HEPATITIS C VIRUS INHIBITORS The present disclosure is generally directed to antiviral
compounds, and more specifically directed to compounds which can inhibit the function of the NS5A
protein encA¥eGHY/MHEPitis C virus (HCV), compositions comprising such REMPBAY 844306l methods
for inhibiting the function of the NS5A protein. H CV is a major human pathogen, infecting an
estimated 170 million persons worldwide - roughly five times the number infected by human
immunodeficiency virus type 1. A substantial fraction of these HCV infected individuals develop
10serious progressive liver disease, including cirrhosis and hepatocellular carcinoma. The current
standard of care for HCV, which emploii$BACBiitavoRhlas PedidigeRMiterferon and ribavirin, has a
non-optimal success rate in achieving sustained viral response and causes numerous side effects.
Thus, there is a clear and long-felt need to develop effective therapies to address this undermet
medical need. 15HCYV is Bedéice-ditelating IRBEAH s distedd OrNH Sk RoasyA dsf #heé Beuced amino
acid sequence an@%&gf%étgrmgéet&rmlalémbilmﬁhgva'ﬁmgﬁnﬁjmﬁfjtﬁ@gi%aﬁm‘g’trn@ﬁmﬁen clalssifi((ejd asa
separate genus in the Flaviviridae family. All members of the Flaviviridae fami ve envelope

Vnione tha contaiT 3 SETISEL OGN QUL A B ARSI UL B akific proteims via
translation of a 20singlepudirdedroptkeol]sdpemindadingghirdmetion of Gei$iddr ableineterogeneity is found
within the nucleotide and gneqded A0iRe.AFISARGHSNERHANCULIIR HGY ASAAME dYR to the high

error rate of the encoded RNA dependent RNA polymerase which lacks a proof-reading capability. At

least six major gertotiidaddsaveusBinivpsiaetdhzBembeidHssied hahusps ipaweseigienpeen 5described
with distribution wefldwiges The clisieatisigrificanseiristhegenatiehEiRIRERRRINEASIGHCY has
demonstrated a propensity for mutations to arise ?u ing monather cﬁg treatment, thys additional
treatment optidns i Flggsepé%rgsggiég_eﬁ-ﬂgeﬁ%esém USSR e B JERCHH EE BB hogenesis
and therapy remains eluditre c@idhetsidgle strardfétCN R NAige nopleyisaapproxiatiately 9500
nucleotides in len 1 ' ing. fram ing: a sl large polyprotein
of about 3000 am?éggggi g?{%é?rfﬁég(:%%%% IEV{'ﬁﬁgﬁ ggliﬁﬁgﬁ%gggggg‘%%qé?%ﬁ%%ﬁ%%ﬁ%s by cellular and
viral proteases to protinsd wislsuiraiarhervish SRR Sfegfotélins. thethé esdrpidCy, the

generation of matupad i sbedciy R P e e AN ReMisied O SfthesNBARN IR AOAN IR is effected
by two viral proteases. The first one is believgd to bg a metalloprotease and. cleayes at the NS2-NS3

junction; the &cond onei&a ARG BRSTEHERIEE M Wit tHe NEEIRRAET ¢R JidAf NS3 (also
referred to herein dsdNS3 protease) @noeme diatds althei subsebuienicibayagesuddatmistream of NS3,
both in cis, at the - leav. ite [ f e iniNg:NS4A-NS4 S4B-NS5A,
NS5A-NS5B sitesy%ig%yN%%%%gﬁg%g %%%2%%%% sté#\?/aggrfﬁ L%%@h%‘%[jrﬁ%%ﬁ%{\}j St% Ig}: m%llaws a cofactor
for the NS3 proteaderabrisadshsifig iy tidapfambr Anec otedlopgibnaem §Rtaedtethe petay ¢eplicase

10components. ThefauptiRa aERoMSSibbadd SPMRIRY S NEGRISRE L IOt RLORLIRROIgRS, AStiVity
resulting in increased proteolytic efgciency of the cleavage events. The NS3 protein also exhibits

nucleoside triphosPR&l BT HIEA: AR I8 AMSs. NS5B (also referred to herein as HCV
polymerase) is a RNA-dependieniRNApotymasasddnat vatinuahsadidictind s epdicatiaiedimi@d/ with other
HCV proteins, 15i ing N In.a replic omplex e r freating
HCV-infected patigﬁltgqérgig ¢ éﬁ% %ﬁ?ﬁ%&%ﬁ%ﬁ in %gi%eﬁ%%/l%\? r%ﬁ%ép ?c%??o%?ltlﬁr? 8%%%% ar,
compounds which RhAciteetleantEmhipixashiactiiehdrckeansniprdiestane dissirdd Iorife HCV NS5A

(2000) K3, Park ot o Eham 08 o T e N ature, 435
; K.-J. Park, et al., J. Biol. Chem,, -3 03); T. L. Tellinghuisen, et al., Nature, :
374 (2005); R°A. USR0S 3y 1thydiarbuts. worghvispodheiginGil sienifisines ¢ithe eWsHs., 281, 9833
(2006); L. Huang, BetBiogcttigraf RSO ha6ddniofRGat) Cpridersist fak nMORQB602886during first aspect
the present disclosure provides a compt(i)lund gf Formulg} lggn(tRZ}" R3N LR %lelgllre&.RIﬁe)

monotherapy freatme us additional tre options for usc are

possible modulator effect of genotypes on pathogenesis and therapy remains elusive.

30 The single strand HCV RNA genome is approximately 9500 nucleotides in
length and has a single open reading frame (ORF) encoding a single large polyprotein
of about 3000 amino acids. In infected cells, this polyprotein is cleaved at multiple

sites by cellular and viral proteases to produce the structural and non-structural (NS)



(), or a pharmaceutically acceptable salt thereof, wherein each m is independently O or 1; each n is
independently O or 1; ,:cskoitin c\J , and N; wherein each group is drawn with its left end attached to
the benzimi®2 3 24HE328 right end attached to RI; R1 is selected from OR3PFUYS20RHté&Mch R2 is
independently selected from alkyl and halo; each R3 is independently selected from hydrogen and
-0.0)12.7; 10R4 is alkyl; R5 and R6 are independently selected from hydrogen, alkyl, cyanoallcyl,
and halo, or R5 and R6, together with the carbon atoms to which they are attached, form a six- or
seven-membered ring optionally containing one heteroatom selected from 15nitrogen and oxygen and
optionally containipgpemadHitiohedsdodibl€ Yothd gamdation ed ok R? iminsdepandarmijess|edted from

alkoxy, allyl aiviakexngislorlh, (Qxsioaliyhelly ReipraeyalyhhetsaRyUalyt (NMRd)alkenyl

B

and (NR4R)alkyl. In a first embodiment of the first aspect the present disclosure provides a

Ocompound of Forfil PRlided iorsrafaselitesnsrecrrpeiasesalthndresfiwhnstier i9& bond In a
second embodimegefdiadirst asRechBéssReoReindl (R&NA N M@ RARI regidh ¢ thgtl@Rbodiment of

the first aspect the present disclosure provides a cqmpound af Formula (1), or. a pharmaceutically
aceeptable sall thalLOT OIS S A0 A SER AL T MY gt he present
disclosure providedavosmpourid 58 Fotinulai{l htdhaNsTaNbdsaltically atcepdablaasaltfthéreof, wherein

L is In a fifth emboﬁmﬂﬁlﬂh&@%@i@@ﬁ%‘?ﬁ@lﬁ-&@%?@%@-ﬁ%@ﬁ%@"[‘h%flx‘i@%iﬁlﬁto?eﬁpea the present
disclosure provides a compound of Formula (I), or a pharmaceutically acceptable salt thereof, wherein
L is appears 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

10  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 triphosphatase and RNA helicase activities.
NSS5B (also referred to herein as HCV polymerase) is a RNA-dependent RNA
polymerase that is involved in the replication of HCV with other HCV proteins,

15 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
effective to inhibit the function of the NS5A protein are desired. The HCV NS5SA
protein is described, for example, in the following references: S. L. Tan, et al.,

20  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, ctal., J. Virol, 83,
4395 (2009); N. Appel, et al., J. Biol. Chem., 281, 9833 (2006); L. Huang, J. Biol.
Chem., 280, 36417 (2005); C. Rice, et al., WO2006093867.

In a first aspect the present disclosure provides a compound of Formula ()
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@,
or a pharmaceutically acceptable salt thereof, wherein
each m is independently O or 1;

each n is independently O or 1;



(23_-\)1 In a seventh embodiment L is selected fromNandN In an eighth embodiment Rl is 15 (R4),,
In a ninth embodiment of the first aspect the present disclosure provides a compound of Formula (l), or
a pharmaceY§t 3N2A¢eEstable salt thereof, wherein L is In a tenth embodiFerPfOY/RERE (R2)NHN
(R4),, In an eleventh embodiment of the first aspect the present disclosure provides a compound
of Formula (1), or a pharmaceutically acceptable salt thereof, wherein L is group is drawn with its
left end attached to the benzimidazole and its right end 10attached to RI. In a twelfth embodiment Rl is
In a second aspect the present disclosure provides a compound of Formula 15(H) (R2)nR1 _ ora
pharmaceutically acceptable salt thereof: wherein each m is |rgjep/ﬁdegtly Oorl;eachnis
independently O or I; L is,a.bond gr is.selected from Er—@zt—|§a vz,’/\,"z,,

or is se rom
| X
A o0
_é@/\/ AN SS /\;‘ "L{\ (\ j]
, , 2 ,and N s wherein each

group is drawn with its left end attached to the benzimidazole and its right end
attached to R';

5 R! is selected from

each R” is 1ndependently selected from alkyl and halo;

cach R is independently selected from hydrogen and -C(O)R’;
10 R* is alkyl;
R® and R® are independently selected from hydrogen, alkyl, cyanoalkyl, and
halo, or
R’ and R®, together with the carbon atoms to which they are attached, form a
six- or seven-membered ring optionally containing one heteroatom selected from
15 nitrogen and oxygen and optionally containing an additional double bond; and
each R’ is independently selected from alkoxy, alkyl, arylalkoxy, arylalkyl,
cycloalkyl, (cycloalkyl)alkyl, heterocyclyl, heterocyclylalkyl, (NRcRd)alkenyl, and
(NRR%alkyl.
In a first embodiment of the first aspect the present disclosure provides a
20  compound of Formula (I), or a pharmaceutically acceptable salt thercof, wherein L is
a bond.

In a second embodiment of the first aspect R' is



R1 is selected from each R2 is independently selected from alkyl and halo; each R3is
independently selected from hydrogen and -0.0)R2; 10R4 is alkyl; RS and R6 are independently
hydrogen oMaRP18101832R5 and R6, together with the carbon atoms to whidiCHEG2818/@4tathed, form a
six- or seven-membered ring optionally containing one heteroatom selected from nitrogen and oxygen
and optionally containing an additional double bond; and 15each 12.2 is independently selected from
alkoxy, alkyl, arylallcyl, cycloalkyl, heterocyclyl, heterocyclylalkyl, (NR4Rd)alkenyl, and (NR4Rd)alkyl.
In a third aspect the present disclosure provides a composition comprising a compound of Formula (1),
or a pharmaceutically acceptable salt thereof, an maceutically acceptable carrier. In a first
embodiment of the third aspect the Ocomposi k: rther cpmprises one or two additional compounds
having anti-HCV activity. In a second embodimept-of t 'Hd aspect at least one of the additional
compounds is an interferon or a ribavirin. In a grd e ent the interferon is selected from
interferon alpha 2B, pegylated interferon alpha, consensus | diferon, interferon alpha 2A, and
lymphoblastiod interferon tau. In a fourth embodiment(of the third aspect the present disclosure
provides a composition comprising a compound of Formul , Or a pharmaceutically acceptable salt
thereof; a pharmaceutically acceptable carrier, and one or twékadditional compounds having anti-HCV
activity, wherein at least gne pf the additional compounds is selected from interleukin 2. interleukin 6,
rerieviin 12, & compou IR ST AL R Aeher e BF 0t 4 HOIBs F Cail Fodoonse,
interfering RNA, antieoved RiNiamigibhod aribaiviviaswiedlip srveralieonb phosphtehdehy irsgenase
inhibitor, amantadi[‘%.grg rimantadine.  In a fifth embodiment of the third aspect the present

co

disclosure provides _position comprising a compound of Formula (1), or a pharmaceutically

acceptable salf thereof, g,phasmaceriicaivacenialle £aciehandsenartiwerd frdditonal

compounds having anti-HCV activity, wherein at least one of the additional compounds is effective to
inhibit the function S YARger’ St HothareymetalichPoreasuiaiec) Sl prbeegad: Mcy
polymerase, HCV k}g]&@g@,’HCV NS4B protein, HCV entry, HCV assembly, HCV egress, HCV NS5A
protein, and IM PDH for the treatment of an HCV infection. 15In a fourth aspect the present disclosure
provides a method of treatiadifin dBMlinfaatindnedepatignincomprising administering to the patient a
therapeutically effective amount of a compound of Formula (1), or a pr@,rmaceutically acceptable salt
thereof In a first embodiment of the fourth aspect the method fufth&rcomgrises administering one or
two additional compounds having anti-HCV activity prior to,fQO)] simultaneously with the
compound of Formula (1), or a pharmaceutically acceptable sal2 theregf In\a second embodiment of the
fourth aspect at least one of the additjonal compounds is an ifitérferon ora ribgvirin. In a third

embodiment of the fourth aspeg iterferon i§sselected from interferonyalgha 2B, pegylated
rfgfem, 'N%mlpha 2A, and lymphoblasdiod interferon tau. 25In a

interferon alpha, consensus in
fourth embodiment of the fourth(@%pect fhe p ;Fgggclo ure provides a meghod of treating an HCV
infection in a patient, comprising administering to the pati€nt a therapeutically effective amount of a
compound of Bormula (1)inor expinembateuticallyhadoeptakle talpttreredisdodienecsideva additional
compounds havin I~ tivi ior 19, af | It of 30Formula
(N, ora pharmace%%??gl?){;h ;&c\é?g?gﬁ%%gﬁ ?Ig% eég{l vé)ﬁ%ﬁr{e[z?# 1 t Ie%géﬁ%eg %)Q %%eagtr}%[?og#a{ co{wswpounds is
selected from interlgUkiif2, interleukin 6, interleukin 12, a compound that enhances the development
of a type 1 helper T &Jesponse, interfering RNA, anti-sense RNA, Imiciimod, ribavirin, an inosine
5'-monophospate deﬂydrogenase inhibitor, amantadinc, and rimantadine. In a fifth embodiment of
the fourth aspect the present disclosure provides a method of tﬁ%ﬂ%ﬁ HCVSS%:—E ti%n in a patient,
comprising administering to the patient a therapeutically effecti mpunt of a’c nd of Formula
(1), or a spharmaceuticall acesptintakediticatdor whgiehdgntwo additioAd compounds having
anti-HCV activity prior tojafferighimbaneessk/ with the compound of Formula (1), or a
pharmaceutically acceptable salt thereof, w% least one of the additional compounds is effective

to inhibit the function of a target selected frgm . me IIopfétease, HCV serine protease, HCV
polymerase, HCV helicase, HCV S Mz N N
TN

s (R%), G



10 NS4B portein, H CV entry, H CV assembly, H CV egress, HCV NS5A protein, and IMPDH for the
treatment of an HCV infection. Other embodiments of the present disclosure may comprise suitable
combinatio¥Q28A0d$33ore of embodiments and/or aspects disclosed her@QTAEHHEH+8Mbodiments
and aspects of the disclosure will be apparent 15according to the description provided below. The
compounds of the present disclosure also exist as tautomcrs; therefore the present disclosure also
encompasses all tautomeric forms. The description of the present disclosure herein should be
construed in congruity with the laws and principals of chemical bonding. 20It should be understood
that the compounds encdmpaisgednibpdimopteddnt tiisciosatalanerthodditchisarersuitdbiyastable for use
as pharmaceutical agentng orkisdRiERdes hatdhsdeliriinn.alany RUBRIHAEQlNGHARIG (e 0., R2
and R4) at a particular location in a molecule be independeént of its definitions elsewhere in that
molecule. For exan I&m nis 2, each of the two R2 groups may be the same 25or different. All
patents, patent applicatigers, and literature references cited in the specification are herein incorporated
by reference in their entirety. In the case of ingonsistencies, the present disclosure, including
definitions, will prevail. A@Gstéﬁﬂi‘r?‘ﬁ*@?ﬁé%@rﬁ Specification, the following terms have the meanings
30indicated: As used herein, the singular formg_ "a'gs"an”, and "the" include plural reference unless
the context clearly dictates otherwise. Unles ed otfferwise, all aryl, cycloalkyl, and heterocyclyl
groups of the present disclosure may be substituegras.gdefscribed in each of their respective
defmitions. For example, the aryl part of an aryldlicyl grpupnay be substituted as described in the
definition of the term 'aryl'. The term "allcoxy,” as used\hergih, refers to an alkyl group attached to
the parent molecular moiety through an oxygen atom. hg term "allcoxycarbonyl," as used herein,
refers to an allcoxy group attached to the parent moleculanaypiety through a carbonyl group. The term
"alkyl," as used herein, refers to a group derived from a straigkt)pr 10 branched chain saturated
hydrocarbon containing from one to six carbon atoms. In the compounds of the present disclosure,
when mis 1 and R4 is alky/PyRls e cabreisa afiyhofsita verd dharressct disfipsHe RISEIee Aing with an
adjacent carbon ai@mgoupiovideraing. of jhe spusthies:sbawndelmmle sat RS, Soiwhese sis 1 or 2, w
is 0, 1, or 2, and R5 is allcyl. When w is 2, the two R5 allcyl groups may be the same or different.

The term "aryl," as used herein, refers to a phenyl group, or a bt ic Jused ring system wherein one

1
A oA
Si%

or both of the rings is a phenyl group. Bicyglic PiRgLsystems Qf a phenyl group fused to a
four- to six-memberﬁd aromatic or non- 20aramatic carboc cﬁ!ic ring. The ar ggrol%%)s.of the present
disclosure can be YHSEHE b HE A ER molectiar moiety Afough any substitut4BiE E58n atom in

the group. Representepivedexampitstoldtghdrotapbethelutkebbuiaidndt imitedrightindhnyl, indenyl,
naphthyl, phefﬁll, aaﬁglch%gq &d‘ronaphthyl. The aryl groups of the present disclosure are optionally
substituted with one, two, three, four, or five sut)lstituents 25independently selected from allcoxy,
alkoxyalkyl, alkoxycarboAy BHelfith=grpedimeiiyk, & second aryl group, arylalkoxy, arylalkyl,
arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, heterggyclyl, heterocyclylalkyl, heterocyclykarbonyl,
hydroxy, hydroxyallcyl, nitro, -NRxRY, (NMalkyl, @xo, and -P(0)0122, wherein each R is independently
selected from hydrogen and alkyl; and wherein the ik part of the arylalkyl and the heterocyclylalkyl
are unsubstituted and wherein the second aryl groHuNp, he agyl part of the arylalkyl, the aryl part of the
arylcarbonyl, the heterocyclyl, and the heterocyclyl paytofi'the heterocyclylalicyl and the
heterocyclylcarbonyl are further optionally substituted B one, two, or three substituents
independently selected from allcoxy, alkyl, cyano, halo, hglgallcoxy, haloalkyl, and nitro. The term
"arylallcoxy," as used herein, refers to an arylallcyl group attached to the parent molecular moiety
through an oxygen atom. The term "arylallcyl,” as used herein, refers to an alkyl group substituted with

10one, two, or three aryl grouns;,  n& &M PR Sl R AR YL B W e QRY83 B ormuta
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substituted with one or two additional groups independently selected from alkoxy, alkylcarbonyloxy,
halo, haloalkoxy, haloalkyl, heterocyclyl, hydroxy, and -NR Rd, wherein the heterocyclyl is further
optionally sHR{?PUEAERE one or two substituents independently selected frBfTAIRSKLP/ BHSAC
unsubstituted aiyl, unsubstituted 15arylalkoxy, unsubstituted arylalkoxycarbonyl, halo, haloalkoxy,
haloalkyl, hydroxy, - WRY, and oxo. The term "carbonyl,” as used herein, refers to -C(0)-. The
term "cyanoallcyl,” as used herein, refers to an alkyl group substituted with one, two, or three cyano
groups. 20The term "cycloalkyl," as used herein, refers to a saturated monocyclic, hydrocarbon ring
system having three 1plsevencotirbbn awnisbinehiz drordrdterbatoms. Representative examples of
cycloalkyl groups includeeapygl@[giﬁl(petp@qggﬁg);g, Oclzyiglopropyl, cyclobutyl, cyclopentyl, and cyclohcxyl.
The cycloallcyl groups of the present disclosure are optionally substituted with one, two, three, four, or
five 25substituents indep&sBértjrdensesatidhealicoxy, alkyl, aryl, cyano, halo, haloalkoxy, haloalkyl,
heterocyclyl, hydroxy, hydrexysdkylenidreland day, wherein the aryl and the heterocyclyl are futher
optionally substituted with one, two, or three substituents independently selected,from allcoxy, alkyl,
cyano, halo, haloallcoxy, haloalkyl, hydrdR¥; and nitro. 30The term "(cycloall@%&}?%yl," as used herein,
refers to an allgyl group sutgstitr@d withigpe! to, %kh(ee,ﬁyg[gaky‘?ﬁroulp . WThe term _
"cycloalkyloxy;" as used herein, refers to a cycloalkyl group’attached to fh parent niolecular moiety
through an oxygen atomR' is sdlhetdéfrarhicycloalkyloxycarbonyl," as used herein, refers to a
cycloalkyloxy group attached o the parent molecular moiety through a carbonyl group. The terms
"halo™" and "halogen,"), ed hettein, refer to. .5 Br, Cl, or | The term "heterocyclyl," as used
herein, refers to a f%ucry' i g0-H] pergd ring containing one, two, three, or four
heteroatoms independently selegted from-hityogen; gxy@en, and sulfur. The four-membered ring has
zero double bonds, tRe"five-membered ringshas zero)to'two double borgs, and the sjx- and seven-

membered rings have zero to thyeeNdouble bonds. Jfe efth "hete " algo indiudes bicyclic
g/cl' et 6&3&
bicyeli

groups in which the heterocycly is fused to anotber 10mono roup, or a four- to
six-membered aromatic or non-arog atic carbocyclic ring as W Il a(ﬁipnridged \g(gngs such as
7-azabicyclo[2.2.1]hept7-yl, 2-azabicyclo[2.2.2]oct-2-yl, and’f—azablcyclo[z.2.2]oct-3-yl. The
heterocyclyl groups of thegprBserindisciukuty selrchrd &ttachlyl amdiwlparent molecular moiety through
any carbon atom or nitrogeq atogyin (%rﬁﬂpseﬁ%?éa‘ﬁjﬁﬁ @&gé@ﬁoﬁijﬁwoups include, but are
not limited to, benzothieny|, furyl, imidazolyl, indolinyl, indolyl, isoquinolinyl, isothiazolyl, isoxazolyl,
morpholinyl, d%azolyl, pid%rézar I,Qpiperidinyl, pyrazolyl, pyridinyl, pyrrolidinyl, pyrrolopyridinyl, pyrrolyl,
quinolinyl, thiazolyl, thicngf, aakthigrerghaliony ierbetewaxtlybgroups of the present disclosure are
optionally substituted with one, two, three, four, or five substituents 20independently selected from
alkoxy, alkoxyalkyl, alkox%c%?%gnyﬁ?%ﬁélﬁr, ‘g}f%/%%r a&no)ﬂ ,aztslorys, %’rﬁaﬁf(%/f}lgﬁlﬁgeaar t%cr%é{(f%%& halo,
haloalkoxy, haloalkiy; er seconohéreberatyioly dpgrmapy ketsrooygylalkstkrbetencelwligd éirbonyl, hydroxy,
nydroxyalleyl, it NRER Yo NRXRI BRGNP JHOSTFID 1S YRS 1N ARl and the
heterocyclylalkyl are unsubstityted and wherein'the aryl, the aryl 25part of the arylalkyl, the aryl part of

the arylcarbohyl, the sect#d ReteiBesRa)reBy pelariadeanatosty iy paptiafieckeasibeyclylalkyl and
the heterocyclylcaraanyt@ioifucheicopiamaly ubRituirGg yyithener twaey three substituents
independently selected from alk XY, alkgl, cyano, ha{o, haloalkoxy, haloallcyl, and nitro. The term
“heterocyclylalkyl.” as usde HEFSATESIaNS RIS AHESH GSS SOM ORI With SHEPEIBEGh three
heterocyclyl groupsonipeiadiof arhadh the hetetacyebdeticyllisadudpebloptb tatydubstiduted with one or
two additional 9r°%ﬁrmgc%ﬂﬁpﬂﬁ}%ée%?é%fé%gnf{é%mlﬁ‘ﬁ‘ﬁ%s){’eﬂ%}{!ﬁﬁ{ﬁfeB}"tﬂ&_{hi?&lé'sﬂ}@-!%@a'oa'kOXy’

haloalkyl, hydroxy, and -N WWI; wherein the aryl is further optionally substitued with one or two

substituents iftiepesiaRfI e et chRRT itk oRy CAMNA, AdAKimmatitetBrraRds vdubatticee Arylalkoxy,

unsubstituted arylalkexycanpedonalonthaipalteryhddipalasdavdraxy o angr hviYiibha term
"-NR1Rd," as used herein, refers to two groups, R: ancri1[ Rdf wgsichbar attatlc ed to the parent molecular
moiety through a nﬁ%@%‘ﬁl%ﬁ}lﬁ#gﬁ%ﬁg& %%)élﬁ’ﬁ?ﬂléﬁle A&y SRR S M R e G, 1S
alkenyloxycarbony¢latkakratkyiloarfoomyhlgik By papybingd, iadénftr atkatidar konydnalkyisufiooy), aryl,

arylalkoxycarbonyl, anylallcyl, aryalkyle Q%%‘jl Ylcarhqayl, aryloxycarbonyl, arylsulfonyl, cycloalleyl,
cli)lkylsuﬁo 3?I{/f rmyl, )

cycloalkyloxycarbonyl, cyclo nyf, aloalkoxycarbonyl, 10heterocyclyl,
heterocyclylaBoxycarborl§l2 Ftehseybadianedt Hidhe ibidcisrantyhearssei dhelesse pertidsttsonyl,
heterocyclyloxycarhaipdsiysinioncar banybudy eRhaliyln(NmReRDksacbony |, (N
WRf)carbonyl, (NWR5sulfonyl, -C(NCN)OR', and -C(NCN)NWW, wherein R' is selected from alkyl and
unsubstituted phenyl, and wherein the alkyl part of the arylalkyl, the 15arylalkylcarbonyl, the

heterocyclylalkyl, and the heterocyclylalkylcarbonyl are,



iiirther optionally substituted with one -Nat group; and wherein the aryl, the aryl part of the
arylalkoxycarbonyl, the arylalkyl, the arylalkylcarbonyl, the arylcarbonyl, the aryloxycarbonyl, and the
arylsulfonyl Wee2AEY@1883%lyl, and the heterocyclyl part of the heterocyclylalREFESIHHA I
heterocyclylalkyl, the heterocyclylalkylcarbonyl, the heterocyclylcarbonyl, and the
heterocyclyloxycarbonyl are further optionally substituted with one, two, or three substituents
independently selected from allcoxy, alkyl, cyano, halo, haloallcoxy, haloalkyl, and nitro. The term
"(NWRd)alkenyl, as used herein, refers to Rc NlLa; Rd RqRq wherein re and Rd are as defined herein
and each WI is indspertdeniyltipdrogfendrdia@ulkylly accditebtepmri¢N WiRkddaltwiwas used herein,
refers to an alkyl gauRGHPSHIIEEhIIIL ARG HHG OV RRENWRAARYRS: SRe,pliy! part of the

