to volune rel ationship, unless stated otherw se.
Nucl ear méi@rretyid7Mésonance (NVR) spectra were recorded E@CTABRO1OM2829Br uker

300, 400, or 500 MHz spectroneter; the chem cal shifts (8) are reported in
parts per mllion. Purity assessnent and | ow resol uti on mass anal ysi s
wer e conducted on a Shi madzu LC sysEemmpled¥i-€d with Waters Mcromass ZQ M5

system It shoul be ed that retent ti var htly
batween mmchi nes TEPERC LY BRre S0 It B SA EPed i n

det er m ni ng Exaﬁl&ee%@%l a@la Cdpiey e(c&ﬂdlﬂgetbehe procekffe desciionidiol ilRRyAhSast %8 0
Final 98 = 100 ient tine = 5 Stop tine =4 mn Flow Rate =4 nL/mn

Wavel engt h Ex2@0lef@CSoLEaMis: RT%@.A?Q%IM {Gordl0 D, bt/ Mdn paDOdedt r  Sol vent B
= 0.1% TFA in 90% 0% vat er Col urm = PHENOVENEX(r) 10u C18
3. 0X50 mi Cﬁﬁ%ﬁéﬁfé\q%gﬁ{éﬁé&@@%ﬂﬁ%gl} o8 = 100 15 Gradient time = 2 nin

Stop tine =3 mn Flowrate = 4nL/ mn Wavel ength = 220 tun Solvent A = 10%
MeOH / 90% H20 / 0. 1% TFA 20 Sol vent B = 90% MeOH / 10% H20 / 0. 1% TFA
Col um 2= PHENOVENEXO- Luna 3.0 Xx&0plesfS100 ©oRdit% on 2a Start 9B =0 25

Final 98 = 100 q,
J—Q—.—w

Examples QC-10 to QC-12 were prepared as free base diastereomeric
10 mixtures by substituting the respective acids for Cap-51 using the same method
described for Example QC-9.

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.
Xl for C3¢HasNgOs [M+H]" 687.36; found 687.13.
HN.__O«_
T
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._O._
T
QC-12 = 0 RT = 2.09 minutes (Cond. 1); LC/MS: Anal. Calcd.
\O/ij for C4oHs4NgOg [M+H]" 775.41; found 775.33.
HN\H,O\
O
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Gadient tine = 3 mn Stop tine =4 mn Flow Rate =4 nL/m n Wavel ength =
220 nm 30 Solvent A = 0.1% TFA in 10% net hanol/ 90%wat er Sol vent B = 0. 1%
TFA i n 90WOBtMIAA®H/ 10% wat er Col unm = PHENOVENEXO- LunaP8T@S2B0/028995 10 -
165 - Condition 3 Start B - 0 Final B = 100 G adient time =3 mn 5 Stop
time =4 mn Flow Rate =4 nL/m n Wavel ength = 220 nm Sol vent A = 0. 1% TFA
in 10% net hanol/ 90%wat er Sol vent B Exafpl€&TF i n 90% net hanol / 10% wat er 10
Col umm = PHENOMVENEXO- Luna C18 10u 3.0X 50 mm Condition 4 Start 98 =0 Fi nal
%8 - 100 15 Gradient tine/- mnStoptlrre—4mn-I Rate-08n1_/rrin

Wavel ength = 220 nm SoljNen —y\Q 1% 0% mol/ 0%nat er
Solvent B = 0.1% TFA n 9 Y0 ME NEXO Luna
2.0X 50 mm 3 pm Ov = 12

HN\{

Example QC-13a
I

Br
5 O

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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WO 2010/ 117704PCT/ US2010/ 028999 Exanple QC-la Tf0O OIf To a sol ution of
bi cycl ohexanone (5.05 g, 26.0 mmol) and 2, 6-diterbutyl phenol (11.75 g,
57. 2 molWOoi201020070dL. of dry di chl or onet hane was added t PCTIUSZ01BA28Ur i de
(9.10 niL, 54.6 nmol). The resulting solution was stirred at room
terrperature overnight. The solvent was renpved under yacuum The residue

was taken uphd mowé»taﬁwhaﬁaolﬂd Exanglg QGA3L {153 2at0et b sHAYRa0WMz.1 N HCL

db t d
concent r ai ed DR BRbde o EHL IR AL 0 2 eda P B A A2 S oy
(silica gel 3.53%metw) 3, a@egaa%hexrgmass) 4.83 118, DH\)!G OEx@n:m (en QH}a2as a white
solid (822 69.0% m xture of di astereomersg §‘I§n MHz, CDC13) 6 ppm
1.35- 1.64 ?7rﬁ8 (m,ﬁ)H)l'? 83 (d, =824 Hn 14D 5D(d1 8.2 Hral /.86 (B, 5868, - 5. 80

(12,105 LA G ol P ISR 00 20

To a flask w t h bi s(pinacol at o) di boron (2.79 g, 11.0 rnm)l) pot assi um
phenol ate (1.98 g, 15.0 mmol ), PdC12(P13113)2 (0.21 g, 0.3 mmol) and

tri phenyl phosphine (0.16 g, 0.6 nmdxpmptesQadded 50 nl of dry tol uene and
(la) (2.29 20 g, 5.0 nmmol ). The resulting m xture was stirred at 50 C for 3
h. The reaction was quenched w t t and extracted with tol uene. The
organi c | ayers were comnbi ned, sh brie, dried with MgSO4 and
concentrated. The crude product purl fi fl ash chromat ogr aphy
(silica gel, 5-80% et hyl acetate/h@tﬁnes) t'a e I\/E? Exanmple QC-Ib as a white
solid (1.14 g, 55% m xture of diastereoners).NVR 25(500 MHz, CDC13) 6 ppm

510 57113 {0 & Bttt el gl 0,

G yoxal 1611 (18.0Qf 2%0fmidl) WatsemL Wesylasitess direl -\l BE°O¥edmikht. Tk to a
nmet hanol (32 m) solution of ammoni um hydroxide (32 nL) and

( S) - Boc- pr olteasdibn Bigtusewaywashed 9gthrrie) dagriwish MgSy aad camisnipiedt Ehper at ure

for 19 h. The e co nn s.remved .i.n esi due was
bor i Thed by Sudiiadiich S RIRASFEL aoRtaf RS s IRR . 205085080 [ oved by
a recrystal |dcét§£e¥i&ﬂar{e@} Y, iv@gehaddict é@@f@lﬁo&lﬂbﬁﬁ&k@ﬁﬁ)e ©0-13kf(p1.d g m dazol e
Exanple QC-lc as ite Tluffy solid (4.43g). I1li % D6, 6 = 2.50,

400 M—Iz) 1196613/10)1%5‘@46&60%1\4}1%)@1)@39&?1@@ 1880143 (18, I78) @8 -3 (oo 276) (m

o) L pcomBl 2316 Fe I3 T UL GR0 HotSenel 1 g b0 (S0 FA Fnal +1 Cal o
for [M+1 1] 4nf:53hP042 1392 (238 180 Fepunrh @481 28: LC/MS: Anal. Caled. for
Co1Ha1IN5O, [M+H]" 474.07; found 474.20.

Example QC-13d

N
(_)\*Q\ \
N N
20 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

25 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
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| m dazol e Exanple QC-Ic had an ee of 98.9% when anal yzed under chiral HPLC
condition noted below 15 Colum: Chiral pak AD, 10 urn, 4.6 x 50 mm

Sol vent : WO290&tIi@Aol / hept ane (isocratic) Flow rate: 1 RCTMASRONMARIPENQL h:
ei ther 220 or 256 nm Rel ative retention tinme: 3.25mn (R) 5. 78 mn (S) 20
Example QC-1d SEIV1 'Bo e To a solution of Exa %JC 4.98 g,
21.0 mml ) (Hlic6zek258¢- 5@%@’5@&1 aegtpiphesrreantodavafaxanzdel THSme.Rpdriisde

(0.88g of 6Q%iI 25 .1 e It| € was
Stirred at foSHTBRneNBiafe e ST fReibaERcy peREpRT B Pt WL e by
chloride (3déRritlned 2 HAMRNOH) MIBS CIHER) Reisiado. dz/op\@55(ﬁ)tayiars, Fs, WM 0.The
resulting solution was stirred at roomterrgerature for h. The - 168-

reacti on was Ucﬂ%m;ﬁét@ WBT h2{a e | Hﬁr?ep%xlﬁ e H\ 1 @t"rﬁyfl2 HelbBe. The

o Bt SRS B L B S A A B Rty

(silica gel d/cB5r-5p%@ﬁzhmlzia1qgt1aHN§4 Bgégnmn Bg% V&5 E@@fﬂ%rﬁer@@ad as a

colorless oil (6.30 g, 81.69

0.76- 0.99 ¢Fh).92 H41D.9982,11 HBﬁ Q#eﬁ’d}’ﬂdﬂs 1 HyB13 97ﬁ|7 (m, gél) 72505(@, }Tﬁ 5% ||:|)|)

S 05,55 (o Lh 5750 6y, 2lSAD cieBlerca e vl g ol o 4

H . LC M5 Apalaq Cal cd. for G 5H34N303Si [ MtHr 368. 24; found 368. 43.
10Exanpl e QC-1e SEM , NBr Boc To a solution of Exanple QC-1d (2.00 g,
5.45 mmdP) in 30 nL of dry acetonitrile at 0 C was added N-bronopsucci ni ni de
(0.97 g, 5.45 mmol) in 30 nL of dr ace th{lle dropwi se over 10 mn. The
resulting solution was stirred at VPtY 35 h. The sol vent was renoved
under vacuum The residue was taken ungM di chl or onet hane and washed with

wat er. The aqueous | ayer was re-extractedjwith di chl oromet hane. The organic
| ayers were conbined, dried with MgSO™4 an cQncentrated. The crude product
was purified by flash chronmatograph i gel, 15- 40% et hyl

acet at e/ hexanes) to give Example QC- | as a Ilght yellow oil (1.66, 20
68.3%. Ili NWVR (500 MHz, CDC13) 6 pp#&bz0. 02(s 9H 0.79 - 1.00 (m 2 H

L 2UT 20 (rotomgs, Slg S0 bbb 08 L £ M S0, i
5.39/5.75 (ryp4simBES9 nfll 664 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, CDCl3) § 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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J=11.29/11.60 Hz, 1 H) 6.93/6.95 (rotoners, s/s, 1 H), LCM: Anal. Calcd.

for G 8H3379Br N303Si [M - 446.15; found 446.39. 25 Exanple QC-If To
a sol uti oNOgP10ENETl e QC-I b (456 ng, 1.1 nmmol ), Exanpl e PQCAUS20100829%%y, 2.2

mol ), sodi um bi carbonate (554 ng, 6.6 mol) in 21 nL of 5

di met hyl formam de_and 7 EL of water was _added Pd(PPh3)4 (127 0.11

mol ). The el tPhgnsbolut 2en Twasih &tk 2t Apal- CalsdetonCgtsNFRS1 sol vent
was renoved Hf_\(iﬁﬁ ny si due was taken up in 20%

met hanol/chl[oro oﬁ%ﬁg%m%ﬁ@dﬁﬁth wat er. The organic | ayer was washed
with brine, dried with MJSO4 and concentrated. The crude product was
purified by reserve phase HPLC system 10 (nethanol /water/ TFA) to give
Exanple QC-1f as a white solid (56F%§PE%134 xt ure of diastereoners).

| FINVMR (500 MHz, CDC13) ppm-0.02 (sggh8 H) 0.74 - 1.03 (m 4 H) 1.19 (s,
OH) 1.38 (s, 9H) 1.43 - 1.59 (m 2 H) l?[6 2.54 (in, 20 H 3.32 - 3.58 (m
6 H 3.58 - 3.77 (m 2 H 4.81 (S,M. v/ (s, 1 H 507 - 521 (m 2 H
5.21 -5.32 (m 1 H 5.60 (t, J=11. TN gp. 71 -5.96 (in, 2 H 6.79 (s,
2 H. 15LC Ms: Anal. Calcd. for C48K8I N606Si 2 [ MFH] 1 893. 58; found 893. 42.
Example @C-1g 4 1-1Cl1 To a sol utio®baf Exanmple QC-If (164 ng, 0.18 nmol)

in 2 L of 20 dic¢hl oronet hane wa ded ]| (4 Nin 1,4-dioxane, 2 nL). The
resul ting soluti % UG, Gy m&‘fe &goﬁ%(gg&&étgéﬁ}@n%&é’r H?d(b'ﬁ LIThe sol vent
was renoved : d ' [ i el : hanol and
Frturated v TRTTHEAEY € et d4EERBINE 0B EOP RO STm IR
filtration alchwiasbes 18inkin. difet bydringtah@rPCtfor Yhyibe tbiectiGlassahbvaifuddganpl e

QC-1g as a light yellow solid (88.7 ny, 85.2% m xture of 25di astereoners),
LC/ MB: Anal .vVeguinad The pides sias ANecly i i distderomethang andi washsdgth watgrglhe

Exampl e ;C- | : I: - 3 mmol ) and
(52 - (Bt iosgepic ot wiAMoR TR R eitidd ke ladBo b8 T

0. 148 mol ) pukifidd bl adfasilehtothiatoRtdphil TGl gl 23 6% 2adishd doetate/hexanes) to

di i sopropyl et hyl am ne The resul ti ;&? m xture was

&8 L, 0.446 5 mmul ). \

stirred at redonExanRie Eﬁfgmec& 18.6dimpmo AT 7892 Hgjlovooil.581 MR SWhs t hen

dded. Th tj i T t

tas 1 emoved ‘e POt RS Ao O BIRE BB DRT 3, Gl IREESY b

HPLC (et hanal $onadh,eir LY EA} - 2TiBed, i1Ke) 1.1@ch 4ons, pehe . Jamh=sed, Hxauy sl zed
w th saturated NaHCO3 aqueous solution, and extracted with Et 0Ac. The 10
or gani ¢ WPayers’en.e di #8442 Fotmpsmnd/dadil ledhident Hat 88 - 60 5divé Hxanpl e QG- 1

Lo ve: rr BT Rn 300 TSR 130, SRS ifepEa el LB Sakaoe
[MeH 747, 467.25 onBd (44 H 2L.CNRMBanaAnedicd. €af @QHJEHrN%EB{[BﬂB@@.Hbeﬂﬁd

747. 4558; fo4u7gd26747.4587, 15Exanples QC-2 to QG

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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Exanples QC-2 to QC-5 were prepared as free base diasteroneric m xtures by
substituting the respective acids for Cap-51 and using the sane net hod
descri bedWpPap10E@wpl e QC-1. 20 Exanple 0 FL), RT (LC CoR@Y/USelaoas99tneity
i ndex; Ms data QC-2 0 HNy O RT = 2.08 m nutes (Cond .1); LO MS: Anal.

Cal cd. for C36HSON806 [ MtH] 691.39; found 691, 58 HRVS: Anal . Cal cd. for
C36HSONS06 [WRAELngenvasoun, Theaaerons Rixgeswaggpiracted with 20%

2010/ 117704P %.: eneity
i ndex; MS data a@%@ﬁ%&%ﬁ?%&%@%@%ﬁa & ‘B%Oonéllggﬁlélg[ :meAr%P& | ed. for
C50H66N802 [1\5@861’)4 zﬁﬂﬂlcoﬁéentﬁamin d‘ h8 J:ﬂucﬁii:rodﬂah/ﬁas pwritted Wad Bath chamA5EHRA6NS02
[ MFHr 811. 5387; found 811. -4 0 HNO i, O

(silica gel, 25%-50% ethyi ace ate/hexanes) to gwe Example QC-13g (3.8 g, 6,52

5 mmol, 76.8%) as a yellow oil. 'H NMR (500 MHz, CDCl3) 6 ppm -0.06/-0.04

(rotomers, s/s, 9 H) 0.69 - 0.97 (m, 2 H) 1.45/1.47 (rotomers, s/s, 9 H) 1.85 - 1.99 (m,

1 H)2.05-2.28 (m, 2 H) 2.29 - 2.63 (m, 3 H) 3.20 - 3.80 (m, 6 H) 4.05 (s, 2 H)

4.51/4.85 (rotomers, d/d, /=11.29 Hz, 1 H) 4.81 - 5.13 (m, 3 H) 5.11/5.86 (rotomers,

d/d, /=10.99 Hz, 1 H) 6.37 (s, 1 H) 6.57/6.76 (rotomers, s/s, 1 H) 7.01 (d, /=5.49 Hz,

10 1H)7.19 - 7.37 (m, 4 H). LC/MS: Anal. Caled. for Cy1Hy7N4OsSi [M+H]" 583.33;

found 583.65.

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 = 1.54 mnutes (Cond. 2); LC/MS: Anal. Caled. for C38H54N808 [ MtH] F
751.41; found 751.34; HRMS: Anal. Calcd. for C38H54N808 [ M+H] 751.4143;
found 751WORYB/IAC0% O / FiNyO,, O RT - 1.61 m nutes (CoRET/UBp0100Z¥9RS5: Anal .
Cal cd. for CA0H58N808 [ MtHr 779.45; found 779.26 Exanple QC-6 5Exanple
QC-6a SEM Boc N, SEM Boo Tq, a sgf}'@tion of Exanple QC-If (554 ng,
0.62 mol) in 25 nL of nethanol in&? &é]r?'étion fl ask was added

pal | adi um (10% on carbon) gAa5 ng) under nitrogen. &, flask was then m xed

on the Parr Shaker at 40 atm aveyni g Al/t el t X0 reaction was conpl ete,
the mxture was filtered and t SO it s/re d under vacuumto give
Exanpl e QC-6a as a col orl @5STgl assy di astereoneric ni'xture (506 ngy, 90.9%.