(NRcRd)alkyl is further optionally substituted with one or two additional groups selected from alkoxy,
alkoxyalkylcarbony dficsed cammospisd egletirhMamanpaltekia e afseiRHK B nBiss itk
heterocyclyl, heterggyglydearhanyhdnds ey dantoprbcarbeyhd;vibpeem b Reteresyclyl is further
optionally subsstituteg vaith OH& two,t.t_hree, &?\?‘&I or five S&Jbﬁ;ituents indepe%jfantl S Iectted from
alkoxy, alkyl, cyangl, Ao ha oék%r%(il,s iafoa Kyr, and Mitfo ThE terM 1 INRERY MR8 W8P A ein, refers
to two groups, Re deig Régwhichdnbimitachedatbnth ephnerintdiecular moiety through a nitrogen atom.
le and Rf are independenfly geiecias i hYiRoRnuadeURSHRSURC Rl (psHhstiuted
10arylalkyl, unsubstituted cycloalkyl, unsubstituted (cyc olalkyél)galkyl, unsubstituted heterocyclyl,
unsubstituted hete%'é%ﬁ*%ﬂ%‘(!ﬂ!@ﬂé?eﬂwaﬁ@@\ﬂ%%%@éé AYR PharmaseuiigHy NRxRY," as used

herein, refers to tWR @IS st areblg, ylishnaceuaiashastdpribr parent Mmelaeuarwgoiety through a
nitrogen atom. te and.R3' are independently sel from hydrogen, alkoxycarponyl, alkyl,
hytoarbony Lo AR SRR o AL e SRARE TR TR SCHLLEE iy,
gnsubstituted cyclaédlkgirbpah@ummiludedsh&m@w@ﬂmﬂnidtmmfefﬁmaob@wgwmmIﬁmand Rs? are
independently selqgtad fram Aydro9enRAA QMY proteLASYTORIETIC HEDLEr $i8X/SL R IRE gRRypounds of

the present disclosure. These centers are designated by the synibols "R" or "S", depending on the

configuration of subSttiersiarsling theveRifaY carpBphatmY tERBuldDE Nintrd s it the disclosure

encompasses all stengoghemicakiaamerisrionmeyomnebgdanes thereof, which possess the ability to
inhibit NS5A. Individual Zf[tg%le&ois mers of compoungs can be prepared synthetically from commercially
RigH s iy

available startihg materi e e A e R T S T e 1%8F%*8f enantiomeric
product; 25fo||owédlib>y_isﬁpanatiora saltdndsnascanmm'ngiad_llﬁmmmixgqpetltn‘mﬁa‘stea_ebmalfmlalb_yved by
Separation of ecrysializaan sPiBTEANEARIS PonnifSe on dhesh saaraion el anapgmers on

chiral chromatographic columns. Starting compounds of particular stereochemistry are either
commercially avail#lecdr banfbet gelpdigiatreshr Epl terashibaies thas BrtstreMis30Certain

compounds of the prasgatisclasyiavia @lsnaXdshindifierantstablierronfasrmatignafierms which
may be separable. Torsional asymmetry. due to restricted. rotation about apn asymmetric single bond,
for example bz(gcauagéelb‘frsstg‘?fi‘:ﬁﬁ%%%%‘@“grt%ﬁogipé?ﬂﬂérﬂdg§oﬁg‘l’ﬁ?i@ef)raargg?ﬂngf%’i?féall t conformers.
The present disclosurptibttud@sieactt. confocmatiendlddmmetr dftbhdoer thonppountdsasnohdaniktures

thereof. e e LD CATMARHAGS 01 e UL iasiopuch A0 SRUARTL AURIERAIPYSyare mean!

to embrace compounds of Form and pharmaceutically acceptable enantiomers, diastereomers,

and salts thereof S0 eefBrRtascronAtspiaeahiomdricHeant iohe Atbrarey Hiedrisigiisighere the
context so permits,ifhe ResaNdisclasvreiisdntendagHoinchide A BasRRESIGHAIAAR esEUITNg in the
present compounds. Isotope%i%%l]ud those at%ﬁ{sfhaving the same atomjc number bu% different mass
numbers. By Way of gendfdl E)rfg)g QRO BHATERSH, TEopspEst Sﬁl}&%‘@@’ﬁ)m jtide deuterium
and tritium. Isotopes:thbdaihestingludE C8Gnénd dAE a lsotapicatiypldeted nonpoup ds thé the invention
can generally be prepared by cony, aﬁ‘g'y: 'c‘i?v%haﬂil%‘d%?o‘%%%"ovﬂllﬁﬁ?u‘i{h"éﬁ%'rﬁ%'%% g}r;ﬁ art or by

a .
processes analogc?us t0 those descri erein, using an appropriate isotopicalfy- abeled reagent in

place of the non-laeleeneesiseHy easeripide ehiigyelt aglere PEEumptitis peipreandsa variety of
potential uses, for gxamRIRATSENIRIESHAF teagansmdrlaEOINING ialRaisAbaGHYLY. In the case of

stable isotopes, such compounds may have the potentjal to favorably modify hiological,
pharmacologital, $PFREMRCBKHRAERSEMEY ptrp @BlnFELIRGE o AT BAL It SER.LIE can exist
as pharmaceuticalid d0acdepiapbacilis sdibade frompharadde aficatifcakoeqtaitel aaliy' 1@sased herein,
represents salts oL uiterionie foms.of e ROMBONAAS of e RTESSD! fisglosyie which are water or
oil-soluble or disperslﬂﬂe, which arc, within the sc%pe of sound medical judgment, stitable for use in
contact with the tisstrsEorpBiNhtaniithoist RiXde daiigemogicibavitiitatibmoaergimeaspberpatcor other
problem or complication



25commensurate with a reasonable benefit/risk ratio, and are effective for their intended use. The salts
can be prepared during the final isolation and purification of the compounds or separately by reacting a
suitable nitr®¢@A0AEHBRIh a suitable acid. Representative acid addition saR§ TR Adéidte, adipate,
alginate, citrate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, camphorate,
camphorsulfonate; 30digluconate, dihydrobromide, diydrochloride, dihydroiodide, glycerophosphate,
hemisulfate, heptanoate, hexanoate, formate, fumarate, hydrochloride, hydrobromide, hydroiodide,
2-hydroxyethanesulfonate, lactate, maleate, mesitylenesulfonate, methanesulfonate,
naphthylenesulfondtby drizgstinetenldbrap hthaiénesulfod atwausdiate, palmoatc, pectinate, persulfate,
3-phenylproprionate, picrate.AiiRIatRFRRIAPAE rSYACIBIE: IR BAInIIHRRQASS IR fluoroacetate,
phosphate, glutamate, bicarbonate, para-toluenesulfonate, and undecanoate. Examples of acids which
can be employed t398a% Yttt autitaly Heedonab rPateiticaepte s AdmEHeHgastthids such as
hydrochloric, hydrpriemtis risissiccandephosphatisuard Degapisuagisisrsuailas Pxalic, maleic, succinic,
and citric. 5Basicl}additiont.sa} ts can tb%lgref%z%ﬁed rir%; the fipal isﬂationl and urigcation of the
compounds by redc i‘lrﬁrdl%"%ualr%ao%ya%cre u% with a Suitabféhade Sueh s fH%nﬁyC roxide Carbonate, or
bicarbonate of a nfetahgatiorHeVdtha iy iprami & orfen arg emica i psiynart), thecongaiyndaritertiary amine.
The cations of phagracguisalbaifarRIRbIE A AR IR SO ROIFRA Gheriglum.

magnesium, and aluminum, as well as nontoxiC quaternary amine cations such as ammonium,
tetramethylammorftitiieatt setrrandiie siiert vaderphabiife, funeinphbiiniectarisead fiamine,
triethyfrpine, Ocljeth&dwnﬁwﬁllfﬁkmk@ﬁ%?ﬁmmla%mejs@yﬁmqﬂﬁ%ﬁsaim@thﬁl?liaﬂiﬁ,eHcv
N-methylpiperidin -methylm oline, dicyclohexylamine, procali ihenzylamine,

NN clibenzyhend A N Sy e o ey S A EUEbabhganic amines
useful for the form&ieBftbade acdition shits if{cVuadeetioplenediaminc, ethanolamine, diethanolamine,
piperidine, and piperazin&&gmi%glg%ﬁ,ﬁglsrggggt Iﬂcﬁ%ﬁrm};};@%r}&e@&%@calIy effective
amounts of a compound of formula (l), as well as pharmaceutically acceptable salts thereof, may be
administered as theoPARPEHERIN f 95 HOLsiIenbogimsattaiios iR theisHitadt iesei pharmaceutical

composition. Accordinglyy $hetriselassuniihaiirpeidesmhaamasauticalioprapasitiens, which include
therapeutically effective .25am}ﬁr$ ts of com&%%ig @a of formula (I) or pharmaceutically acceptable salts

d
thereof: and dne o?‘cr?%flénﬁﬁ% (?&ﬂﬂ%t%ﬂﬁ/ B abrﬁlg‘@arriers, diluents, or excipients. The term
"therapeutically effective Bmooumphtaslustdidexaimt tifeksic tisototak amautnmofsedeincotivhecomponent

that is sufficient to qug&\ﬁ/t%igg%@mggfw Qg%ﬁéf}a?s%gﬁfitmﬁtsm&ﬁ%ﬁﬁ&io“ in viral load. When applied to an
i ministered 30al '

individual active ingredient, administe alone, the term refers to that ingredient alone. When
applied to a combination ] elts¢rPtiefers fis parrisindier laviot hescbr theublder/eomdiesdients that result in

the therapeutic effggtowinethan adnminisiamesirmBbNAtA$80AlNcOr simultaneously. The
compounds of formula (I) and rmaguticgl%/ acceptable salts thereof,g e aes described above. The
o Ml Ryt

carrier(s), dilu@nt(s), or e¥cis $158% a‘gqglli’r‘?‘{ﬂ SBHYBRSFY BRIBIe with the other
ingredients of the ttsohereteameathosdtad etetaiiabls tcbiefoe ojpienphhsmecduticalcggrdance with another

t of th t disgl i ' fi tiog:2 4
aspect ol Ine present disg %%E%ﬁ}%rﬁdgtﬁ‘ésc?eﬁﬁﬂ}’dﬂ%?a &Eﬁ%ﬁﬁe@[%}:}% £§B3(E?%°ﬁ Addr

pharmaceutical formulation including admixing a compo ormu ,orap ’armaceut?cally
acceptable salt thetieoraifigilaiecainsre pledsenlsdeLindapgndenicptibiisiaaifiapcleivigiesnor excipients.
The term "pharmaggiticalivuccestablpiasirad Rerelncrefars i thoseaamRRY Bdshmaterials,
compositions, and/or dgsage forms which are, within the scope of sound medical judgment, suitable
for use in cortact \R/’ftﬂl%éelibtissues of patients without excessive toxicity, irritation, allergic response,
or other problem or complit atientcqraene ngpiiade onit sl idasomabtdécbanefititekinatio, and are effective
for their intended Uageinicar b ATIRASH IR RIMUIRIARR IR RERLEIRAIGY 1ML dosgorms
containing a predetermined amount of active mgrecﬁent per unit dose. Dogage evels of between
15about 0.01 and &iseutistserien ibearnssset didgrarn Nevediagyoodjoneigihil pevaby, preferably between
about 0.05 and about 104 maMgbadyueighhesrdaeithasRmpRuads ehikeRresenhgisclosure are
typical in a monotherapy for the prevention and treatment of HCV mediated disease. Typically, the
pharmaceutic%?l colfiiedfitbns of this disclosure will be administered from about | to about 5 times per
day or alternatively, as a sAoutiueusinfusidipubu chorad mimisirdtiondcar bantcigddmsra chronic or acute
therapy. The amOt%theofnzélgtlil\r/lgegrswgﬂrgdé%ggxt[hciéarﬂaﬁib&gg tbeipv%geWith the carrier materials to produce a
single dosage form wil vary depending on the condition %elng treated, the severity of the condition, the
time of administration, the route of administration, the rate of excretion of the compound employed, the
duration 250f 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. Treatment may be initiated with small dosages
substantially less than the optimum dose of the compound. Thereafter, the dosage is increased by
small increments until the 30optimum effect under the circumstances is reached. In general, the

compound is most desirably administered at a concentration level that will generally afford antivirally
affactivie raciilte withoit it caricina anv harmfiil or deleterinoiice cide effacrte When the comnocitinne nof thic



carrier(s) or excipient(s). Oral administration or administration by injection are preferred.
Pharmaceutical formulations adapted for oral administration may be presented 15as discrete units
such as cap¥9a813(i88%ts; powders or granules; solutions or suspensionshQTHEB¥E 94456
non-aqueous liquids; edible foams or whips; or oil-inwater liquid emulsions or water-in-oil emulsions.
For instance, for oral administration in the form of a tablet or capsule, the active drug component can
be combined with an oral, non-toxic pharmaceutically 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 sitdilkeystoedroimertedephihrryhcoativditdanrnd hewolr adydgrediblef tarbohydrate,
as, for example, Stareh ALMANAHOM DU RGBSRV FiRRaEBIuRId&plRHng agent can also be

present. 25Capsules are made by preparing a powder mixture, as described above, and filling formed
gelatin sheaths. GHEERtEBhdfeiF -JBeATESPRB I RS amPETIRISY k&Ie U AN BSiibs dteadae, calcium
stearate, or solid polyethdanenglysmiican datrdeed teyhe powder mixture before the filling operation. A
disintegrating or solubilizing agent such as agar-agar, calcium carhonate, or sodium carbonate can
also be added’to 30imprcj)1r\i/% gén a\a}aﬁﬁ?é(lgilit?/ség %é£ %neéraia%?ﬁsetr?t%ﬁgﬂ' li: e'¢ 6%“‘[%%tf)ntg%sted.
Moreover, when desiretnorl eredessarsty shitalgleabingegs) itboricants, disintegrating agents, and coloring
agents can also be incorpgrated inip hrlnisiyie-Sylablebinders e PRSI o glatipdptural

sugars such as glucose or beta- lactose, corn’ sweeteners, natural and synthétic gums such as acacia,

tragacanth or soditfhihapeeneladRrtRREmbas2hoRdEddhe glycol, and the like. Lubricants

used in these dosage forms iBaidgksOdisolERiRIBQEITChIBHEE dandkthedika. sRisintegrators
include, without Iir%itati%? sLarch, methﬁ:l&ggllulo e, aﬁ??a%r, hetonite, xartwthan L%m, and the like. Tablets
are formulatel, for EXSHTHIE BY BrEFAHhY & PEWES SarS Jran ARG S F Sty idding a lubricant
an_d disintegrant, athd msshmgsinfahabte&snt/ﬂipdmﬂdeﬂ? mbeturmiislmmb&?éﬁglﬂwhﬁh@raglcbhe@mpound,
sutable comminutegs i, gt et se 8p desaiihrkabowe-andantRalbiilh aigder such as

carboxymethylcellulose, an aliginate, gelating, or 10polyvinyl pyrrolidone, a solution retardant such as
paraffin, a resorptihPEQEAfat o SfcHraeyuhtsrharogalt and/or and absorption agent such as
betonite, kaolin, or dicalcium phosphate. Thejpowder mixture can e granulated by wetting with a
binder such as syrup, starch paste, acédia lage, or solutions gf cellulosic or polymeric materials
and forcing through a screen. As an alternative Yo granulatin pwder mixture can be run
through the tablet machine and the resqli'; imperfectly fq gs broken into granules. The
granules can be lubricated to prevent stic ind}‘to the tablet forming dies by means of the addition of
stcaric acid, a stearate salt, talc, or mineral oik?The lubricated mixture is then compressed into tablets.
The compounds of the present disclosure can also he combined With‘a’free flowing inert carrier and

compressed itto tARIes it AR witrioli g Sing Mfdighs HEYraNhEaiMe S DEE¥MRy stpd. A clear or

opaque protective goapingaopsistingnef @ gfadivgt.coat of shellac, a coating of sugar or polymeric
material, and a polish coating of wax,can be provided. stuffs can be added .to these cpatings to
distinguish different unit gégg%%*s. a%l()r%ﬁ Wuﬁ‘géesrﬁlghrgéggg?ﬁign?ngﬁfﬁgl?’aor{c? qéh%?gcc%rsi Cft)a prepared in
dosage unit form sonthststeivdarguamityrdothaintharprede ephrmd o udicptlibduseipeund. Syrups
can be prepared by, dissoNiRgsing SBRRPUAGA AssHIRRINIRVGE AdkBAYS SQklianWile elixirs are

prepared through the use of a non-toxic vehicle Solubilizers and emulsifiers such as ethoxylated
isostearyl alcdhols*&HBRE0 PO ORI HMenESoTBitSrdthiers srBssrpatvesh s dadiR slich as
peppermint oil or natlisp sueeiere it rahSaschasipiotothebattifitial QWwoataner s tagihelike can also
be added. Where ropriate, dosage unjt formulatians, fqQr qral adminjstration can b
microencaps.ulate(?gD aﬁﬁeép%%ﬁ\fﬂgﬁ%%c?gsnoaggq éOBPgﬁrgrélaeto ﬁr%ﬁ%ﬁa%lp sl%étg)lhnfélaéné’lease as for
example by coatingdmginivadiding periduatetetishediainaptbimEhs awhgraowshd thep@watcompounds of

formula (). and phaeraceL AN RRERPLBIR SRS R AL SBNAIC e drrNiSiEsedihibe form of

liposome delivery systems, such as small unilamellar vesicles, large unilamellar vesicles, and

multilamellar Yesici&erepsisabrisieeisa Bemaikasy pbrraeladatfonisationsligiézl such as cholesterol,
stearylamine, or phnghatishdghaliresadriel cesapoirsotfoimlaial) andphannasessically, acceptable

salts thereof 10m Iso be delivered by the u f monocl | antibodies as individual carriers to
which the compom?lrkl/%%aﬁg 3 ?ml a‘?rlgfj gk Oﬁycf%?égeteroc ﬁr’ﬁc;ag‘%ﬁageé r306"36"9};?0arg &

mofecules a coupled: comp coupled‘with soluble
polymers as targetablexdruy dartefsy St pOIRIREr AR dlodeopalywinA Y eRid ohergyran
copolymer, polyhygierupranymiavary RIBIdaRRSHAY AOMRMRICACMaSARAGRYERRAA o
polyethyleneoxidepolylysine substitutéd 15with 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, polcpsilon caprolactone, polygydroxy butyric acid, polyorthoesters,
polyacetals, polydihydropyrans, polycyanoacrylates, and cross-linked or amphipathic block copolymers
of hydrogels. Pharmaceutical formulations adapted for transdermal administration may be
presented as discrete patches intended to remain in intimate contact with the epidermis of the recipient

for a prolonged period of time. For example, the active ingredient may be delivered from the patch by
in0ntonhorecice ac ananerallvy deceribed in Pharmaceiitical Racearch 1026 AR 12 2EPharmacertitical




30Pharmaceutical formulations adapted for nasal administration wherein the 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 mannBOFAHBIEZAuff is taken, i.e., by rapid inhalation through the n2$1/Pa2EAEE44em 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 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 aerosolshnehiiikatsndthndeffimaedylalky Pianmabstitital fodrmbkatiortscadapidd for vaginal
administration may, Ge REGRRIEAS RESPAISS, LHNPARSuRANS AR SrABalEsy foalns, or spray

1&”}%
formulations. Pharmaceutical formulations adapted for parenteral administration include 10aqueous

and non-aqueous SE&iRSYRIELABA e hrisisXrhior el thobrisieastrainibine Muffers, bacteriostats, and
soutes which rendggithe-jerynadian isetamiceniifitialbloosk ohitbe Wit oagdwecipidRi and aqueous and

non-aqueous sterile suspensions w ich rr%%%ci?ecgtilde s%gendl%gc?,ents and thf'clﬁg)i(ng agents. The

formulations mSay ts)lébpsjtrléseélﬁ érbd?ﬁeﬁlnl PHOSE O Ut udse o sa,n%rh(%farhnap(f% S¥afed ampoules

and 15 vials, and rhalyaieyktorédiima freeze-dried (lyophilized) condition requiring only the addition of
the sterile liquid carrier, f%gf@ﬁppé%ygﬁgg)[ﬁera@gg&igggidmg@gg{gtg{yagﬁgk};péfg% Exlemprraneous

injection solutions and suspensions’may be prepared from sterile powders, granules, and tablets.
It should be underéteBareREE SHIBAIES tHET Y AR RSP &HiBularly mentioned above, the

formulations may includeratherrgamisiepnvaniivoakivifh et havingkagasddouhedyse witformulation
in question, for example those suitable for oral administration may, include, flavoring agents. The term
“patient’ nclules BB FNtA A Sd BHHEr therm BRI R P PRARS: FRdTBto B enting a
d!sease, disorder oubgbjudﬁdbwiﬂﬁfr@mrmwouﬂdhtgoifalgpammmmmwbﬁpn@ﬂigf@@eﬂtwme disease,
Claorer, andlor conIARBINIOZ ROt YEBARIGITANAREA ARIRNIA DGR disease.

disorder, or condition, i.e., arresfing its development; and (iii) reliéving the diSease, disorder, or

condition, i.e., caudibjjsiedhedsisrrordbiviyehseortisatte subHinst CoHUMSPT 30T R EdHEBuNds of the
present disclosureigdpalgenhs atministeredivvith, alRyClosRotinuier axampeseysiasporin A.

Cyclosporin A has been shown to he active against HCV in clinical trials ( tology 2003, 38, 1282,
Bochom. Biobiys ULy R 00 55 1 o o4 B A0, SOty Baro bl T below
lists some illustrati¥® BXanangdlesocof compounds that can be administered with the compounds of this

disclosure. The compoungs, QJrLI;ngllgghg,iu_ra% 8?&1 B&aﬂ{‘ﬂé@éﬁf%% I)th other anti-HCV activity
y

compounds in combination therapy, either jointly or separately, or by combining the compounds into a
composition. Table | BraddNeiie PRyibipyica wtdds T ebriipiblkorereypsrtstivied Company NI
M811 Debio-025 GyalgphidnliniibitessMayartiggdebiophartn Zadaxin Immunomodulator SciClone
Suvus Methyzlgne blue Bﬁenvisign ctil%r)1 (CP0O10101).

¢ term “cycloa " as used heréin, refers to a saturated monocyclic,

hydrocarbon ring system having three to seven carbon atoms and zero heteroatoms.
Representative examples of cycloalkyl groups include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl. The cycloalkyl groups of the
present disclosure are optionally substituted with one, two, three, four, or five

25  substituents independently selected from alkoxy, alkyl, aryl, cyano, halo, haloalkoxy,
haloalkyl, heterocyclyl, hydroxy, hydroxyalkyl, nitro, and -NR*R’, wherein the aryl
and the heterocyclyl are futher optionally substituted with one, two, or three
substituents independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy,
haloalkyl, hydroxy, and nitro.

30 The term “(cycloalkyl)alkyl,” as used herein, refers to an alkyl group
substituted with one, two, or three cycloalkyl groups.

The term “cycloalkyloxy,” as used herein, refers to a cycloalkyl group

attached to the parent molecular moiety through an oxygen atom.

10



1LR9 agonist Coley Batabam (167) Anticancer fi-Tubulth inhibitor Tularik Inc., South San Francisco,
CA ISIS 14803 Antiviral Antisense ISIS Pharmaceuticals Inc, Carlsbad, CA / Elan Pharmaceuticals
Inc., New YR 2qR2/&¢d3etrel Antiviral Antiviral Endo Pharmaceuticals HoRfifgeSA¥d%/@h¥dds Ford,
PA GS-9132 (ACH-806) Antiviral HCV inhibitor Ach Ihon i Ciilead Pyrazolopyrimidine compounds and
salts From WO 2005/047288 May 26, 2005 Antiviral HCV inhibitors Arrow Therapeutics Ltd. Levovirin
Antiviral IMPDH inhibitor Ribaphartn Inc., Costa Mesa, CA Merimepodib (VX-497) Antiviral | MPDH
inhibitor Vertex Pharmaceuticals Inc., Cambridge, MA Brand Name
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The term “cycloalkyloxycarbonyl,” as used herein, refers to a cycloalkyloxy
group attached to the parent molecular moiety through a carbonyl group.

The terms "halo" and "halogen," as used herein, refer to F, Br, Cl, or L.

The term “heterocyclyl,” as used herein, refers to a four-, five-, six-, or seven-
membered ring containing one, two, three, or four heteroatoms independently
selected from nitrogen, oxygen, and sulfur. The four-membered ring has zero double
bonds, the five-membered ring has zero to two double bonds, and the six- and seven-
membered rings have zero to three double bonds. The term “heterocyclyl” also
includes bicyclic groups in which the heterocyclyl ring is fused to another
monocyclic heterocyclyl group, or a four- to six-membered aromatic or non-aromatic
carbocyclic ring; as well as bridged bicyclic groups such as 7-azabicyclo[2.2.1]hept-
7-yl, 2-azabicyclo[2.2.2]oct-2-y1, and 2-azabicyclo[2.2.2]oct-3-yl. The heterocyclyl
groups of the present disclosure can be attached to the parent molecular moiety
through any carbon atom or nitrogen atom in the group. Examples of heterocyclyl
groups include, but are not limited to, benzothienyl, furyl, imidazolyl, indolinyl,
indolyl, isoquinolinyl, isothiazolyl, isoxazolyl, morpholinyl, oxazolyl, piperazinyl,
piperidinyl, pyrazolyl, pyridinyl, pyrrolidinyl, pyrrolopyridinyl, pyrrolyl, quinolinyl,
thiazolyl, thienyl, and thiomorpholinyl. The heterocyclyl groups of the present
disclosure are optionally substituted with one, two, three, four, or five substituents
independently selected from alkoxy, alkoxyalkyl, alkoxycarbonyl, alkyl,
alkylcarbonyl, aryl, arylalkyl, arylcarbonyl, cyano, halo, haloalkoxy, haloalkyl, a
second heterocyclyl group, heterocyclylalkyl, heterocyclylcarbonyl, hydroxy,
hydroxyalkyl, nitro, -NR*RY, (NR*R*)alkyl, and oxo, wherein the alkyl part of the
arylalkyl and the heterocyclylalkyl are unsubstituted and wherein the aryl, the aryl
part of the arylalkyl, the aryl part of the arylcarbonyl, the second heterocyclyl group,
and the heterocyclyl part of the heterocyclylalkyl and the heterocyclylcarbonyl are
further optionally substituted with one, two, or three substituents independently
selected from alkoxy, alkyl, cyano, halo, haloalkoxy, haloalkyl, and nitro.

The term “heterocyclylalkyl,” as used herein, refers to an alkyl group
substituted with one, two, or three heterocyclyl groups. The alkyl part of the
heterocyclylalkyl is further optionally substituted with one or two additional groups
independently selected from alkoxy, alkylcarbonyloxy, aryl, halo, haloalkoxy,
haloalkyl, hydroxy, and -NR°RY, wherein the aryl is further optionally substitued with

11



Physiological Class Type of Inhibitor or Target Source Company XTL-6865 (XTL-002) Antiviral
Monoclonal antibody XTL Biopharmaceuticals Ltd., Rehovot, Israel Telaprevir (VX-950, LY-570310)
Antiviral NSW9281¥df388ase inhibitor Vertex Pharmaceuticals Inc., CambriBg&/ U 10PH43ffy and Co.,
Inc., Indianapolis, IN HCV-796 Antiviral NS5B replicase inhibitor Wyeth / Viropharma NM-283 Antiviral
NS5B replicase inhibitor Idenix / Novarlis GL-59728 Antiviral NS5B replicase inhibitor Gene Labs /
Novartis OL-60667 Antiviral NS5B replicase inhibitor Gene Labs / Novartis 2'C MeA Antiviral NS5B

replicase inhibitor Gilead PSI 6130 Antiviral NS5B replicase inhibitor
one or two substituents independently selected from alkoxy, alkyl, unsubstituted aryl,

unsubstitued arylalkoxy, unsubstituted arylalkoxycarbonyl, halo, haloalkoxy,
haloalkyl, hydroxy, and -NR*R’.
The term “-NR°RY,” as used herein, refers to two groups, R® and RY, which are

5  attached to the parent molecular moiety through a nitrogen atom. R®and R are

independently selected from hydrogen, alkenyloxycarbonyl, alkoxyalkylcarbonyl,

alkoxycarbonyl, alkyl, alkylcarbonyl, alkylsulfonyl, aryl, arylalkoxycarbonyl,

arylalkyl, arylalkylcarbonyl, arylcarbonyl, aryloxycarbonyl, arylsulfonyl, cycloalkyl,

cycloalkyloxycarbonyl, cycloalkylsulfonyl, formyl, haloalkoxycarbonyl,

10 heterocyclyl, heterocyclylalkoxycarbonyl, heterocyclylalkyl,
heterocyclylalkylcarbonyl, heterocyclylcarbonyl, heterocyclyloxycarbonyl,
hydroxyalkylcarbonyl, (NR°R%)alkyl, (NR°Ralkylcarbonyl, (NR°R)carbonyl,
(NR°RY)sulfonyl, -C(NCN)OR’, and -C(NCN)NR*R?, wherein R’ is selected from
alkyl and unsubstituted phenyl, and wherein the alkyl part of the arylalkyl, the

15 arylalkylcarbonyl, the heterocyclylalkyl, and the heterocyclylalkylcarbonyl are
further optionally substituted with one -NR°R' group; and wherein the aryl, the aryl
part of the arylalkoxycarbonyl, the arylalkyl, the arylalkylcarbonyl, the arylcarbonyl,
the aryloxycarbonyl, and the arylsulfonyl, the heterocyclyl, and the heterocyclyl part
of the heterocyclylalkoxycarbonyl, the heterocyclylalkyl, the

20  heterocyclylalkylcarbonyl, the heterocyclylcarbonyl, and the
heterocyclyloxycarbonyl are further optionally substituted with one, two, or three
substituents independently selected from alkoxy, alkyl, cyano, halo, haloalkoxy,
haloalkyl, and nitro.

The term “(NR°R%)alkenyl,” as used herein, refers to

25 R4 Rd
wherein R® and R? are as defined herein and each R? is independently hydrogen or
Ci-3 alkyl.
The term “(NR°R%)alkyl,” as used herein, refers to an alkyl group substituted
with one, two, or three -NR°R? groups. The alkyl part of the (NR°R%)alkyl is further

12



Roche R1626 Antiviral NS5B replicase inhibitor Roc he 2'C Methyl adenosine Antiviral NS5B replicase
inhibitor Merck JTK-003 Antiviral RdRp inhibitor Japan Tobacco Inc., Tokyo, Japan Levovirin Antiviral
Ribavirin ICN ®RHANaEE3ticals, Costa Mesa, CA Ribavirin Antiviral RibaviriRGCREHHYEI3E6 N
Corporation, Kenilworth, NJ Viramidine Antiviral Ribavirin prodrug Ribapharm Inc., Costa Mesa, CA
Brand Name Physiological Class Type of Inhibitor or Target Source Company Heptazyme Antiviral
Ribozyme Ribozyme Pharmaceuticals Inc., Boulder, CO Bl LN-2061 Antiviral

optionally substituted with one or two additional groups selected from alkoxy,

alkoxyalkylcarbonyl, alkoxycarbonyl, alkylsulfanyl, arylalkoxycarbonyl, carboxy,

cycloalkyl, heterocyclyl, heterocyclylcarbonyl, hydroxy, and (NReRf)carbonyl;

wherein the heterocyclyl is further optionally substituted with one, two, three, four,

5 or five substituents independently selected from alkoxy, alkyl, cyano, halo,

haloalkoxy, haloalkyl, and nitro.

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. R°and R'are
independently selected from hydrogen, alkyl, unsubstituted aryl, unsubstituted

10  arylalkyl, unsubstituted cycloalkyl, unsubstituted (cyclolalkyl)alkyl, unsubstituted
heterocyclyl, unsubstituted heterocyclylalkyl, (NR*R”)alkyl, and (NR*R”)carbonyl.

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. R* and R” are
independently selected from hydrogen, alkoxycarbonyl, alkyl, alkylcarbonyl,

15 unsubstituted aryl, unsubstituted arylalkoxycarbonyl, unsubstituted arylalkyl,
unsubstituted cycloalkyl, unsubstituted heterocyclyl, and (NR* RY )carbonyl, wherein
R* and R are independently selected from hydrogen and alkyl.

Asymmetric centers exist in the compounds of the present disclosure. These

centers are designated by the symbols “R” or “S”, depending on the configuration of

20  substituents around the chiral carbon atom. It should be understood that the
disclosure encompasses all stereochemical isomeric forms, or mixtures thercof,
which possess the ability to inhibit NSSA. Individual stereoisomers of compounds
can be prepared synthetically from commercially available starting materials which
contain chiral centers or by preparation of mixtures of enantiomeric products

25  followed by separation 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 are either commercially available or can be made and resolved by
techniques known in the art.

30 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 ring strain, may permit separation of different conformers. The present
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Serine protease inhibitor Boehringer Ingelheim Pharma KG, Ingelheim, Germany SCH 503034
Antiviral Serine protease inhibitor Schering-Plough Zadazim Immune modulator Immune modulator
SciClone PREAEEES3Ts Inc., San Mateo, CA Ceplene ImmunomodulatoPirbisadl ¢ddifiator Maxim
Pharmaceuticals Inc., San Diego, CA CELLCEPTV Immunosuppressant HCV Ig0 immtmosuppressant
F. Hoffmann-La Roche LTD, Basel, Switzerland Civacir Immunosuppressant HCV Ig0
immunosuppressant Nabi Biopharmaceuticals Inc., Boca Raton, FL Albuferon - a Interferon Albumin
IFN-a2b Human Genome Sciences Inc., Rockville, MD Infergen A Interferon IFN alfacon-1 InterMune
Pharmaceuticals IdogBrisbagbideys ©hmegsormintivtdrieronr [$Nbey d stampianThevapaitios4FN-I13 and
EMZ701 Interferony . eof

The term "compounds of the present disclosure", and equivalent expressions,

are meant to embrace compounds of Formula (I), and pharmaceutically acceptable
5 enantiomers, diastereomers, and salts thereof. Similarly, references to intermediates
are meant to embrace their salts where the context so permits.

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

10 limitation, isotopes of hydrogen include deuterium and tritium. Isotopes of carbon
include C and 'C. TIsotopically-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

15 compounds may have a variety of potential uses, for example as standards and
reagents in determining 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

20  acceptable salts. The term “pharmaceutically acceptable salt,” as used herein,
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
excessive toxicity, irritation, allergic response, or other problem or complication

25 commensurate with a reasonable benefit/risk ratio, and are effective for their intended
use. The salts can be prepared during the final isolation and purification of the
compounds or separately by reacting a suitable nitrogen atom with a suitable acid.
Representative acid addition salts include acetate, adipate, alginate, citrate, aspartate,
benzoate, benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate;

30  digluconate, dihydrobromide, diydrochloride, dihydroiodide, glycerophosphate,
hemisulfate, heptanoate, hexanoate, formate, fumarate, hydrochloride, hydrobromide,
hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate, mesitylenesulfonate,

methanesulfonate, naphthylenesulfonate, nicotinate, 2-naphthalenesulfonate, oxalate,

14



IFN-13 and EMZ701 Transition Therapeutics Inc., Ontario, Canada REBIEV Interferon IFN-131a
Serono, Geneva, Switzerland Brand Name Physiological Class Type of Inhibitor or Target Source
Company R¥fei2018id¥feron IFN-a2a F. Hoffinann-La Roche LTD, BaselPSWE22i A4 4#i¢on A
Interferon IFN-a2b Scheiing-Plough Corporation, Kenilworth, NJ Intron A and Zadaxin Interferon
IFN-a2b/al -thymosin RegeneRx Biopharma. Inc., Bethesda, MD / SciClone Pharmaceuticals Inc, San
Mateo, CA Rebetron Interferon IFN-a2b / ribavirin Schering-Plough Corporation, Kenilworth, NJ

Actimmune Interferon INF-y InterMune Inc., Brisbane, CA Interferon-0 Interferon Interferon-P-1 a
palmoate, pectinate, persulfate, 3-phenylproprionate, picrate, pivalate, propionate,

succinate, tartrate, trichloroacetate, trifluoroacetate, phosphate, glutamate,
bicarbonate, para-toluencsulfonate, and undecanoate. Examples of acids which can
be employed to form pharmaceutically acceptable addition salts include inorganic

5 acids such as hydrochloric, hydrobromic, 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

10  primary, secondary, or tertiary amine. The cations of pharmaceutically acceptable
salts include lithium, sodium, potassium, calcium, magnesium, and aluminum, as
well as nontoxic quaternary amine cations such as ammonium,
tetramethylammonium, tetracthylammonium, methylamine, dimethylamine,
trimethylamine, triethylamine, diethylamine, ethylamine, tributylamine, pyridine,

15 N,N-dimethylaniline, N-methylpiperidine, N-methylmorpholine, dicyclohexylamine,
procaine, dibenzylamine, 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.

20 When it is possible that, for use in therapy, therapeutically effective amounts
of a compound of formula (I), as well as pharmaceutically acceptable salts thereof,
may be 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

25 amounts of compounds of formula (I) or pharmaceutically acceptable salts thereof,
and one or more pharmaceutically acceptable carriers, diluents, or excipients. The
term “therapeutically effective amount,” as used herein, refers to the total amount of
each active component that is sufficient to show a meaningful patient benefit, e.g., a
reduction in viral load. When applied to an individual active ingredient, administered

30  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 (T) and pharmaceutically acceptable salts thereof, are as
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Serono M ultiferon Interferon Long lasting IFN Viragen / Valentis Wellferon Interferon Lymphoblastoid
IFN- anl GlaxoSmithKline plc, Uxbridge, UK Omniferon Interferon natural IFN-a Viragen Inc.,
Plantation, MOPEHeIBIxterferon PEGylated IFN-a2a F. Hoffmann-La RocRET/VE20BARBESSwitzerland
Pegasys and Ceplene Interferon PEGy lated IFN- a2a/inunune modulator Maxim Pharmaceuticals
Inc., San Diego, CA Pegasys and Ribavirin Interferon PEGy lated IFN- a2a/ribavirin F. Hoffinann-La
Roche LTD, Basel, Switzerland Brand Name Physiological Class Type of Inhibitor or Target Source
Company PEG-In tron Interferon PEGy lated | FN-a2b Schering-Plough Corporation, Kenilworth, NJ

10

15

20

25

30

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 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 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,
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 1 to about 5 times per day or
alternatively, as a continuous infusion. Such administration can be used as a chronic
or acute 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 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. Treatment may be
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.

When the compositions of this disclosure comprise a combination of a
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PEG-In tron / Ribavirin Interferon PEGy lated | FN- a2b/ribavirin Schering-Plough Corporation,
Kenilworth, NJ IP-501 Liver protection An tifibrotic Indents Pharmaceuticals Inc., Lexington, MA |
DN-6556 LiVe® gPd2dufiérs Caspase inhibitor | (km Pharmaceuticals Inc., SaR ERag30OAR43HN-191
(R-7227) Antiviral Serine protease inhibitor InterMune Pharmaceuticals Inc., Brisbane, CA 0L-59728
Antiviral NS5B replicase inhibitor Genelabs ANA-971 Antiviral TLR-7 agonist Anadys Boceprevir
Antiviral Serine protease inhibitor Schering-Plough TM 5-435 Antiviral Serine protease inhibitor Tibotec
[-3V BA, Mechelen, Belgium BI-201335 Antiviral Serine protease inhibitor Boehringer Ingelheim
Pharma KG, Inge Fbmiroy@exirtiemyresent 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 to 150%, and more preferably between about 10
and 80% of the dosage normally administered in a monotherapy regimen.

5 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

10  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

15 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 tablet or capsule, the
active drug component can be combined with an oral, non-toxic pharmaceutically

20  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
example, starch or mannitol. Flavoring, preservative, dispersing, and coloring agent
can also be present.

25 Capsules are made by preparing a powder mixture, as described above, and
filling formed gelatin sheaths. Glidants and lubricants such as colloidal silica, talc,
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

30 improve the availability of the medicament when the capsule is ingested.

Moreover, when desired or necessary, suitable binders, lubricants,
disintegrating agents, and coloring agents can also be incorporated into the mixture.

Suitable binders include starch, gelatin, natural sugars such as glucose or beta-
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MK-7009 Antiviral Serine protease inhibitor Merck PF-00868554 Antiviral Replicase inhibitor Pfizer
ANA598 Antiviral Non-Nucleoside N S5 B polymerase inhibitor Anadys Pharmaceuticals, Inc., San
Diego, CA, WORNRXSIBS Antiviral Non-Nucleoside rep licase inhibitor | denBCRASAN TGS,
Cambridge, MA, USA Brand Name Physiological Class Type of Inhibitor or Target Source Company
BILK 1941 Antiviral NS514 polym erase inhibitor Boehringer Ingelheim Canada Ltd R&D, Laval, QC,
Canada PSI-7851 Antiviral Nucleoside polymerase inhibitor Pharmasset, Princeton, NJ, USA VCH-759

Antiviral NS514 polym erase inhibitor ViroC hem Pharma VCH-916
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. Disintegrators include, without limitation, starch, methyl cellulose, agar,

5  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 binder such as carboxymethylcellulose, an aliginate, gelating, or

10  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 and forcing through a screen. As an alternative to granulating,

15 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 present disclosure can also be combined with a free

20  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 coating of sugar or polymeric material, and a polish coating
of wax can be provided. Dyestuffs can be added to these coatings to distinguish
different unit dosages.

25 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.
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

30 polyoxyethylene sorbitol ethers, preservatives, flavor additive such as peppermint oil
or natural sweeteners, or saccharin or other artificial sweeteners, and the like can also
be added.

Where appropriate, dosage unit formulations for oral administration can be
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Antiviral NS5B polymerase inhibitor ViroChem Pharma GS-9190 Antiviral NS5B polymerase inhibitor
Gilead Peg-interferon lamda Antiviral Interferon ZymoGenctics / Bristol-Myers Squibb The
compounds“WWPtAHE HPE&EAt disclosure may also be used as laboratory reagdiftd/@S3mp8#tide may be
instrumental in providing research tools for designing of viral replication assays, validation of animal
assay systems and structural biology studies to further enhance knowledge of the HCV disease
mechanisms. Further, the compounds of the present disclosure are useful in establishing or
determining the binding site of other antiviral compounds, for example, by competitive inhibition.

The compounds oftlimdisgiosatel mblc disoietivsaditelebt prepradantprilahgontantimation of materials
and therefore reducg.fe, st e yiraldnfectipnobiipalen: ghmarirahRfisanRgLRRatients who come
in contact with such materials, e.qg., blood, tissue, surgical instruments and garments, laboratory
instruments and g&f*r‘ﬁe‘?fté}}edﬁif-blood collection or transfusion apparatuses and materials. This

disclosure is intended 10 BREEIIPRSERATRAMIRT NaMD g Rttt sharpispRRbYSYathetic
processes or by melabplc pracesses including those occurring 1oin the.fumen or animal body (in
Vivo) or processes O¢CUITIRG N VITO, e abbreViAtioNS tsed 't the preséht Appiitation, including
particularly in the illodtratie seheebuanduskamieseahleh dollom]@kennléii-kevaslas.to those skilled in
the art. Some of the ahbreviations iadarsAS 1AW BT RILIRAM [SEARLIAINIG BF jetention time
(context will dictate); Rt for retention time; mm for minutes; TFA for trifluoroacetic acid; DMSO for
dimethylsulfoxide; 3 FarBHENYT:PhrbFadichaRfdrofuran; Et20 for diethyl ether; Boc or BOC for

tert-butoxycarbonyl; MeOthéomgshanals Bsrfekgtnyin Dphe-fercdimelny fesepamidalth websfor hours;
TBDPS for tert-butyldiphenylsilyl; DMAP for N,N-dimethylamingpyridine; TBAF for tetrabutylammonium
Auorid: £ br TER TR WEG AR M5 geone St il S8
azabenzotriazol-1-yhiehNti, b etatdanmvdebylesr ari oonfiek aflbocopipos phatey At fdrcacetdtd or acetyl;
SEM for Z'tr'metthff{M%m% H&‘%)é’s l?a'?éét%lg (tglrriers. Such polymers can include
1-ethyl3-(3-dimethylaminopropyl)carbodiimide; EEDQ for N-ethoxycarbonyl-z-eth(g%-l,2-
dihydroquinoline; MBKRdPYRelitats PXBY foprbuBtiitoBRYbREopY sty rmidenpetpll.  The

compounds and piRgesRes:gtihaRperemaisuasL & yillbebaitekidsslaisiond inwsamrection with the
following synthetic s,cheT‘es whic iIIu%tra e the mﬁ]thods by which the cm) unds of the present

disclosure may be PrERAFEY EHANGY huTRALRCa &SRS PSR O HRITEHS & C8reks or prepared
by well- 15establishiedclitedabls @ shethedsdnbivadodhoge oftottit arlgskilfin dnezaftr kxantple readily
apparent to one of ordj ilin t ' n hesized by
substitution of the %%ggfr%?){réi/g%ﬂ r é)(l:gtg%gﬁaénggq%%qr?&g@Qﬁgﬁﬁgﬁgﬁ%ﬁe Slvg.l%l(f%\)i[v%%’also be
readily apparent toebacsiilte oty dHe deptHantheobeseper prite it est ks foteemphistdps, as well as
the order of the stepscROthemseiveshgar iascarried out in varying order, depending on the nature of
the variables to successfully complete the syntheses berw. The variéglﬁs.are as defined above
Unless othenibe noted HeITT S HEA TSI AGEP ISHAR R B B S R e
phenylglycine deripativescandieprepearcbcs hytadudnbenei?bnmethodscshewwikldw. Phenylglycine

t-butyl ester can be 1 A /S | { t | Q r late, a reductant
such as sodium cy%nﬂo%grr%h?/g]r‘? exljrg1 %éﬁ% #ﬂ%@ﬁﬁro@gg 0 t?]%ﬁg)%t egsh{)ég%g,ir? %e‘
accomplished withiagretigraaiayeciehscrid frgp the patdeetivriepip raiterh aeRBRILHHERRSH Eine can be

allcylated with an adiylhalidei sl st dedids and a base 30such as sodium bicarbonate or
potassium carbonate (pathway B). Pathway C. illustrates reductive alkylation of phenylglycine as in
pathway A folldwed by a SHE &Pé’ﬁgc@\r/@‘é}ﬂ%ﬂ%iﬁ%%%f%t%’f&? %\4 ISP as formaldehyde
in the presence of farreddcihgsagentcandacichs Ratpaayobyillosiraiesthiersymnillnasis, glaswehstituted
phenylglycines _viagt‘gg gorgyes§ 8{1%’1‘@@815“"0 a(_:id analogs. Conversion o_f the §econdary alcohol to a
competent leavinggroup can be accomplished with p- toluensulfonyl chloride. Displacement of the
tosylate group with an agpisprassted ifrerolswatadypted futigetsbadavaib btihe Banky| ester can provide
substituted phenylp}yggﬁ@djgsrg\@ggg%ﬂgsQ@mvgﬁéhﬁsa racemic substituted phenylglycine derivative is
resolved by esterification with an enantiomerically pure chiral auxiliary such as but not limited to

(+)-1-phenylethanol, (-)-LBHERS RN BB 0aR AaS St @SB R S ERE R P B ure
pantolactone. Sepedaitornisafdbiel dialsiereomaespisnatee havplishedrice o foategrabhin (adica gel, HPLC,

crystallization, 10efc) foloweshpy.(GMRVaRh e SR adxliam: RIgYIdING SRARUAMPNSAl, Pure

i.e., by rapid inhalation through the nasal passage from a container of the powder
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phenylglycine derivatives. Pathway H illustrates a synthetic sequence which intersects with pathway E
wherein the aforementioned chiral auxiliary is installed prior to amine addition. Alternatively, an ester of
an arylaceti®va¥1284383&brominated with a source of bromonium ion such BE Bk HIHE044356
N-bromosuccinimide, 150r C3I-4. The resultant benzylic bromide can be displaced with a variety of
mono- or disubstitutcd amines in the presence of a tertiary amine base such as triethylamine or
Hunig's base. Hydrolysis of the methyl ester via treatment with lithium hydroxide at low temperature or
6N HC1 at elevated temperature provides the substituted phenylglycine derivatives. Another method is
shown in pathway I@ldGlysinp antiiogss208arnabk derivdtized wittranthketyrof aryllplididsrtin the

presence of a soutgeaf; aaliadiym, (QLﬁ%ﬁ&?%ﬂ@é@ﬁ&%ﬁsbiﬁéiﬂ@%@%%BP DR AR RasERuCch as

potassium phosphate. The resultant ester can then be hydrolyzed by treatment with base or acid. It
should be understd8dtHagtstHettwell known methods to prepare phenylglycine derivatives exist in the

art and can be amended taapiyidedhadesired sompaunds HiRbikisdessripiicmdbshauidalso be
understood that the final phenylglycine deriyatives can be purified to enantiomeric purity. greater than
2t the final phenye ) Purfied fo snantiomeric purit

Vi yr EﬂﬁtsRﬁ’ fﬁ-fﬁaéjreeo%e&ante ¥(%% RITRFERr-LcO2Me

98%ee via preparahv
R28CO2E1 IR28NiR27d, dose prizonmndfionsBls Art@2Meanndyia@die IR2:N.R28 separation of

d'mersR2; -RZSeSte”ficaﬁﬂﬂﬂce&ﬁ%ﬁl@)ﬁﬁlﬁdﬁaﬁsQﬁﬁ%@{éf (RA TR, ALRiAN), Seheme 2.