LC Ms: Anal. Calcd. for 5N606Si 2 [ MtHr 897. 61; N-oind 897. 25. Exanpl e
QC-611 5 RN\ eNH bz Cbz

A mixture of Example QC-13d (3.19 g, 5.28 mmol), Example QC-13h (1.7 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 ihe reaction. The mixfure 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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/ NH RN, / To a solution of Exanple QC-6a (506 ng, 0.56 mmol) in 10 nL
of dichl oronet hane was added 4N HCLl in dioxane (5 nL). The resulting

sol uti on Wa0tMEdA704t i rred at room t enperat ure over ni ght PCTRS2616/028992 was
removed under vacuum The residue was dissolved in mninmal methanol and

trit ted t h i I ted b
(11 traci on SrtPRs<Eed SR o SeHy s Borar b i et b RGP Mise ©¢ ™
di aster eorrenmsmwg)w npi 7&@@@'(@1 @@i)@bmsz 23 kinghn brown otk & Hé%@@omg,
929 . LC/ MS: Anal for C26H4el\ 16 [ MtHr 437.34; found 437, 4

Exanpl e QC 62:95%%)93 Z&Z 850, éiﬁ)t"rk%ﬁ 5 Hi(ras? H) 6&31aKk(sfsy Dk E)’éarrpl e QC-6b

Exanpl 6 o0 1006 e e Coaabb R B MR M A Gl BTG ed. o
C36H54N8§)6E @%2&%@@4@%@95 70; LC/Ms: Anal. Calcd. for C36H54N306
[ MF1- 1V- found 695.4275. 20 Exanples QC-7 and QC- 8

Exanpl es QC-7 to QC 8 were prepared as free base cliastereomeric m xtures
by substituting the respective aci d]%%% égp 52 using the sane nethod

descri bed for 25 Exanple QC 6. i RE7bu PCT/ US2010/ 028999 Exampl e O
Rese KT (LG Condkahagogeneld sl sd@ rahpICXCT Bafh 8o ) 2oQufnut es
(Cond. 1); LC Ms: A Cal cd or C38H58NB08 [ M+H| + 755. 45, found 5.73;

HRVB: Anal . tCHicedocetiore dES@HEE RR0Be [vidsts of PxathdEEOCE lwith tHSExetdBE BBt 8 0
HN\y O
10

the final purified material was not neutralized and Example QC13 was obtained as
TFA salt. LC/MS: RT = 1.95 min. (Cond. 1); LC/MS: Anal. Calcd. for CioHssNoOg
[M+H]" 746.44; found 746.97.

Examples QC-14 and QC-15

oo,

NH
15

Examples QC-14 to QC-15 were prepared as TFA salts by substituting the

respective 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
On | 75092
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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O RT = 1.64 mnutes (Cond. 3); LC Ms: Anal. Calcd. for CA0H62N808 [ M+1-1]1
783.48; found 783.29; HRMS: Anal. Calcd. for CA0H62N808 [ MtH] 783.4769;
found 783W920W/11E04npl e QC-9 5SExanpl e QC-9a ERQIF{1IS2010828989 was
synt hesi zed as a diastereoneric m xture from 4-(4-

hydr oxyphenyl ) cycl ohexanone according to the procedure described for the
synthesis of Exanple QC-la. 1H Wﬂlg@@'kﬁ-&?dé@dﬁ) 8 ppm 1.89- 1.99(m 1
H 2.04 - 102.12 (m 1 H 2.25 -2.61 (m 4 H 2.8 -2.95(m 1 H 5.83 -
5,87 (m 1 H 7.20 - 7.24 2 H 7.26 - 7.31 (m 2= LG Ms: Anal .

Cal cd. for [MH Cl4H12F : ; not ionize well

i n mass spec chanberA Ex |l e QC-9b was
synt hesi zed as a diéglst Ex arp Nét a aggording to the
procedure descri be NHt he synthesis of Exanple QC-ID. EN~N{K/R (500 MHz,
CDC13) 6 ppm 1.27 (g 12 H) 1.32 (s, 12 H 1.62 - 1.75 (m 1lpH 1.88 - 1.98
(in, 1 H 2.14 - 2.466(m 4 H 2.73 - 2.85 (m 1 H 6.60 - 6.67 (m ./-3.05
5Hz, 1 H 7.22 (d, J=8.24 Hz, 2 H 7.74 (d, J=7.93 Hz, 2 H. L Ms: Anal.
Cal cd. for [MtH C24H36B204: 410.28; found (nolecule did not ionize well in
mass spec chanber). Exanple QC-9c Exanpl e QC-9c was synt hesi zed as
a diastereoneric mxture from Exanﬁixém@E‘-QQ”]&g}d Exanpl e QC-9b according to
the procedure described fayjhe synthesis of Exanplegf|f. 11-1 NVR (500
MHz, CDC13) 8 ppm-0.01 (s, 18 W) O - O (ny 4H 1.24 (s, 9 H 1.39
(s, 9 H 1.72 -2.68 (in, 14 “ﬁ' 73961 3.29 - 3.81

Al

N. _N
5 Boo Boc

To a solution of Example QC-9¢ (260 mg, 0.3 mmol) in 10 mL of methanol
was added palladium (10% on carbon) (100 mg) under nitrogen. The flask was then
vacuumed and flushed with N; for 3 times. After being vacuumed again, the mixture
was hydrogenated under H, balloon overnight. After the reaction was complete, the

10  mixture was filtered and the solvent was removed under vacuum to give Example
QC-16a as a greasy solid diastereomeric mixture. LC/MS: RT = 3.28 minutes (Cond.
I}, LC/MS: Anal. Caled. for CysHsyNgOgSiz {NH-H}+ 891.56; found 891.64.

Example QC-16b

O)*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(in, 8 H) 4.81 -5.05 (in, 2 H 5.06- 5.23 (in, 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. MOR#10/R7H 7.67 (d, .1=7.63 Hz, 2 H); LC M5: ARET/USCHOHAIY or
C48H77N606Si 2 [ MtH] 889. 55; found 889.83. 20Exanple QC-9d HN \/ NH NHHN
Exanpl e QC-9d was synt hesized from Exanple QC-9c according to the procedure
descri bed f &C-Lhdheyndnessidieofasmpuaiipil by Qoelsg pha®/ WB.CAnal . Cal cd. for

Exampl o 00 S e oraer IR &Sl dtuenplt QeI R4S om

Exanpl e QC- 9d rane Ga0 M\ qmgodb & $pn bI1e-gpeeduns, desorioad 18ay, the
synt hesi s of Exarrpﬁ(§g Z @ F?I[Qﬂ 20 mngltees’;gCOnd OlI; LC Ms: Anal .

Cal cd. for 8. m%mwﬂpwqh Emmwlvern@gwét),mm 3 ﬁ’rﬁr@ﬁ V@W@tet o QC 12

Exanpl es QC 1 ar S r
m xt ur es” by P& ??%ﬁ %ﬁé\,\fzg(ﬁé@eé%q\; a{é §e0$)@? %épaéé usi (g% 6H§ie same
met hod descryiibedqf Hf{h)sﬁ%meble 1@? EC/ﬁsaR’E!lzez 80 Bﬁx‘é&és ®ontiLG; Condk; A%(al
honogenei ty i ndex; 0 = 1.94 m nut es (Cond. 1);
LC/ V5. Anal Calad. 6. C4ﬁﬁfeN€G6EMG‘IHiN 17@0484 [fm1d]7468371 @@ It oHrMM&(ﬁUQMHQC 11
DMSO-Dg) & ppm 0.75-0.93 (m, 12H), 1.30-1.62 (m, 4H), 1.75-2.22 (m, 14H), 2.40-
2.65 (m, overlap with DMSO solvent peak), 3.15-3.45 (m, overlap with water peak),
10 3.53 (s, 6H), 3.78 (m, 3H), 4.04 (m, 2H), 5.03 (m, 2H), 7.10-7.70 (m, 6H), 11.25 (d,
1H), 11.68 (br, 1 H); LC/MS: RT = 2.20 minutes (Cond. [); LC/MS: Anal. Calcd. for

CaoHseNgOg [M+H]" 745.44; found 745.37.

Example M-1
O/
\(( TE\I
O
15 4

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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aHNy ORT =1.98 mnutes (Cond. 1); LC Ms: Anal. Calcd. for C38HSON808

[ MtHr 747.38; found 747.46. QC-12 O FINyYy O RT = 2.09 mnutes (Cond. 1);
LC M5: AND.200al1EW4 for CA0HS54N808 [ MrHr 775. 41; found PZS/B3010/0B08Nhpl e
QC-13 Exanmple QC-13a 1 5 Br To a solution of 4-iodophenyl ethanone
(14.76 g, 60.0 mmol ) in 150 nL of dichl oronet hane was added brom ne (9.5 g,
59.5 mol ) deagwhsranedite affosUEtinmge 36!l ats amhitasolsd (Ir¥iey A NMBOMBYSMer at ur e

Cecrysialiited %ﬁkﬁ?@oﬁa@ﬁ%ﬁ%ﬁ&&%&%l@fﬁgé%»J@"llﬁéﬁs‘%ﬁnﬁﬁﬁ C13a (118
, 60. 59 alyi 1H MR- . 2 .
?d, J:S.QSaE&%Q%mgéégﬁb(lng:& SS(S%I—%EN%EI—?)@EE@ I\/I_éﬁ cﬁ@gﬁr(ﬁélzggps?op 108

C8H771Br 1 0 [fodnid| F47325. 86; found 325.11. Exanple QC-13b 0 15 To a solution
of (S)- 15_(benzyl oxycar bonyl ) pyrrolidi ne-2-carboxylic acid (6.5

Example M-1b
0
DataWw,
A benzene (65 mL) solution of Example M-1a (3.758 g, 15.21 mmol) was

added drop-wise to a cooled (~ -12 °C) mixture of benzene (200 mL) and aluminum
10 trichloride (8.93 g, 67 mmol) over 15 min. The heterogeneous mixture was stirred for

1 h while allowing the cooling bath fo thaw gradually to ~3 °C, and then the cooling

bath was removed 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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g, 26.1 mmol) in 150 nL of ethyl acetate was added triethylamne (4.0 ni,
28.7 mmol) and Exanple QC-13a (8.5 g, 26.1 nmol) at 0 C. The resulting

m xture WO 28t/'Mf®wd at room tenperature overni ght. The PERAIS2UN/0P]922 ure was
filtered. The filtrate 20 was washed with saturated sodi um bi carbonate
aqueous solution, and brine. The organic |ayer was dried with MgSO and
concentr at edn cmhmfmru@lé mibdftlftetr stiersngpfior il 03 wdn,ithe pre¢ipdsth Wﬂarﬁbﬂcrmd@gdaphy

silica gel, 40‘V th acet r duct
i Lo Jo) ashschytin Shipferass and B Ta R aptc iR aato Theas B 5 6 pom
1.87 - 2.01 fife nJratgﬂal %va@launﬁgd Jv@h(fﬁ]sh éhrbpna%g?a%hy (%n‘g;fe &8 108a&d) ash dfca 3. 58
(m 1 H 3.59 - 3.7 45 - 4.58 (M 1°F) 5.04 - 5.50 (m 4 H
7.27 - 7.38 gehmesh; Hl)é%eﬁ@l :@@;ate?h@iaﬁds)Waffdrdl-Examp&gwkt;a&Ja:\ShiZelsd@ (3#96) 7. 85

(dd, J=8,39, L An | C I\/Hr | -
494. 05: %Mﬁbﬁ@%%@%é. %E@f‘m&@ﬂ Mﬂ%ﬁ (%gﬁi%% éi[J\IO m%o ’) :]nd
anmoni um ac - A d at
110 C over nl%g t?S%ES(é glcgzl éﬁgﬁl xt ur)e %\géégm%’s?)e‘dﬁw ﬂi(ﬁ@?}n\ém%ﬁ éﬂtﬁa{?\n th
MySO™4 and ccﬁahc&hlfcrra[tvéfd{] ThelgBule 3p3.06Uotnd 3. Puri fied by flash

chromat ography (silica gel, 25% 65% et hyl acetate/hexanes) to give the
product as a yellow solid Exarrpl e QC 13c (14.1 g, 96.19% . 1HNWR (300 VHz,

CDC13) 8 ppm 1.88 - 2.03 (m 1 E?@mp 1Avsr (m 2 H) 152.82 - 3,16 (m 1
H)3.33-3.67(m2H)4.87-531 7.20 (s, 1 H) 7.27 - 7.41 (m
5H 7.42 - 7.73 (m 4 H 10.38/1® 76 LG/ Ms: Anal. Calcd. for
C21H211N302 [MI-1-1]+ 474. 07, f&u}d@ﬁ«ml e QC-13d SEM To
a sol utijgn of ExanpleQClSc(?C% ) in 30 nL of

di mret hyl fom am de was added sodi um hydride (0.706 g, 17.66 mmol). The
resul ting mixt urésmshthmmﬂe@wnem 1% vpds &1 drmemp Brwvas adschirop-wise

2- (Tr1 et by Si yb) st NOXYIRL Il S 808 28, Flo o3 0, 80, JpRs (hen

added dr opwi & roo enper at ur

the reacti ommpes| clHenghad el Mﬁmz@mmwaﬁtEDAvuohmo@tmladaaBara £e. The
conbi ned organic |ayers were washed with brine, dried with (%2804 and

concent r at edvisTheerddudia tpm@al@é (W§§Cbtﬁff|ah§’d§@lfub3}1 @O0mplaselution plphy -

178 - I 50% h d

50 o, Booy By PR P SRR S e P AR 127,
the product N@%niﬁotAﬁéﬁ*a d}bﬂ@ﬁ} (bolﬂ%) éNMﬁoﬁ%@Qcé‘ﬂdZamcﬁ@%ag xﬁasmalefbd 8082/ -
0.05 (rotoners, s/s, (m 2 H 87 - 1 H 2.09 -

2.34 (m 2 Hyis@ ot 10 rmnzts ﬂﬁe azaomreacizore@ua Preptishal win m%thelcqq}mgb@e was3, 44
m 1 45 - 3 .84 4.59/ ot J=11.29 Hz/12.21
11 o gemonsa i g wd eStudited %geﬁwoﬁ’é‘@e&f fitne St o o6 1y
g') 6.94 - 1%111%%& mval'u&")ana tHe3residde %Zs {a%en %H) etﬁyl'%@etﬁ@ I\SE @F&ﬁ@nﬁask&d"b

. for
4.

~

- 7.71. (m 2 H Cal cd. 604. 15; found

1
7.
6 44. A0 Ewﬁhrmtera@ smalegm bicarbonate solutlon (20 ml, 4x) and sodlum thiosuifate

0
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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SEM 0, 41 Cbz To a solution of Exanple QCG1d (8.5 g, 23.13 mol) in
150 nmL of nethanol was added 9 nmL of 4 MHCI in dioxane. After stirring at
room t enp¥p20WETWer ni ght, 15t he reacti on sol uti on was PEBASNNH02398Y under

vacuumto give a yellow oil. The yellow oil was placed under vacuum
overnight to give (S)-4-iodo-2-(pyffolidin-2-yl)- 14(2- (trinethylsilyl)
et hoxy) met hyl ) - 1Hi mi dazol e HC1 sal Examsplg MdEi ow sol i d. To a mixture

of (S)-2-(pyrrolidin-2-y1)-142- (trémath | si |l ypet hoxy)net hyl)- 1Him dazole
HCl salt (7.03 g, 23.13 mmol) ineB aqueous sol ution 20 (25.4
m., 50.9 mmol) at 0 C was addegr\pezy Al o Br 1t e (3.63 nL, 25.4 mol)

and sodi um hydr oxi de aqueous sofution (2M 12.72 nlL, 25.4 mml) dropwi se at
the sane tinme over 1 h. After s{ﬁcﬂrlng at 0 Cfor 1 additional hour, the

[S?EE;"Q,{ i i o LIRS el somn OO & L5 1H0) & aBaan BBt o
Boet at of hoxSRbed ﬁgﬁ‘é‘é{%‘ﬁ%ﬁgm&ﬁﬂ% FRegTB PSSR 1 e

(500 MHz5 Clm&ﬁlpkﬁ\dpmm 0. © 2/9 031 am:t the hetesygesdosis nﬁxﬂd)e Wabnicakdddr (m 2

H 1.84 - 2.00 (m 1 H_2.05 - 2.50 . H 3.42 -
3.85 (m 3 RAjfew nzippies gad @P%ﬁ%ﬁ@@aﬁaqlﬁﬂ CQH@HQOIQ@TH%B hy Tftw r@@”%@ﬂ miguges (m 3

2 1375 By g s\ et ey B o PO g 1

H). LC/ MVE: Anqiorat%kmmcuib OTh&€R KRG 2N 3Tid v tdhnisfed (2. t3 2, SSDQmImplreéﬁxZe 26
Exanpl e QC-13f SEM . 0 a solution of Exa 8@ 21.91 mol)

I -13 8
in 100 nL oﬁu%@mﬁmwg meéhaafﬂ (60@%?&%@6&?@@1&%%%{ %gmg’tté H#)) in 60
L of aggt onjfgld i%éeqég %L?Sem&\{lﬁ‘r h@&tga aféé)‘% fop b g]r R&%P%ﬁ 8%% Jobdié N the

sol vent ‘was Teno vacuum ue was

di chl or or netchapenaiich Vaﬁ;&b@ﬁoyﬁeﬂmmﬁ)wl\d T alshe K §olicﬂ)l€{l78\@,€),swi¢lb1h ed with
MySO4 and concentrated. The crude product was gij rified

chr orr?t ogr aptap used in thangyd step20thoBb i a Eell %QW)?QN@@}S 31?05@,4\()@ Exanpl e
13f (7.5
gl or 01S orm %{I}%ﬁppm (gggogﬁlri %@f?ﬁﬁg@o‘?’?ﬁéh J_lg)d\%ﬁ%@(%o(f% (1 80

1.85 - 1.99 ((qbp"ls 11Hb‘|) L2. (@3nd 23 16 =(1.58 min. H.CAMS6Anal 20434 (fonfM2HY) 3. 36 (t
J=8. 24 Hz, 3.48 15- 9 (m 3 H 4.68/4.82 (rotoners, did, J-11.60
Hz, 1 H)l54. 8‘55 21816 324, 053 fpﬂﬂ@@ﬂls 81 (rotoners, d/d, J=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. LJ MG

Anal . Calcd. for C211-13079BrN303Si [M- 479.12; found 479.26. 20Exanpl e

QC-13g SEM Example M-1f

Boc
{:?}—Jéj 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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Chz To a m xture of Exanple QC-13f (4.08 g, 8.49 mmol ), tert-butyl
444, 4,5,5- tetramethyl-1, 3, 2-di oxaborol an-2-yl1) -5, 6-di hydropyri di ne-1(2H) -
car boxyl v 20w/8B3704, 8.49 mmol ), and sodi um bi car bonat e PCZ/UB3@0(2892%. 5
mmol) in DME (180 m) and 25water (60.0 m) was added