Acylated Amino Acid Derivatives  In another embodiment of the present disclosure, acylatcd
phenylglycine deriPERiBEhiayerHrsparRyits FIER A st DAt BrRERyRjISRIM EratoRS wherein the

carboxylic acid is protecteghasesuaasiyramausd asisedrsphemnevlalediwih.aomaaidudaloride in the
presence of a base such as 4riethglamine to provide the ?orres%, nchl:lng amides ?Ihw,ﬁg ,?\ . Pathway
With"&t tehidlsformate

B illustrates the acSTaESH 8RS SEMRY PINEHSIGTEIRS RS N SPBRSBH
while pathway C 10showdaetatismtwithdaneagprbpriatadso dyaioate bricaibamayivatdride. Each of the

three intermediateg, showmo aitieys.Aia: MALAR ARAIGIsGIed b mets oy by those siilled

in the art (ie; treatment of the t-butyl ester with strong base such as HC1 or trifluoroacetic acid).

Scheme 3  Aminbidubatitindudsnumprting cssaig sid dyickene parat by hedatmdpigmanay
chloromethylphenyaggsienagidniviti-ansexeasat0lianr anmtancR3:CRaRNdR}d ampoules and

15 vials, 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

20  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

25  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.c., arresting its development; and (iii) relieving the discase,
disorder, or condition, i.c., causing regression of the disease, disorder, and/or
condition.

30 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 2003, 38, 1282; Biochem. Biophys. Res.
Commun. 2004, 313,42; J. Gastroenterol. 2003, 38, 567).
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CO2HjCO2H 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
ZQ MS syst®i. 21138d8#d50e noted that retention times may vary slightly be®¢eHES348M##886 Additional
LC conditions applicable to the current section, unless noted otherwise. Cond.-MS-W | Column=
XTERRA 3.0 X 50 mm 57 15Start %B=0 Final %B= 100 Gradient time= 2 min Stop time= 3 min WO
2012/018325PCT/US2010/044356 Flow Rate= 5 mL/min Wavelength= 220 nm Solvent A= 0.10/) TEA
in 10% methanol/90%H20 Solvent B= 0.1% TEA in 90% methanol/10% H20 Cond.-MS-W2 Column=
XTERRA 3.0 X 50 mm SY8katttdBw s FisahesBusttF < OGradie mf tnmepo@idsith&tom ime= 4 min Flow

Rate= 4 mbjmin WaySIEQaiti ZA0AMSAGIIAT ALITEALD 19 Melana(3sH20 15 Solven:
B0.1% TEA in 90% methanol/10% H20 Cond.-MS-W5 Column= XTERRA 3.0 X 50 mm S7 Start %B=

0 20 Final %B= 30'stialsneihs2dministaedomitheties st o REEESRIMIASPavelength= 220 nm
25 Solvent A= 0.1%hbifetivd @rdpettianeliSaly2 emaient &bP bl BoRpaatnanol/10% H20

5  into a composition.

Table 1
Brand Name Physiological Class Type of Inhibitor or | Source Company
Target

NIMSI11 Cyclophilin inhibitors | Novartis Debiopharm

Debio-025

Zadaxin Immunomodulator SciClone

Suvus Methylene blue Bioenvision

Actilon (CPG10101) TLRY agonist Coley

Batabulin (T67) Anticancer B-Tubulin inhibitor | Tularik Inc., South
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

WO 2005/047288

May 26, 2005

Levovirin Antiviral IMPDH inhibitor Ribapharm Inc., Costa
Mesa, CA

Merimepodib Antiviral IMPDH inhibitor Vertex

(VX-497) Pharmaceuticals Inc.,
Cambridge, MA

21




Cond.-DI Column= XTERRA C18 3.0 X 50 mm S7 30 Start %B=0 Final %B=100 Gradient time= 3 min
Stop time= 4 min WO 2012/018325PCT/US2010/044356 Flow Rate=4 mL/min Wavelength= 220 nm
Solvent A= WOONHO183A510% methanol/90%H20 Solvent B= 0.1% TEA in 80%UhtHENIFi0% H20
Cond.-D2 Column= Phenomenex-Luna 4.6 X 50 mm S10 Start %B=0 Final %B= 100 10Gradient
time= 3 min Stop time= 4 min Flow Rate= 4 mL/min Wavelength= 220 nm Solvent A= 0.1% TFA in
10% methanol/90%H20 15 Solvent B0.1% TFA in 90% methanol/10% H20 Cond.-MD1 Column=
XTERRA 4.6 X 50 mm S5 Start %B= 0 20 Final %B= 100 Gradient time= 3 min Stop time= 4 min Flow

Rate=4 mLimin W
B0.1% TFA in 90

%B=0 Final %B=40Gra

BueleNgth= 220 n

MRS dEeivaritiAs 0.

TP d EFAniibi006rm

cthanol/60pshi20 S

plvent
0 Start

6 methanol/10% H20 Cond.-M3 Colurpgz.XTERRA C18 3.0 X 50 mm S7 3
dient time=12 min Stop-time=3-min
XTL-6865 Antiviral Monoclonal antibody | XTL
(XTL-002) Biopharmaceuticals
Ltd., Rehovot, Israel
Telaprevir Antiviral NS3 serine protease | Vertex
(VX-950, inhibitor Pharmaceuticals Inc.,
LY-570310) 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
PSI1 6130 Antiviral NS5B replicase Roche
inhibitor
R1626 Antiviral NS5B replicase Roche
inhibitor
2'C Methyl Antiviral NS5B replicase Merck
adenosine inhibitor
JTK-003 Antiviral RdRp inhibitor Japan 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
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Flow Rate= 5min Wavelength= 220 nm Solvent A= 0.10/) TEA in 10% methanol/90%H20 Solvent B=
0.1% TFA in 90% methanol/10% H20 Condition OLI Column= Phenomenex-Luna 3.0 X 50 mm SIO
Start %B=0WAAP B3RS0 10Gradient time = 4 min Stop time= 5 min FlowH¢a7&S291H{lihda36
Wavelength = 220 nm Solvent A= 0.1% TFA in 10% methanol/90%H20 15 Solvent B= 0.1% TEA in
90% methanol/10% H20 Condition OL2 Column= Phenomenex-Luna 50X 2 mm 3 u Start %B= 20
Final %B= 100 Gradient time = 4 min Stop time= 5 min Flow Rate Oven Temp 25 Wavelength Solvent

A Solvent B Condition | 30 Column Start %B Final %B Gradient time = 0 8 mumin = 40C = 220 nm
= 0.1% TEA in 1(%rsAdetonitile/90%HRBisdgitHCTRA in BaRoAneionitive/ 1 8itd200mpany
Phenomenex-Lurna 3.0 X 50 mm SID =0 = 100 = 2 Min| 1yt
Heptazyme Antiviral Ribozyme Ribozyme
Pharmaceuticals Inc.,
Boulder, CO
BILN-2061 Antiviral Serine protease Boehringer Ingelheim
inhibitor Pharma KG,
Ingelheim, Germany
SCH 503034 Antiviral Serine protease Schering-Plough
inhibitor
Zadazim Immune modulator Immune modulator | SciClone
Pharmaceuticals Inc.,
San Mateo, CA
Ceplene Immunomodulator Immune modulator Maxim
Pharmaceuticals Inc.,
San Diego, CA
CELLCEPT® Immunosuppressant HCV IgG F. Hoffmann-La
immunosuppressant | Roche LTD, Basel,
Switzerland
Civacir Immunosuppressant | HCV IgG Nabi
immunosuppressant | Biopharmaceuticals
Inc., Boca Raton, FL.
Albuferon - o Interferon Albumin IFN-02b Human Genome
Sciences Inc.,
Rockville, MD
Infergen A Interferon IFN alfacon-1 InterMune
Pharmaceuticals Inc.,
Brisbane, CA
Omega IFN Interferon IFN-® Intarcia Therapeutics
IFN-B and EMZ701 | Interferon IFN-B and EMZ701 | Transition
Therapeutics Inc.,
Ontario, Canada
REBIF® Interferon IFN-Bla Serono, Geneva,
Switzerland
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=3 min =4 mLImin =220 nm = 0.1% TEA in 10% methanol/90%H20 = 0.1% TEA in 90%
methanol/10% H20 = Phenomenex-Luna 4.6 X 50 mm S10 =0 = 100 = 2 min = 3 min =5 mlimin = 220
nm = 0.1% YWR2H2@OB3Iethanol/90%H20 = 0.1% TEA in 90% methanol/18¢TABR0H00FHEFRA C18

3.0 x50mm S7 ==

0.1% TEA in 90% methanol/10% H20 Cap-I 0 OH
(10 mL) was added to a mixture of (R)-2-phenylglycine (10g, 66.2 mmol), formaldehyde (33 nth of 37%
wt. in water), 1IN HC1 (30 mL) and methanol (30 mL), and exposed to H2 (60 psi) for 3 hours. The

100 = 3 min =4 min =4 mUmin = 220 nm = 0.1% TEA in 10% methanol/90%H20 =
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Intron A and Zadaxin | Interferon IFN-02b/01-thymosin | RegeneRx
Biopharma. Inc.,
Bethesda, MD /
SciClone
Pharmaceuticals Inc,
San Mateo, CA
Rebetron Interferon IFN-02b / ribavirin Schering-Plough
Corporation,
Kenilworth, NJ
Actimmune Interferon INF-y InterMune Inc.,
Brisbane, CA
Interferon-f3 Interferon Interferon-pB-la Serono
Multiferon Interferon Long lasting IFN Viragen / Valentis
Wellferon Interferon Lymphoblastoid IFN- | GlaxoSmithKline plc,
onl Uxbridge, UK
Omniferon Interferon natural IFN-q, Viragen Inc.,
Plantation, FL.
Pegasys Interferon PEGylated IFN-02a | F. Hoffmann-La
Roche LTD, Basel,
Switzerland
Pegasys and Ceplene | Interferon PEGylated IFN- Maxim
o2a/immune Pharmaceuticals Inc.,
modulator San Diego, CA
Pegasys and Interferon PEGylated IFN- F. Hoffmann-La
Ribavirin o2a/ribavirin Roche LTD, Basel,

Switzerland
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Owith ice-water bath, treated with water (3 mL) and then quenched with a dropvvise addition of
concentrated HC1 over - 45 minutes until the pH of the mixture was - 1.5 -2.0. The cooling bath was
removed anY O BPiBFIvas continued while adding concentrated NCI in oR8d/i82H8iPtAtdothe pH of
the mixture around 1.5-2.0. The reaction mixture was stirred overnight, filtered to remove the white
suspension, and 25the filtrate was concentrated in vacuo. The crude material was recrystallized from
ethanol to afford the HC1 salt of Cap-2 as a shining white solid in two crops (crop-1: 4.16 g; crop-2:
2.19 g).NMR (DMSO-d6, e-2.5 ppm, 400 MHz): 10.44 (1.00, br s, 1H), 7.66 (m, 2H), 7.51 (m, 3H), 5.30
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[M+Hf C12H16NO2: 206.12; found 206.25. Cap-6 0 OH 0 0The TFA salt of Cap-6 was synthesized
from (R)-2-phenylglycine and 1- bromo-2-(2-bromoethoxy)ethane by using the method of preparation
of Cap-5. 1-W9 ANPRTEIRFSO-d6, 6=2.5,500 MHz) 6 12.20 (br s, | H), 7.50(nfCBRS AN &33¢4), 3.78
(app br s, 4H), 3.08 (app hr s, 2H), 2.81 (app hr s, 2H); RT=0.32 minutes (Cond. 1); >98%; LC/MS:
Anal. Calcd. for [M+Hr CI2ZH16NO3: 222.11; found 222.20; HRMS: Anal. Calcd. for [M+H] CI2H16NO3:
222.1130; found 222.1121. Cap-7 A CH2CI2 (200 mL) solution of p-toluenesulfonyl chloride (8.65 g,
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P&Pridifingitaiéd
the enantiomers

ethanol/heptane (4:

thaitie sample is

vere effected as follow: the product w

’I\ and mjlnr\fnrl

\'—'\ m I|n|nr~t|nn\ on

alnaxtuwe of enantig

DAYerEnai38.2 to 4

58.7 ratio.
mL of

chiral H PLC coly

Totoco

A= am~avgae |

a5 AiseOly&d a0
umn{(Chiracel 0J, 5-¢r

cmL, 20 p.m) eIutlng with 85:15 Heptane/ethanol at 75 mL/min, and monitored at 220 nm.
Enantiomer-1 (1.474 g) aﬁiﬂ:emapamtﬂebﬂl(e?;ﬁaséﬁtg)swesereeﬂawm as uﬂe@eyhbnlra’cdr)NMR (CDC13,

6=7.26, 500 MHz) 7,44-
(d, 3-12.5, 1H), 4.02 5,

Gt fo

724

¢ 1nst

pbrs

B4

7.21-7.16 (m

Bé)mwgﬂ%

Sﬁs_ﬁarfh t 0(1&

13.{d

ontl.

5homogeneity indeX VE@/MLSICNM a@aYédV%de?[WHf @Q@HZSNQ@ES@%&]}Q stolghdasRBRgy

methanol (10 mL) gqlition ﬁfrﬁiéli‘%ﬁl@iﬂ@@l&ﬁ&%éﬁ%bﬁ%ﬁ%@dé@%@ﬁt@éﬂ%%ﬁ@ Fydiee-ahenylacetate
(2.0 g, 3.1 mmol) was added to a suspension of 10% Pd1C (120 mg) in methanaol (5.0 nth) The

reaction mixture MWBB@%@%@B?H%%%W%%&GWH&S

n ID x 50

eJ 125, 1H), 5.08
i) T

A

PhAREERNE G50 minutes.

Immediately after thiedbamjptetiOsiet ttmeveﬂotmpdh&ls;&tﬁlysm;ﬂe bfexecbthitoudhhdbaionmaceous earth

(Celite- ) and the

acid as a tan foam (867.

filtrate ﬁ\s con

cent %?h row%e Ca
oun urce
SS |s a ove e t?teore ca yle?d;)

UO to

7 C?rea

mlnated Wlth

(?U ([:){ event v

1phe

nylacetic

was used for the next

step without furth@q@mmaﬂgmoﬁmmmlﬂe(mmmem 5308 Mnlzalsrrfm@f (m, 2H), 7.37-7.24

(m, 3H), 3.92(5, 1ihoffdRy2A8dARR pRFsSnadl br petRids eh i BofElin LohBdBwRildubhidadidfsont- 11);
>90% homogeneity index; LC/MS: Anal. Calcd. for [M+H]l C13H10N202: 235.14; found 235.15;

HEMS: Anal. Calcf &P it amiBRm e masnin and giienoslsojalgry nstruments and

garments, and blood collection or transfusion apparatuses and materials.
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This disclosure is intended to encompass compounds having formula (I) when

prepared by synthetic processes or by metabolic processes including those occurring

in the human or animal body (in vivo) or processes occurring iz vitro.

The abbreviations used in the present application, including particularly in the

illustrative schemes and examples which follow, are well-known to those skilled in

the art. Some of the abbreviations used are as follows: RT for room temperature or

retention time (context will dictate); R; for retention time; min for minutes; TFA for

2
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20The synthesis of Cap-8 and Cap-9 was conducted according to the synthesis of Cap-7 by using
appropriate amines for the SN2 displacement step (i.e., 4- hydroxypiperidine for Cap-8 and
(S)-3-fluoropYPrantifest3d Cap-9) and modified conditions for the separatiorP&T{HE2H8(d¢iRfe
stereoisomeric intermedites, as described below. 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 mi4/45 nit). The
resulting solution was injected (5 mUinjection) on a chiral HPLC column (Chiracel OJ, 2 cm ID x 25 cm
L, 10 pm) eluting viti@go2@ tieptihn Sadsih biratimotmysirHivkidaoPitdrephan Z20khnfoto provide 186.3 mg

of enantiomer-1 aQé’c@g@dﬂoﬁﬁgﬁf%@?&%ﬁ{y?eﬁ%ﬂ%ﬁéﬁj@Wdﬁ??&ﬂétﬁ“&fc@%%ﬁ%ﬁsm was
hydrogenolysed according to thefpreparatlon of Cap-7 to‘l‘%rowde Cap-8: 'Ft NMR {(BMSO-d5, 6=2.5,

500 MHz) 7.40 (d, feemethayol Bfor oy kDA fos digeghyliprmenmadeh eHy, ordwyry, HRBPS 62 (m, 1H),
2.20 (m, 2H), 1.701Gnetbutidightiy1ty); BV 28, (Conginléthyi98Hdpompge mayimgex; LC/MS: Anal.
Calcd. for [M+H]I C13H18NO3: 236.13; 1Qfound 23 . HAMS: Calcd. [] Ci3l-IBNO3:
236.1287; found 2?&%‘@4\418389&% gég:edi%té%éroer(?rﬁ‘ézrf st %é?gbﬁr’?]‘%m% hge' iastereomeric
separation of the intebaredititedbd Ay 12 X(B):8--ibfnmtbpymoiidim Hexd fhphboyribaetdte fiwas effected by

employing the followingcndiiAnSee I EAR MANHAS SREARIEC AR BN Fh L column
(Chiracel 0J- H, 0.46 cm ID x 25 cm L, 5 gm) eluting with 95% COZ2/ 5% methanol with 0.1% TFA, at

10 bar pressure, 78 idimahbm iR oRrocarbefiiksi FELDR dor &-ethexpspibonzltes fisriné fespective
stereiosmers was gpRaenRfiaisthantie fasithitaasi 20 dissalvesibe b2 Gdz(Radnh)apd washed
with an aqueous med'urln (10 mL water + 1 nth saturated NaHCO3 solution). The organic phase was
dried (MgSOiﬁ), fil (Y , and concentrated in vacuo to provide 92.5 mg of fraction-1 and 59.6 mg of
fraction-2. These benzyl Téb@er@npeuada)addqgemgtmxﬂ @eqmcsﬁngdiscthﬂlpmﬁatmmnanf Ciap-? to prepare
Caps oa and o0 SPERUSIAREIRRNE: b samle s a A S ARG (05Ul RRLpHETgaton on @
reverse phase HPLC using 1320/metbanoUTFA solvent):"1H NMR (DMSO-d6, 6=2.5, 400 MHz)
7.55-7.48 (m, 5H), 7588 %Y high-g gorpppumslpof (he Brepeny disglesprempgbgpiepred. 31-2.09 (m, 2H).
RT=0.42 (Cond. 1) 5&9506 AARRAEARIBE el G il fapledrder IMTpheiby 3aENO2: 224.11;
found 224.14; Cap-91.3 (diastereomer-2): 1H NM R (DMSQ-d6, 6=2.5, 400 MHz) 7.43-7.21 (m, 5H),
510 (0 of m, HoabioU g B (LT OB N T, D TG A G ALY 1 36 EEond. 1y
LC/MS: Anal. Cal_cabacﬂdiy[Mp-&ﬂe}rﬁ:tab%EﬁMaZ%kﬂljﬂdmﬂﬂBﬂ.m.c@mpeﬁﬁg@ W@'&Nve Toa
solution of D-proling (20,9, d £l aad B{WH‘?H)&(%%@%%?%%&%?WM HeQ) dp methanol (15

mL) was added a suspension of 10% Pd/C (500 mg) i (5 mL). The mixture was stirred

under a balloon of hiyisge Y IEEh G T hedeadity rpreiratiraenfltkited tirbggH dlatomaceous

earth (Celite’) and GERERBTFAIBELIBMAWLY RYRUINRGARHE aAsva affdhita s didnedpsg). 1H NMR
(DMS0-(16, 6=2.5, 500 r\(le) 3. Zém,.lH), 3,37 (dd, J=9.4, 6.1, éH%: 2.85-2.78%& H), 2.66 (s, 3H),
2.21-2.13 (m 21 H), MBS 84 GA 05 59T 8Y TBE AN 195 BB B E SR I T Y8 omogeneity
index; LC/MS: Analai@alesitfondddssfin [y 5CEFRRNR Y AB6s00bdhndTh2S:8BbGapd hOdefinedd mixture of

(28,4R)-4-f|uoropy}{58ljg é%%%@%é’%ﬁjo%&do%éo g, 3.8 mmol), formaldehyde (0.5 mL of 37% vv-t. in
H20), 12 N HCI (0.25 mlll%ﬁand 10% Pd/C (50 mg) in methanol (20 mL) was stirred under a balloon of

hydrogen for 19 hours. The reactiSffiiktdreSwPag iltsrBdaiveligirai2etrséeedus earth (Celite(r)) and
the filtrate was concentradgekinuacpdheyesidugvas eeh dafliepstdaas isprieaanol to provide the

oS o e (oL gl S O ee e  s a
2.60-2.51 (m, 1H),(2a88~2a2G\(nwith ). dRirh2i8a{ Catchyld}; and8%cthamaogeikity sndexy LC/MS: Anal.
Calcd. for [M+H] CREH NIt JRURL AR W APl SRANE AR FaR:PEdn 8OH

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

30 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 alternate aldehyde such as formaldehyde in the

presence of a reducing agent and acid. Pathway D illustrates the synthesis of
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L-Alaninc (2.0 g, 22.5 mmol) was dissolved in 10% aqueous sodium carbonate solution (50 mL), and a
THF (50 mL) solution of methyl chloroformatc (4.0 mL) was added to it. The reaction mixture was
stirred undeVanpla®i&BAditions for 4.5 hours and concentrated in vacua. THelYESMiK§+Adite solid
was dissolved in water and acidified with IN HC1 to a pH - 2-3. The resulting solutions was extracted
with ethyl acetate (3 x 100 mL), and the combined organic phase was dried (Na2S04), filtered, and
concentrated in vacua to provide a colorless oil (2.58 g). 500 mg of this 10 material was purified by a
reverse phase HPLC (F120/methanol/TFA) to provide 150 mg of Cap-12 as a color ess oil . ITINM R
(DMSO-d6, 6=2.5,806takd plich{ely gings 3/OBHN TedHing, rGaR i) 30id ¢nulddd), R68:(808H), 1.25 (d,
J=7.3, 3H). Cap- | 34 s@édnﬁ%%ﬁﬁ%l% la'@dﬂf%@&@e@v%%ﬁ?ﬁ&%b@%@@%ﬁ%@ﬁ {Ghefh 81, 37 wt. %),

IN HCI (30 mL) and 10% Pd/C (500 mg) in methanol (30 m irred under a hydrogen
atmosphere (50 ppitsrssifvicheiidse titRlAchinerid thadonltiste g Udh MRREBSUS earth
(Celite(r)) and the fifiateronas €opEertialiod itnwmauataprevigedthe Be bsalidefGaptldas an oil which
solidified upon_standing under vacuum (4.4 g; the mass is ahove theoretical yie|d). The product was
caec withot rth EUIESSA T YIRES (DR LEER e B NG & RO BRaE Ry, 4 06 (g 27 4,
1H), 2.76 (s, 6H), et 4ilyclis 7e3018¢d) b entetfica@apwith an eStepmekicniktprecahi{R) {u)xbaghenylglycine
tertbutyl ester (3.00.g12,3 AN NABHITHHANIEA St 2.2 PRGN OG99 g12:3 mmol) and

acetic acid (0.352 mL, 6.15 mmol) were stirred in methanol at o this mixture was added glutaric
dialdehyde (2.23 rh2ZAENoRAdYy erepivEe oy Buisinttdacteie reseftioniRtte was stirred as it was

allowed to warm tQiaphignidemRPeEathikasand sHivhnehwas eI Lksh gt thepsamefemperasure for 16
hours. The solvent was subseguently remoyed and the residue was partitioned with 10% aqueous
NaOr and oth}l aE R ATF EAAAL Phdes VAL CS AT I ST hehatE ang
concentratgd to dryh@lsdgi@quedidefaiama@aihﬂdyiﬁmmmwswaslmwifmmmmdaphgse preparative
1P LC (Primesphee et 3 RO UACIHAAAAFEN) 0 A I nisdlpte ester
(2.70g. 56%) as a clear oil. 1H NMR (400 MHz, CDC1) 7.53-7.44 (m, 3H), 7.40-7.37 (m, 2H), 3.87 (d,
J=10.9 Hz, 1H), 3.B90(d0 3 ea44itiqs, 1h{jernaggly. papster plamanylasetig geideambs Hz 1H), 2.07-2.02
Em, 2';'), 1-828(0', 125r%1§21d?b7d v?zhé),aislc{’d?c@mgfdﬂgnie@ﬁ Mﬁoﬁg\ﬂih ﬁ%aée&glfﬁ)é, @Jgrg%éi\l&il?ﬁiﬂ&, found: 276
M+H)+. tep 2: T a stirred solution of the intermediate ester (1.12g, 2.88mmol) in
dichioromethaiie (10Tt y WA BRI BRI R FBRE TN S Lt S Blen
temperature for 4 Idimbstiimddlammidzmmczpmemmﬁdtuntidryraaﬁsetbagmdllﬁghﬁgthﬂtnmmﬁ.&he oil was
purified using reversgpNaseLrAPAAINE HAkGURIIMERRNEI G fh i HAMIML GHRGENH20-0.1%

TFA). The appropriate Tractions were'combined and concentrated to dryness in vacua. The residue

was then dissolvedeiri §HRIvRALIPEAMUR 8f Aretiehisnnserappne drafsifalstsuisd X LP extraction
cartridges (2 x 6 ghnERAGXIRIGESNELR. NAgsH VIR Rt iameWd th pldwnddhenyhigdesied compound
was eluted using 2M %mmo.nia in me hanol.%SO\RgL). l:irlo uct-contair%gqu%fr ctions Wetrfe combined and
concentrated 3nd %8 PESHOR TS YARH AR Water, hifZAGBF TS SHIGHSH Provided the title
compound (0.492 p]178%0) & sutiylat pelladivsobd(ttihNHROEPMBS Duatbh67 oioh(ss bbtdsbub3 (s, 1H), 3.09

(brs, 2H), 2-92'2-%%&&553;5%{% sﬂﬂarﬁ@&eéct%]%f%ﬁbreﬁ?&r gﬁ%ﬁ%&%@%&%ﬂh%gﬂcﬂNOZ: 219;

found: 220 (M+H) Ste Pheny omo-2-phenylacetate: To a mixture o

abromop henylaceﬁ@h@@(‘i@@é%@%@h@&ﬁr (DUknavpHeeihrdnngrparoahynplgssittot) and DMAP

(0.6149, STE mmo'?d&idﬁﬁfﬁ@%ﬂm@l@ﬁ‘ﬂgn@@& Mﬁ&a@dggﬁbéﬁgtﬁﬂga%]@@di é%ﬁlﬂ&m&é@? mol) all
at once. The resulting solution was stirred at yoom temperature under Ar for 18 hours and then it was
diluted with effiyl AL ARCTRASRed (RIS R AR T R S 5FREPAted to give
a pale yellow oil. HasbchrofredtagraphipBSi02hhraxanatethiylaetiateyd. hlephithiscdil [ir6vided the title
compound (11.64 g, 73%) as a white solid. IHNMR (400 MHz, 15CDC13) 6 7.53-7.17 (m, 10H), 5.95
(9,1=6.6 Hz, 0.5H), 5.94 (q,1=6.6 Hz, 0.5H), 5.41 (s, 0.5H), 5.39 (s, 0.5H), 1.58 (d, .T=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-y1)- 2-
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 Oby tetrabutylammonium iodide
(0.215 g, 0.58 mmol). The reaction mixture was stirred at room tempeiature for 5 minutes and then a
solution of 4-methyl-4- hydroxypiperidine (0.251 g, 2.18 mmol) in TH F (2 mL) was added. The mixture
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
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5acetate (30 mL), washed (H20 x2, brine), dried (MgSO4), filtered and concentrated. The residue was
purified by silica gel chromatography (0-60% ethyl acetate-hexane) to provide first the (S,R)-isomer of
the title comNSOA2(OI8DS g, 60%) as a white solid and then the correspondféd (S BI4HYAFEP (0.120 g,
23%), also as a white solid. (S,R)-isomcr: IH NMR (CDIOD) 87.51-7.45 (m, 2H), 7.41-7.25 (m, 8H),
5.85 (q, J=6.6 Hz, 1H), 4.05 (s, 1H), 2.56-2.45 (m, 2H), 2.41-2.29 (m, 2H), 1.71-1.49 (m, 4H), 1.38 (d,
J=6.6 Hz, 3H), 1.18 (s, 3H). LCMS: Anal. Calcd. for C22H23NO01: 353; found: 354 (M+H)I.
(S,S)-isomer: IFINMR (CD30D) 6 7.41-7.30 (n, 5H), 7.20-7.14 (m, 3H), 7.06-7.00 (m, 2H), 5.85 (q,
J=6.6 Hz, 1H), 4.06 (s\H), 2.70-2.60 (nw.1H),2.51 (dt, F26.6, 3.3 Hz, 1H), 2.44-2.31 (m, 2H),
1.75-1.65 (m, 1H), 1A.\61lﬁ£‘5}4 (m, 3H) a5, :]EGTE}HZ,A&ILI\)(QHZO (s, 3H). LCMS: Anal. Calcd. for
C22H27NOe 353; found®354 (M+H) .  Step3**™ ., ©

(R)-2-(4-Hydroxy-4-methylpiggo ?’QLDcRI’-y&Z) 2;phenylag “\ac@id: To a solution of ¢5)-1-phenylethyl
(R)-2-(4-hydroxy-4-methydpip€siai1-y0 wdf)phenyfz g@f@t@ (0.185 g, 0.52 mmioldsmndichloromethane

(3 mL) was added trifluor%é"’@eti(’:éa,c' mL) andfiemikture was stirred at r00|In temperature for 2
P

RZ7 TsCl

hours. The volatiles were Slff’jseque thy” fnov d in viacua andgthe residue was'purified by
5r‘C‘I§éGHO

reverse-phase preparative HPLC (Rfim 18, Onjin; CE¥ERN-H26-0.1% TFA) to give
the title compound (as TFA salt%ﬁas' paleblui @{O‘@olid (0,128 g C98%). LCM Se®ial. Calcd. for

CI4H19NO3: 249; found: 2850 ((’WIE\IB cap-l6 AR @%@-16 20Step 1: (S)-1-Phenylethyl
2-(2-f|uorophenyeacetat@?aﬂ\m|C>)dElﬁre of 2°fluorophegylaeetic.agid (5.45 g, 35.4 mmol)
(S)-1-phenylethanol (5.62,9,"46.0 mmyg)), EDCI (8.82/2‘%,rzb@;m‘iﬁ*j‘fhof)”r,,urﬁ’ﬁa DM&P(@561T19%4.60 mmol) in
CH2C12 (100 m L) wa§‘;s4i«;red at room %¢ mperaturé”forolz hours. ;l}h%,s%”ﬁ?ent was th Acentrated
and the residue partiﬁzéne%i with H20-ethyt&detate> The pkases were separated and the@queous layer
back-extracted WitlﬁzéthgﬁoéE(t:etate (2x). The, gembined organic phaseHsTwere washed (H20, brine), dried
(Na2S04), filtered, and concentrated in vacuo. The residue was purigied by silica gelghromatography
(Biotage/ 0-20% ethyl acetate-haxane) to provide the title compoupe g8 teloresg oil (8138 g, 92%).
IFINMR (400 MHz, CD30DY%"F.32-7.23 my#H), 7.10-7.04 (n, 2), 5.8%(q, J=6.5 Hz, 1Hl), 3.71 (s, 2H),
1.48 (d, J=6.5 Hz, 3H). Step 2: (R)-((S)-1-Phenylethyl) 2-(2-fluoropheny1)-2-(piperidin-1-yl)acetate:
To a solution of (S)-1-phenylethyl 2-(2-fluorophenyHacetate (5.00 g, 19.4 mmol) in 5 THE (1200 mL) at
0C was added DBU (6.19 g, 40.7 mAs&)ent they sotdtibmingatc il iBwédtidasarm to room temperature

\L/lvgi;e stirrilr)lg foTr ﬁg (Fzglsliﬁ%;f&m@r%ﬁaﬁgﬁ%ﬁlwg%ih@bf&@iﬁdiﬁ@lo?fré}a%?ﬂt@d%ﬂlbﬁkﬂ@l%%BfZ C§13_-5 gOi

./ mMmol) In .nth) was adae nad the mixture was_allowed to warm to - and stirred at
(s tomporatie (3BT Pt AT AL fene TSR SEATEESE P41 and the
layers were separaltedarbheydiquedus paytectodes backsdxiranteddwithretimy beetatad@w)itand the

combined organic Reesers washed (FLQ, 5'%@ Cr&g t n igor@l . ffad concentrate in
bined RESRRAETS WRSHES (L0, WS e RS d concentrated

vacua. To the residue was added perlame (5.73mL, 58.1 m e solution was stirred at room
temperature for 24°PBERROTHE 81k derestiten Buhven iy htvatyeattiithoféitdue was purified

by silica 15gel chrematoasraiys(Riniaasi Q3% ety i ahexanR IARte WER-d RUTRTIXtUre of
diastereomers (2:1 ratio by 1H NMR) as a yellow. oil (2.07 g, 31%), along? with unreacted starting

material (2.53 ', 5T¥2YSEETHEP SHILAIAIYPRRRY SrovaTalsXerabaARd iRt EBte810-10% diethyl
ether-toluene) provigediitentittbaosripounth astiavegtoness oiby O Bpotccidb hyhidR k400MHz,
CD30D) 6 7.52 0(ddd, 1=9,4y,7:6, 1. - 1H), 7.33 -7.4Q (m. 1), 7.23 -7.23 (m, 4H), 7,02 - 7.23 (m,
aH), 5.86 (q.26.6 Dy 8T e AP Htagust AR Bl R SR g T
1.38 (d, 1=6.6 Hz, BEhor @fisroaeriic @dfbd. for C21H24FNO2: 341; found: 342 (M+H)+. Step 3:
(R)-2-(2-fluorophenyl)-2-(piperidin-1-y1)acetic acid: A mixture of 5(R )4(S)-1-plienylethyl)
2-(2-fluorophenyl)-2-(piperidin-1-yl)acetate (0.737 g, 2.16 mmol) and 20% Pd(OH)2/C (0.070 g) in
ethanol (30 mL) was hydrogenated at room temperature and atmospheric pressure (112 balloon) for 2
hours. The solution was then purged with Ar, filtered through diatomaceous earth (CeliteR)), and
concentrated in vacuo. This provided the title compound as a colorless solid (0.503 g, 98%). 1H 30
NMR (400 MHz, CD30D) 6 7.65 (ddd, J=9.1, 7.6, 1.5 Hz, 1H), 7.47-7.53 (m, 1H), 7.21-7.30 (m, 2H),
3.07-3.13 (m, 4H), 1.84 (br s, 4H), 1.62 (br s, 2H). LCMS: Anal. Calcd. for Ct3H16FNO2: 237; found:
238 (M+H)+. AHO PhHO Ph (R)-Cap-17 Step I: (S)-1-Phenylethyl
(R)-2-(4-hydroxy-4-phenylpiperidin-1-y1)- 2- phenylacetate: To a solution of (S)-1-phenylethyl
2-bromo-2-phonylacetate (1.50 g, 54.70 mmol) in THF (25 mL) was added triethylamine (1.31 mL,
9.42 mmol), followed by totrabutylammonium iodide (0.347 g, 0.94 mmol). The reaction mixture
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was stirred at room temperature for 5 minutes and then a solution of 4-pheny1-4- 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 Wi P4¥818825(100 mL), washed (H20 x2, brine), dried (MgSO4 P§ikdret ¥d5hcentrated.
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 1FINMR. Separation of these isomers was
performed using supercritical fluid chromatography (Chiralcel OJ-H, 30 x 250mm; 20% ethanol in CO2
at 35 C), to give first the (R)-isomer of the title compound 15(0.534 g, 27%) as a yellow oil and then
the corresponding (S)-isomer (0.271 g, 14%), also a ia yellow oil. (S,R)-isomer: 14 NM R (400 MHz,
CD100) 67.55-7.47 (m, 4H), 7.44-7.25 (m, 10Hf12)7l O g7 (m, 1H), 5.88 (q, ,FFZSQ s 1H), 4.12 (s,
1H), 2.82-2.72 (m, 1H), 2.64 (dt, J=11.1, 2.5 Hz, 1/)&%/ 52 (g, 1H), 2.40 (df J=4.1, 2.5 Hz, 1H),
2.20 (dt, J=12.1, 4.6 Hz, 1H), 210@{(%/\\] 2.1, 4% %20172157@ BH), .53 (d, J=6.5 Hz,
3H). LCMS: Anal. Calcd. for C27 3: 415; fourkd: (M+H)+; (S,S)-isomer®H1NMR (400 MHz,
CD30D) 6 7.55-7.48 (m, 2H), 7.45-7.39 (m, 2H), 7.38-7.30 (m, 5H), 7.25-7.13 (m, 4H), 7.08-7.00 (m,
2H), 5.88 (q, J=6.6 Ij,z 1H), 4.12 (s, 1H), 2.95- 2§5 , 1H), 2.68 (dt, J=11.1, 2.5 Kz, 1H), 2.57-2.52
(m, 1H), 2.42 (dt, J= Iuli 2.5 Hz, 1&&02,;@5 (dt, A4 0436 Hz, 251H), 2.12 (ﬁt N=T2#3'4.6 Hz, 1H),
1.73 (dd, J=13.6, 3. 64-(ddJ=13.6, /MWZQ 1-40+e-3=6.6 Hz QICMS: Anal.
Calcd. for C271-129NO3Z: 415b; foun g 416B(M+I-B h%lowmg esters were pregpared in similar
fashion: Intermediate-17a * * o C\OQ ﬁ%o * DiastereSmer 1: | H NMR (500 MHz, DMSO-d6) 6 ppm

1.36 (d,1=6.41 Hz, 3#). 2,2%:2.51 4335 (s, 4H) 4.25 (s, 1H) 5.05 (s, 2H) 5.82 (d, 1=6.71 Hz,
1H) 7.15-7.52 (m, 15H). CM%"@An Caltd. for: o
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Yoo e CONTONR®R® Acid RZZN)J\NR38R39
O —_—
R/H( /HTOH
T .
0
Scheme 3

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

chloromethylphenylacetic acid with an excess of an amine.

R39
I
Cl ngN'Rm N‘R“O
| = _tl_> | A
5 F COzH CO2

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 ZQ MS
10 system. It should be noted that retention times may vary slightly between machines.

Additional LC conditions applicable to the current section, unless noted otherwise.

Cond.-MS-W1

Column = XTERRA 3.0 X 50 mm S7
15 Start %B =0

Final %B =100

Gradient time =2 min

Stop time =3 min

30



C281110N204 458.22; Found: 459.44 (M+H)+. Diastereomer 2:'ll NMR (500 MHz, DMSO46) 6
ppm 1.45 (d, J=6.71 Hz, 3H) 2.27-2.44 (m, 4H) 3.39 (s, 4H) 4.23 (s, 1H) 5.06 (s, 2H) 5.83 (d, J=6.71
Hz, 1H) 7.1V@d017488825 3.05 Hz, 2H) 7.19-7.27 (m, 3H) 7.27- 7.44 (m, RORS2009433%nal. Calcd.
for. C28H30N204 458.22; Found: 459.44 (M+H)+. Intermediate -17b H r N "%GO Diasteromer 1.:

RT=11.76

Flow Rate =5 mL/min
Wavelength =220 nm
Solvent A =0.1% TFA in 10% methanol/90%H,0O
Solvent B =0.1% TFA in 90% methanol/10% H,0O
5
Cond.-MS-W2
Column = XTERRA 3.0 X 50 mm S7
Start %B =0
Final %B =100
10 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%H,0O
15 Solvent B =0.1% TFA in 90% methanol/10% H,O
Cond.-MS-W35
Column = XTERRA 3.0 X 50 mm S7
Start %B =0
20  Final %B =30
Gradient time =2 min
Stop time =3 min
Flow Rate =5 mL/min
Wavelength =220 nm
25  Solvent A =0.1% TFA in 10% methanol/90%H,0O
Solvent B =0.1% TFA in 90% methanol/10% H,0O
Cond.-D1
Column = XTERRA CI18 3.0 X 50 mm S7
30 Start %B =0
Final %B =100
Gradient time =3 min
Stop time =4 min
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1,,---- minutes (Cond'n II); N LCMS: Anal. Calcd. for: So C20H22N203 338.16 40 Found: 339.39
(M+H)+; Diastereomer 2: RT=10.05 minutes (Cond'n Il); LCMS: Anal. Calcd. for: C20H22N203
338.16; FouN@ 239/1383a%+H)+. Intermediate -17¢ | 110 40 Diastereomer 1PERUG28PAhifies (Cond'n
l); LCMS: Anal. Calcd. for: C21H26N202 338.20 Found: 339.45 (M+H)+; Diastereomer 2: TR-6.00
minutes (Cond'n I); LCMS: Anal. Calcd. for: C2 tH26N202 338.20 Found: 339.45 (M+H)'. Intermediate
-17d 0'*Z Diastereomer 1: RT_7.19 minutes (Cond'n I); LCMS: Anal. Calcd. for: C27H29NO2
399.22 Found: 400.48 (M+H)+; Diastereomer 2: RT=9.76 minutes (Cond'n I); LCMS: Anal. Calcd. for:

C27H29NO2 399.Z»Fdtatel: 400.48 (M+H)'. =4 mL/min
Wavelength =220 nm
Solvent A =0.1% TFA in 10% methanol/90%H,0O
Solvent B =0.1% TFA in 90% methanol/10% H,0O
5
Cond.-D?2
Column = Phenomenex-Luna 4.6 X 50 mm S10
Start %B =0
Final %B =100
10 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%H,0O
15 Solvent B =0.1% TFA in 90% methanol/10% H,O
Cond.-MD1
Column = XTERRA 4.6 X 50 mm S5
Start %B =0
20  Final %B =100
Gradient time =3 min
Stop time =4 min
Flow Rate =4 mL/min
Wavelength =220 nm
25  Solvent A =0.1% TFA in 10% methanol/90%H,0O
Solvent B =0.1% TFA in 90% methanol/10% H,0O
Cond.-M3
Column = XTERRA CI18 3.0 X 50 mm S7
30 Start %B =0
Final %B =40
Gradient time =2 min
Stop time =3 min
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Chiral SEC Conditions for determining retention time Condition | Column: Chiralpak AD-H Column,
4.62x50 mm, 51Am Solvents: 90% CO2-10% methanol with 0.1%DEA Temp: 35 C Pressure: 150 bar
Flow rate: 2Y0h#0RIAL88A? monitored ((sij 220 nm Injection: 1.0 mg/3mL mathdAs2Ceitash 11
Column: Chiralcel OD-H Column, 4.62x50 mm, 5Rm Solvents: 90% C0O2-10% methanol with
0.1%DEA Temp: 35 C Pressure: 150 bar 10Flow rate: 2.0 mUmin. UV monitored 220 nm Injection: 1.0
mg/mL methanol Cap 17, Step 2; (R)-2-(4-Hydroxy-4-phenylpiperidin-1-y1)-2-phenylacetic 15acid: To
a solution of (S)-1-phenylethyl (R)-2-(4-hydroxy-4-phenylpiperidin-1-y1)-2- phenylacetate (0.350 g,
0.84 mmol) in dichldesnRethane (5 mL) was added trifluovoawstic acid (1 mL) and the mixture was
stirred at room ten‘gg\;g@@}{or 2 hours. The volatiles wegg, gpbsequently removed in vacua and the
residue was purified by reverse-phase preparative H PLC (Primesphere C-18, 20 x 100mm;
OCHICN-H120.0. 195°HERY fo give the tile doRpOLATAS T 3 A8 AIte solid (0.230 g, 88%).
LCMS: Anal. Calcaofoede OH2INOI: 31115, foundi %2 dchkhdi/ 10ReHotlowing carboxylic acids were
prepared in optically pure form in a similar fashion: Cap-17a 200n0j-220\ /. RT_2.21 (Cond'n

ID: 'H NMR (éOO MHz, DMSO-d6) 6 PPm 2.20- 2.35 (m, 2H) 2.34-2.47
Condition OL1

Column = Phenomenex-Luna 3.0 X 50 mm S10
Start %B =0
Final %B =100

10 Gradient time =4 min

Stop time =5 min

Flow Rate =4 mL/min

Wavelength =220 nm

Solvent A =0.1% TFA in 10% methanol/90%H,0
15 Solvent B =0.1% TFA in 90% methanol/10% H,0O

Condition OL2

Column = Phenomenex-Luna 50X 2 mm 3 u
Start %B =0
20  Final %B =100

Gradient time =4 min
Stop time =5 min
Flow Rate =(0.8 mL/min
Oven Temp =40°C
25  Wavelength =220nm

Solvent A =0.1% TFA in 10% Acetonitrile/90%H,0
Solvent B =0.1% TFA in 90% Acetonitrile/10% H,O
Condition |

30 Column = Phenomenex-Luna 3.0 X 50 mm S10
Start %B =0
Final %B =100

Gradient time = 2 min
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(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 (M+H)+. Cap-17b HNO I--.& 1....... N 0 0 OH RT=0.27 (Cond'n
111); LCMS: MPOEANEEHor: CI2H1411203 234.10; Found: 235.22 (M+H)+. BGRUS28180M39 RT=0.48
(Cond'n I1); LCMS: Anal. Calcd. for: Cull isN202 234.14; Found: 235.31 (M+H)+. Cap-17d . SOH 0
RT=2.21 (Cond'n I); LCMS: Anal. Calcd. for: C19H2INO2 295.16; Found: 296.33 (M+H)+. LCMS
Conditions for determining retention time Condition | Column: Phenomenex-Luna 4.6 X 50 mm S10
Start %13=0 Fianl 13-100 Gradient Time=4 min Flow Rate=4 mL/min 10 Wavelength=220 Solvent
A-10% methanol -808461H20 - 071MIFA

Flow Rate =4 mL/min

Wavelength =220 nm

Solvent A =0.1% TFA in 10% methanol/90%H,0
5 Solvent B =0.1% TFA in 90% methanol/10% H,0O
Condition IT
Column = Phenomenex-Luna 4.6 X 50 mm S10
Start %B =0
10  Final %B =100

Gradient time = 2 min
Stop time =3 min
Flow Rate =5 mL/min

Wavelength =220 nm

15  Solvent A =0.1% TFA in 10% methanol/90%H,0O
Solvent B =0.1% TFA in 90% methanol/10% H,0O
Condition 11
Column = XTERRA C18 3.0 x 50mm S7

20 Start %B =0
Final %B =100

Gradient time = 3 min
Stop time =4 min
Flow Rate =4 mL/min

25  Wavelength =220 nm

Solvent A =0.1% TFA in 10% methanol/90%H,0
Solvent B =0.1% TFA in 90% methanol/10% H,0O
Cap-1
QX
Y OH
30 NS
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Solvent 13=90% methanol - 10% H20 - 0.1% TFA Condition Il Column: Waters-Sunfire 4.6 X 50 mm
S5 Start % B=0 Fianl % B=100 5 Gradient Time=2 min Flow Rate=4 mUmin Wavelength=220 Solvent
A=10% metWAhH29a8425120 - 0.1% TFA Solvent B=90% methanol - 10% HXFIOS20A0PR8S00
Condition Il Column: Phenomenex 101.1 3.0 X 50 mm Start % B=0 Fianl % B=100 15 Gradient
Time=2 min Flow Rate=4 mL/min Wavelength=220 Solvent A=10% methanol - 90% H20 -0.1% TFA
Solvent B=90% methanol - 10% H20 -0.1% TFA A: X =H cap-18 1 B: X = Br Step [; (R,S)-Ethyl
2-(4-pyridyl)-2-bromoacetate: To a solution of ethyl 4- Sppidylacetate (1.00g. 6.05 mmol) in dry THF
(150 mL) at O C under argonspesiandédORBld/(0(29gnin, B:86:mhidl) nilhaveeadtichtordxture was allowed
fo warm 10 100m ISHRAGALR PSSR MIOUIRS A RIASGRAISEIDLIE Cnl 4115 mixlure was

added CBrii (2.21 g, 6.66 mmol) and Stirfing was continued at -7 hours. The reaction mixture

was then quenchet! Wiis3at! Ci\@&@@aﬁ‘?ﬂ rrehsAelEd Wé?e%‘éﬁé?&ﬁé@l torHe 6PghiEPRase was

washed (brine), drieglNads R4 arreiraRdcansRatatR@d i vasHb b heLesUiting el oil was
immediately purified gilyﬂaSh chromatograé)hy (Si03/ hexane-ethyl acetate, 1 1) to provide the title

compound (1.40 gSEYRE S CERRALHAELA6HE y RS BITOE S I BA568! MRSz, CDC13) 6 8.62 (dd,

J=4.6, 1.8 Hz, 2H)re2r452(1ﬂdedlﬁ4rﬁ;sblﬂdﬂmﬂltbpEoMe(ﬁnéHK)?J 4aRDAC2P- (ms 2mhitk 2&(te J=7.1 Hz,

3H). LCMS: Anal. r COHI0BrNO 44 5 ( (R,S)-Ethyl

2-(4-pyridy1)-2- (N% ﬁi aarlnrl?lto aceta 72]Ti 59 1 %(I)Ifétlon of%ﬁ% %F&%R

2-(4-pyridy1)-2- brc(mMzS@}théﬂ 2 9pon, SABNMPIP INADNBA 1O, Fi), attlrzt)@lﬂfé)rmﬁasuﬁé{yyas added

dimethylamine (2 HF, 5 D, fer pleti n dged by thin
'\M‘()E . &P iob6.9 PINIQY A (ai Gy E%? ie5| G000 (85 § ffH

layer chromatograph he vo atlles were removed in vacuo an ué was purified by flash
chromatograpBy (Bt 040+ MR é@ﬂhnﬁﬁlgb%)&MWétﬂybﬁeé@té%%)fW@S provide the title
compound (0.539 gg@13p) as a light yellow oil. Iff NMR (400 MHz, CDC13) 6 8.58 (d,1=6.0 Hz, 2H),
7.36 (d,1=6.0 Hz, 2H), 4.17 (m, 2H), 3.92 (s, 1H), 2.27 (s, 6H), 1.22 (t, J=7.0 Hz). LCMS: Anal. Calcd.
for Ci1lHi6N202: 208; found: 209 (M+H)+. Step 3; (R,S)-2-(4-Pyridyl)-2-(N,N-dimethylamino)acetic
acid: To a solution of (R,S)-ethyl 2-(4-pyridy1)-2-(N,Nxgimethylamino)acetate (0.200g. 0.960 mmol) in
a mixture of THF-methanol-H20 (1:1:1, 6 mL) wa dded powdered LIOH (0.120 g, 4.99 mmol) at
room temperature. The solution was stirred for 3 S ad then it was acidified to pH 6 using IN HCI.
The aqueous phase was washed with ethyl aceta a Reynit was lyophilized to give the
dihydrochloride of the title compound as a yellow solid ficontaining LiCl). The product was used as
such in subsequent steps. IH NMR (400 MHz, DMSO0-(16) 6 8.49 (d, J=5.7 Hz, 2H), 7.34 (d, J=5.7 Hz,
2. 356 (& 140, 221 (< Ghl oo (35 BIMnG SR TRISE iYele BrRsied I imia fashon using the

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
and at ambient temperature for ~6.5 hours. The reaction mixture was cooled back

20  with ice-water bath, treated with water (3 mL) and then quenched with a dropwise
addition of concentrated HCI1 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
reaction mixture was stirred overnight, filtered to remove the white suspension, and

25  the filtrate was concentrated in vacuo. The crude material was recrystallized from
cthanol to afford the HCI salt of Cap-2 as a shining white solid in two crops (crop-1:
4.16 g; crop-2: 2.19 g). 'H NMR (DMSO-de, 5=2.5 ppm, 400 MHz): 10.44 (1.00, br
s, 1H), 7.66 (m, 2H), 7.51 (m, 3H), 5.30 (s, 1H), 3.15 (br m, 2H), 2.98 (br m, 2H),
1.20 (app br s, 6H). Crop-1: [a]* -102.21° (¢=0.357, H,0); crop-2: [a]” -99.7°
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Nme2 c2E1 LCMS: Anal. Calcd. for C9F-112N202: 180; found: 181 (M+H)+. Cap-20 NMe2
,--,CO2H | ..".*N LCMS: no ionization. 1H NM R (400 MHz, CD30D) 8 8.55 (d, 1=4.3 Hz, 1H), 7.84
(app t, 1=5.3VR20134)183251 (d,1=7.8 Hz, 1H), 7.37 (app 1,1=5.3 Hz, 1H), 4. BETsU29§0/94485¢s, 6H).
Cap-21 Nme2 -"<k=}',cO2H | Cl----NThl LCMS: Anal. Calcd. for COHIIC1N202: 214, 216; found: 215,
217 (M+H)+. Cap-22 NMe2 soco2H 02N LCMS: Anal. Calcd. for cLOH12N204: 224; found: 225
(M+H)+. Cap-23 NMe2 socam 40 LCMS: Anal. Calcd. for C14H15NO2: 229; found: 230 (M+H)+.
Cap-24 NMe2 com F3C so LCMS: Anal. Calcd. for C11H12F3NO2: 247; found: 248 (M+H)+. Cap-25
(c=0.357, H,0). LC (Cond. I): RT=0.43 min; LC/MS: Anal. Calcd. for [M+H]"

C12H18N023 208.13; found 208.26.