Tetraki s(tri phenyl phosphi ne) pal | adium (0) (0.491 g, 0.425 mol ). The

resul ting mh8uUme Was7.41 (d; d ecB. &t2}®57@9(6¢;37r=r18§h21"1) ?Hé 40! (renit)ad«t0-3.280 -

renoved und The a ou. ture h

net hanol /chﬁ%‘r%ﬁ %}%%Veg?g%%%%}f gf}é? Sl\%ﬁ%‘%@ﬁéhéﬁnﬂt ﬁ{qﬁm%} I %@ﬁ]’ne dri ed
wi th MSO4 QBQ conpent m&o%erﬁ dGr 9'131? ECQ@HEJ pur 1 nad IEIY/M%Sf | ash

chr onat ography (SI lica gel, 25% 50% et hyl aceta e/ hexanes) to give Exanple

QG- 13g (3. 8 Agial.&rabal. BJHEWH] %afﬁwﬂ‘éz@:xaﬂi?el&? downgi 319.18H NMR (500 MHz, CDC13)
6 ppm-0,.06/-0. 04 (rotoners, s/s, 9 H 0.69 - 0.97 (m 2 H 1.45/1.47
(rotorrer§ s/ls, 9 H 1.85 - 1.99(m 1H 2.05- 2.28(m 2 H 2.29 - 2.63
(m 3 H 3.20 - 3.80 (m 6 H 4.05 Ggam 1@-&;_%51/4.85 (rotoners,
d/d,J-11.29 Hz, 1 H 4.81 - 5.13 (m 3 1/5.86 (rotoners, did, J-10.99
Hz, 1 H 6.37 (s, 1 H 6.57/6 6 eoaatorrers s/ls, 1 H 7.01 (d, J-5.49 Hz,
101 H 7.19 - 7.37 (m 4 H. : Anal Cal cd. for C31H47N405Si [ MtH|
583. 33; found 583.65. 15To a &t > -13g (3.8g9, 6.52 mol) in
40 nL of nmethanol was added HCln% i r0Bm , 40.00 mmol ). The
solution was stirred at room t enpBrat ur §ht. The sol vent was renoved

under vacuum TO{EPE’&rESIfﬁ%%H\ﬁ@ 2 fd(? 43%#}9@ elgn%g% nl%hﬁ%{g’c pat e. The

m xture was extr or gani C ayers were

washed with éh) ng 16183 ghon ﬁlh(}!’f‘@l%@élzelﬂﬂ) s E@mae\ﬂfﬂﬁ ahgeowhheatcragde for oduct
was purifie iash chromat ography (silica

5%
met hanollfdi éhit. o&nﬁédzhanﬁéﬁwrgwgcﬁ&far&%%mgﬁ %anqql) gos glded agd thenol , 60. 4%
|1
(ot onor s grgturgbegStiagery forgiG oy MSABAT cGmBReE RaIRENSTE o,
(m 3 H 2. 63c4S and tHé)re§d1263was Beald With dicBlomethSd Gm% bd)iteﬂ(ZD'SmL) ;87 (m
5 H 6.28 (s, 1H) 6.65/6.84 (rotoners, s/s, 251 3-7.099(m 1H

7.17 - 7. 42 sgtwated sgdivm @Iqa@onﬁwpluu@a |(4: L) fand vmm@@mm an[drwqphaﬁym
483.28; f Ounxgeréggparged ”Fﬁ(e or amc yer was 'yil(I\J[\IgS%EMm% evaporaﬁed in vacciz% 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 m xture of Exanple QC13d (3.19 g, 5.28 mml), Exanple QC-13h (1.7 g,
3.52 mmol ), copper(l) iodide (0.134 g, 0,704 mmol), L-proline (0.162 g,
1. 409 mMmoWY 28104 @70pot assi um car bonate (0.973 g, 7.04 mBCY/USAVIDNBDIY 30 m)
was bubbled with nitrogen for 10 min. The m xture was then stirred at 90 C

overni ght Water was added into the reaction. The m xture was extracted with

ethyl acet ab&ISTORSBEQUS REKNERIWaT YRIFAOT 4y dy SThReETEREIRRINGR WasgemREed @ i ed
th MySo4 l.ash
ohr ot ogr aheref S PRt Ry Ry BhHA B M BRI e eSO S Do 7506

et hyl acet abegalnmay@saasmeg(MgSEzs)aaﬁdleefa@ﬁatkam (JcﬂcuBOTge r30lteYenak a yel | ow
oil. [Note: the exact SEMregi ochem cal mnake up product was not

det er ni ned. [RatjakpRs padtedveph a EHRTHCIED (3. 6119’1 aceatg/@erws)fe affprdy, 65 -

460 (1 59-ToempRye ol Vite Dabd eyl NG (st 4% 25 Ba Ml 12
5.80 - 5. 97 73456((ldm B (H)2H§ 70@1 (csszmg 2114)) 67% 75 (?wd&wc(rme ﬁgld) 1H),5754(b? 24

(m 2 H 7.26 - 3&% S 1): 3.28
mn; LC VS dAﬁalio 5c§| i%fﬁ(kesiaﬁrzlrh?loQQSﬁ{MHapp@sée TIO%&Ha‘isafs?e(bM

Eﬁﬁg}); eagg %Ig.’llq i%{ﬁ%lign_brcna}r 68Hf8§6§%&66%2%ﬁ@mmb?OV%aérémanﬁ ERE? 21;322nd

et hyl acet at)gHj, 110399 n‘QH)I ma(shydrggzesr@.tmrrn{ bagkomads,wap. RICREd dsnder
hydrogen (50 atm or . The catalyst was filtered. othe filtrate was
added 61AL & Alﬂﬁr‘ll Giged. fﬂr WﬂHﬂr%sz@fN&@ﬁltfﬂ@ Psfqued 9PPBAg sol ution was
stirred at roomtenperature overnight. The solvent was renoved under
vacuum The residue was triturated with diethyl ether. The resulting solid
was col lected by filtration and washsdmmdi-di ethyl ether to give the HCL
salt of - 182- Exanple QC 13 (232 ny, 86°/c) as a brown oil-like solid. 1H
NVMR (500 MHz, DMSO D6) ppm 1.79 - 2.05(m I@Eﬁﬁ 23 (m 2 H 2.29 -
2.48 (m 8I—|)2.80-2.96(3m\,q\2H) 496-510(m 2
H 6.93/7.10 (s/s, 2H) 7pgd - X N M M nd. 2 0.69 mn;
LC/ MB: Anal . Caled. for C2REBMW5[ 29;\ Bund®%32. 30 Exanpl e

QC- 13 Exanpl e QC 13 s synt hesi zed from Exanpl e QC- 14 and Cap-51
according to the procedure escribed for the synthesis of Exanple QC 1,

ith th t 0t I d t i zed
and Exanple G 19 NALOBE bR Ug Aranehid meiy Wit ' SRgBR R etond.
1); LONE: éﬂﬁlpresﬁﬁréﬁﬂ)e cBﬁ{auﬁ?ggtb‘ééﬁ&@@th’(iﬂd g 685 Hhim 1R ¥REMPROEAd
Exanpl es QC-14"and QC- 1

(4093 mg, 1.14 mmoi) triphenylphosphine (35.5 mg, 0.135 mmol) and potassium

carbonate (132 mg, 0.958 mmol) in dioxane (8 mL.), and the reaction mixture was
flushed with nitrogen for 5 min and heated with 120 °C oil bath for 16 h. After it was
allowed to cool to ambient condition, the mixture was filtered and the filtrate was

20 rotervaped. The resulting crude material was purified with a combination of
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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Exanples QC-14 to QC-15 were prepared as TFA salts by substituting the
respective acids for Cap-51 using the sane nethod described for Exanple
QC-13. BAOpPPW/IO7RF (LC Cond); % honpbgeneity index; M5 ®eT4SQR0128999 HNy O
RT = 1.64 mnutes (Cond. 1); LC/ MS: Anal. Calcd. for C37H52N908 [ Mt+H| +
750. 39; found 750.92; % 15 >L1 HN yO-- O RT =1,93 mnutes (Cond. 1);
LC/ MS: Anal (0ggHyd- 563 @ﬁﬁie@%b@ (29D, 724 (51859 ol | A240vaBlapping 183 -
WO 2010/ 11770APETHYSPORBR28998) E5 3T B6i 0t fortpilnis s apl e QC 162

(Cond. 2): Anal. Caled. for [M-SEM+H]" C44HN4O5Si: 786.49; found 787.50.

5 Example M-1j

T
H N|\>—<9—< >—<\N\t|/\§
N N N
G F

A mixture of water (2 mL) and concentrated HCI (I mL) was added to a
mixture of HCl/dioxanes (4.0 N, 7 mL) and Example M-1i (348 mg, 0.379 mmo}),
and the resultant solution was stirred at ambient condition until LC/MS analysis

10  indicated completion of reaction (~48 h). The volatile component was removed in
vacuo to afford Example M-1j ((4HCI) as an off-white solid, weighing 244.6 mg (~16
mg above the theoretical yield). The sample contained unidentified impurities, and
was used in the next step with out purification. LC (Cond. 2): RT = 0.86 min.
LC/MS: Anal. Caled. for [M+H]" CasHz7Ng: 457.31; found 457.36.

15

Example M1

HATU (106.2 mg, (.279 mmol) was added to a dimethylformamide (2 mL)
solution of Example M-1j (4 HCI salt) (78 mg, 0.129 mmol), (S)-2-
(methoxycarbonylamino)-3-methylbutanoic acid (57.7 mg, 0.329 mmo!) and i-Pr,EtN

20 (0.15mL, 0.859 mimol), and the reaction mixture was stirred for 30 min. The volatile
component was removed in vacuo, and the crude material was first passed through
MCX (2g; methanol wash; 2.0 M ammonia/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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To a solution of Exanple QC-9c¢c (260 nmg, 0.3 mml) in 10 nL of nethanol was
added pal | adi um (10% on carbon) (100 ng) under nitrogen. The flask was then
vacuumed WORTVUZWed with N2 for 3 tines. After being vECHAS2A0ARWN, t he
m xt ure was hydr ogenat ed under H2 bal | oon overni ght After the reaction was
complete, the 10 m xture was filtered and the sol vent was_renoved under
vacuum t o gilelGoednpr BTl 26 40ias LQ/Mﬁeé@?l %]Cfidfoaﬂﬁé"ﬁér EoRsNOsii xt ur e.

LC/ MS: RT =3 ég ff%ﬂ&'ﬁ?g &Cond 1); L Ms: Anal. Calcd. for C481-187N606Si 2
[ MF1- 11+ 89]7 l‘. ound 61 64. Exanple QC-16b 15 20 Exanpl e QC- 16b
was synt hesized as a diastereoneic m xture from Exanple QC-16a according to
the procedure described for the synthesis of Exarrpl e QC1g. LOMs: RT =

1.53 mnutes and 1.64 mnutes (C&xamPEy ML2@pddi-3anal . Calcd. for C26H35N6

[ MiH] 431. 29; found 431.25 and 431.26. Exanple QC 16_and QC 17

Exanpl e QC-16 and QC-17 were synt hesi zed as freeybases)from Exanpl e QC-13b

and Cap-51 according togd pr n»-- gdes hed N he synt hesis of
Example QC-1. The crude r si dile Ywaf puri rleverse; phase HPLC
(Acetonitril e/ Wat er/ NHA0ACN ereonmer 9 QC-16 and QC-17.
QC-16: 1H NWMR (300 MHz, 0-13 6 ppmO0.73-0.93 (in, 12H), 1.45-2.30 (m

18H), 2. A0- 2. 65 (m overlap with DMSO sol vent peak), 3.15-3.45 (m overl ap

wi th water 5peak)Exagphes MS and®M3, were pPepbrad a3 HIFA Shlt@Iroﬁi Bxarﬂ;b‘ll): MAj & (m 2H),

7.00-7.70 (m 6H), 11.23 (d, 1H), 11.66 (br, I'IR:?L RT = 2.20 m nutes
(Cond 1): |1appivBriatassids bpampipyingghe mr—@eméef@nﬂa Fqlr EIMWWSISPBEK@FHMS 31;

E 17, L0l B o SR L i

3 15 3.45 (rfbve@seqmaaepﬁmm meahqrazae@fa@mm&%fr@ %ﬁﬁd trﬁwhﬂ fhal/Sufad 3H), 4.04
(m 2H), 5.03 (i 2H),710 70 (m 6H), 1H), 11.68 (br, 1 H);
LC/ VS RY - n@a’cmﬁlmawpte&ef{bmdr 1); LC/ MB: Anal Cal cd. for C4A0H56N806

[ MFH] 745. 44; found 745.37. Exanple M1 15 Exanple Mla A

di chl oronet hane (13 nmL) solution of bromne (2.25 g, 14.1 nmmol) was 20
added dr op- er 10 toR i e%%ﬁ)(%ﬁ ] re of 4-
(et hoxyear\gb(;)r?ﬁllfl %i cycR 2.2 ?ogteaéngelﬁ% car o?%?ﬁi&lt}ufgg?)cgi h??L)&Mé g, 9.52 mmol)
and nercurijc oxide |(3.5 16| 16 nol ) in dichloromethane (40 nli), andg
heating wag continued for 3.3 h. After the reaction mxture was allowdd to

cool to rodm hgnperfature, 1t WB$3 Tlin Y @5RE 280D 5N (/ERY AL NG ald9f), OF ange
filtrate was treated w €h
)Qo [M+H]" C335HsNsOg: 715.39; found 715.45
/\{o
Y
M-3 o 1.36 min (Cond. 2); >95%; LC/MS: Anal. Caled. for
; J=g | IM+H]" CygHssN3Og: 839.42; found 839.32
N O
PH
ﬂrj
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25 MgSH and filtered again. The volatile conponent of the filtrate was
renmoved in yam and the resulting residue was purified with a Bl OTAGE(r)
(5-10% etWQ[2010/118W4- acet at e/ hexanes) to afford Exanpl @CWUS201892829Nhi t e
solid (1.37g). HNWR (DMSO- d6, 0 = 2.50, 400 MHz): 3.56 (s, 3H), 2.22-2.18
(m 6H), 1.91-1.87 (m 6H). LC (Con%g{ ‘2‘%3&1@54: 1.79 mn. LCOMS: Anal.

Cal cd. for [MA-1] Cl01416Br02: 247.0632 247. 33. A benzene (65
m.) solution of Exanple Mla (3.758 g, 15.21 mmol) was added drop-wise to a
cooled (- -12 C) mxtureé& of benzene (200 nL) and al umi num 10trichl ori de
(8.93 g, 67 mml) over mi n. The heterogeneous m e was stirred for 1

h while allowing the cd¥ling bath t adugll y4g/ -3, C, and then the
cool ing bath was remve d KN ‘ i uﬁﬁ—fL - h. The reaction
m xture was then heated foN.-A , [/ af Ne th Wt4r e=was al l owed to
cool to ambient condition{and nost of the volatile cogpg t was renoved in
vacuo. The residue was tak up 15di chl oronet hane (10 ), poured into 150
m. of ice-water, and the phases were separated. The aqueous phase was
washed wi th di chl oronet hane (50 nL), and the conbi ned organi c phase was
washed with saturated sodi um bi carbonate, dried (MJSO) and evaporated in
vacuo. A silica gel nesh was prepared fromthe resulting crude material and

submitted to flash chromatography (5%amBMidsyl acet at e/ hexanes) 20 to
afford Exanple M|l b as an off-whjte solid (2.739 g). H NVR (DVBO-d6, 6 =

2.50, 400 MHz): 7.34-7.26 (m 4Hf,,7,18-7.13 (m_1H, 3.59 (s, 3H),
1.86-1.76 (in, 12H). LC (Cong: @4@45 Anal . Calcd. for

[ MFH] C16H2102: 245.15, foun 45.24 2rrp| e M1c A chloroform (16 ml)
sol uti onof bromne (2.07 g, 12.95 mmol) was added drop-wise, via an

addi tion funnel, muges bdeTs500 LB, 28‘?’&919{5}?’%{@& YddHidesRehigdovkur € ngh tbxampl e M
b (3.01 g, 12.33 mmol) and silver trifluoroacetate (3.15 g, 14.26 mmol) -

186 - in chrgpuitweld (5/adhioromithene €1 ink) pangi-fobrtionOF (Hi-h-(tetthe precipitate
filt d hed wi t. | or,of or.m . he filt ted i
T e N e B R 85 L MR B PRR oL o0

(sanpl e was (h@ﬁf'\ﬂl/?dl.qgs %n%&&&?p&%‘siuﬁ?%ide‘té@%@ﬁé, f@yjm%b?t AldNRX ARG 1 0
afford Exanple Mic as a white solid (3.495 5g). 1IH NVR (DVSO d6, 6 = 2.50,

400 MHz)O 7 digturel wagd stier@l 8 antbidnt candi@or( by ~J8 h. §h8 voRHle coByBBeftsyas3H)
1.82-1.76 (m_12H), LC (Cond. 2): RT = 2.16 nin. LC/NM& Anal. Calcd. for
(V] O 6HoGBPE i3Sttt rigtdys 3o garitoned béleg o hismagd. 6

M hexanes) (dfeSdiidd (M S&)@H@@a@@?ﬁe@ﬁ;@%{%‘a&r%f@hxﬁﬁng&%ﬂe hRtdHalwhe a cool ed
(ice-water) tetrahydrofuran (10 nmL) solution of i-Pr2NH (4.5 niL, 31.6 muol)
and stirred stomitR8 toraRIOTHE E®@ putifieationl(DA38% aibylanctmmbrcaatertoddopd wi se over

15 mn 1o aBooltoMad % QinhShaaN%30 gl AR (Sis 30 L 3% hod KR! ©
15 7.47(d,J=8.5,2H), 7.29 (d, ] = 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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15M1lc (2.48g, 7.68 mmol) and chl oroi odonet hane (5.57 g, 31.6 mol ), and
stirred for 130 mn. A tetrahydrofuran (30 nL) solution of acetic acid (12
m.) was M0ed10dndp4wi se over 10 min to the above reacti @0TAS002899Nnd 20
mn later the cooling bat h was renoved and stirring was continued for 30

Th | e d
Caken up i n R S g 052G SR BB e oo R i Bt b e
bi car bonat e qphds bR ﬂ{Q voldi} o8rRAdk ki es 18, a%%'thlé jQRué 33 9 N

30 nL water), dried (MySO4) and evaporated in vacuo. Asilica gel nmesh was
prepared fr @aneﬁﬁb' natiinned iogivmani dizhlmaoreethae @A dnlsidndi Weshtmreteﬁ lsadihm

ch o o gl {29391k ) sxoR SRS Srenes) b0, L0 BB ML
J =8.6,5 25%11_1)/(2(3143 29 Q&ult%g@r&eﬁna’c&l’ﬂl’wﬁ pﬁﬁﬁ@é withhd BIGH SGE& (6@0%&}12 H) .