O
; OH
N
; a
Acetaldehyde (5.0 mL, 89.1 mmol) and a suspension of 10% Pd/C (720 mg)
in methanol/H,O (4mL/1 mL) was sequentially added to a cooled (~ 15 °C) mixture
of (R)-2-phenylglycine (3.096g, 20.48 mmol), IN HCI (30 mL) and methanol (40
mL). The cooling bath was removed and the reaction mixture was stirred under a

10  balloon of H, for 17 hours. An additional acetaldehyde (10 mL, 178.2 mmol) was
added and stirring continued under H, atmosphere for 24 hours [Note: the supply of
H; was replenished as needed throughout the reaction]. The reaction mixture was
filtered through diatomaceous earth (Celite™), and the filtrate was concentrated in
vacuo. The resulting crude material was recrystallized from isopropanol to provide

15 the HCI salt of (R)-2-(ethylamino)-2-phenylacetic acid as a shining white solid
(2.846g). 'H NMR (DMSO-dg, 8=2.5 ppm, 400 MHz): 8 14.15 (br s, 1H), 9.55 (brs,
2H), 7.55-7.48 (m, SH), 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. Calcd. for
[M+H]" C10H14NO,: 180.10; found 180.18.

20 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/HCl (1.492g, 6.918
mmol), formaldehyde (20 mL of 37% wt. in water), IN HCI (20 mL) and methanol
(23 mL). The reaction mixture was stirred under a balloon of H, for ~72 hours,
where the H, supply was replenished as needed. The reaction mixture was filtered

25 through diatomaceous earth (Celite®) and the filtrate was concentrated in vacuo. The
resulting crude material was recrystallized from isopropanol (50 mL) to provide the
HCl salt of Cap-3 as a white solid (985 mg). 'H NMR (DMSO-ds, 8=2.5 ppm, 400
MHz): 3 10.48 (br s, 1H), 7.59-7.51 (m, 5H), 5.26 (s, 1H), 3.08 (app br s, 2H), 2.65
(br s, 3H), 1.24 (br m, 3H). LC (Cond. I): RT=0.39 min; >95 % homogeneity index;
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NMe2 soco2H CF3 LCMS: Anal. Calcd. for C11H12F3NO2: 247; found: 248 (M+H)I. Cap-26 NMe2
loco2H F LCMS: Anal. Calcd. for c10H12FNO2: 197; found: 198 (M+H)+. Cap-27 NMe2 so co2H
LCMS: AnaWOoR/FBBE10H12FNO2: 247, found: 248 (M+H)+. Cap-28 NNEZ/E2MOE4 LCMS:
Anal. Calcd. for CLOH12C1NOZ2: 213; found: 214 (M+H)I. Cap-29 NMe2 CO2H CI LCMS: Anal.
Calcd. for C101112C1NO2: 213; found: 214 (M+H)+. Cap-30 NMe2 itcO2H CI LCMS: Anal. Calcd. for
C10th2C1NO2: 213; found: 214 (M+H)+. Cap-31 NMe2 sCO2H LCMS: Anal. Calcd. for Csli 12N202S:

200; found: 201 (M+H)+. Cap-32 N me2 "--CO2H LCMS: Anal. Calcd. for CBHIINO2S: 185; found: 186
(M+H)+. Cap-33 LC/MS: Anal. Calcd. for [M+H]" Ci1Hi6NO,: 194.12; found 194.18; HRMS: Anal.

Calcd. for [M+H]" Ci1Hi6NO,: 194.1180; found 194.1181.

Cap-4

CICO;Me (3.2 mL, 41.4 mmol) was added dropwise to a cooled (ice/water)
THF (410 mL) semi-solution of (R)-fert-butyl 2-amino-2-phenylacetate/HCI (9.877
g, 40.52 mmol) and diisopropylethylamine (14.2 mL, 81.52 mmol) over 6 min, and
stirred at similar temperature for 5.5 hours. The volatile component was removed in
10 vacuo, and the residue was partitioned between water (100 mL) and ethyl acetate
(200 mL). The organic layer was washed with 1N HCI (25 mL) and saturated
NaHCOj solution (30 mL), dried (MgSQ,), 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
15 white solid (7.7 g). "HNMR (DMSO-ds, 3=2.5 ppm, 400 MHz): 7.98 (d, J=8.0, 1H),
7.37-7.29 (m, SH), 5.09 (d, /=8, 1H), 3.56 (s, 3H), 1.33 (5, 9H). LC (Cond. I):
RT=1.53 min; ~90 % homogeneity index; LC/MS: Anal. Calcd. for [M+Na]"
Ci4H19NNaOy: 288.12; found 288.15.
TFA (16 mL) was added dropwise to a cooled (ice/water) CH,Cl, (160 mL)
20  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
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
25  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).
Optical rotation: -176.9° [c=3.7 mg/mL in H,0; =589 nm]. "H NMR (DMSO-d,
5=2.5 ppm, 400 MHz): & 12.84 (br s, 1H), 7.96 (d, /=8.3, 1H), 7.41-7.29 (m, SH),
5.14 (d, J=8.3, 1H), 3.55 (s, 3H). LC (Cond. I): RT=1.01 min; >95 % homogeneity
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NMe2 sA--."-----"LCO2H -\..----- LCMS: Anal. Calcd. for C8HIINO2S: 185; found: 186 (M+H)+. Cap-34
40,NMe2 ICO2H 0-N LCMS: Anal. Calcd. for C11H12N203: 220; found: 221 (M+H)+. Cap-35 NMe2 4
0,CO2H | LEMBIARH3Salcd. for C12H13NO2S: 235; found: 236 (M+H)I. EapBRNREEINECo2H | is
LCMS: Anal. Calcd. for c12H14N202S: 250; found: 251 (M+H)+. Cap-37 cap-37 Step 1;
(R,S)-Ethyl 2-(quinolin-3-y1)-2-(N,N-dimethylamino)-acetatc: A mixture of ethyl
N,N-dimethylaminoacetate (0.462 g, 3.54 mmol), 1(11304 (1.90 g, 8.95 mmol), Pd(t-Bu3P)2 (0.090 g,
0.176 mmol) and toluene (10 mL) was degassed with a stream of Ar bubbles for 15 minutes. The
reaction mixture wa¢kdrihiEetinat. 1©@10© f(ﬁJrIMhHUﬁé?ldﬁeNle’dﬁ Bwiscbdl8d ToHBMS temperature

and poured into H%QalT@I%'X%F?M eyl é%m&t{b%%@ 3c6iate f9sand the combined organic

phases were washed (FLO, brine), drled (Na 0O4), filtered, and concentrated in vacua. The residue
was purified first by reverse-phase preparative HPLC (Primesphere C-18, 30 x 100mm; CH3CN-H20-5
mM NH40Ac) and then by flash 10chromatography (8ifn/shexane-ethyl acetate, 1:1) to provide the title

compound (0.128 g, 17%) as an orange oil. 1H NMR (400 MHz, CDCI3) 6 8.90 (d,1=2.0 Hz, 1H), 8.32
(d, J=2.0 Hz, 1H), 8.03-8.01 (m, 2H), 7.77 (ddd, B, 6., 1.5 Hz, 1H), 7.62 (ddd, ./=8.3, 6.8, 1.5 Hz,

1H), 4.35 (s, 1H), 4.13 (m, 2H), 2.22 (s, 6H), 1.15 #0¥dg, 3H). LCMS: Anal. Calcd. for
C15H1sN202: 258; found: 259 (M+H)+. 15Step 2; (R,Sj 2-(Quinolin-3-yl)-2-(N,N-dimethylamino)acetic
acid: A mixture of (R,S)-ethyl 2-(quino|in-3-y1)—2-(N,!\@ethylamino)acetate (0.122 g, 0.472 mmol)
and 6M HC1 (3 mL) was heated at 100C for 12 hours."The solvent was removed in vacuo to provide
the dihydrochloride of thetitlexoompoRn® {Phihdgy c+d0%0)zas. 62lightoye lgiwdfommobiienanpurified

material was used i %Wﬁﬂ{oﬁ%ﬁﬁ eyt e RUHEANPR: et (ANRE GAHSH ARG
C13d14N202: 230; found: 231 (

at 100 °C for 21 hours The reaction mixture was cooled to ambient temperature and
filtered, and the filtrate was concentrated in vacuo. The residue was dissolved in

10 ethanol and acidified with 1N HCI to pH 3-4, and the volatile component was
removed in vacuo. The resulting crude material was purified by a reverse phase
HPLC (water/methanol/TFA) to provide the TFA salt of Cap-5 as a semi-viscous
white foam (1.0 g). "H NMR (DMSO-de, 3=2.5, 500 MHz) & 10.68 (br s, 1H), 7.51
(m, 5H), 5.23 (s, 1H), 3.34 (app br s, 2H), 3.05 (app br s, 2H), 1.95 (app br s, 4H);

15 RT=0.30 minutes (Cond. I); >98% homogeneity index; LC/MS: Anal. Calcd. for
[M+H]" C12H16NO»: 206.12; found 206.25.

Cap-6

QA
~" “OH
N
()

20 The TFA salt of Cap-6 was synthesized from (R)-2-phenylglycine and 1-
bromo-2-(2-bromoethoxy)ethane by using the method of preparation of Cap-5. 'H
NMR (DMSO-dg, 8=2.5, 500 MHz) 6 12.20 (br s, 1H), 7.50 (m, 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 minutes (Cond.

I); >98%; LC/MS: Anal. Calcd. for [M+H]" Ci,H;sNOs: 222.11; found 222.20;
25 HRMS: Anal. Calcd. for [M+H]" Ci,HsNOs: 222.1130; found 222.1121.
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Cap-38 Step 1; (R)-((S)-1-phenylethyl) 2-(dimethylamino)-2-(2-fluorophenyl)acctate and
(S)-((S)-1-phenylethyl) 2-(dimethylamino)-2-(2-fluorophenyl)acetate: To a mixture of
(RS)-2-(dimBtyA&HH8325-(2-fluorophenypacetic acid (2.60 g, 13.19 mmol), RSN Ad9386 1.71
mmol) and (S)-1-phenylethanol (2.09 g, 17.15 mmol) in CH2C12 (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 vacua and the residue partitioned with ethyl acetate-H20. The layers were separated,
the aqueous layer was back-extracted with ethyl acetate (2x) and the combined organic phases were
washed (FLO, brine), dried (Na2S04), filtered, and dogreéntrated in vacua. The residue was purified by
silica gel chromatography (Biotage/ 0-50% dietgyl ether-hexane). The resulting pure diastereomeric
mixture was then separated 10by revehas preparative HP LC (Primesphere C-18, 30 x 100mm,;
CH3CN-H20- 0.1% TFA) to give first (S)~TI-phénedtyl (R)-2-(dimethylamino)-2-(2- fluorophenyl)acetate
(0.501 g, 13%) and then (S)-1-phenethyl (S’,ﬁ':;(dimetﬁyd)ahiﬁuﬁnﬂommorophenyl)-acetate (0.727 g.
1H

18%), both as their TFA salts. (S,R)-isomer: 1H/NMR {280 M2 EBHED) 6 7.65-7.70 (m, 1H),
7.55-7.60 (ddd, 151=9.4, 8.1, 1.5 Hz, 1H), 7.86-7.41 (m, 2H), 7.28-7.34 (m, 5H), 6.04 (q, 1=6.5 Hz,
1H), 5.60(s, 1H), 2.84(s, 6H), 1.43 (d, J=6.5 Hz, 3H). LCMS: Anal. Calcd. for Cl sH20FNO2: 301,
found: 302 (M+H)+; (S, SNi€bHSe: (260 NVR (UOOMFIz QBBED) 6y 5868 (65 1:1357.18-7.31 (M, 6H),

7.00 (dd, J=8.5, 1.5 Hz, 2H), J= , , +6H),:1 54.(d, J1=6.5 Hz,
3H). LCMS: Anal. %a o ol 8%&5063&\1? %0%28%%'?ﬁu‘??c?%é(%%@ﬁ%@@ﬁ@@%@h S ’
(R)-2-(dimethylamirsod 3 2iionophehsydestiseid 0 & rixtuneoh (R (Spmipherifatiyly 1.3
2-(dimethylamino) 22 fuer onine ) AGRIRIE, HEASOIb 04251033 Ao mmaNang ARYBHOH)2/C (0.125

g) in ethanol (30 mL) was hydrogenated at room temperature and atmospheric pressure (H2 balloon)

for 4 hours. The sCHRRSEMESHYRBuUrgEdARmA Ar, flibsrcactibigh Waedmidtdody ddrHcCelitej, and

concentrated in vagupmIniscsave theditle compopnd s kelaress aRlidkOofd9 «8¥ledt NMR (400
MHz, CD30D) 6 7.53-7.63 (m, 2H), 7.33-7,38 (m

/ : ZH& 5.36 (s 1th 2.&3‘1518, 6H), LCMS: Anal. Calcd.
for C10H12FNO2: 98ithdnd g5 had my ot SULomher SbH! KO0 sRk &Y fgps (100 mL),
(S)-((S)-1-phenylethid) 2V dimethitasding)t 2o dhnaraphenylacetate idEBesalt tpsienilaefashion.
Cap-39 CIOH OH O 0 cap-39 A mixture. of {R)-(2:chlorophenylalycine (0.30 .62 mmol),
formaldehyde (3500 SHCA L ant BB 4 S R TS A S e
hydrogenated at roofagtigynicharnusiegivatmashheid prdsburer¢hzbatiowey for thhoexsstiihe solution
was then purged with, A\ difigEeguiiremadh diafomacepiiserith {Ceditefhais) sonsepirated in vacuo.

The residue was purified by reverse-phase preparative HPLC (Primesphere C-18, 30 x 100mm,;
CH3CN-H20- o.1%-¢ﬁ@x§@%&%ﬂé¢%§éﬂ&&ﬁ@ B Cohpouht (R ddimbtryIHine)%2-(2-
10chlorophenyl)acetig-acic ags, 00lorle s3Il Ka-29000 Coa%0)1bH-Dii, RAOL-Midz i{dEHOD) 67.59-7.65

(21 oS ) S0 G 01 15,51 LM Al g ioHec 02 12
A THF (75 mL) solution of benzyl 2-phenyl-2-(tosyloxy)acetate (6.0 g, 15.1

mmol), 1-methylpiperazine (3.36 mL, 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

20  cool to ambient temperature and the volatile component was removed iz vacuo. The
residue was partitioned between ethylacetate and water, and the organic layer was
washed with water and brine, dried (MgSQy,), 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-

25 brown viscous oil (4.56 g). Chiral HPLC analysis (Chiralcel OD-H) indicated that
the sample is a mixture of enantiomers in a 38.2 to 58.7 ratio. The separation of the
enantiomers were effected as follow: the product was dissolved in 120 mL of
ethanol/heptane (1:1) and injected (5 mL/injection) on chiral HPLC column (Chiracel
0J, 5 cm ID x 50 cm L, 20 um) eluting with 85:15 Heptane/ethanol at 75 mL/min,
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0r0 15cap-40 To an ice-cold solution of (10-(2-chlorophenyl)glycine (1.00 g, 5.38 mmol) and NaOH
(0.862 g, 21.6 mmol) in H20 (5.5 mL) was added methyl chloroformate (1.00 mL, 13 5 mmol)
dropwise. TRORMHEBHRAS allowed to stir at 0 C for 1 hour and then it was BEHH&H HYOH8Saddition of
conc. HC1 (2.5 mL). The mixture was 20extracted with ethyl acetate (2x) and the combined organic
phase was washed (H20, brine), dried (Na2S04), filtered, and concentrated in vacuo to give the title
compound (R)-2-(methoxycarbonylamino)-2-(2-chlorophenyl)acetic acid as a yellow-orange foam (1.31
g, 96%). 1H NMR (400 MHz, CDIOD) 6 7.39 - 7.43 (m, 2H), 7.29 - 7.31 (m, 2H), 5.69 (s, 1H), 3.65 (s,
3H). LCMS: Anal. @allothofiter@l:0R32Q0aNBdazi®)ciolint4 244 M dantiQag-212 494 Vora

suspension of 2 ZgHoremaYNRGTHPCSI A5 2,808 G IR\ 71 G0 ) s added

morpholine (1.89 g, 21.7 mmol) and the solution was stirred at room temperature for 3 ’hours. The

reaction mixture wasnetdiuteidwithlethyl @detbite aht(dxdralctéd WithSH80d42%) | Fhel Hyueous phase
was lyophilized ang ghesrasisiueswas purpias bssiliceogel cliiometographyotRiotage/d3s}0%
methanolCH2C12) to give the title g:om%)qnd 2-(2-(Morpholmomgth;@gher{m&//zsacetlc‘ %ud as a colorless
solid (2.22 g, 87%) MR YABENiHLS VD dw) 78T 49 (M 51 10228 P20 1R Y 24 (s, 2H),
3.83 (br s, 4H), 3.68{202H), 3.14 (br s, 4H). LCMS: Anal. Calcd. for Cinfl 17NO3: 235; found: 236
(M+H)-. The following examples were similarly prepared using th metﬂ d described for Cap-41:
Cap-42 0 lipOH LOMS: vl LR P H BN O B55. Fal A5 3 (AL (Cap-43 100H LOMS:
Anal. Calcd. for Craahyiprpe@znttgh fdumhandacraw-«Hy e, Sapruwliieas iddrd Go@ BRECMBN Anal. Calcd.
for CiiH15NO2: 193 foupst &40 in GRmAB! LM Anal CRlEth fRRGIAHA0NRR:248; found: 249
(M+H)+. Cap-45a OHOH 00 o ] ]
10 balloon of hydrogen, under a careful monitoring, for <50 minutes. Immediately after
the completion of the reaction, the catalyst was filtered through diatomaceous earth
(Celite®) and the filtrate was concentrated in vacuo to provide Cap-7, contaminated
with phenylacetic acid as a tan foam (867.6 mg; mass is above the theoretical yield).
The product was used for the next step without further purification. "H NMR
15 (DMSO-dg, 8=2.5, 500 MHz) & 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. II);
>90% homogeneity index; LC/MS: Anal. Caled. for [M+H]" Ci3H9N,Os: 235.14;
found 235.15; HRMS: Anal. Calcd. for [M+H]" Ci3HoN,O,: 235.1447; found
235.1440.
20 The synthesis of Cap-8 and Cap-9 was conducted according to the synthesis
of Cap-7 by using appropriate amines for the SN, displacement step (i.e., 4-
hydroxypiperidine for Cap-8 and (S)-3-fluoropyrrolidine for Cap-9) and modified
conditions for the separation of the respective stereoisomeric intermedites, as
described below.

25

8a: enantiomer-1
Q 8b: enantiomer-2

OH
The enantiomeric separation of the intermediate benzyl 2-(4-

hydroxypiperidin-1-y1)-2-phenyl acetate was effected by employing the following
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IA H2HN O pTsOH saltNH Cap-45a HMDS (1.85 mL, 8 77 mmol) was added to a suspension of
(R)-2-amino-2- 5phenylacctic acid p-toluencsulfonate (2.83 g, 8.77 mmol) in CH)C1) (10 nth) and the
mixture wasvs@rFe/at§Hm temperature for 30 minutes. Methyl isocyanatc RS ESB1070#4#A0]) was
added in one portion stirring continued for 30 minutes. The reaction was quenched by addition of H20
(5 nth) and the resulting precipitate was filtered, washed with H20 and n-hexanes, and dried under
vacuum. (R)-2-(3-methylureido)- 102-phenylacetic acid (1.5 g; 82 %).was recovered as a white solid
and it was used without further purification. IHNMR (500 MHz, DMSO-d(,) 6 ppm 2.54 (d, J=4.88 Hz,
3H) 5.17 (d, .T=7.98nditiohH X1 98nfpo (B kHig) W) &B6lY(dd [T=thaBHephky (5.26-/A38Mn, 5H) 12.67
(s, 1H). LCMS: Ang}, Galeghfor G10H2N202.208 98 foung.A09 424 irip HPLG, Phienomenex C-18

3.0 x 46 mm, 0 to 100% B over 2 15 minutes, 1 minute hold time, A=90% water, 10% methanol, 0.1%
TEA, B=10% watetCbimagchidhivasivilD 138 qrA, Hnan)ssiiig voboidrsherfarettianeet. 18ap-46 OHS

OH 00 NH2HICIO Qs saliNGeaR b nm, hRNRRIEH BradustnasiRirRarad agoardipg o the
method described for Cap-45a. 1H NMR (500 MHz, DMSO-d6) Gé)pm 0.96 (t, J=7.17 Hz, 3H)

2.94-3.05 (m, 2H) §astieanes=An Hghtypllew yeceus ils. ) Shese binavd sist 2y by esenrvend7 26- 7.38
NTERMA C.16 3.0, S0 1 12 JOTAR a2 poris, Tmute bl e, b rrter, 10%

- ) , 0 \/ inu u ,-A-9Q0 , 10%
methanol, 0.2% Héﬁ%&%@-%@@a&% %9nz{°%zﬁg§§?10?§%%§§3g‘}?%4§?%@bggs h mrhogeneity
index. Step LHR S abuiyl)22(203wididih/ii¢ido)D-ghenipaCElat & TFO. 281iived. dblution of
(R)'teft'bUty"2‘3”%@%1%%&?;&%&%&8&-Q@Nf*si&ﬂalm@&&n%#tiﬂl&ﬂl'gg' Dase (62 Mg, K0 25 mmol) in

DMF (40 mL) was added dimet bamoyl chloride (0.38 mL, mmof) dropwisc over 10 minutes.
After stirring 48 rockt 1B BN Seohs Wi Fe &oBnais &¥hbehrdesatider fduced

pressure and the resulting residue was dissolved in ethyl acetate. The organic layer was washed with
H20, IN aq. HC1 and brine, dried (MgSO4), filtered a%ggoncentrated 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. 1FI 20 (500 MHz, DMSO-d6) 6 ppm 1.33 (s, 9H) 2.82 (s, 6H)
5.17 (d, J=7.63 Hz, 1H) 6.55 (d, J=7.32 HY¥ . 24-7.41 (m, 5H). LCMS: Anal. Calcd. for

C15H22N203 278.16 found 279.23 (M+H)+; NPLBth@gmg@@éMNA C-18 4.6 x 50 mm, 0 to 100%
B over 4 minutes, 1 minute hold time, A=90 ter, 1096: dietheokr2 1% TFA, B=10% water, 90%
methanol, 0.1% TFA, RT=2.26 mm, 97% homeneity 25index Step 2;
(R)-2-(3,3-dimethylureido)-2-phenylacetic acid: To a stirred solution of ((R)-tert-butyl

2-(3,3-dimethylureido)-2-phemylacetaercQ§a:aiich L0 MmMabin. GH26d2-(25Q @) was added TFA (15
mL) dropwise and the resulti?fﬁnz?lution was stirred at rt ours qIhe desir1§ compound was then

r3 .
precipitated obt of SEARAH ﬁi&%‘@w@ﬁ%w&féﬁ& S5 GRS AV ed under
reduced pressure. A3, HadinsethiZRoeigo v2s pheylatetia eltid WS (Soldiac a€ldaruckit®kolid (0.599,