HRVS: Anal . Caled. for EM "Clel-118Br Cl0: 340. 0230, found 340.0
D fornyli m deetst@blim}ﬁwrsaietha(lé)) t@h%r@Evanpﬂl&Nﬁﬁbl(é)?:OamQ) pot dewsd sohidi adi de (0. 148

%;aﬂbfizM"?ﬁ%@“%&ﬁb?é’@%‘é@é)?ﬁ%viﬁ%ﬂamy ot SF O HoBNE (o 'tSEif@" g
b The reactl on Bt aare wae It rehe? b PPk TSI g por 22

di chl or onet 2&hHe4.88dd73t (g 111)) 34&-‘8@12\/(/35 1H\),a1)3ﬂ~at5édm hEY,aC2m?2. 13’i(|m, itdgul ting
crude s lid was tr nsferrec% to a 350 &6pre t ube cont ai ni ng et hanol

(40 ni), Owatie% ), ddd (Garcdéht a8 iiiéﬁ Cﬂ’f_ 2 ﬂbTar?dZStIﬁé
heterogeneOiﬁ:/mg(tAq{ f%g?ﬁieg&%x abz%l@ %:ﬂ\i}z% g(ﬁ ! t ol lys0f the volatile

conmponent in vacua a as‘a W solid (1.078 g),
whi ch was used in the next step w thout purification H NVR (DVSO- d6, =
2.50, 400 MHz): 8.01 (br s, -3H), 7.48 (d, J 8.6, 2H), 7.30 (d, J = 8.6,
OH), 4.06 (s, 2H). 1.80 (app s, 12HEXemRlRMid. 2): RT = 1.58 min. LO MS:
Anal . Calcd. for [MtH " 15C161-121Br NO 322.08, foun 22.21. Exanple MIf
poc -No HN i-Pr2EtN (1.02 ni, 2.5 mmol) vvassﬁd'i:ied:d p-w se over a few
m nutes to a 20 m xture of Exagpie 8 (082 N Nmol ), Boc-L-Proline
(0.657 g, 3.05 mml) andBPATU (1.0 f n dBaet hyl f or mani de (15
m.), and the reaction m xt wald st 50 mn The vol atile
conmponent was renoved in ciia, and the residue was taken up in

di chl oronet hane (80 nlL) and washed with water (25 nL, 2x) and saturated
sodi um kiscar bonatmlledanmnil) a2stite (The ngf, @D enhaly &vas wWadeddnioge batoh (M) PO4) and
evaporated in vacua. The resultant crude material was submitted to a

Bl OTAGE(r) me iPFaseue it C@m@@n@g Examila Mydp (4 Wbneoddet mynolh fseaple Plexdghnes) to

carmi o of BAEeltE Wt nid TG FORGRR 25 18 e miho R B e 6
2.50, 400 M'da)boniteQZSS’ mg, 8504 tinol i) dioxand (7 4l.), dd t8e Seac@dl) mixfurdvdsd, J-

8.8, 2H), 4.16-4.01 (m 3H), 3.40-3.24 (m 2H partially overlagg)ed W th
wat er si gnalf}UShQd wgh pitggep ifer, 3ffi‘l)m11111t€89114h572€§e(% Wfthllggifc 0.11 baty for 387 it wo

overl ap )., for

[ MrHi G%ftef\rlg%vz(as %&(év%%go c*x(%l utﬁ &’@éf@t cp %on rhe mlxture was rf“'i’ttered dC tﬁe
filtrate was rotervaped. The resulting crude material was purified 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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Example Mg A m xture of Exanple MIf (1.044 g, 2.01 mol) and
ammoni um acetate (1.260 g, 16.35 rnnol) in xylenes (12 nL) was heated with
a mcrowaWwe 28t0/t12m4C for 10 2 h. An additional ammoni umP&Ea1S2016/028249 ny,
3.11 mml) was added and the mixture heated simlarly for 30 min. Then the

G chi or orot FHG. b6 ALFPea: C0-(26" He) OirfTG G5ar £ Etmsns ol Bas banat e
sol ution (44mdm, amj ys«n@ra@g xrﬁtmgqu&dzéﬁﬁ 1pjza§@$(a%f1§pp%aearat ed. The
organic layer was dried and evaporated’in vacuo. The 15 crude

mat eri al wa$.§5h)i T.%d. W (t)herthatctﬁ' AGEOH) D8 X-00%(2tihyD.0ace DA @/chlepzmles) to

300 M) - 7088 0 (0 3 B g TG RaR o T W) e L tlsF appi

br s, 1Hy, 478@&8“%"0?13(16’@854"') 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(5

6.39H). LC (Cond. 2): RT = 1.80 mn, 20 LC Ms: Anal. Cal cd. for [ MtHr
C26H35Br N302: 500. 19, found 500.11. _Exa ;ﬁj@ll h  Sodi um hydride (60% 57
my, 1.43 mmol) was added in one bat ER¥PBE di met hyl f or mani de (6 nlL)

solution of the imdazole Exanple Mig (503 ng, 1.00 I) and the
m xture was stirred for 70 min. Then, SEMCI (0.21 L, »1.187 nmol) was
added drop-w se over 30 sec t o \ ' &t i g X re and the - 189-

het er ogeneous m xture was $itirfre Q | ati | e conponent was
removed in vacua, and thefzpl dLPé was p bet ween di chl or onet hane
and water. The organic |a was dried (MgJSO4) and evaporated in vacua. The
resulting crude material was purified with a Bl OTAGE(r) (20-35% et hyl

acet at e/ hexanes) HQO! (@frhbnfl4 B }Ekﬁmtdiceaahé)lvbasa&ld@d M;tam;ﬂ@hrfmt @llJSE lnfgg 1HN|\/R
(DVBO-d 50 400 MHz) 2H) , 2H) ,
6. 78/ 6. 3@ 69@:0 )zi‘BBﬂPf‘ng‘mffFﬁas sgrfs%af(%nblﬁﬂ 09nd1’ﬂ% f@; 15d<l wrlbtmgsn 28 (br

478 (or 1,%&%&@%@0{%%%@%@%&5% B G S S A

16H), 1.35 (sepaedirdm 2Imll vats anb .1 bh). cotteBiPatbd KEIXW&S aided to he@Boves, 9H) .
LCOMS (Cond. 10 2): Anal. Calcd, for [MtH C32H49Br N303Si;; 630.27, found
630. 33. Exaﬁ%lP‘EuTM“Il‘i StrpRg W&ﬂ?@?ﬁqu?§ g8t @3(111‘5’&170%3 Velablmomn?mmS added

in one batc I GO0 39 ny,
0855 ol ) " Ep e e RGBT GO LR B R Pl o 05 B2
my, 0.135 mm?f)vhaaduﬁfg)tc;al%(mmm@rbﬁm@bw (3327 e, 0 ORI Ankn Cdicgxane (8
nm), and the reaction mxture was flushed with nitrogen for 5 nmand heated
with 120 ' v o7 IMBHI HorBecNeB: A58 291 fernd 4583% al | oned to cool to ambi ent

condition, the mxture was filtered and the filtrate was 20 rotervaped. The
resulting crude material was purified with a conbination of BI OTAGEO (100 g
silica gel; 40-80% et hyl acetate/ hexanesyicdnd a reverse phase HPLC

(wat er / met hanol [ TFA). The conbi ned HPLC fractions was neutralized with

excess NH3/ met harforRmploMet (B daltawms nersrebiombxegniniedd %ﬂCOWé@ t9dhei ti oned

bet ween di ¢ n )i car bonat e
sol uti on%( 1%@58% A&%goeg?gra%éy%%&sse&ﬁa}%% ?%_ﬁéid?( %@@?(Dﬁg %i orated in
vacua to af fo5a] 468 ampke 150 iappsora, TH), RO @MY 3%2 (1) = S BheHg xR (s SEY,

regi ochem cal nake u €§6was not deteintined as it was inconsequential for the

cur rent pur pose(d, I 86, (BREb-Ir398, 218), 5-1325.69(mabd), 42)(dd, 7. 289718 (m
5 555,52 (i 10 o S Fo ) 1P Y-S0 Bl P LBl
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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(m 2H), 3.56-3.33 (m 8H), 2.29-1.76 (m 20H), 1.37 (s, 6.53), 1.13/1.12
(overlapping s, 11.47 H), 0.90-0.76 (m 4H), -0.03/-0.06/-0.07 (overl appi ng
s, 18H). WO2NB/I(ITHAd. 2): Anal. Calcd. for [ M SEMtH] CARE44N80882899786. 49;
found 787.50. S5Exanple MIj A mxture of water (2 nmL) and concentrated HCl
(1 nL) was added to a m xture of HCL/di oxa&eg (4.0 N, 7 nmnL) and Exanpl e
M1i (348 ng, 0.379 mmol), and the re<iM&MSsolution was stirred at
anbi ent condition until LC M analysis 10 indicated conpletion of reaction
(-48 h). The volatile conmponent was renoved in vacuo to ford Exanple M|
(.4HC1) as an off-white id, weighing 244.6 ny (-lg\ﬂi‘above t he

|

theoretical yield). Th& sapple contained unidentifi e L rities, and was
used in the next step v oulN~“puri fi cuati r"‘ qﬁdj%);{{r = 0.86 mn.
LC/ MS: Anal . Cal ed. Hrlcog - Xouind /36. 15 Exanple M

HATU (106.2 ng, 0.279
sol ution of Exanple M| HCl1 salt) (78 ng, 0.129 mw%P)\/

(met hoxycar bonyl am no) -3- net hyl but anoi ¢ acid (57.7 ng, 0.829 mmol) and
i-Pr2EtN 20(0.15 triL, 0.859 mvl), and the reaction m xture was stirred
for 30 mn. The volatile conmponent was renoved in vacua, and the crude
material was first passed through MCX (2g; nethanol wash; 2.0 M

anmoni a/ met hanol el ution) and then $bfbldMckt o a reverse phase HPLC
purification (water/nethanol/TFA) to afford a hygroscopic material. The
purified material was free-based .~ MetfHianol wash; 2.0 M 25

anmoni a/ net hanol elution) and dried in \Lazcu§ afford Exanple M1 as an
off-white foam (43 ng). 1H NV\R (DMSO- D6, 6 + 2.50, 400 MHz): 12.16-11, 18
(collectisons of s, -2H), 7.65-6.37 (m 8H),E-”®?30-4. 99 (m 2H), 4.06-3.99
m 2H), 3.83-3.65 & 3.55- 3.49 4H), 3.525/3.53/3.41 (three s, 6H),
(2. 18- T) 75 (m 22|—"50,a%ﬂlwfé@-ér&{ﬂ}r&zmﬁethylmohdm:%ov%l&o& §Zymumedrin- 1. 33

Exarpl os AR oGt (o0 A WERdHEERIBI RIS Yl LB 5% e

sal ts from Exao])| gietdylgmiaadi 22ppIopY nahs) aed OM AW (€dpL 87 agndlheTly ocedur e
described for the synthesis of Exanple M1, with the exception that an
addi tional poRtye #4p sercdwidous ferperayranit the starting Bynidnee Witase HPLC

> ft ]?[“e g‘_&ﬁ;g@g@g‘i}g %%{xs;uh}ﬁg/ drflthe ARGk Mt e &BRAbroM kG50 AQYBhET T @l was

washed with water (50 mL). The organic layer was dried (Na,SOy), filtered, and
evaporated in vacuo, and the crude material was submitted to flash chromatography
(silica gel; 30 to 100% of ethyl acetate/hexanes) to afford the silyl ether as a colorless
oil (22.7 g, 74% yield). 'H NMR (400 MHz, DMSO-ds, 8 = 2.5 ppm) 7.69 (br s, 1H),

15 7.64-7.61 (m, 4H), 7.50-7.42 (m, 6H), 3.67-3.62 (m, 1H), 3.58-3.51 (m, 2H), 2.24-
2.04 (m, 3H), 1.87-1.81 (m, 1H), 1.00 (s, 9H).

Di-tert-butyl dicarbonate (38.5 g, 177 mmol} was added in portions as a solid

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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RT (LC-Cond.); % honogeneity index; M data M2 00\ z"' 1.13 mn (Cond. 2);
>05% LC/ MS: Anal. Ca cd. for [MrH C38H51 N806: 715.39; found 715.45 M3 o/
/0 FI NO PMOROBGLIAI0A (Cond. 2); >95% LC/ Ms: Anal . Cal cdPCTaIS201M8R§999
C48H55N806: 839.42; found 839.32 Exanple M4 Exanple M4a 5

Dot oni triT v 50%’&%{%% e s2lhie )‘ﬁ\%&%%%i@%a‘wﬁﬁ@%vei spiny Tel- ©
(5)-1- (tertwg)%yczgnbwb :@’(M@Hgdi Wv%x%ﬁ{gﬁgydisc RCIE) %ﬁgddT?wﬁ)QO

mol ), Exanple (405 5 mmol’) ot as um’f 60.5"°

0. 364 mol ) 3.@rid);hes (c&iaéﬁl@m 20, riHXtEJ@Eez\zSﬁimsﬁHpﬂe@ aBMmbiHna Xend2ti on
for -18 h. The vol ati ent |n va t he reS|due was
partitioned (B]etu\?/%ezné gﬁl%é‘ngﬁfg f%?né/a \%‘ét(é H)drﬁqeé: %OR\)T ardE&Bpor at ed
in vacuags T r { L@TAGED

purifi catl omt( %10% g%}ﬂ lEicgiet atag{ Eg‘(’l{({%@g L%maﬁf%?%@g%@llgrl\ﬂ 4a as a
white foam (559 ng). 1H NI\/R(DIVISODG 6:250 400 MHz): 157 47 (d, J =
8.5, 2H), 7.29 (d, J =8.8, 2H), 5.13-4.91 (m 2H), 4.29-4.23 (in, 1H),
3.39-3.26 (in, 2H), 2.30-2.16 (m 1Hfmple:=% 03 (m 1H), 1.89-1.73 (m
14H), 1.39 (s, 3.59H), 1.34 (s, 5.41H. LC (Cgnd. 2): RT = 2.20 min. LC/ M
Anal . Cal cd. for [MBoc+H F C21H27BrBi@B304205 12 found 420. 13. 20Exanpl e

M 4b Anmoni um acet at e (825 nmg, 10.70> ) was added into a tol uene
(10 nL) solution of Exanple M 4a (556 rrg, 1.468 mml), and the m xture was
heated under a - 193 - Dean-Stark set up with a -120 C oil bath for -5.7

h. After it was o hpwededed aeg! ecfu%ﬁ&%a&nith éthr%’xd érﬁ&o%’éﬂ' iftlet 185

conponent was renoved in vacuo, t he resi was carefu part|t| oned
bet ween 18i ctdhangem&éman(pwlvhﬁa) (1arh @Q%Iéanmolaiaeﬁtcémtﬂ% mmaanlﬁdowered

sol ution ( Zgnt%L)SS g r(lzgol(lz)r{g at CV\}heX%ge z\rllv%?‘na q;emperzgtlvr% 0?4%3 miaxqgre?gﬁ: 16& at ed
50°C, lithium triethylborohydride (23 mL of 1.0 M/tetrahydrofuran, 23 mmol) was
added dropwise over 30 min and the mixture stirred for 35 min while maintaining the
internal temperature between -50 °C and -45 °C. Hunig’s base (16.5 mL, 94 mmol)

15 was added dropwise over 10 min. Then, DMAP (34 mg, 0.278 mmol) was added in
one batch, followed by the addition of trifluoroacetic anhydride (3.6 mL, 25.5 mmol)
over 15 min, while maintaining the internal temperature between -50 °C and -45 °C.
The cooling bath was removed 10 min later, and the reaction mixture was stirred for
14 h while allowing it to rise to ambient temperature. It was diluted with toluene (15

20 ml), cooled with an ice-water bath, and treated slowly with water (55 mL) over 5
min. The pha_ses were separated and the organic layer washed with water (50 mL, 2x)
and concentrated in vacuo. The crude material was purified by flash chromatography
{silica gel; 5% ethyl acetate/hexanes) to afford Example M-5b as a colorless viscous
0il (7.947 g, 82% vield). "H NMR (400 MHz, DMSO-ds, 8 = 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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5 in vacuo. The resulting crude material was purified with a Bl OTAGES
(0-20% et hyl acetate/dichloronethane) to afford Exanple M4b (430 ng) as a
dense solW@20md7®Btanple Mg (12 ng) as a white film BCRASPEONREB? 1H NVR
(DVMSO- D6, c= 2.50, 400 MHz): 7.67/7.63 (overlapped s, 1H), 7.47 (d, J =

8.5 2H), 7.31 (d, J = 8.8, 2H),, 4.85.4.7 3.48-3.42 (m 1H),
3.38-3.Hé2(m 1I(—|), 2292 15( HIH?SN&'é"I? %W%?-)Z(lsm 138Es 2H)21H)

1.18 (s, 6.79H). LC (Cq = 2.28 nmin. 1oQ) iy Calcd. for [MH]
C26H34Br N203: 501. 18; foung\Bf} 5. Exanpl e M4é’ %_Q&Ballll {di um (17) acetate
(11.1 ng, 0.049 nmol) was adde% n one batch to a 75 ressure tube

contai ni ng Exanple M4b (412 ng, 0.822 mmol), Exanple ~1d (323 ng, 0.879
mmol ), triphenyl phosphine (25. é qg 0 096 mmol ) and potassi um car bonat e
(139 nmg, 1.004 Mol ) in di oxdfs and the reactM8%?nmi xture was

flushed with ni tr}ﬁ@tﬁgl nl(gr( &eﬁoryc N/f%tsm%ng %@tlg%owd,g%s a%iged %ﬁgw bath for

-17 h. 20After it |ent ion, mxture was

filtered, amfertfemid tbtar@brdwesd TVtehvaned miliselutes WtinaropyHeR FRaLpld al was
purified with a conbination of CrI.%?O‘I’AGEO 100):§ 1S| l'i ca m’gl SdZO 1003?& hyl
!

acet at e/ hex2he8)3 A&, P-Evengb. thag@w#nxm@hems et ﬁ&?f(ﬂOPWA? 0 mihet léonbi ned

vacuo, and THECD SabRRRATEs P\ RSEN SRR B TR Ay Rage T e 1

di chl or onet hangerdafd 41L)5 anebrdi h MELARHEPRS *EQeHUM b@@@ﬂ@@l@t Thé RablidOn
(-6% 32 nL). The organic phase was dried (MJSO4) and evaporated in vacuo

to afford t%xmﬁﬂ%@p@ﬁéﬁu@!ﬁ abeacdguendied by g sbowhddition obh’% s@arate) . The

e T R e s N
2.50, 490 Mggked é@m&&ﬁ‘telﬁ%atu?e ﬁ?b@ ﬁﬁﬂ K%@ﬁlté‘@@%oﬁg}l é—ﬁt@r ];731)@1551'121 tﬁ@ (m
4H), 6.93/6.91 (overl apped s, 1H), 4 (m 4H), 33 (m 6H),

2.29-1. 77 ( whik@eke was %ﬂmdmﬂ(mucép@iewes Th@ BEH)G pimsqgf t11e f@tra(t@msl apped

, 12.15 0. 83- 7 Cond. 2
RT 277, 00 misFOoHEd RS AT Wi R P S A TR NS e a AR, ouh
788.54. Exanplg. Mlﬁ%rud‘é@i‘la&ﬁal%sgfurﬁie@ uNnF@]B‘I@'I@@E@)s M@ﬁ(@ﬁﬁ@@kh&@g@aml e
M 4c (158.1 ng, 100.201 mmol) he m xture was stirred at anb

condi tion foeampE was leatedwitnricthyhadatatedhttoons; etuted Weh7y2usbehsi on An
aqueous .HC1 sol ut,i on 1 of ..a sol utjon_pre m 2 nL ter,and 1 nL
cgncent it ed® ?ﬁ&ff%h }it&glef%’r% Ex?rﬂgle%%g%lﬁisﬁ%@ Cé’ﬁﬂif)ﬁ [Eaahil'a vxﬁ’é““@bntl nued
for 23.5 h. B%{B%Ya?ﬂs iQimdr 186y 0L 230, 198), RO IENEx b N AESARE fk ded the HCL

salt of Exanple M4d, contal ning uni dentifred inpurity, as 1l5off-white
fluffy soli die(eimﬁled@) thid @ageCoRANMR (DHBO=dd 566250, #00 DAARf Buaaiple Mabed. for

e, ot 32 A P, Bl AP A Ty

(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
oV 1o

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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20 procedure described for the synthesis of Exanple M1. 1HNVR (DVBO D6, 6
= 2.50, 400 MHz): 14.50 (app br s, 2H), 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 = 3.9, 1H), 4.12-4.08 (in, 1H), 4.06-4.02 (m 1H),

3.89-3.70 (in, 4H), 3.54/3.52. 43-2.36 1
2.23-1.77 glﬁ?nlkté‘iiH%Vas 61@‘4?]38 17‘§ %ﬁyﬁ% ‘WFTK%{ 3. 7§£10H§Sn&f26£§ %%ﬁ%ﬁgﬁ’?lﬂbr (:i)sumed
to be a rot %Qﬁfa‘c@eﬁﬂﬁ?@lssohﬂioﬁe{s %I?S%Et ke v&meb%};&%m st fdmonra ;E‘Ot
i ncl uded]. LC (Cond. 2): 8 Cal cd. for [ Mt H]

C42H581\ 170 7’:26@7221(1414«: refsmlun ovay partisibned bd;@’ﬁen- CHEa (i mLMaid 50% skEixeatgd e M 5a

d hy ,
87 rmol ) 1 n SUACH RGN CaES (BeF o bedhasitgen el Rt CHach B Gnl 0
tert-butyl CS&@&&%Q&?&&A&& bRIE v&a%%ﬂ@d@\/lﬁgégm&)ed ddnb&HRd @M NG, 26 1 ML,

87 muol ) an e mxture was stirred at room
t enper at ur e thent mdpowldeto Qt@zr\tacmgn pymmfgm d’lfh@meuIWag ciide couqylaévak pudias uned,

(50 my. The B ARl boaed B BeRtReesada s oml kit Maal Losidrat od |
yan( ) and el aie amY o8 iRl bTY yhﬁﬂn&tedmmc?smf%w&mraphy

(silica gel; 30 to 100% eth acet at e/ hexanes) to afford the silyl ether
as a col or| espunii¢s ({ 252.g7~@4%74%§e| dledxactlitdnMvR r{dO@advirizt, beBVBDedined at 2. 5

Mo 5 485 e S 8 B0 Tasteo @8&3@‘%@&2‘@4 S e, |

pl(;?’tl ons asqa gg{%%)bg'\t/%lﬁ%ﬁgrﬁ%nggg %A?Aicgmﬁ o)het ane @C}gﬁh{) sai‘uqnpon of

the silyl etliBr2.07 @pancdiabodd.§Bdn,2 H), 1 88-134mmol)), 140 @f iy}, amien@71 8. 93 g,
88 mmmol ), and DVAP (1, 08 gl 8.83 20 mml ) and stirred for 18 h at 24 C
Most of t he Wl Bpil- I’Hé was renoved in vacua and the crude materi al
taken up in 20% et hyl acet at e/ hexanes and applied to a 2 L funnel
containing 1.3 L of silica gel and then eluted with 3 L of 20% et hyl

acet at e/liexane and 2 L of 50% et hyl Exagbai)5e Upon concentrati on of the

desired fractions in a rotar evaporator a white slurry solid forned
which was filtered, wé{f;%vvlthh aédrledln)(g_nf_yo afford
car bamat e Exanpl e M 53a)'as 196 - /te olid (32.65 gN82%y| el d).

| HNMR (400 MHz, DWVBO db, %Oc 2.5 ppm) R61-4.4.59 (m 211),806 56 7 54 (m

2H) , 750738(m 611) 18 (m 1H) 3,90 (dd, J= 10.4, Tq? 3. 68
(dd, J = 10. 4, M@%s 2.58 (m 1¥%2. 40-2.33 mM% 2.22-2.12

(m 1H), 2.01-1. ) RT
=2.18 min. 5 LC/‘L?/EE( OJI'll&'}(m ! ZOQ f%%@ &éﬁﬁé&%ﬁ%ﬁﬁa&g&aé%g% gf ound
476. 14. Exahypioa oﬁ/EﬁhnﬁBws&incwfzt(ane%; ne.ok etdlh askHeONi(pPed )whi h a
thermoneter and a nitrogen inle
CClyg (20 mL). RuCl; (() 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

- 199 -



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 dropw se over 30 m*nand the m xture

stirred for e mai ntajnin he i.nter het ween -50 C
and -45 C ﬁéﬁﬁfgﬁn@ dinetiras heeged o EB B pisaver 10
mn. Then, eﬁ% - I1%Zs’§1 dﬂ@P'"{)heWﬁémﬁf@%g ﬁ'lt@re@@tﬁd %&mwﬁt}?i&mg by the

addi tion of trlfluor ¢ anhydride (3. . over 15 mn,
whi | e mai nt aboledgexdnes/Etdae (al ratt@;r@@nﬁl)utné dbecﬂummgﬁofa@nando affrdGhe The
cool i ng bat

d.t i t d
For 14°n wnilie S QPG M 5+ (08 Wibte ARt 222 ipertht GroBie: HEOGaNa | ut ed-
with tol s'en@ot(eA%E)@@ afilhe 16 EF it AR ih S TIRIFERORBY ity BBMirls SAbgdas! ow y

with water (55 over e phases were separated and the organic
| ayer washedo wiatidh aweamkecnt(cﬁﬁ)dxtmn fcﬁxl) hamdind dmaehtnd dtegandsrwayatided dillstardide

terial fied hh t hy (sili | ; 5% et hy|
et at o nexdRBLIHELEY R SBEa Ao S ALLANEOR M 56 s oD S Be 8l 153 047

35011y, 7409 S5O B %ﬂﬁﬁf‘%ﬁ%‘?@s@ﬁﬁ1‘?%“3024%9%2,@%#‘?@3336§pp.% br o,

1H), 4. 18 (tﬁrsas(,apﬂmﬂa,,irs, BO7 (dpp b5 5, THAGEHpped. vith whter signal), 1) (br 2, 90- 2. 58
b 1. 26 rl b 0.98 d. 2):
= 20 i T (D Hanel . SARHSh PR ARG (B peRRROBSIASE! 6r | o

B et hyl 21 ne (76! nfmfpﬁfis@’bﬁfn B e TR GRE Rol ) W R0 a1 opui se

over 15 m n 1t70.68, t®odedst 68078(3)4 691&895&35& 2691 }31.90|UtiQn7of, 2. sy, dassyrrol e

Exanmpl e 5M5b (3,94 g, 9. | or oi odonet hane (stabilized over
copper: 3.0 Ift> 1116%%}4'%1190 N@ét@(ﬁig&rféﬁ dids Koy & ‘WM Stirred

whi | f -25 C
anld GZTE“Cn]E ?rsefggéhﬂec%%g%(}era n rgtﬁérieg’\;\%_/gsﬂégp?{ﬁeé‘ ﬁi&al r agd

quenchedsby df8: €| s8additiom, @fﬂﬁ@%lsﬂtrut@a&@@mg/mnantmlq@hpga%e -3¢ ution
(40 nm.), and then renoved fromthe cooling bath and 10stirred at anbi ent

t enper at ur e ahgr2Hbforihe. first angesscanid crem, sespediivsigh a filter paper and the
white cake was washed with 50 inL of toluene. The organi c phase of the
filtrate was separated and washed with water (40 nL, 2x), dried (MgSO4) and
concentrated in yam The crude matergxampiasi-purified using a BIOTAGE(r)
system (350 g silica gel; sanple was | oaded with 7% et hyl acet at e/ hexanes;
eluted with 7-20% et hyl 15acet at e/ hexanes) to aff anples M5c-1/ 5¢c-2
as a colorless viscous oil, mainly as the trans isoper (3.691 g, 90.7%.

[ Note: the exact trans/cis rati dete.( N d& at this stage]. 1H NWR
(DMBO-d6, 5 = 2.50, 400 M%7 6257, 60 (rn, 4H),
7.49-7.40 (m 611), 3.76 (br fé&l) 3.11-3.07 (in, 1H),

2.23 (hr m 1H), 2.03 (br m 1H), 1.56-1.50 (m 1.33 (br s, 9H), 1.00

(s, 20920), O.80-Kxakpld M-58vdyprefarddin threeepd Hom Eﬁérﬁﬁ@MSeﬂ)acccH& td. 39
nun. LC/MS: Anal. Calcd. for [MI-Na] C27H37NNaO3Si: 474. 24, found 474. 14.
Exanpl es M 5H¢ progedrrapuiing ¢ WEEApieYn eiNprarpple Ni- 11 from (S)-Boc-proline.

[Note: the SEM-regiochemical make up was not determined.] "H NMR (400 MHz,
DMSO-ds, & = 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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BacBl oc M 5d4M 5d-2 25TBAF (7.27 nL of 1.0 Min THF, 7.27 mmol) was added
dropwi se over 5 mn to a THF (30 nL) solution of Exanples M5c-1 / -5c¢c-2
(3.13 g, WOIBIMIIDIOF and the - 198 - mixture was stirre®@CaUSAMMII025999
condition for 4.75 hours. After it was treated with saturated NHCl
solution (5 nL), nost of the volatile conponent was renoved in vacua and
the residue was partitioned bet weenE@HBijZ\/I(SEO m.) and 50% sat urated NH4CL
solution (30 nm.). The aqueous phase was exfracted with CH2C 2 (30 nL), and
5 the conbi ned organi c phase was drg.ed ({ #), filtered, concentrated in
vacua, and then exposed to high vacuim’ fnight. The resulting crude
material was purified with a Bl OTAGE(r) (140-50% Et OAc/ hexanes) to afford
Exanples M5d-1 / 5d-2 as colorless oil, 998inly as the trans i soner,
contam nated with traces. of. | rr R jinpurities .39 0, -94% . .[Note: the
oxact ¢ ransicl s RSO Tt bR hats St onfie srbrit B N
(DVBO-dS,  Todteaf. 784@2 dMMoﬁEthﬁa@gDB'rﬁLej\éoﬁﬁm% of%le?} &tﬂ&@dé ALK 6’!2 n’_rL5'7 68 1H),
3.62-3.56 (m 1H) (m 1H,
2. 07 (br5m nitpl), dndSBsred 8% 2Bimin. WRlichlbr&hethdak (1 MmIJ)I-S)) utﬂmzw Eécsmp@l—lm
0.76-0.71 ( , 0.26 r m, 1H), 5e-1 -2M 5e-3 A

sem -sol uti gﬁ‘é@ﬂ\lﬁl@i@“&ﬁ@nﬁms%i% nﬁ%l Wﬁﬁ%@g dropivisg 3 hagb%dded to a
sol ution of Nosareii (20 L)
and CCl14 (ZﬁLﬁwbﬁRﬁ%éﬁa&d étimﬁgOgﬂk%egém%f]e&gv\a@ggddedg f%ﬂ‘rlélc%%ggl y and the
20 het er ogenanils teepativonfom8i tnine Twathylangoe cm L, $7.04 medol) ers Z&demh amdt es.

The reaction m xture was, di|luted H 0 (60 m.) and tracted CH2C12 (50
m., 3x). Théhetabidetotgariot-Thaser dde hepabd fa o e g gh thaasoved to

tand f ;
stand |9 b B AIGRT LLL8508 LI GBS ShRLATRGPOUS
filtrate waslicltemedpad(25omaf iat daded avitli \ghbr (dlﬁamlc,c?ab ~dredeMeSOsphidd. 1H NMVR

of the crude material indicated a 1.00 : 18 nol e ratio _anong trans
aci d M 5e- 1:°Vppaisheyvaie t%eff%rdn'ﬁ@@lpie Ms?%iés fpk%la&é@mw%él 87 gFnEhccr ude

mat eri al n st and
at anbi ent (S:%a%g% fs?%éé@%h}(: see H%{IJ) %%d%%s%ﬁ %éé&?[ﬁ? tq ﬁel gga‘gﬁlg%&ﬁ

a rapi d cryshaheftetepatittont p@sfiatiser ved. About 1 hour later, hexanes (-6 m_)
was - 199- added and the m xture was refrigerated overni ght (it did not
appear tifat addi ti onal conpound has precipitated out). The m xture was
filtered and washed with ice/water CEerﬁ IPF nes/EtOAc (2:1 ratio; 20 nlL)
and dried under high vacuumto affor rst crop of Exanple M5e-1

(off-white crystals, 1.222 g). The nother r was 5 rotervaped, and the
resi due was dissolved in -3 m of g%,gAc (Weati ng), allowed to stand at
t

anbi ent condition for 1 hour, and en 3 exanes was added and stored in
a refrigerator for -15 hr. A second N of \Exanple M 5e-1 (grey crystals,
0.133 g) was retrieved sirrilarly 1W (40BodvHz, DMSO-d6, 5 = 2.5 ppm
12.46 (s, 1H), 3.88 (app br s, (app br s, 1H, overl apped W|th

1740/ 134 (tuo ovarTIReNEL %Eﬁepa%eg?&‘”?‘p&eﬁiﬁf&“&]’*%m TP AT R
(100. 6 MHz, thibfocdfyre Suthind®fo2 thgmepardtiéh QfﬁExahﬁﬂe Q@ ldﬁrémé(S’) BbB@brtﬁ&aﬁ 78. 74

59.88, 59.58, 36 91 31 97, 31 17, 27.77 14. 53, 13
(dec.) & tRENME &00MEig: DVMFD-ge, ﬁf@zé REm)L”’d%PP FM%P&@ ZJST)()ﬁzmAnal

%‘L?Sp) FoG Lt S e S0 220 T QR Ainh 7o MG s WL dsh o).

faiD = -216 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
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and -212 for the first and second crop, respectively. Exanple M 5f

20Exanpl e M5f was prepared in three steps from Exanple M5e-1 according to
t he procedOr28106Uf10#ned for the preparati on of Exanpl e MPCH/USRG1028999
(S)-Boc-proline. [Note: the SEMregi ochem cal make up was not determ ned. ]
11-1 NWMR (400 MHz, DVsO-d6, = 2.5 ppm) 7.46 (d, .1= 8.6, 2H), 7.31 (d, .1=
8.8, 2H), 6.76 (s, 1H), 5.27 (app bExemplH)i-5i5. 14 (d, J = 10.9, 1H), 4.60
(app br s, 1H), 3.50-3.37 (in, 3H), 2.24 (m 252H), 1.80 (app s, 12H), 1.61
(br m 1H), 1.12 (br s, 9H), 0.89-0.73 (m 2H), 0.70 m 1H), 0.56 (br
m 1H), -0.04 (s, 9H). LM (Cond. 2): RT = 2.05 m C/ Ms: Anal . Cal cd.
for [MrH C33H4979Br N303Si : 642727, 25N \\‘2oﬁ Exanpl e M 5g Boc
Di net hyl sul foxide (1 ni, M.O\QL ; 0 \Awse over 6 mn to a
cooled (-78 <V) dichloro ane (14 i on of oxalyl chloride (0.62
m., 7.08 5 muol), and sty d for 23 mn. A dichloronethane (11 nap

soI ution of Exanple M 1 0 g, 4.69 mol; trans/cis ratio -25/1) was

dded d tg,h t it
het or ogencous. m SAFE 1€§§g1§3ﬁ]ﬁxﬁ%ﬁi§a§¥f%r8?fﬁ9 i BT e BSRgatpliMg
Tri et hy) am 1w abd ERafhie M1l o RS 0ddRct Anditdador 08 BHARuASTSt i T od

at -78 C for 3 en at 0 Cfor 1 hr and then the bath was 10 renbved
and stir#fi nd*?)@@miif N &idirdro Exaopke M- Uimine Breagds Q- T, satitrtbe weeeption theethewi t h

di chl h ed h , ied sS4
o evnoor siie bR s ARGl SRR ekt e B Cudring i 3R Grg VP T oy
). The {1 anshtiis. 5iea a9EhATRls MG Rat, 108 REOUMEOHBRGHY! EASHEET nod

and it was used in the next step ‘W t hout purlfl cation. 15 Exa 5h SEM
NN Boc M-Sweaypétaetddsts awadl- wh@pﬁm@d(hﬁﬁ ngo' HNAMOS (40%&@@&?&%@%4&9

Focor L0 L ey PSS B Lol o PR RESRSLAE0, S, SABLEG O
i,H) 1H£, 71? 8;(d§)ﬂm 85, QH? B33 %b‘b br 8- szg) 52§J€d(ﬁpa)5bﬁ}1§ 6. sblﬂl 1}?} 3%’7(@@1 F'BL = 5652
(app br s, 134,7.3.14H; 18®2d6( ﬁﬁ?iﬂﬁ ‘g, 19H) 2.88-289-(, 691)(1 h4 25@31)(111, GHSB ¢ 1H),

v 5o 76k Ui PR 28, 0o e B M 18 1 S o (M
(m, 2H). LC/MS (Cond. 2): RT = 0.94 min. LC/MS: Anal. Caled., for [M+H]*
C3QH37N(,Z 481.31 ' found 481.27.

iy

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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- 201 - Exanple M5 Exanple M5i (TFA salt) was prepared in two steps
starting from Exanple M 51 and Exanple M 5h according to the procedure
descri bedWPa@p1WHE70pr epar ati on of 5 Exanple M| from ExZEHIUES200/0P898Nd
Exanple QC-1d, with the exception that the crude material was purified with
a reverse phase HPLC (net hanol /water/ TFA) and then free-based with MCX (6
g; MeOH wash; 2.0 M NH3/ MeOH el uEkanples Mcarplidil-V+ 5i was retrieved as an
off-white foam (162 ng). 1H NWMR (400 MHz, DVMBO-d6, 6 = 2.5 ppm 11.75 (app

br s, -1H, only one of the im dazole NH was observed r61 10(d, .1 - 8.3,
2H), 7.33 (app br s, 1H), 7.29 (d, J - 8.5, 2H), H6 5 , 1H), 3.97 (dd,
.1=9.8, 7.3, 1H), 3. 88 7. \H) , N2832. 77 (m 2H),