86%) and used witho rth ification. 1FINMR (50 z -(16) 6 ppm 2 s, 6H) 5.22 (d,
7=7.32 Hz, 1H) 6. 8%3?%?53%%20?1 Ao %ﬁ?%ﬂ% %? fggwggﬁgeﬂ@m@% ) 7.38-7.43
(n, 2H) 12.65 (s, 1HYAL @MIGbaApats Caicd) foi/@olifldN208; @22 Ztnfornde 22352C (Mh#l)+. HPLC

XTERRA CL18 3.0 x50 mn Giod0RY B pver & minkies, 4 nuis ol fimaiASIRe yiater, 10%
methanol, 0.2% H3PO4, B=10% water, 90% methanol, 0.2% H3PO4, RT=0.75 10 min, 930%

homogeneity Idexissolved in CH,Cl, (20 mL) and washed with an aqueous medium (10 mL water + 1
mL saturated NaHCOj; solution). The organic phase was dried (MgSQOy), 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 according 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

25 of purification on a reverse phase HPLC using H,O/methanol/TFA solvent): "H NMR
(DMSO-dg, 8=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]" C2H sFNO,: 224.11; found
224.14; Cap-9b (diastereomer-2): 'H NMR (DMSO-de, 5=2.5, 400 MHz) 7.43-7.21
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Cap-48 20H 0.0 Fin OHNtO cr..NHcr.NH Cap-48 Step I; (R)-tert-butyl
2-(3-cyclopentylureido)-2-phenylacetate: To a stirred 15solution of (R)-2-amino-2-phenylacetic acid
hydrochlorid¥Q 20 H)1$325 mmol) and Hunig's base (1.0 mL, 6.15 mmol) in BETA2&1Mi4¢46as 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 70washed with H20 and brine, dried
(MgSO04), filtered, and concentrated under reduced pressure. (R)-tert-butyl
2-(3-cyclopentyluré )R phiérijlatetate s Bibtairidd ad ldn 2pague din(28R 31 200%)nand used
withou further purigatien 8 LNME(S0higs GRACERIE RRTARAD 57, (FNGHHLERL 66 (m, 2H)
1.87-1.97 (m, 2H) 3.89- 3.98 (m, 1H) 5.37 (s, 1H) 7.26-7.38 (m, 5H). LCMS: Anal. Calcd. for
C151-126N201 3184 fodni#319.21 (M+H)I; 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% TEA, RT5:2.82 mm, 96% homogeneity index. gte_p] : (R)-2-(3-cyclopentylureido)-2-phenylacetic
acid: To a stirred solution of (R)-tert-butyl 2-(3-cyclop%ty ureido)-2-phenylacetate (1.31 g, 4.10 mmol)
in CH2C12 (25 mL) was added TEA (4 mL) and trietﬁylsilpne (1.64 mL; 10.3 mmol) dropwise, and the
resulting solution was stirred at room temperature, fgro-beiys. The volatile components were removed
under reduced pressure and the crude product was recrystallized in ethyl acetate/pentanes to yield
(R)-2-(3-cyclopentylureido)-2- phenylacetic acid as a white solid (Q.69 4%), IFINMR (500 MHz,
DMSO-d6) 6 ppm 1.17-17@536?1{,‘)1595 9t Jopjolne -9%}71‘.%’%91).6‘Hd(%r%%e% -@.-QO%P%H) 3.75- 3.89
(m, 1H) 5.17 (d, J3793vin Hx) Gl 2thadei A 32nH 2, wWids h&ddBa(slyspeids BB biz, 0O PHYT{20-7.40 (M, 5H)
12.73 (s, 1H). LCMS; I I %f gell :.262.31" ; 45 (M ;i') H TERRA
C-18 3.0x 50 mml\,/l%)[(?q%%t‘%%&osé%i 'mlnﬁtl}e%%?nv%%%gﬁéﬁi %?ﬁre,afgazﬂéo(%&)o\fjvﬁ'tgl}o, eg(;gqmiéthanol,
0.2% H3PO4]B=18%wdiks ro0Uenratkiaron © . AlseiBhoYgIRIfa ot i ,emh)%ﬁbﬁ?b)g@]eity index.
L5Cap-49 OHOH QIRGARAS in vdaASHERSHIAN A £r(heaaaninpiasstis agihiR 9, 12.1 mmo)
y :

in formic acid (91 mL) was added forma .94 mL, 93 2 mmol). After five hours at 70 C, the

reaction mixture weaMN3Acknirated WM HR dedpidDsdré7tel 0 2Bt AntER: ifite’ solidprecipitated.

Following filtration, the 1gthenliguoss wesesollested andgiyrhensoneentiried urgder reduced pressure
providing the crude %roducéunrification b)éreverse- hase waraﬂve H P LC (Xterra 30X 100 mm,
Fg i

detection at 220 nf! OW r&8™5 it /mirie Y8585 MSAL RG0S Waler16M4 ethanol, 0.1%
TFA, B=110%35wat€sHOo mEIanploihd %@ I.64\) provided the title compound
2-(benzyl(methyl)-amino)acetic acid as its TFA salt (723 mg, 33%) as a color ess wax. 1H NMR (300
MHz, DMSO-d6) 6 ppm 2.75 (s, 3H) 4.04 (s, 2H) 4.34 (s, 2H) 7.29-7.68 (m, 5H). LCMS: Anal. Calcd.
for: CloH (0\102 179.09; Found 180.20 (M+H )+. 30C(@ag/50 Cap-50
O
[
HOJ\LN)
2
A mixture of (25,4R)-4-fluoropyrrolidine-2-carboxylic acid (0.50 g, 3.8
20  mmol), formaldehyde (0.5 mL of 37% wt. in H,O), 12 N HC1 (0.25 mL) and 10%
Pd/C (50 mg) in methanol (20 mL) was stirred under a balloon of hydrogen for 19
hours. The reaction mixture was filtered through diatomaceous earth (Celite™) and
the filtrate was concentrated in vacuo. The residue was recrystallized from
isopropanol to provide the HCI salt of Cap-11 as a white solid (337.7 mg). 'H NMR
25 (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, J=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.
Calcd. for [M+H]" CsH1FNO,: 148.08; found 148.06.
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To a stirred solution of 3-methyl-2-(methylamino)butanoic acid (0.50 g, 3.81 mmol) in water ( 30 mL)
was added K2CO01 (2.63 g 19 1 mmol) and benzyl chloride (1.32 g, 11.4 mmol). The reaction mixture
was stirred ¥@AMEHBRMperature for 18 hours. The reaction mixture was B&FAS2H U Bhy| acetate
(30 mL x 2) and the aqueous layer was concentrated under reduced pressure providing the crude
product which was purified by reverse-phase preparative HPLC (Xterra 30 x 200mm, detection at 220
nm, flow rate 40 mi./min, 20 to 80% B over 6 mm; A= 90% water, 1010% methanol, 0.1% TEA, B=10%
water, 90 % methanol, 0.1% TFA) to provide 2- (benzyl(methyl)amino)-3-methylbutanoic acid, TEA salt
(126 mg, 19%) as a color ess wax. 1H NMR {600 Mz DMSD-IB) 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. Calcd.
for: CIIHIONOZ2 221.14; Found: 222.28 (M+H) 1§@Iap',$1 0y O HN", OH Na2CO03 (1.83g, 17.2
mmol) was added to NaOH (33 mL of 1M/H20, 33 imol softkon of L-valine (3.9 g, 33.29 mmol) and
the resulting solution was cooled with ice-water batf. Methyl chloroformate (2.8 mL, 36.1 mmol) was
added dropwise over 15 milattie: (00l @ hathmas wambeth ahth thieseqation sudkiure was stirred at
ambient temperature, for 3.2 hﬁ: T(ES% reaction mixture was washed with ether (50 ml, 3x), and the
agueous phase ngfggg %’dq gllvlllt Yic -w%ﬁ%ﬁ %Qénaiﬁg‘ Q%‘}'l%) %vlllttﬁogogx(r:%erﬁl gt(éil N é{{] 1}13%) pH region of
1-2, and extraéted@ithinEH2G rd@DeriL. , By raktcorgariic phaseives udet(NgS Canditidnévaporated
in vacuo to afford Gap-5hasaiitasaliddl 9)vddd MR Tt e SRRt PANRL (RMSP-d6, 2.5
ppm, 500 MHz): 12.54 (s, 1H), 7.33 (d, J=8.6, 1H), 3.84 (dd, J=8.4, 6.0, 1H), 3.54 (s, 3H), 2.03 (m,
1H), 0.87 (m, 6H). RS Aridifiechysth 10t [k it arcs: hraveBaeraliryBBgssacted pIEA
(137.5 mL, 0 766 mal) wiad adeed toxal sospensinnief (Shpkddaupan?: maine-3-onethglawganpate
hydrochloride (75. 0,357 molt))i THE.(900 mL), and.the mixture le 0 C fice/water bath).
Vet chioroform A b 8 0T e L U OIS Sy T R R hath s
removed andlthe heatatid)eres ousivikhyre wwesssstivkesd SR BIEA) teetiperdilird for BrévidtheS8olvent was
removed under digjpished, Bresstie ARE.te resiNRRABNRISY Dswae iR 1aAC Andiwater (1 L each).
The organic layer was washed with H20 (1 L) and brine (1 L), dried (MgSO4), fil%ered and
concentrated undefdismifRiSHed gredsisrd.2Fhe i da.nhEefiaPwas 15 gaksel fhrobighia plug of silica gel
(1 kg), eluting with hexanes (4 L) and 15:85 EtOAcihexanes (4 L) to afford (S)-tert-butyl
2-(methoxycarbonylamino)-3- methylbutanoate as a Iealr oil (82.0 g, 99% yield). IN-NM R (500 MHz,
DMSO-d6, 6 = 2.5 ppm) 7.34 (d, .1= 8.6, 1 H), 3.77 (d4; N 8.6, 6.1, 1 H), 3.53 (s, 3H), 1.94 - 2.05 (m,
1 H), 1.39 (s, 9 H), 0.83 -0.92 (m, 6 H). 13C-NMR (126 §Hz, DMSO-d6, = 39.2 20ppm) 170.92,
156.84, 80.38, 60.00, 51.34, 29.76, 27.62, 18.92,}NQ5EL(94MS: [M+Naf 254.17. Trifluoroacetic
acid (343 mL; 4 62 mol) and Et3SiH (142 mL, 0 887 mol) were added sequentially to a solution of
(S)-tert-butyl 2-(methoxygarbonylaming)-3- methylbytano et%182. 0 ol)in CH2C12 (675 mL),
and the mixture was stirrge\dng)é{[ﬂ%erﬁrgljér?t?atlgr%ep 'ng':l)(%tr&e%gt or ¢ f‘? “é%%ﬂéytﬁ%%céo%gzéﬁ vé’sﬂﬁmoved

under diminished prestftanbnanth&0Pedtdtand ¢l maLitaredban Gtraleurasetierd BO&ML) to afford a
white solid, which wag Jitgrar apfaghedivish HExA0es5AA M Andpetalan Sl (ER0 mL).

Recrystallization from EtOAc/petroleum ether afforded Cap-51 as white flaky crystals (54.8g. 88 %
yield). MP= 108.5-48%5aecopsiorith (& ¢htso nhp flstts digs senesmrpisir 1999 (&PrHe 181 (d, J=
8.6, 1 H), 3.83¢(ddHd &160Bckpli His 3231 (¢hR o1 ¢ B0 tondign@eB6atddmla 8.8, %0, 6 H). 11C
NMR (126 MHz, DMSO.—6/$, 8 :h39.2i§%nﬂ)ﬁ5]q3363(10, 15 .9t4, 59.48 51@7f gﬂ?z 19115,[.17.98. LC/MS:
[M+H]f = 176.11. AKSS CARI{F &7 - Ahgprggusy oo eyt BEbSLPEsglipy. 1 7 55; N,
7.99. Optical Rotatians &} DMSDE; (3202 50¢ itz NdQH (bOptical, puodtyy, ¥99.5, ¥ee. Mate: the
optical purity asse n s,;ma gl the methyl ester derivative of Cap-51, which was prepared
under a standard %ﬁgifw\@ (Ee'niesen /MeOH) esterification protocol. H PLC analytical conditions:
column, ChiralPak AD-H (4.6 x 250mm, 51,1m); solvent, 95% heptane 5% IPA (isocratic); flow 10rate,
1 mL/min; temperature, 35 C; UV monitored at 205 nm. [Note: Cap 51 could also be purchased from
Flamm.] Cap-52 (Same as Cap-12) y 0 HNI",OH 15Cap-52 was synthesized from L-alaninc 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 (H20/methanol/TFA) to afford Cap-52 as a
colorless viscous oil. 1IFINMR (DMSO-d6, c'72.5 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 the procedure described for the synthesis of
Cap-51, with noted modifications if any. Cap Structure
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Data Cap-53a: (R) Cap-53b: (S) 0 Hu ---y N"-----r"OH 0.-.." 1H NMR (DMS0416, 6 = 2.5 ppm, 500
MHz): 6 12.51 (br s, 1H), 7.4 (d, .1 = 7.9, 0.9H), 7.06 (app s, 0.1H), 3.86-3.82 (m, 1H), 3.53 (s, 3H),
1.75-1.67 (WA PRN2063823 54 (m, 1H), 0.88 (d, J = 7.3, 3H). RT =  0.77 mRXdE200844386 LC/MS:
Anal. Calcd. for [M+Naf C6H1INNaa4 : 184.06; found 184.07. HAMS Gated. for [M+Nar C6flL1NNa04:
184.0586; found 184.0592. Cap-54a: (R) Cap-54b: (S) O H --- Oy NOH 0 A 1H NMR (DMSO-d6, 6 =
2.5 ppm, 500 MHz): 6 12.48 (s, 1H), 7.58 (d, J = 7.6, 0.9H), 7.25 (app s, 0.1H), 3.52 (s, 3H), 3.36-3.33
(m, 1H), 1.10-1.01 (n, 1H), 0.54-0.49 (m, 1H), 0.46-0.40 (n, 1H), 0.39-0.35 (m, 1H), 0.31-0.21 (n, 1H).
HRMS Calcd. for [M+H] C7H12N04: 174.0766; foun@ap740771 Cap-55 0 01 r 0 1H NMR (DMSO-d6,
6 = 2.5 ppm, 500 MHz): 6 12.62 (s, 1H), 7.42 (d, J = 8,2.0.9H), 7.07 (app s,), 5.80-5.72 (m, 1H),

5.10 (d,J= 17.1, 1H), 5.04 (d,J=10.4, 1H), 4.01-3.96 {m, IH), 3.53 (s, 3H), 2[47-2.42 (m, 1H),
2.35-2.29 (m, 1H). Cap-56 0 ..-OH 11 ON 00 | 1H'NMR (DMSQ-d6, 6 =2\5 ppm, 500 MHz):

612.75 (s, 1H), 7.38 (d, J, DTPYB6.96 (app 420:4- , @;@863,455 (m, 2H), 3.54
2

(s, 3H), 3.24 (s, 3H). Cap 0
Cap-14

Step 1: A mixture of (R)-(-)-D-phenylglycine tert-butyl ester (3.00 g, 12.3
mmol), NaBH;CN (0.773 g, 12.3 mmol), KOH (0.690 g, 12.3 mmol) and acetic acid
5 (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 stirred as it was allowed to warm to ambient temperature and stirring
was continued at the same temperature for 16 hours. The solvent was subsequently
removed and the residue was partitioned with 10% aqueous NaOH and ethy] acetate.
10 The organic phase was separated, dried (MgSO,), 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; CH3CN-H,0-0.1% TFA) to give
the intermediate ester (2.70 g, 56%) as a clear oil. "H NMR (400 MHz, CDCls) &
7.53-7.44 (m, 3H), 7.40-7.37 (m, 2H), 3.87 (d, J/=10.9 Hz, 1H), 3.59 (d, /=10.9 Hz,
15 1H), 2.99 (t, J/=11.2 Hz, 1H), 2.59 (t, J/=11.4 Hz, 1H), 2.07-2.02 (m, 2H), 1.82 (d,
J=1.82 Hz, 3H), 1.40 (s, 9H). LC/MS: Anal. Calcd. for Ci7H,sNO,: 275; found:
276 (M+H)".
Step 2: To a stirred solution of the intermediate ester (1.12g, 2.88mmol) in
dichloromethane (10 mL) was added TFA (3 mL). The reaction mixture was stirred
20  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 C-18, 30 x 100mm; CH3CN-H»0-0.1% TFA). The appropriate
fractions were combined and concentrated to dryness in vacuo. The residue was then
dissolved in a minimum amount of methanol and applied to applied to MCX LP
25  extraction cartridges (2 x 6 g). The cartridges were rinsed with methanol (40 mL)
and then the desired compound was eluted using 2M ammonia in methanol (50 mL).
Product-containing fractions were combined and concentrated and the residue was

taken up in water. Lyophilization of this solution provided the title compound (0.492
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0 1H NMR (DMSO-d6, 6 = 2.5 ppm, 500 ME-Iz): 6 12.50 (s, 1H), 8.02 (d, J = 7.7, 0.08H), 7.40 (d, J =
7.9, 0.76H), 7.19 (d, J = 8.2, 0.07H), 7.07 (d, J = 6.7, 0.09H), 4.21-4.12 (m, 0.08H), 4.06-3.97 (m,
0.07H), 3.98v98012A18385H), 3.53 (s, 3H), 1.69-1.51 (m, 2H), 1.39-1.26 (mMPOHY3BY0¢t336= 7.4, 3H).
LC (Cond. 2): RT = 1.39 LC/MS: Anal. Calcd. for [M+1-1]+ C4H14N04:176.09; found 176.06.
Cap-58 0 ----y1,, OENI AOH 0-,,HH2 0 1H NMR (DMSO-d6, 6 = 2.5 ppm, 500 MHz): 6 12.63 (br s, 1H),
7.35 (s,1H), 7.31 (d, J = 8.2, 1H), 6.92 (s, 1H), 4.33-4.29 (m, 1H), 3.54 (s, 3H), 2.54(dd, J = 15.5, 5.4,
1H), 2.43 (dd, J = 15.6, 8.0, 1H). RT = 0.16 mm(Cond. 2); LC/MS: Anal. Calcd. for [M+H] C6HIIN205:
191.07; found 191¢128Gaps539@h(R)IGapetb’ ISYMR (DMYDEN §.J.50H, SHHINMR, (BYSO-d6, 6 =
2.5 ppm, 400 MHZz): A9 (hr eof <40 = , H 4 (br.s, ) 0-3.95 (m, 3H),
1.24(d,J=7.3, 3%)@1@5%%@’ 7§92%2|§?7 WR%Aﬁ%ﬂﬁn“;ﬁﬁ(:a é?}f%gr%i’k%k%%@%éﬁa?[&ﬂ?%; found
162.0771. Cap-60@rlqdonior-CLdlNGe eHidkownditd?dWaE burified with a reverse phase HPLC
(H20/MeOH/TFA) to afford a colorless viscous oil that crystallized to a white solid upon exposure 1 to
high vacuum.H NMR (DMSO-d6, 6 = 2.5 ppm, 400 MHz): 612.38 (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,C%Z?—ﬂ;HRMS: Anal. Calcd. for [M+H]- C6H10NO04:

160.0610: found 160.0604. o e @\i
OH - %O —_— O/'\© - [ij OH
Br Br
A B

Hoggl\lle c HO™ "Me
(R)-Cap-15

Step 1. (S)-1-Phenylethyl 2-bromo-2-phenylacetate: To a mixture of a.-
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

10 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,SO,), filtered, and concentrated to give a pale
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,

15 CDCl) & 7.53-7.17 (m, 10H), 5.95 (q, /=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-
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

20 by tetrabutylammonium iodide (0.215 g, 0.58 mmol). The reaction mixture was
stirred at room temperature for 5 minutes and then a solution of 4-methyl-4-
hydroxypiperidine (0.251 g, 2.18 mmol) in THF (2 mL) was added. The mixture 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

25 acetate (30 mL), washed (H,O x2, brine), dried (MgSO,), filtered and concentrated.
The residue was purified by silica gel chromatography (0-60% ethyl acetate-hexane)
to provide first the (S,R)-isomer of the title compound (0.306 g, 60%) as a white
solid and then the corresponding (S,S)-isomer (0.120 g, 23%), also as a white solid.
(S,R)-isomer: 'H NMR (CDs;OD) & 7.51-7.45 (m, 2H), 7.41-7.25 (m, 8H), 5.85 (q,
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Cap-6/ 0 H ON --- yOH 0 1H NMR (DMSO-d6, 6 = 2.5 ppm, 400 MHz): 6 12.27 (br s, 1H), 7.40 (br s,
1H), 3.50 (s, 3H), 1.32 (s, 6H).HRMS: Anal. Calcd. for [M+HI C6H12N04: 162.0766; found 162.0765.
Cap-62 10 ONO-204}&H8325--—- | 1H NMR (DMSO-d6, 6 = 2.5 ppm, 400 MHZEBUS2Z0A4/¢t386 1H), 4.21
(d, J=10.3,0.611), 4.05 (d, J= 10.0, 0.4H), 3.62/3.60 (two singlets, 3H), 3.0 (s, 3H), 2.14-2.05 (m,
1H), 0.95 (d, J= 6.3, 3H), 0.81 (d, J= 6.6, 3H). LC/MS: Anal. Calcd. for [MK c5-1,4N04: 188.09; found
188.05. Cap-63 0 H ONOH o --- [Note: the reaction was allowed to run for longer than what was noted
for the general procedure.] 11-1INMR (DMSO-d6, 6 = 2.5 ppm, 400 MHz): 12.21 (br s, 1H), 7.42 (hr s,
1H), 3.50 (s, 3H), 2:02611851, 464 (1.56)1258-0v >S4H) 2HT/RME-ARAINCARY 1fot-MPKhl C5H24N04:

168.09: found 18849, | fxag- 0@ #hNsmOF Noteing raagtianavas Allpwsrdp ey, longer than
what was noted for the general procedur -1 NMR (DMSO-d6, 6 = 2.5 ppm, 400 MHz) 12.35 (br s,

1H), 7.77 (s, 0.82H) 37 fsem: éé{é%#%bpﬁgSwS@r@nsﬁ)NMM@@%) Q74419 40 (#h, FH), 2.14-2.07
(m, 2H), 1.93-1.82A 0. 2 (1 3PrH5.06-7.00 (m, 2H), 5.85 (q, J=6.6 Hz, 1H), 4.06 (s, 1H), 2.70-2.60

5 (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
CH27NO3: 353; found: 354 (M+H)".