2.14-2.03 (m 2H), 1.94- 1 76[( KT 46 m 0.67-0.64 (m
1H), 0.63-0.60 (m 1H), oiﬁ' . TC/Ms (Confl. 2): RT - 0.94 nin.
A

LG Ms: Anal. Calcd. for -1]- C30H37N6: 481.31; found 481.27. 15 Exanple

M 5 Exanple M5 ( salt) was prepared from Exanple M 5i accordi ng
to the procedure Qutli

' le M1. 1H 400 6,,6 = 2.5
bony 14 297 15, o&erRls -0 ts Rt gbfeties & T SRub Bl T KRB 28
7.51 (d, 3
=y 9( 4 1 é&gé{)ﬂ%ﬂ&@'ﬁﬁds 38@}11?%)/(@ thé-b%cleigurgﬁé%ng?d fdr\ﬁl;i_bb QMQ&&I@B?EQ% 4 40
(m 1. 7751) M-53 gith, tRyexcoption thet @Gidditi@alrpur{fivation waspondgcBd with a Rehnd 3.53

the ot 3ficbi thatlp sy TRad e dng My s el Y7 Lo vomt (O

signal). LM (Cond. 2): RT = 1.35 mn. LM Anal. Calcd. for [Mtl-1]4-
25C44H59N506;.  795..46; found 795.44.  Exanples M6 and M7 Exanpl es
M6 and M7 Bewmeplpr epar e® as TERTEIQ-Sohd grieboampbeeitvindexaN$ d&ppr opri dt e

aci ds by ery l nyi ng-i he nrocedure _descrihed for the _svnthesi.s..of Fya,@;e
5M 5, with |t héléxcept i ogﬁt an. 200uin (CGondl 2pupsiel cEMdMAmisCdondact ed with

PR A Pl S T U S TR Rl

O

/o
M-7 1.93 min (Cond. 2a); >95%; LC/MS: Anal. Caled. for
S [M+H]" CsoHssNgOs: 863.42; found 863.41
OQ\/NH
/O

Example M-8

MeO,CHN o H [ S
= O N \ N ]\\‘ N
|
\{\(N ‘\\\L N \ N ) /

S H ci NHCO;Me

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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1.20 mn (Cond. 2); >98% LC/ MS: Anal. Calcd. for o.--NHJ[M111+
C42H55N806: 767.42; found 767.47 O / M7 1.93 min (Cond. 2a); >95%
LG MS: ArND.20T0AIIEW4 f or [ MtHI F C50H55N806: 863, 42; f olGd/lS8®B041899NH

0

10

15

20

25

30

°C for 15 hr. The reaction mixture was allowed to cool to ambient condition, diluted
with MeOH and submitted to reverse phase HPLC purification (XTERRA 30x100
mm S5; water/MeOH/TFA) to afford the TFA salt of Example 8 as a white foam
(27.4 mg). "H NMR (400 MHz, DMSO-ds, § = 2.5 ppm) 7.61 (d, J = 8.6, 2H), 7.46 (d,
J=8.5,2H), 7.15 (app t, 2H), 4.98-4.92 (im, 2H), 4.43-4.38 (m, 2H), 3.62-3.55 (an
overlap of ‘m’ & °s’, 8H), 2.35-2.21 (m, 4H), 2.10-1.80 {m, 16H), 1.04-0.86 (m,
1411}, 0.71 (rh, 2H). LC/MS (Cond. 4): RT =3.97 min. LC/MS: Anal. Calcd. for
[M+H]" C4qHs5sCLNgOg: 863.28; found 863.40.

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
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
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
multiple genotypes of HCV. Table 2 shows the ECs; (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
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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/ Exanple M8 10 The TFA salt of Exanple 5 (41 ng) was free based with
MCX col um (114e0H wash; 2 N NH3/MeOH), and the resultant col orl ess

gl assy oiWO220/Kig04was 15 dissolved in DMF (2 nlL), treaP€d/Us1/0PRI® (10. 7
ng, 0.080 mmol) and heated at 50 - 203 - C for 15 hr. The reaction m xture
was allowed to cool to anbient condition, diluted with MeOH and subnitted
to reverse preaert cliMc@umjnhifon&KEV@frpi(cmrEmm BOKEOomAndisEnt thacempMEBisofFA) t o
afford the FA sal dOfi Exar{glle ﬁ gﬁ a white foam (27.4 ng). 111 NWR (400
Mz, DVBO- d&e Riesenbdisclosite mhibiy NSgA. °y g 6 " opy 7,46 (d, 5J = 8.5, 2H),
7.15 (app t, 2H) 4.98-4.92 (m 2H) 4. 43- 4 38 (m 2H), 3.62-3.55 (an

overl ap of 'In & 's', 8H), 2.35- '\ém 2.10-1.80 (m 16H),
1.04-0.86 (m 14H), 0.71 (m 2H). b(ec:bnd 4): RT = 3.97 min. LC M
Anal . Cal cd. pfer—fM-tf+—c44H586 2:"‘"‘” 863—28+—Feund—863—40—+6Ba=63 CAL
ACTIVI TY EXBHIPLICY ReplPi éon asdalabs | utilized in pr esent

di scl osure, And was | , ducted and validated as described ijn
commonly owngd PCT/ USZ@B%W‘%&%%M in OBoyle et. al, Antimcrob ents
Chenot her. 2D03)@qr; 49(4): 1346-53.| Assay mmggsy.nqqag gqm(quhl ci flerase
reporters have al so been 15used as described (Apat HCV-|neo
replicon cel|s and replicon cells |containi@§) (%‘—’c)r?ons in the NS5A rlegion

were used to|test the currently described, faml|ly of ¢ Qu The
conpounds wefe deterrnined to have jnore thzg%“%m%ccﬁ%o’i’ﬁgpm :}ﬁ?bl tory
activity on cells containing nmutatji ons thatibdadotPe2-eehdisdinnug, the
conpounds of | the present 20 di scl asure can ng effectlvgﬁirn In);fﬁlbltl ng the

function of the HCV NS5A protein and are | imiferetbpd-1t B-bié-cyslobéfenct-i ve in
conbi nati ons}as previijously described in a n PCT/ S2006/ 022197 and
commnly owned WY 04014852. Further, the g’g)n%)gﬁr%g g’éfgsent

di scl osure can be efflective against the H%bpdigﬂlly@jtry(ﬁ@gjt shoul d al so be
understood t hat the gonpounds of tihe present disclosuré can inhibit 25

mul tiple genatypes off HCV. Tabl e 2| shows | nshB@S0yl)@Eifeemi¢ ve 50% i nhj bitory

concent r at i oRy—yatues—of—representati-ye—conpounds—of-the—present—distl osure
agai nst the -|}C\Q¢E?u;e n;typz.H racohgte COEIF‘PT%W,m&”mg?s"mﬁ@?{%gzs}";sent

di scl osure are inhibiitory versus lja, |b, |3anN.2Reth ARnyiRnd:1Da,19€Nnot ypes.
EC50 val ues against HCV | b are as foll OM:Q(E%?? 1%%{%& I\/;U;@B (%31019999 nM; C

(4.57-99 nM{ D (2pM|4.57 30 nM. moﬁdmpbumﬂ’snidazoﬁmipmsem
di scl osure nmay i nhi bijt HCV by nechiani sns addj tion 1tzo of tlﬂer t hap NS5A
i nhi bition. fn one enbodi nent the iconpour éPé(3o"fyc gren-byh-4-yl)-

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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WO 2010/ 117704PCT/ US2010/ 028999 present di sclosure inhibit HCV replicon and
i n anot her enbodi nent the conpounds of the present disclosure inhibit NS5A
Tabl e 2 BXQplogllFW4ECS50 in nM or range Range Nanme QC - 1PCD'Usge1aipp3ofq |

S)-1- 4(28)-2-(4-(4 (2- ((25)-14(2S)-2- ((nethoxycarbonyl)am no) - 3-
met hyl but anoy1) - 2- pyaol i di ny1) - 1Hi r ni dazol 4-ye- |

|- bi (3 cyel aawpre [Y1) ady- 1] Ruslazbl 2 1) -1 Name
pyrrolidinyl)carbony L) 2- net hyl prlopyl ) carbamate QC-2 C net hyl
((1S)-2-((28)-2-(4-(4 (A QM(QIZQ)gBB)l- ( N- (met hoxycar bony1) - L- al any1) - 2-
pyrr0| i di nyl r-ttazot—4 yJ.} T 3=

bi (3-cycl ohexemq “4-y1) - 1H ni dazd? - 24 PRV USRI Zsmethorydy((2)-

met hyl - 2- oxogt hyl )car bamate Q-3 D ( | R ,2[(45); @,@232(11(1@

'-bi (3-cycl opexen-1- iyl)-4,4" -di ylbi s(I H azol e- 4, 2-

di y1(2S)-2, 1t pyrrolidi nediyl))bi s(|N, Ndi et Ifﬂyliﬁlﬁxmad}onyl)—@mﬁwwi-hanami ne)
QC-4 C methyl al S)42-((29)-2-(4-/(4' - (21

29) - s -
1- (N- (et hoxycar bony1) - 0- net hyl - Lslery1) - :Z-Q%ﬁ?’%y&“?ﬂm?li‘jlmfﬁlﬂ%g%ll'- A-
y1)-1,11-bi (3-cycl ohexen-1-y1)-4-y]1)- 1H iynhazodq2oyddnckeRNyiRhiyglnyl) - 1-

(et hoxynet hyl ) - 2-

1H-imidazol-2-yl}-1-
pyrrolidinyl)carbonyl)propyl)carbamat
e
QC-6 B methyl ((18)-2-((28)-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-

threonyl)-2-pyrrolidinyl}-1H-imidazol-
4-y1)-1,1"-bi(cyclohexyl)-4-yI)-1H-
imidazol-2-yl)-1-
pyrrolidinyl)carbonyl)propyl)carbamat

€
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oxoet hyl ) carbamate - 205 - Exanple I'b EC50 (in nMor range) Range Nane
QC-5 Dnethyl ((1 S, 2R)-2-nethoxy-1-(92S)-

2-(4- (4" -Wo22®/HI70¢N- ( met hoxycar bonyl) - 0- et hyl - L- t hr eoRETHUS2010402890% i di nyl )
-1H i m dazol -4-y1)-1, 1" - bi (3-eycl ohexen-1-y1)-4-y1)- 1H i m dazol -2-y1)-1-
pyrrolidinyl)carbonyl)propypearbanmat C QC-6 B nethyl ((1 S)-242S)-2-

(4- (4" -(2- ((PExhmple (L( N- (e xycar R@]‘i%_l -L-al anyl) - Rrame o
pyrrolidinyljy-1Him dazol -4-y1)-1,11'. bi{cyclohexyl)-4-yl)-1Hi m dazol - 2.
y1) - 1- pyrrol | di ny1) - 1-(ienMyerrangepxoet hypear bamate QC-7 17.11 A net hy|
((18)_2428)_") L A__L A (")/I")C‘\

1- (N- (et hox;cﬁ(ﬁ"gﬁy:-) fb’fﬁﬁéqiﬁw - Lsler V) - 2050 G114 AP MG o1 - 18-
yl1l)-1,1" -bi (eycl ohexyl)-4-y1)-1H ni dazol - g(zg;)i;(@.zgayzr_rol i di nyl)-1-
(et hoxynet hyl ) - 2- oxoet hyl ) car banat e QG

{(methoxycarbonyl)amino)-3-
methylbutanoyl)-2-pyrrolidinyl)-1H-
imidazol-4-yl)phenyl)-1-cyclohexen-1-
yD)-1H-imidazol-2-y1)-1-
pyrrolidinylcarbonyl)-2-
methylpropyljcarbamate

QC-10 C methyl ((15)-2-((25)-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 C methyl ((1S)-2-((2S)-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 C 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

€
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2.40 B nethyl (( 1 S, 2R)-2-nethoxy-14(2S)-
2-(4-(4"-(24(2S)-1-(N-(net hoxyearbonyl)-0-net hyl -L-threonyl)-2-pyrrolidinyl
)-1H i m NOAP1MLIYTY- 1, 17 - bi (eyel ohexyl ) -4-y1)-1H i m daz@CTASYA/028999
pyrrolidinyl)earbonyl)propyl)carbamt e Exanple I b EC50 (in nMor range)
Range Name QZ-9.0.011 D nethyl ((1S)-14(2S)-2-(4-(4-(4-(2- ((29)-14(2S)-2-

( (et hoxycar p@ymphm no) -13-ECsg Range Name
met hyl but anoy 1) - 2- pyrrolidinyl)-1Hi m dazol - 4-yl ) phenyl) - 1- eycl ohexgn- 1-y1)
-1H i ni dazol YRV TaRgsy pear bony1) - 2- ~ met hyl pr opyl ) ear bamatle QC- 10
C methyl ((I T2= A=A 2
((2S)-1-(N-( ar bony1) - Lal anyl)Q 2-p gpt gilﬁgfi)(gqlg—i)-"g"rg14"&]e(£%ﬁ"4-
yl) - 3- eyel ohexen- 1-yl) phenyl) - 1Hi ni dazol - @(lggj.)l_-(@gs);gr_r olidinyl)-1-
met hyl - 2- oxoet hyl ) catbamate QC-11 | C nethyl ((1 S)-242S)-2-(4- (44442-
((2S)-1- (N (et hoxyear bony1) - 0- ((methoxycarbonyl)amino)-3-

met hyl - L-seryl)-2-pyrnrolidinyl)-1H m dazol -4-y1)-3-cycl ohexgn-.1-
yepheny1l) - 1H i ni dazol{- 2-y1) - 1- pynol i di ny Beﬁﬁ?%%g%ﬂ%’?ﬁﬁgﬂélﬂbxoet hyl )
earbamate QG 12 imidazol-4-yl)phenyl)-4-piperidinyl)-
1H-imidazol-2-y1)-1-

pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate

QC-14 B methyl ((15)-2-((25)-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 C methyl ((18)-1-(((28)-2-(4-(1-(4-(2~
((25)-1-((28)-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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Cnethyl ((1 S ,2R)-2-nmethoxy-1-(((2S)- 2-(4-(4-(4- (2-((2 S)-1-
(N- (et hoxyear bonyl) - O- net hyl - L-t hreonyl) - 2-pyrrol i di nyl)-1H i m dazol - 4-y1)
-3 -cycl oNOxew/1173pH) phenyl) - 1H m dazol - 2-y1) - 1- pyrr ol i @CHUSPEA0RBI9

onyl ) propyl) earbamat e Example I b EC50 in nMor range Range Nane QC-13 C
methyl ((1 5)-i -(((29)-2-(4-(1 -(442.- ((2S)-1-((2S)-2-

( (et hoxyear p@ginprm no) -18 ECsget hyl Ratgenpy1) - 2- pyrr oNedieny1) - 1

Hi m dazol - 4-yl| ) phenyl) - 4- pi peridinyl)- 1! Himdazol-2-y1l)- 1 -
pyrrolidi nypearbonyl -(@nmrﬁ?}%hpyl )carbamate QC-14 B nmethyl ((1

S) - 242S) - 2- (g=tA=TA=T2= 28)= =

rrzet hyl ?_ seg y1 LCZ}%yI r ol |\(\1| nill) -ll I\—|:\|- 3; ”%ﬁ%ffgi?j’ﬁ‘){@s gy H %Il(dﬁﬁ) pheny1) -

1 Himdazolt2-y1)- 1 -pyrrolidinyl)- 1 %g}aqlﬁq 1pet hyl )-2-
m

oxoet hyl )earpamate QC-1 5 C nethyl (( 1 (((2S)-2-(4- -(4-(2
((29)-1 429)}2- ((methoxycarbonyl)amino m3~

methylbutanoylpyrrolidin-2-y1)-1H-

imidazol-4-ylphenyl)cyclohexyl)-1H-
imidazol-2-yl)pyrrolidin-1-
yljcarbonyl)-2-
methylpropyl)carbamate (Isomer 1)
QC-17 D methyl ((1S)-1-(((25)-2-(4-(4-(4-(2-
((28)-1-((28)-2-

((methoxycarbonyl)amino)-3-

methylbutanoyl)pyrrolidin-2-y1)-1H-
imidazol-4-yl)phenyl)cyclohexyl)-1H-
imidazol-2-yl)pyrrolidin-1-
yhcarbonyl)-2-
methylpropyl)carbamate (isomer II)
M-1 0.009 D methyl ((18)-1-(((28)-2-(4-(4-(4-(2-
((25)-1-((28)-2-

((methoxycarbonyl)amino)-3-

methylbutanoyl)-2-pyrrolidinyl)-1H-
imidazol-4-
yDphenyl)bicyclo{2.2.2}oct-1-y1)-1H-
imidazol-2-yl)-1-
pyrrolidinyl)carbonyl)-2-

methylpropyl)carbamate
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( (et hoxyear bonyl ) am no) - 3, 3- di net hyl but anoy1) - 2-pyrrolidinyl)- 1

H m dazol -4-yl)phenyl)-4-piperidinyl)- 1 Himdazol-2-y1)-1 -

pyrrol i diWQI2pWarpway 1) - 2, 2- di et hyl propyl ) car bamat e BCAMSRE0/0RSIBCS50 (i n
nM or range Range Name QC-16 D nethyl (( 1 S)-1-(((2S)-2-(4-(44-(2-
((2S)-14(2S) - 2-..LLoethoxycarbonyl)am no) - 3-

met hyl but anO/IE)xpmptaol i di ibX%Gs3) - 1H Ramgtazol - 4- yl ) phedaiecycl ohexyl ) -[1Hi mi d
azol -2-yl)pyrmidin-|- ¥ %Mar bon -2- met hyl propypearbanmate (Isoner |1) QC
17 D rethyl ] ((1S)- | I( %’l -(4-(44(2- ((29)-14(29)-2-

( (et hoxycar bom MO S 3 T T | ooothad (719N (17CN A (AR AA T,

met hyl but anoy! )py?rol i di n-2-y1) - 10 m Gaz o N (Y ShE AV EECrRESiy - i i mi da
zol - 2- Apyrrolidin-1- |yl)carbonyl)-2- net hydzsyn@mmeah@@ﬂmenﬂ) somer 1) M1
0.009 D nethyl (( 1 $- 1-(((29-2-(4-(4{(4 ((29)-14(2S
( (et hoxycar bonyl ) ani{no) - 3- et hyl jput anoy ﬁWEDﬁyEWlﬂHiYHylﬁ‘lﬂ}l‘ﬁaﬁ?ldaaz | -

yhbicyclo[2.2.2]oct-1-yl)phenyl)-1H-

imidazol-2-y1)-1-pyrrolidinyl)-1-
methyl-2-oxoethyl)carbamate

M-3 D methyl ((1R)-2-((25)-2-(4-(4-(4-(2-
((28)-1-((2R)-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 A 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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y1) phenyl ) bi cycl o[ 2. 2. 21oct-1-y1) - 1H m dazol - 2-y1)-1-

pyrrolidinypearbonyl)-2- nethyl propyl)carbanate
range RarNy© 2REMd7NH2 C net hyl
- (N- (et hoxycar bony1) - Lal anyl) - 2-pyrrolidinyl)- |
1 Hndazol-2-v1)-

[2. 2.2] oct
nmet hyl - 2- ox
((29)- 1 -((
phenyl acetyl
yl) phenyl) -

phenyl et hyl )
((29)-1 -((2
met hyl but ano
oct- 1-yl)-

2- et hyl prop

1.-vl)

henv1) -

(( 1S )-24(29)-2-

Exanple I b EC50 (i

l.-nvrraolidinvl)- 1. -

n nM or

(4444 2€TAUSL{1DBI8I99
H i m dazol -4- yl)bicyclo

D dtxhgip)ec
PR) - 2- (
- 2-pyrr

q

hr bartatEC:M 3

REriie:

car bon
FeneE) Hi ni daz

DRamgeh
yl)am

/| ((1 R)-24N28- 2- (4- (4- (4-
N0) -2 -

bl -4-yl)bicyclo [2 .2 .2] og

(2-

t- 1 -

1N _Idl
car bammat
5)-2- ((
y1) - 2- py
1 ,3 -0
yl ) car ba

fazotr=2-y1)=
¢
|
| Tol i di nyl) -
azol -2-y1)-

mat e

> M4 A net hyl
et hoxycar bony

L - yr
(1
| )am n
Hmd
-pyrr

1
1

gt} (T S G .
D)4-8-((1R,3S,5R)-2-((28)-2-

A zol -4- yl)phenyl)bicyclo |
b (epthaplyyar besdlapiina)-3-
methylbutanoyl)-2-
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

(

q

i

methylpropyl)carbamate

2-

2 .2.2]

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

-2

1 -



Exanple Ib EC50 (in nMor range Range Nane M5 D net hyl

((19)-1-(((IR 3S,5R) - 3-(5-(4-
( ( met hox W arzbwwmrr0am no) - 3 -
1E1-

_yl)_

nmet hyl pr opyl

(44241 R 3 S ,5 R)-24(2S)-2-
met hyl but anoyl) - 2- azabi ey @C®/US201012899C)] hex- 3

i m dazol -5-yl)bicycl o[ 2. 2. 2] oet - 1-
yl)phenyl) - 1Hi m dazol -2-y1)-2- azabicycl o[ 3. 1. 0] hex-2-vyl)carbonyl) - 2-

R3S ,5 R)-p42S)-2-

.0 ]hex-3 -y
yl ) phenyl) - 1H
yl ) car bonyl)
(4-(2-((1R 3
phenyl acet yl
y1) bi eyelo[ 2
2-yl)-2-oxo-

)-1 Himi

RahpR|

e M6 EQ, et h
( (et hoxycar b

déyoll-@ ragge)

YRafdel
onyl)a
ieyelo

5) - 1- (((1k, 38abi) - 3- (5-(4- (
m no) but anoyl) -
2.2.2]oet-1-

2- azabi eycl @

1 Vot )

Ll |

S, 5R) - 2-
- 2-azabi

Exanple I b EC50 n nM

10

o o%g;gar bamate M7

2. 2j oet 4
1- phenyl et hyl ) ear bamat
range) Range

1 4.)
J1 [ yJ.} Z (e VA

(2R)-2- ((ret
eyel 0[3.1.0] h
1-y1) phenyl) -

or

abl yC
D et hy
hoxyeal
ex3-yl

e

P R S R SSRoR 5. (o-

QF%BYA~5W4]—@?-C@_()IO-2—

-1H i m'dazol -
1H i m dé@8,3BSRI{@2Sx2abi cycl of 3. 1

O 20101 117 104PCTLUSZ01p) 028999
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

5-

44241

[3. 1
(4-
. 0] hex-

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

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

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,

-212 -



D nethyl ((1S)-1-(((1R 3S,5R)-3-(4- chloro-5 -(4-(4-(4-chloro-2-

((I'R, 3S,5R)-24(2S) - 2- ( (et hoxycar bonyl ) am no) - 3- net hyl but anoy1) - 2-
azabi cycl\¥P20W/ 07 Wex- 3- y1) - 1HM dazol - 5-yl ) bi cycl of 2. 2. 2P6&{US2010§9189pheny 1) -
1 Himdazol-2-yl)-2- azabicyclo [3 . 1 .0]hex-2-yl)carbonyl)-2-

met hyl propyl ) ear bamat e The conpounds of the present disclosure may
i nhi bit HCV by nmechanisns in additi onCLAIES ot her than NS5A inhibition. In
one enbodi nent the conpounds of the present disclosure inhibit HCV replicon
and in anot her enbodi nent the conpounds of 5the present disclosure inhibit
NS5A. It wi ke gvidemiebqsone skilled in the art that the present
disclosure is not limted to the foregoing illustrative exanples, and that
it can be enbodied in other specific forns without departing fromthe
essentia attrlbutes there i i.s therefore desired that the exanpl es be
consi dergd in al I FEEpRARAL %E ¥ip {8t rative and not 10 restrictive,
reference being made to the a nded cl ai s, n, than to the foregoing
exanpl es, and all changes whic i ani ng and range of
equi val ency of the clains are t to be enbraced therein.

CLAIMB WHAT |'S CLAIMED |'S: 51A tonp 2 i?f(\\\: rmulia (1): RIORL10
R100 R110
@,
or a pharmaceutically acceptable salt thereof, wherein:
sisQorl;
10 L is ~L'L%- wherein L' and L* are independently selected from:

MEMNQE_; provided that at least one of L' and L is other than —EQEW ;

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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(0, or a pharmaceutically acceptable salt thereof, wherein: s is 0 or 1;
10L is -L1-L2--, wherein L1 and L2 are independently selected from Y
and Y arwoitéigédent |y oxygen (0) or NH, Rl is hydrog@TArS2018Rz89%0%
hydrogen or Rx and RY are independently selected from cycl oal kyl,

het eroaryl, heterocyclyl, al koxy, and al kyl substituted vvithbone or nore
substituents i ndépknpeelnily sdetetied athybrhydroxy], halokempiyl, SRRoaixeysnd

het er ocycl yl, het {é)) |, -OR3, -C(0)OR4, -NRaRb, and -C(0)NRcRd, 20wherein
aryl and het eroar'§ ?fg%/é optionally be substituted with one or nore

substituents indepenpentdeyn, arliest gdafiyem al kyl, hal oal kyl, aryl al kyl,
het er oeyel yl, heterocyclyl al kyl, hal ogen, cyano, nitro, -C(0)0R4, OR5,

-NRaRb, ~ ( NRaRb) alRkys atkglrm acNalyl¢ HO) P(0) 0-, and wher ei n

eyel oal kyl and hegtserocycl yl y optjgnally be fused onto an aromatic 25ring
and nay %pti onal ﬁyl%&%?ﬁ%t?m%gﬂaﬁwione or nore substituents - 213 -

and T 0(0) ORE Ro S aar anebelifonty BELRL L PR ARSI Mo o 0X
aryl al kyl ; 5R5 | anﬂg/lkiyiob@emaéi,k@(o)lg’r -@@Dﬁf,k—ﬂ(ﬁ));ﬂﬁﬂhdmdndf{}\ﬂﬁ‘}é@)aikyl, or
e Y o e M R e b ROl b v B
eteroaryl, - Sy e eRd; )
alternatively, t hed:, W A i hey are
attached, form gad %tlgé\;{eéfiﬂg?mg?g{%rregp %%%%%%1%% %@?’%g%gk %@%‘%’\%ﬁ%ﬁ%
structuid@e, 10wherdiereisadid fiveva-sixomesiberatairyan édidpedigewdichingdgadiuld cycl i c

ring structure optionally may contain one or t addi ti onal het er oat ons
i ndependent | y seIOQHP%"’ngfTP%Yn‘iOFi‘FBt“F BRfet, t%@ﬁ&éw,naﬁ%aerg%}?% endgﬂﬁldﬁaﬁy cont ai n

L 12 ok SPSIS HETiS, ASRCOERL LY i Sy, b, oL o1
and hal ogen; 15RGubsitadnkyihdefeddérslyvableyled fiary Catd@] slkydy €| wal Kydloalloyl,
hal oal kyl; 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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Rm and R11 are independently selected from hydrogen, alkyl, cyanoal kyl, and
hal o; Re and Rd are independently sel ected from hydrogen, alkyl,
aryl al kylwoaaw/Rowycl oal kyl . 2. The conpound accordi ng t 8CEIUSRm0/02899% a
pharmaceutically acceptable salt thereof, wherein L is selected from

25NI\1-( \IN , and 3. The compound according to claim1, or a
phar maceut i cz ) , i are each NH.
4. The conpo X : i yiaccept abl e sal t

t her eof , wherei X . . of claim
1, or a pharmaceutically acceptable salt thereof, wherein: Rl is -C(0O)R;

R2 is -C(0)Rs .o@ re independently alkyl substituted by at |east one
- NRaRb, 150h’grri 0 %y Formula (A): wherein: inis O or 1; 20R8 is
hydrogen or alkyl; RO is selected from hydrogen, cycloal kyl, aryl,

het eroaryl, heterocyclyl, and al kyl optionally substituted with a
substituent selected fromaryl, alkenyl, cycloal kyl, heterocyel yl,

het er oaryl , zhet erghi : - Eﬁgﬁg P ,

25wher ei n ar3yl an ﬁg%ﬁé%%%?ﬁcgﬁgfg thaﬁ%ﬁ%F’Ff}p e su%‘gfé??%?%&\)?\nmtg %ﬁgne or
nore substi tiwwatSwhadapendént by cact §ét.ed from al kyl, hal oal kyl, aryl al kyl,
het erocycl yl, heterocyclyl al kyl, hal ogen, cyano, nitro, -C(0)OR4, OR5,
-NRaRb, (NRaRb)al kyl, and (Me0) (HO P(0)0-, and

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,
cycloatkyl, heterocyclyl, heteroaryl, heterobicyclyl, -OR?, -C(O)OR?, -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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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 ueNO2010MdéWendent | y sel ected from al kyl, hydr oxyPCTRBROGHRBAr yI |
- NRal kb, oxo, and 5-C(0)OR4; Rlm and R' are independently selected from
hydrogen and halo; and R3, R4, R5, Ra, Rb, Rc, and Rd are defined as in
claim1. 6.The ceﬁﬁﬂﬂlbndNBbe()&ih}'lmlﬁ (WO)éH@Dﬂ%(Qi@e,emﬁl cally accept abl e salt

th f, 10 wh Cl t
et Troomey Sty ok Sod biieRb ISR Rt B Seed| afe%&nmrﬁa‘ﬂfo RI2,
C3 to C6 cycl oal ky| ’anélrﬁa\ﬂrloptzo@%%%ﬁﬁﬁa@d W(lﬂﬁﬁf@@f%dfé’ Kubstituehts” I ksi s’

- 216 - wherein j is 2, 3; nis or an |nteger

sel ected from1 uﬁde@@gicnﬂysda@m Rbnﬂaékylri‘deBw&lémidi Wﬂr@@éﬂ. @b, tid C4

al kyl, C toc4?§(§ 5hal ogen, nitro, -08n, or (MeO)(OH)P(0)0-; Kis
hydrogen; Cl1 to ( b, or benzyl; R12 is hydrogen, Cl to &4 al kyl, or

benzyl; Ra is hyq{oggq I@mo &rd ifdRp &t Al dlscted 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,

(R19), R, % Yoz
PR 2N e (R0, {7
N, =|= IANESIE

Q\w‘g LNj{/);/ S/:/)E«(Réo)ﬂ 8\ /j\;

15 , , , A
(R10), [7 (R™), (/’)J}f (Rm)n\ N
Y ST
s X8 ’
/(/R’io)n\ %LL (/Réﬂ)n ‘%L %‘; (RTO)ﬁ
N 3§ Y
\lwﬂbo\_,/N k,cgj, \-——/\/);}L,
(R,
(R10), -~ (R, - 2 | SN
“\’::}()rg RH_N\M\ = N) &
R “N N ~ ",N '11
& ’ N ) R , and
(R‘IO)H\/?%N/‘}‘{_
N
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RI)

is ClL to &4 al kyl,
pyrimdin-5-yl,
Cl to C4 WOl208WKY104 R is hydrogen or Cl1 to C4 al kyl;
to 4 al kyl,
pharmaceutically acceptable salt thereof,

C3 to C6 cycl oal kyl,
10acetyl, -C(0)OR7, or

or C3 to C6 cycl oal kyl.

157. The conmpound of claim5, or a

wher ei n:

benzyl, 3-pyridyl,
-C(O)NReRd; R7 is ClL to C4 al kyl or
an@CRAISp&10/98PDgen, Cl

mis O; R8 is hydrogen;

RO i s phenyl opt ivxdmadizhyisémzmlt; Ituted with one up to five substituents
20i ndependent | y ct ed f romCl to C6 alkyl, G to C4 hal oal kyl, hal ogen,
Cl to C6 al koxy, P cyano and nitro; and NleRb is a heterocyclyl or
R e e R
each R'" is independently hydrogen, C; to C4 alkyl, C; to C4 haloalkyl,
5 halogen, nitro, -OBn, or (MeO) OH)P(O)O-;
i3 hydrogen, C, to Cy4 alkyl, or benzyl;
R is hydrogen, C, to Cy alkyl, or benzyl;
R? is hydrogen or C; to C4 alkyl;
R” is Cy to C4 alkyl, C; to Cg cycloalkyl, benzyl, 3-pyridyl, pyrimidin-5-yl,
10 acetyl, -C(O)OR’, or -C{ONRRY;
R’ is C; to Cy4 alkyl or C; to C4 haloalkyl;
R? is hydrogen or C; to Cy4 alkyl; and
R is hydrogen, C; to C4 alkyl, or C3 to Cg cycloalkyl.
15 The compound of claim 5, or a pharmaceutically acceptable salt thereof,
wherein:
InisO;
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")n (R),
13
% Pd\\’//) (R, % h{iijifj;(Fi In | *E"P(i:?i:)““ 14 | “E“h<ifii:i) |
o
) N
“‘[{E""’ (R”)n(\,ﬁ\
;ﬁ\jm% N
, and R ,
25 whereinnis 0, 1, or 2;
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each R13 is independently selected fromCl to C6 al kyl, phenyl,
trifluoronethyl, hal ogen, hydroxyl, nmethoxy, and oxo; and R14 is Cl1 to C6
al kyl , phEaep10/88wtyl , or C(0) ORL5 group, wherein R15 i 2CTUSR&I0U28989 ky| ,
phenyl, or benzyl. 5 8. The corrpound of cI aimb5, or a pharnaceutically
accept abI e salt theregf, wherein: is hydrogen; 10RO is Cl to C6
al kyl, arylal kyl ea@rRheﬂt@dmlglﬁalwlecteﬁéwmCmyd%guéﬁl, phﬁm Rb is -C(0)O0R4,

wh R4 Cl.t f
phS: rer:a(r:]eutl Iczll I ytré Xof O?%Vyhaiolg&fn’glﬁ%r @O%%mﬁea%g 0% & | s ?EZP%\% R2 is
-C(0)R, and le apd B\clabetsfaﬁ&ye,r il bedk: 1heﬁ@¢cabgm?gﬂaupnﬁi@@eméﬁw @, el ect ed

from 20 4?2Ar a\ R13) 11 3)nljsI'"N (R13)n \ 1N
alkyl, phenyl or benzyl

8. The compound of claim 5, or a pharmaceutically acceptable salt thereof,
wherein:
mis1;
R® is hydrogen;
10 R’ is C; to Cs alkyl, arylalkyl, or heteroarylalkyl;
R* is hydrogen; and
R® is —C(O)OR*, wherein R* is C; to Cg alkyl.

9. The compound of claim 1, or a pharmaceutically acceptable salt thereof,
15 wherein:
R is —C(O)RY,;
R? is —C(O)RY; and

R* and RY are heteroaryl or heterocyclyl independently selected from:

R )n (R'l(?:)n (R13)n

Ao &3 Mo e
N S
Cﬁmm)” Rm@ Q/Rm

N (13 /, > - (R19)
N (R'®) 2 n
"N R™)n
[Qei Qr ¢ e
R14 A
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(R13 i)11\ (R13)(R13)fl ,wN “2e- n N34 (R13)n1N-R14 (R13), ,Rl14 N[-NL

R14 , and

wherein nis O or an integer selected from1 through 4; each

R13 is i ependdintody sel ected from hydrogen, Cl to C6 alPK§IUS2@U/02899CA

5hal oal kyl ,

phenyl, benzyl, Cl to C6 al koxy, Cl to C4 hal oal koxy,

het erocycl yl , hal ogen, NRcRd, hydroxyl, cyano, and oxo where Re and Rd are
|ndependently hydkogen or Cl1 to C4| al kyI and |- 14 KR nydr ogen (H) Cl to

C6 al kyl ,

10

15

20

benzyIFHr
R4

RA%), to C6 \m 10
e

\/N

? 1 » *

(R”)

LN (55 % Dy
Oif R *14 Qj b

: 14
, and R ,

wherein 1 is 0 or an integer selected from 1 through 4;

each R is independently selected from hydrogen, C; to Cs alkyl, C; to Cq
haloalkyl, phenyl, benzyl, C; to C¢ alkoxy, C); to C4 haloalkoxy, heterocyclyl,
halogen, NRRY, hydroxyl, cyano, and oxo, where R® and R are independently
hydrogen or C; to Cy4 alkyl; and |

R is hydrogen (H), C; to Cg alkyl, benzyl, or ~C(O)OR?, wherein R* is C; to
Cs alkyl.

10.  The compound of claim 1, or a pharmaceutically acceptable salt thereof,
wherein:

R' is hydrogen or —C{O)RY;

R? is hydrogen or ~C(O)R;

R and R” are cycloalkyl independently selected from:

NRZRD (R, NR2RP

Qﬁ: \@9 .

! and

whereinjis 0, 1, 2, or 3;

kis0,1,0r2;

n is 0 or an integer selected from 1 though 4;

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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10. The

wher ei n:

conpound of claim 1, or a pharmaceutically acceptable salt thereof,

Rl is hydrogen or -C(0)Rx; R2 is hydrogen or -C(0)R, 15le and RY

are cycl o¥pRy1v/iliépendent |y sel ect ed from NRaRb(R13), RCRARROIAM2BMher ei n |
2, or 3; kis 0, 1, or 2, nis O or an integer selected from1

is 0, 1,
t hough
al kyl ,
nitro;

4 20each Ri3is |nd endently sel ected fron1hydrogen Cl to

G tdlca Aarsamrgynd drlam losr apkawpcewisrbyasseribligsalkiereoty an,

and %egenlg Rb are independently hydrogen, Cl to C6 al kyl, or

C(0) OR4, Wheéréifi R4 is ClL to C6 al kyl. - 219 - WD

2010/ 117704PCT/ UR2GLOC@R&I99 11. The conpound of claim 1, or a
eutically gcce table salt thereof, wherein: RlLis -C(0)le; R2 is
5l e and RYiare(@Rdependent|y arylal kyl, wherein aryl part of said

phar mac

“C(0)R;

oy ok PR eSS A UG Ko o

and Rb,

five- or six- merrbere

t oget her optz@ﬁwtyfme sﬁbsitittﬂ;@@ﬁntﬂt(ﬁmal{bal\lwl @ﬂm they are att ac hed
(ing selected from / \
R" and R” are independently hydrogen, C1 to C6 aikyl or benzyl, or

alternatively, R* and R, together with the nifrogen atom fo which they are

attached, form a five- or six-membered ring selected from D ,

$-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;

HN 8 o. N 1 L O _o_N ),s*
N 2 o R o hig ‘
NH 0 \[Or O NH,
O/ , I , o
o) - 3
0
i — hig 0
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1---N ) 1-NN -R151- s NO 10\ ,\/, and\/ , wherein R15 is hydrogen, Cl to
C6 al kyl, or benzyl. 12. The conmpound of claim11l, or a pharnmaceutically
accept ablwoa111fWer eof , wherein: 15R1 is -C(0)Rx; R2 i CTSR01RX0289¢ RK and
RY are the sane and are selected fromthe group consisting of: - 220 -
wherein a squiggle bond () in the structure indicates that a stereogenic
center to whi ch the bond is attaghed can take either (R)- or (S)-
configuration so |ong as 5chem ca*ko ing principles are not violated.

13. The compound of claim1l, or a phar} gguti cally acceptable salt thereof,
wherein: Rl is -C(0)le; 10R2 is -C(0}R~and Rx and RY are both t-butoxy.
14. The conpound of claim 1, or a phar eutically acceptable salt thereof,
wherein RI and R2 are bgfh hydroge 15. A compound of Forrmula (ID:

NNNN
¢ | o L& of}
HN O :
F’h’/N \ﬂ/ h MGO’\\P\/O W
0] OH : 0 . and

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

5  chemical bonding principles are not violated.

13.  The célnpound of claim 1, or a pharmaceutically acceptable salt thereof,
wherein:
R} is ~C(O)R%;
10 R? is ~C(O)RY; 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

15. A compound of Formula (II):
(?lr ﬂ )S
N =N N
/ > L N )
= Y--..._’/\ L/S‘/Y' R

@,

or a pharmaceutically acceptable salt thereof, wherein:
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/- ,,_ _ RIRY"'--z/ -L.----- \\----YnR2 (I), or a pharnmaceutically acceptable
salt thereof, wherein: - 221 - sis Oor 1; Lis -1,1-L2-, wherein LI and
L2 are |d&@§@ﬂﬂ@ﬂﬂMy sel ected from 5Y and Y' are in®€panadntoprsrIdbxygen
(0) or NHF Rl is hydrogen or R2 is hydrogen or Rx and RY are independently
sel ected fromcycloal kyl, heteroaryl, heterocyclyl, alkoxy, and al kyl
substituted mﬁthséﬁ@06¥ nore sub stituents |ndependently 10sel ected from

|, al kenyl |kl | 0) 01
“NRaRb, and - qoyywﬁeé‘ B P N s SRR setet i hal 'y be

substituted wt ne or substltu S |ndep ntIy sel ect ed from
al kyl, hal oaI g,yl al @\_ t e;@ het g I al kyl , hal ogen,
cyano, nit ro ndd1 QI\/EO) (HO P(0) 0-,
and wherein cycl oal kyl and heterocyclyl may opt| onal |y 56 fused onto an
aromatic ri ng may optionally be substituted with one or

substi tuent s zgfzn lently selected from al kyl, hydroxyl ‘W _aryl,
-N'eRb, oxo, %‘E’b”w &% At?eaQ%’%L"(ﬁf‘L” am?hk}’ othe? a%{ y' R4 'S

al kyl or aryl aI kyl; RS ydrogen or-ary a Ra and Rb are
i ndependent |y sel_ect ed from hydro en, aI K cl oal kyI aryl al kyl ,
het eroaryl, -C(0)Rend Ygroysipende b?meaéé) awaﬁg NReRd) al kyl , or

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

10 selected from aryl, alkenyl, cycloalkyl, heterocyelyl, 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®,

15 -NR*R®, (NR*RPjalkyl, 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*RP, oxo, and
-C(O)ORY

20 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

25 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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25al ternatively, Ra and Rb, together with the nitrogen atomto which they
are attached, forma five- or six-nenbered ring or bridged bicyclic ring
struct ur eYORhwyEdiMW4sai d five- or six-nmenbered ring or bPCAFSA0UG/028982 i c ri ng
structure optionally may contain one or two additional heteroatons

i ndependent |y sel ect ed fromn gen, gen, and sul fur and may contain
one, two, or thré% bstituppts mdep%%’é‘lﬂﬁ’tsﬁléﬁt?@ Fﬂj@ prtaetylyC st %d%aé@)ﬁﬂflom Cl to

Ez?n g!am)xyo and i |§gj ’t"%%Lk"f‘vy%t% aikl%?og‘? &%1 H%Fy orClhfaf)o;4 kyl :

and 5R' and Rd &°as alhyllependent ly sel ected from hydr ogen, al kyl, aryl al kyl,
and cycl oal kyl . 16. A corrpound or a pharmaceutically acceptable salt
t hereof, sel ect eél s gy AlaiRduy helRsivstatdg of :  10met hyl

((1S)-1-¢€((29-2 d arhon

3- et hyl but anoyl#— % %f{r rmgﬁ?&gl ﬁ?%&%ﬁae%%gazgﬁﬂgﬁe% %19%1&18/ a?’g,icycl ohexen-ly
1) -4-y1) - 1Hi m dazeibalRylyl) - 1- pyrrol i di nyl ) car bonyl) - 2-

met hyl propyl ) carbamate; nethyl ((1 S )-2- ((2S)-2-(4- (4'-(2-((29-1

- (N- (et hoxycar bony1) - L- al any1) - 2-

;glp}’r rz?i/llgjl- ﬁég/rrof ngi)cﬂ.@ﬁo& a}?%%ég'%} %epécalg} ?ﬁﬁ%ﬁ:ﬁq ﬁﬁt’ﬁgﬁé?és&&teéf%&)ﬂ}%k"' m da

(1R 1" R) -2, Zrovpleohsistid S cycl ohexen- 1 y1) 4,4 -diyl bi s(1Hi m dazol e- 4, 2-

di y1(28) 2, 1- pyrrolj di nedi yleﬁ S(N, N-di e ﬁlé(ﬂ X0- 1- phenyl et hanani ne) ;
met hyl (P1S)- 2 ((rrzeslyylicl(sa e Q@z(éé)@ @«3@)( ﬁb?e;i&a@tb@wa 0. Bfaélﬂiny) L-
20 1)-2- I h 1 4-y1
- 1IS—ISar ?/m) dazg?/r r20y1 g ¥1;l)bglltrar%lo 1 ity 1d’fy )yﬁ% H%&d%ﬁ%}t%%ﬁ)ﬁz%ﬁ cg%(lﬁy%eggr %)ama%/e)

met hyl ((i yi)-4-yl)-1H-imidazol-2- yi) 1-pyrrolidinyl)carbonyl)-2-
S, 2R) - 2-met hoxy-1- (((2S)-2-(4-(4'-(2-((2S)-1-(N(net hoxycar bony1l) - 0- net hyl -
-t hreony1) - 2- pyr regthdpiepyhcarpimatgidazol - 4-y1)- 1,1

oot ey AR SO T o

1S) - 246(2S) - 2- L -
(5 EHCS 2 Snbnip et oo ooy i

H-i m dazol - 2-y1) -2- Sﬁ)—ésﬂwf@hﬁwb’ﬁyllmﬁﬁlﬁf@t%wﬂlﬂ@wbm&i%pc ar barrat e; met hyl
S0se1 y1) - 2, pyr ol RT3 1 B PR T Y 2 AR B BRES 72y 1) - 11
i m dazol - 2-y1) - 1-py29l, dppydidided TBLRON WIBLW-2-cdooXpehiapasBaRRt €, - 223
- methyl ((15)-2-((28)-2-(4-(4'-(2-((2S)- 1 -(N-(methoxycarbonyl)-O-methyl-L-
20 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-
25 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-
30 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 ((1 S
, 2R) - 2- met hoxy- 14(2S)-2-(4-(4 -(24(2S)-1- (N(nmet hoxycar bony1)-0-net hyl -L-t hr
eonyl) 2-\Worpw/il@ioay 1) - 14 i m dazol -4-y1)- 1,1 PCT/US2010/028999

-bi (cycl ohexyl)-4-yl1)-1H i m dazol - 2-y1) - 1-

171252 (4 (ot l5afbsg SRSt fos A s o

( (et hoxycar bonylamoRart3miyB! n ) zol - 4-
yl ) phenyl)-1- eyel(ohexen alr ?ﬁ @&%ﬁ%}%‘a% % ﬁgfﬂ&%{‘ﬂ%y}%éﬁnﬁzg’% onyl ) - 2-

met hyl propyl ) car tia]r’rﬂ;’u(eyclohexyl)ﬁeﬁwﬂ lél(lclazol 2-y1) 1-

S) -242S) -2-(4- (4- S)-1- b 1)-L-al 1) -2-

12)pyrrol)| di Elylg P&FP%& %b%’yi)@jo&’%g g‘?%%g(eﬁn?/ i/l )pﬁeﬁ?{) ) 1H i mi dazol - 2-
1)-1- lid i t hyl

{(1s - bal o) o A S A G R S e By ) -0 et byl - L sery1) - 2-
pyrrolidinyl)- 1I—L((nmttimhrbén)ﬂ]a)mﬁe)cS'meeih},ébaﬁmoib(i)y}pyﬂnduymy)i)—H—H—mm‘imk—é-l 2-y1)

(15 2R) - 2ot noXpPhEpel s enpirt ofr-fgmgibel- Rb- Fosm iy iarootyn)-2-

(et hoxycar bony 1) 4 .eonyl)-2-pyrrolidinyl)-1Him dazol -4-y1)-
3-cycl ohexen-| - y)lislpﬁyigﬁ% %Lalﬂ!-milﬁn%{%’azol 2-yl1l)-1-

pyrrol i di nypear bomgthyl¢ G2 28r b édvet-et-(nER Sy 1 - {(nethoxycarbonyl)-L-alanyl)-2-
S)-1- S 2-(4- 4(29S) - 2- .
200 (et By ear bory PG FElREtr T Ariasiehorenslyyheerdh igimiamal r dazol - -

| ) ph 1)-4- l'idinyl b 1)-2-
) ﬁyfgi’oﬁw )g;p‘éﬂ; ;jgef&m&ﬂ@maﬁaoi “ofsklyIckoRMak! T di nyl ) ear bony1) -

((1S5)-24(2S)-2- (4m€t143’1((€|18024(((2$)2 14 (NA- (H(DS‘)(Y@*(bﬁm}fef%m)wlméthﬁer yl1)-2-
pyrrolidinyl)-1Him dazol - iperidinyl)p ¥ll) -1H
25i mi dazol - 2-y1) IISWQTZ&W’@WHV%) lﬁ éﬁéilaﬁ‘%}%ﬁfﬁléﬁh‘iﬂc Johoxes babpRsselridhmat e;

met hyl |'S)-1-

(et hoyear bonyl oaaacy Y S Py it B nksEedina-ouetbyeshemit 1 azor - 4
-y1) phengl) - 4- pi ﬂ@fthﬁ'(CﬂBSQR)lﬁmdﬂMi@ZlO((Gﬂ})wlM (4L(4 (2 ((ZS) 1- (N
pyrrolidinyl)earbonyl)-2 di met hy| pr.opypear bama t hyl

((1S) - 1- (a29) - 2- (me{wxwgﬂe%wpz@)mqhx@g}hrgonyl) 2 pyrrohdznyi) 1H-imidazol-4-y)-

(et hoxyear bonyy am gles R put ALy Yol 6 YD) L dazon- 4
-pyrrolidinyl ) cargyonyidinyl amh@iym)ptc@fy@ﬁaﬁbm&reparmt e; net hyl

((1S)-24(29)-2-(4-(4-(4- (N- (et hoxyear bony1) - L- al anyl) - 2-

pyrrolidinyl) - 1HPeHddel)-14 (Sﬁﬁ%ﬁr@y@f(& -RA(2B)FH(28)-2-

oet -| -yl,hpheny1) g AN qpy A
5y1)-1- p%/}r rolidi n(ér%ﬂﬂf%ﬁ@ﬁ%ﬁ' h}’ﬁaénmo -3 t]%etmn(%%t?%% lpgrrohd%nﬁl?/ liH imidazol-4
((1R) - 24(29) - 2- (4 phedyh-4-2HeZBInyhdBRImAtazol-2-y1)-1-pyrrolidinyl)carbonyl)-2-

((met hoxycar bonyl ) am no) - 2- phenyl acetyl) - 2- pyrroﬁ)l di nyl) - 1Hi m dazol - 4-
yl ) bicyel o[ 2 . 2. gyetbglprop}_fl)carbamate

) penyt) 14 | g3k Aoty YL O LU @i RYEELOPRD R .
(( et hoxyear bonylnmm) BrolEifiy) et andyd) 4- ggnygsz elidigiphbhyidiH- mi dazol - 4-
y

1) phenyQbi eyel of 2. 1oet 1-y1)-1, 3- oxazol -pyrrol1di nypearbonyl)-2
- et hyl%5r opyl ) Cam@q@ @ayl)niepquﬂu(n(;}a}%)l (methoxymethyl) 2 -oxoethyl)carbamate;

-(((1R 3S, 5R) - 3-( (
5( (et hoxyear bonﬁ?éﬁl(ﬁfﬁ) ﬁ@)’% b (5‘2@3@3)? gég)olzcycl 0 [3.1.0] hex-3 -y1)-
1H i m dazol - 5-yI )C@h@ﬂa@mafb%n%)zﬁhm@w 3Ld1ﬁie)}@ﬂﬁmhb»}1ﬁ§ Yo Idaae)-18- y1) - 2-
azabl eyel o[ 3. 1. 0] hex. ¥ ear ony15 2- et hyl propyl ) carbanate ;
11‘1116&201 4 -yDphenyl)-4-piperidinyl)-1H-imidazol-2-y1)-1-
pyrrolidinyl)carbonyl)-2,2-dimethylpropyl)carbamate;
30 methyl ((18)-1-(((28)-2-(4-(4-(4-(2-((28)-1-((28)-2-

((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl}-1H-imidazol-4-
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methyl ((15)-1-((( 1 R 3S,5R)-3-(5-(4-(4-(241R 3S,5R)-2-((25)-2-
( (et hoxyear bonyl ) am no) but anoyl) - 2- azabi cyclo [3.1.0] hex-3-yl)-1H
20i m daszOBOWI)lb'IOdeI o[ 2. 2. 2] oet - 1-y1) phenyl) - 1H i m daPEIrAB2810/028999
azabi cycl o[ 3. 1. 0] hex- 2-y1) car bonyl ) propyl ) car bamate; nethyl ((1

(R % mifﬁisyggr ﬁ?ﬁyf’ >éﬁﬁr§¥@})§oz %5@%510&?&#@1 134%?%%& reydrioparelidygERony) - 11/

i m dazol -5-yl) bi Qyﬁgth%pk%ygcgr})a@%r -yl)phenyl)-1Hi m dazol - 2-y1) - 2-

25azabi cycl o[ 3.1

1) - 2- oxo0- 1- phenyl et hyl ) ear bamat e; net hyl

((1S)-14(2S)-2- (zme(thbzl((@so 24(@@)26@4@@4 C_ZL—((ZS) I- (N-(zlnegmxycarbonyl) L-alanyl)-2- N
h bony! 1H, 4-
) phenyl y oyet onkuryesidTH BRsge 3D B D e a3

met hyl pr gmélhl) g?gmgﬁmﬁﬁﬂﬁw eth1 Sz okl @'@m%a%ate

. 5R) - 3- ( 4-

4- (4-chl oro- 24( 1R,

R2S) - 2- (( met hoxy easthdigiFara-{dY)-3(4t- h%f[ib((ﬂﬁ)ﬂbs(@&)%azabi cyclo [3.1.0] hex-

- 225 -
3-y1)-1Hi

m dazol(Bethexsispbopyliming)-ZpgeylacetyDy pgnotdiod il Hepdazgl-4o_ y 1) - 2-

azabi cycl ol 3. 1. Oyl 2oy eaiReny b IE AN RIABND L DA ATy RGxo. 1

correspondi ng steéreoi soners there A conposi'tio

conprising a

conpound of cl ai qﬂlgpyicthy}acawmamceutl cally acceptable salt thereof, and a

nrecti o

o pARTER BN 'r@—(ﬁa%ﬁaf?@git ikl (reatig an O

therapeutical Iy gffafbi géﬁrggf@ i %é%@ﬁ@ﬁ%})oi p§h&idhyh-1 Alinfldazol-4-

10pharmaceutical I'y acc

15

20

25

30

t her
yi)phenyl)bicycio[z 2. 2]oct— -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-yDbicyclo[2.2.2]oct-1-yDphenyl)-1H-imidazol-2-y1)-2-
azabicyclo[3.1.0}hex-2-yl)carbonyl)-2-methylpropyl)carbamate; and

corresponding stereoisomers thereof,

5 17. A composition comprising a compound of claim 1, or a pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable carrier.
18. A method of treating an HCV infection in a patient, comprising administering

to the patient a therapeutically effective amount of a compound of claim 1, or a

10 pharmaceutically acceptable salt thereof.
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