Step 3: (R)-2-(4-Hydroxy-4-methylpiperidin-1-yl)-2-phenylacetic acid: To a
solution of (S)-1-phenylethyl (R)-2-(4-hydroxy-4-methylpiperidin-1-yl)-2-

10  phenylacetate (0.185 g, 0.52 mmol) in dichloromethane (3 mL) was added
trifluoroacetic acid (1 mL) and the mixture was stirred at room temperature for 2
hours. The volatiles were subsequently removed in vacuo and the residue was
purified by reverse-phase preparative HPLC (Primesphere C-18, 20 x 100mm;
CH3CN-H»0-0.1% TFA) to give the title compound (as TFA salt) as a pale bluish

15 solid (0,128 g, 98%). LCMS: Anal. Calcd. for Ci4H9NOs: 249; found: 250

(M+H)".
Cap-16
oH ; 0)\© — T OH
E FoON F _N
: G J
(R)-Cap-16
20 Step 1: (S)-1-Phenylethyl 2-(2-fluorophenyl)acetate: A mixture of 2-

fluorophenylacetic acid (5.45 g, 35.4 mmol), (S)-1-phenylethanol (5.62 g, 46.0
mmol), EDCI (8.82 g, 46.0 mmol) and DMAP (0.561 g, 4.60 mmol) in CH,Cl, (100
mL) was stirred at room temperature for 12 hours. The solvent was then
concentrated and the residue partitioned with H,O-ethyl acetate. The phases were
25  separated and the aqueous layer back-extracted with ethyl acetate (2x). The
combined organic phases were washed (H,O, brine), dried (Na,SOy,), 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
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Methyl chloroformate (0.65 mL, 8.39 mmol) was added dropwise over 5 min to a cooled (ice-water)
mixture of Na2CO3 (0.449g. 4.23 mmol), NaOH (8.2 mL of 1M/1120, 8.2 mmol) and
(S)-2-amino¥8oraMd2ERS$335methylbutanoic acid (1.04 g, 7.81 nunol). The rea®§FnUPAMMUE4FS stirred for
45 mm, and then the cooling bath was removed and stirring was continued for an additional 3.75 hr.
The reaction mixture was washed with CH,C1?, and the aqueous phase was cooled with ice-water
bath and acidified with concentrated HC1 to a pH region of 1-2. The volatile component was removed
in vacua and the residue was taken up in a 2:1 mixture of MeOH/CH2C12 (15 mL) and filtered, and the
filterate was roterv@phﬁgt@%ﬁftmrd}UéMK&@Q MAWhiteDsenI)-vigcaus Idam (H2361657.(RINMR,(DMSO-d5,

6 = 2.5 ppm, 400 'g'%ﬁfﬁ%é%?pf%%%?a?%%%}é%f§§b9§6§}§§)3ﬁg8g (d, J = 8.8, 1H), 2.94 (s, 3H),

1.15 (s, 3H), 1.13 (s, repare m appropriate commercially available
starting materials by empitsyiRg tRe(Ebodedhany eudiibedt foetpiheyyitheéiperidiag -gbaaartap-66 0 H

-AOH NMR (RMIQud6n 817 R-P-pRiRy 1RGO IMUIAZH R bR neByicsiald s 00 Q7 1614 hmB1Pin0.13H), 6.81
(d, J =8.8,0.67H) 4.10-4.m, 1,15H), 3.91 (dd, J = 9.1, 3.5, 150.85H), 3.56 (s, 3H), 1.09 (d, J =

6.2, 3H). [Note: only thé! deMNARE digharasdiled RRRGdtbe ‘e imeeDaofkies Y5, 6=25
ppm, 400 MHZ): 121bivédns whH, 13 D5ridethpeBidrOaTk}ifing {r 0, dirmeed, DH05b)686 (br s,
0.08H), 3.95-3.85 (m, 2H), 3.54.(S, 3H),-1.08 (d..J.= 6.3, te: only the,domi ignals of NH
were noted]. Cap-é@ ; %eﬁ Ci\o/loggﬁl)(}%ﬁ orgf%r}é%%lw%%o?nﬁ%ir%?n%l?%ﬁng&lfel rﬁgfp?%v%ge to a mixture
of IN NaOH (aq) (9 hwa9addethast thavnNEHOBS @lgyvEl e tomidlY G aad partid atibifi-benzyl ester

(1.0 g, 4.5 mmol) and Aane (9 Ak, TH: rRaHgMiXi G Wasstine atambisrt Ggnditions for 3 hr,
and then washed with Ethyl acetate (50 ml, 3x). The aqueous layer was acidified with 12N HC1 to a

pH - 1-2, and Bxtrdtbi i Loy sreetare e mb e edim B o8t Garkeeriiistedvart washed with
brine, dried (Na2Séh)| ddtered2andddroanitdbed snguacymhicaiiord w2ap68HO soliphy, vieltdw oil (1.379;

mass is above theqretical.yield. and the product was used without further purification). |Fl NMR
Do b s RS LIS HOTASeE0 TR LRI R & s
(d, J = 12.8, 1H), 3AD3(aLJ 1 2mmnal Handitasgl@®rwag Miredss s mpegiue dor. 241982, 5.5, 1H),

2.71 (dd, =16.2, 8-@helb&a{&s(@&@%e%)éd?alfer‘n&t@@i%@L&JM%i&@Qhu%&éﬂplﬁﬁieMgéh@3H16N061
282.10; found 282.12. 15Cap-69a and -695 MOCap-69a; (R)-enantiomer OHCap-69b: (S)-enanttomer

. ap- (R :
NaCNBH1 (241638 mgrsherias Biftssif-pAte Histhd shssillesprer sodyavides Pre midmieoH (10 mL)
solution of alanine fld338gechbeR Mmed)ibieWIminRess atenlacasaldetnydes (44, abngrdith mmol) was
added drop-wise over 4 min, the Ocoolin w ved, and the reaction mixture was stirred at
miient condition E LA RS TR oA ey A [0 a8 SARB A e reaction was
stirred for 2 hr. COd_i:aewrm@riNmimas @%Q%Wtdicﬁyke@ctmmﬁmf@\{jﬁﬁﬂ theetisle reached - 15,
and the resulting mixfie as eaisskiond @rﬂtﬁgo ﬁ;o log} Rfiie ¥eoAlS COBRIBFHL yis removed in

vacuo and the residue was purified with a Dowexi4) 50WX8-100 ion-exchange resin (column was

washed with Water(ddfd/tHeAeditvpotiRg-WHS: didted Wit @illteNPI2BR] prefBred 8y niidhg 18 ml of
NH4OH and 282 nihohwaterkte affard Gapi68, (243 @) aspn. odf-vehite aplinyarescopss salid. IFI NMR

9271, 3, 1190 JE 24y et s St oMM Bine procecure
described for the synthaBIs®f GHpfoonky h(bYiNg appropriate starting materials. Cap-70a:
Step 3: (R)-2-(2-fluorophenyl)-2-(piperidin-1-yl)acetic acid: A mixture of
25 (R)-((S)-1-phenylethyl) 2-(2-fluorophenyl)-2-(piperidin-1-yl)acetate (0.737 g, 2.16
mmol) and 20% Pd(OH),/C (0.070 g) in ethanol (30 mL) was hydrogenated at room
temperature and atmospheric pressure (H; balloon) for 2 hours. The solution was
then purged with Ar, filtered through diatomaceous carth (Celite®), and concentrated
in vacuo. This provided the title compound as a colorless solid (0.503 g, 98%). 'H
30  NMR (400 MHz, CD;0D) 8 7.65 (ddd, J=9.1, 7.6, 1.5 Hz, 1H), 7.47-7.53 (m, 1H),
7.21-7.30 (m, 2H), 3.07-3.13 (m, 4H), 1.84 (br s, 4H), 1.62 (br s, 2H). LCMS: Anal.
Caled. for Ci3HsFNO,: 237; found: 238 (M+H)".
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(R) Cap-70b: (S) LIO ...,......";,N,}.,,0H 1H NMR (DMSO-d6, 6 = 2.5 ppm, 400 MHz): 63.42 (q, J = 7.1,
1H), 2.68-2.60 (m, 4H), 1.53-1.44 (m, 4H), 1.19 (d, J = 7.3, 3H), 0.85 (t, .J= 7.5, 6H). LC/MS: Anal.
Calcd. for [WHAREHMHIAIO2: 174.15; found 174.13. Cap-71a: (R) Cap-71hPEIYUSHA0/Q44RH0R
(DMSO-d6, 6 = 2.5 ppm, 500 MHz): 63.18-3.14 (m, 1H), 2.84-2.77 (m, 2H), 2.76-2.68 (m, 2H),
1.69-1.54 (m, 2H), 1.05 (t, J = 7.2, 6H), 0.91 (t, J = 7.3, 3H). LC/MS: Anal. Calcd. for [M+Fir
CsHisNO2: 160.13; found 160.06. Cap-72 ---10\..."N OH 1H NM R (DMSO-d6, 6 = 2.5 ppm, 400
MHz): 62.77-2.66 (m, 3H), 2.39-2.31 (m, 2H), 1.94-1.85 (m, 1H), 0.98 (t, J= 7.1, 6H), 0.91 (d, 1 = 6.5,
3H), 0.85 (d, ./ = 6.5, 3H). LC/MS: Anal. Calcd. for [Meapf TOH20NO2: 174.15; found 174.15. Cap-73 0

OH Nt 1 THNMR (DMSO-d6, 6 = 2.5 ppm, 500 MK2): 69.5 (br s, 1H), 3.7 (deh J = 10.8, 4.1, 1H),
3.69-3.61 (m, 2H), (s, 3H), RH9-2.88 {m, @ | Me 7 5 6H), C @ 1P OH 0 NH2 1H
2) 675G TH W), 381 (07 S66,RHLH),

NM R (DMSO-d6, 6 50Q MK ¢ \ .
2.82-2.71 (m, 4H), 2.63 (dd! I= 91H) 2.36 (dey.l = 15. @ 1H), 1.09 ( 7.2,6H). RT =
0.125 minutes (Cond. 2); L%/MS Anal*Calcd. for [M@LSHWNZOP, 189.12; @ 189.13.
Cap-74x A Ho  Spn B HO
(R)-Cap-17
Step I: (S)-1-Phenylethyl (R)-2-(4-hydroxy-4-phenylpiperidin-1-yl)- 2-
phenylacetate: To a solution of (S)-1-phenylethyl 2-bromo-2-phenylacetate (1.50 g,
5 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
10 x2, brine), dried (MgSO.), filtered and concentrated. The residue was purified on a
silica gel column (0-60% ethyl acetate-hexane) to provide an approximately 2:1
mixture of diastereomers, as judged by "H NMR. Separation of these isomers was
performed using supercritical fluid chromatography (Chiralcel OJ-H, 30 x 250mm;
20% ethanol in CO, at 35 °C), to give first the (R)-isomer of the title compound
15 (0.534 g, 27%) as a yellow oil and then the corresponding (S)-isomer (0.271 g, 14%),
also as a yellow oil. (S,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, 1H),
2.82-2.72 (m, 1H), 2.64 (dt, J=11.1, 2.5 Hz, 1H), 2.58-2.52 (m, 1H), 2.40 (dt,
J=11.1, 2.5 Hz, 1H), 2.20 (dt, J=12.1, 4.6 Hz, 1H), 2.10 (dt, /=12.1, 4.6 Hz, 1H),
20 1.72-1.57 (m, 2H), 1.53 (d, J=6.5 Hz, 3H). LCMS: Anal. Calcd. for C,7H»oNOs:
415; found: 416 (M+H)"; (S,S)-isomer: H'NMR (400 MHz, CD;0D) & 7.55-7.48
(m, 2H), 7.45-7.39 (m, 2H), 7.38-7.30 (m, SH), 7.25-7.13 (m, 4H), 7.08-7.00 (m,
2H), 5.88 (q, /=6.6 Hz, 1H), 4.12 (s, 1H), 2.95-2.85 (m, 1H), 2.68 (dt, J=11.1, 2.5
Hz, 1H), 2.57-2.52 (m, 1H), 2.42 (dt, J=11.1, 2.5 Hz, 1H), 2.25 (dt, J=12.1, 4.6 Hz,
25 1H),2.12 (dt, J=12.1,4.6 Hz, 1H), 1.73 (dd, J=13.6, 3.0 Hz, 1H), 1.64 (dd, J=13.6,
3.0Hz, 1H), 1.40 (d, J=6.6 Hz, 3H). LCMS: Anal. Calcd. for Cy7HysNO;: 415;
found: 416 (M+H)".
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acetaldehyde (2.7 mL, 48.1 mmol) was added and the reaction was stirred for 20.5 hr. Most of the
MeOH component was removed in vacua, and the remaining mixture was treated with concentrated
HC1 until itSNM2A28HEES 1.0 and then heated for 2 hr at 40 C. The volatilePEIbs3h 446 removed
in vacua, and the residue was treated 20 with 4 M Haidioxane (20 mL) and stirred at ambient condition
for 7.5 hr. The volatile component was removed in vacua and the residue was purified with Dovv-ex
(1?) 50WX8-100 ion-exchange resin (column was washed with water and the compound was eluted
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reaction mixture attained a tint of blue color. Me'S (10 pipet drops) was added, and the reaction
mixture was stirreg-for;3h mm. 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 vacua to afford a colorless

viscous oil.

5 N&BlBoN{irdoakgA D-PEGokven dad*a8den. 248 MeOH (5.0 mL) solution of the above
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volatile component was removed in vacua, and the residue was purified with a 10 combination of MCX
resin (MeOH wash; 2.0 N NFII/MeOH elution) and a reverse phase H PLC (1+0/M eOH/TFA) to afford
Cap-79 con¥fh#td 2/HRBEWNn amount of morpholine. In order to consumBGRAPABIYABRTE
contaminant, the above material was dissolved in CH2CI2 (1.5 mL) and treated with DIN (0.27 mL,
1.94 mmol) followed 15by acetic anhydride (0.10 mL, 1.06 mmol) and stirred at ambient condition for
18 hr. THE (1.0 mL) and H20 (0.5 mL) were added and stirring continued for 1.5 hr. The volatile
component was removed in vacua, and the resultant residue was passed through MCX resin (McOH
wash; 2.0 N NH3/MedHattul dhitenafford impure Cap-79 as a brown viscous oil, which was used for
the next step With%f&%@&@@@ﬁi&i@gﬂpn. Cap-80a and -80b SOCI2 (6.60 mL, 90.5 mmol) was
added drop-wise over 15 min to a cooled 5(ice-water) mixture of

(S)-3-amino-4-(be MAGRSR-4-bssnlivhrBfRthaeR] (10.04g, 44.98 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 componen was re ved in vacuo and the residue was carefully partitioned between EtOAc
(150 mL) and aturated'NArHCO1 solution. The agueous phase was extracted with EtOAc (150 mL,
2X), and the combitiddrong@hiclehi $EDAA € dliienh, (MM filtied, and concentrated in vacuo to afford
(S)-1-benzyl 4-me$1 | 2-am)j i as cg;lorl S ijg 06g). 1H NMR (DMSO-d6, 6 = 2.5 ppm,
400 MHz): 6 7.40- %\ée?r%ny%%%@%ﬁ?iﬁ Eﬁsﬁaél Z\Vélp%ft% % 6, 1H), 3.55 (s, 3H), 2.68 (dd, J = 15.9,
6.3, 1H), 52.58 (ddle¥ep1859C6.8, 1H), 1.96 (s, 2H). LC (Cond. 1): RT = 0.90 min; LC/MS: Anal. Calcd.
for [M+11]1 C12HPENQGe-239-84 found 238.22 Pb(NO3)2 (6.06 g, 18.3 mmol) was added over 1
min to a CH2C12 (80 mL) solution of (S)-1-benzyl 4-methyl 2-aminosuccinate (4.50 g, 19.0 mmol),
9-bromo-9- phny I e¥ Hiforcsh@ k6% g, 20.0 mmol) and E3N (3.0 mL, 21.5 mmol), and the
10heterogeneous mixidseiweasl siirzed mh ambient condition for 48 hr. The mixture was filtered and the
filtrate was treatedﬁ{"g%g{'ﬁ?gﬁq gn fH;t&B%glozi\gain, and the final filtrate was concentrated. The resulting
crude material was Submitted t0-a lotage purification (350 g silica gel, CH2C12 elution) to afford
(S)-1-benzyl 4-methyl 2-(9- pheny1-9H-fluoren-9-ylamino)succinate as highly viscous colorless oil
(7.93 g). 111 15 NMR (D d6,.S+ 2:8.ppMm HZ2)L 6482 iR 1.3 .16H), 4.71 (d,
J=12.4,1H), 451 (d, J g%.péj %3 ,%%Rs?(%@/]}i%..%%i h ég’h?%? s%ﬂc};iﬁ%%ggﬁgg%%%%o-zm (m,
2H, partially dVerlaisbd it SBHA RS (B C] (Blsilety i) 54y iy (OPeeY RIRSTIE D18t [M-1-Hi
C311-128N04: 479120y fasende4TBkDg, 0.84 iirhdl) DSlicHIdrothetiateq MALvaLaddaimol) was added
drop-wise over 10 ngil to a cooled ((r| 8 C) TH F (50 mL) solution of &S -1-benzyl 4-methyl 2-(9-
phenyL-oH fuorer B et L D B e O A B P Lk N RI0.67 L, 0.2
mmol) was added kirep-wike whetrlss mirctorthequixtireenznyddsii iagraes dontbsidad ¥os 16.5 hr while
allowing the cooling,Rath {1 thaws o iRQEpIEIREIRII. AR SLUERGRIAY With 3albiaigd NHACI solution

(5 mL), most of the organic component was removed in vacua and the residue was partitioned
between CHZE12 (& ﬁ%&-%@lﬁmﬂm PhE TG GRROMIPWES i tMgEBasotiftered, and
concentrated in va@.ra e G3he. resiNiaealdedratefialons Moified with faBidBEE((850)] silica gel;
25% EtOAcihexanes) to afford 3.65 g of a 2S/3S and 2S/3R diastereomeric mixtures of 1-benzyl
4-methyl 3-methyl-2-(9-pheny1-9H-fluoren-9- 30ylamino)succinate in -1.0:0.65 ratio (1H NMR). The
stereochemistry oflthefddemigrraiboryéie wads nairelptepmid ed ent iy ponotdeenand sheilaixture was
submitted to the nextstgp without separation. Partial'HNMR data (DMSO-d6, 6 = 2.5 ppm, 400 MHz):

major diastereomer, 84 39 (d J=12 3 1H of CH) 333 (s_3H_overlapped with H20 signal), 3.50 (d, J
=10.9, NH), 1.13 @7 .1, 3H); minor diastereomer, 8 d, J 33132 21(6ped D3 76 (d, J =
10.9, NH), 3.64 (3, 3H), 0.77 (d, J = 7.0, 3H). LC{CERd- T = 2.19miv i GddMwnal. Caled. for

[M+HI C32H30NQ4: 492.22; found 492.15. Diisobgytylaluminum hydride (20.57 ml of 1.0 Min hexanes,
20.57 mmol) was|added drop-wise over 10 min ES,@COOlecj (-78 C) THM%?Z%G%EBP%I%%{% of
(2S)-1-benzyl 4-methyl 3-methy1-2-(9-phenyl-9 oren-9-ylamino)suggimateH 32334 g, 46786 mmol)
prepared above, gnd stirred at -78 C. for 20 by. The reggtion mixture&lg) e Sv&gii)frorr the cooling
bath and rapidly poured into -1M HIPO4/ ,®. h) with stirring,|and the mixture was extracted with
ether (100 mL, 2%). The combined organi * haée was washed with biié (drléd §66804), filtered and
concentrated in vecua A silica gel mesh of the crude material was prepgregkansssypmitted to
chromatography (25% EtOAc/hexanes; gravity elution) to afford 1.1g of 15(2S,3S)-benzyl
4-hydroxy-3-methyl-2-(9-phenyl-9H-fluorep-9-ylamino)butanoate, co i @6 ' renzyl alcohol, as
a colorless viscous oil and (2S,3R)-benzyl 4-
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hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate containing the (2S,3R) sterecisomer as
an impurity. The later sample was resubmitted to the same column chromatography purification
conditions tOVEXAM3/ Y852 g of purified material Oas a white foam. [Note: thePPBUSX114H438¢ elutes
before the (2S,3R) isomer under the above condition]. (2S, 3S) isomer: IFI NMR (DMSO-d6, S = 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, J=12.4, 1H), 4.21
(app t, J=5.2, OH), 3.22 (d, J= 10.1, NH), 3.17 (m, 1H), 3.08 (m, 1H), -2.5 (m, 1H, overlapped with the
solvent signal), 1.58 (m, 1H), 0.88 (d, = 6.8, 3H). LC 5 (Cond. 1): RT = 2.00 min; LC/MS: Anal. Calcd.
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(2S,3S5)-silyl etheSisueB=01-INMR (DMSO45, 6 = 2.5 ppm, 400 MHz), 7.82 (d, = 4.1, 1H), 7.80 (d, J
= 4.0, 1H), 7.38-7.97 (19, §6 {8} 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), 161(m 1H), 0.90 (d, J = 6.8, 3H), 0.70 (s, 9H), -0.13 (s, 3H), -0.16 (s, 3H). LC
(Cond. 1, where tHarpdistihénmas Bitended to 4 mm): RT = 3.26 mm; LC/MS: Anal. Calcd. for [MAL'
CI7F14.ANOISI: 58:31p fendih 78i40. (2S,3R)-silyl ether isomer: -LH NMR (DMSO- 10 (15,6 =2.5
ppm, 400 MHz 7&;@1 ?%H) 7.80 (d,= 3.1, 16H), 4.66 (d, J = 12.4, 1H), 4.39 (d, J = 12.4, 1H),
3.61 (dd, J = %eﬁﬁ 1 (dd, J = 10, 6.2, 1H), 2.55 (dd, J = 9.5, 7.3, 1H), 7.39-7.10 (m, 9.9,
5.6, 1H), 345 1H)sa>17e1n(m 109, methanol — 90% H,0O — 0.1% TFA

Solvent B=90% methanol — 10% H,O —0.1% TFA
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0.77 (s, 9H), 0.61 (d, J= 7.1, 3H), -0.06 (s, 3H), -0.08 (s, 3H). A balloon of hydrogen was attached
to a mixture of (2S,3S)-benzyl
4-(tertbuty|dWMEEIRIALIIRY ) -3-methy 1-2-(9-pheny1-9H-fluoren-9-ylamino) b RERBHW (B86483¢), 1.447
mmol) and 10% Pd/C (213 mg) in EtOAc (16 mL) and the mixture was 15 stirred at room temperature
for - 21 hr, where the balloon was recharged with H2 as necessary. The reaction mixture was diluted
with CH2C12 and filtered through a pad of diatomaceous earth (Celite-545(r)), and the pad was
washed with EtOAc (200 mL), EtOAciMeOH (1:1 mixture, 200 mL) and MeOH (750 nth). The combined
organic phase was eoditentrated, and a silica gel mesh was prepared from the resulting crude
20material and submitied t@.aflashghromategrphy 8:2:1 mixture of EtOAc/i- PrOH/H20) to afford
(2S,3S)-2-amino-4-(tert-butyldimethylsilyloxy)-3- methylbutanoic acid as a white fluffy solid (325 mg).
(2S,3R)-benzyl 4-@&tHbutAdtmethylsilyloxy)-3-methy1-2-(9-pheny1-9H-fluoren-9-ylamino)butanoate
was similarly elabgratgdqte£28)3R)-2-amino-4-(tert-butyldimethylsilyloxy)-3- methylbutanoic acid.
(ZS,SS)-aminosacig;is .m({:-él;.l-li M R (Methanol-d4, S = 3.29 ppm, 400 MHz), 3.76 (dd, J=10.5, 5.2,
1H), 3.73 (d, J= 3. ,“i%ﬁ‘? B7°(dd™k 10.5, 7.0, 1H), 2.37 (m, 1H), 0.97 (d, J= 7.0, 3H), 0.92 (s, 9H),
0.10 (s, 6H). LC/MSo¥ialtc€atet/mhor [M+HI CIIH26NO3Si: 248.17; found 248.44. (2S,3R)- amino acid
isomer: 1-H N M Ry{Met -4 & = 3.29 ppm, 400 MHz), 3.76-3.75 (m, 302H), 3.60 (d, J= 4.1, 1H),
2.16 (m, 1H), 1.06 (d, J= 7.3, 3H), 0.91 gs, 9H), 0.09(%)5, 6I—r£. Anal. Calcd. for [M+HI C11H26NO3Si:
248.17; found 248%Avent AFiamethapglanPkeddR (d-1% rhEdbf 1.0 M/H20, 0.18 mmol) were added to
a mixture of (2S,38)12=ammrood;Hesthbadyldigwathytsiyhopeg)idmethylbutanoic acid (41.9 mg, 0.169
mmol) and Na2CO3 (11.9 mg, 0.112 mmol), and sonicated for about 1 mm to effect dissolution of
reactants. Thé’mixture was then cooled with an ice-water bath, methyl chloroformate (0.02 mL, 0.259
mmol) was added GuediBGndJland vigorous stirring was continued at similar temperature for 40 mm and
then at ambient temperatuxe for br. Th lan mixture was diluted with water (5 mL), cooled with
ice-water bath and@%é%d%ﬁ%ﬁ%%va% ?de?f%%&égfﬂqueous solution (-0.23 mL). The mixture was
further diluted withSitté&e BE® mL) and extracted with CH2CI2 10(15 mL, 2x). The combined organic
phase was dried (Mg504i-iltgred, and concentrated in vacuo to afford Cap-80a as an off-white solid.
(2S,3R)-2-amino-4- (tert-butyldimethylsilyloxy)-3-methylbutanoic acid was similarly elaborated to
Cap-80b. Cap’80 T RINMRISMS®d6, 6 = 2.5 ppm, 400 MHZ), 12.57 (br s, 1H), 7.64 (d, J = 8.3,
0.3H), 7.19 (d, J =Bd Ratd+h Adi(ald, J = 8.1, 4.6, 0.3H), 4.23 (dd, J = 158.7, 4.4, 0.7H), 3.56/3.53
(two singlets, 3H), 814%19.4%%2 2H), 2.22-2.10 (m, 1H), 0.85 (s, 9H), -0.84 (d, 0.9H, over apped with
t-Bu signal), 0.79 (0 29 A3) 0.02/0.01/0.00 (three overlapping singlets, 6H). LC/MS: Anal. Calcd.
for [M+Na] C131-130trNato5 870 3x8aofo itk 328.48). Cagidbb: IH NMR (CDCI3, 6 = 7.24 ppm, 400
MHz), 6.00 (br d, k5168 B4 -36tkd8b1d T 0ddHoL. 49, 318y (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, J = 7.1, 3H), 0.90 (s, 9H), 0.08 (s, 6H). LC/MS: Anal.
Calcd. for [M3Nat C43H27NNaO5Si: 328.16; found 328.53. The crude products were utilized without
further purification. Cap-81 0 C)OH 0- Prepared @ggasling to the protocol described by Falb et al.
Synthetic Communicationg 1993, 23, 2839. Cap-82 to Cap-85 30Cap-82 to Cap-85were synthesized

from appropriate starting mateyjgls according to the procefure descrik}'ed for Cap-51 9r Cap-13. The
samples exhibited @ﬁ%ﬁam prafileas that ofthe} i

mers (i.e., Capr , Cap-51
and Cap-52, respebiivély). ® O N, -I( 0 Ph Cap-82(;ap-B3 ¢ Cap-86 Me02C H OMe Toa
mixture of 0-methyl-L-threonine (3.0 g, 22.55 mmol), NaOH (0.902 g, 22.55 mmol) in H20 (15 mL) was
added CICO2Me (1.74 ALX 22*.5irrmol) dropvv-ise at 0@, The mixture was allowgdgqstir for 12 h and

acidified to pH 1 using IN HC1. 1
B: X=Br

Step 1; (R,S)-Ethyl 2-(4-pyridyl)-2-bromoacetate: To a solution of ethyl 4-
25  pyridylacetate (1.00 g, 6.05 mmol) in dry THF (150 mL) at 0 °C under argon was
added DBU (0.99 mL, 6.66 mmol). The reaction mixture was allowed to warm to
room temperature over 30 minutes and then it was cooled to -78 °C. To this mixture

was added CBry (2.21 g, 6.66 mmol) and stirring was continued at -78 °C for 2 hours.
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10 The aqueous phase was extracted with EtOAc and (2x250 mL) and 10% MeOH in CH2CI2 (250 mL)
and the combined organic phases were concentrated under in vacua to afford a colorless oil (4.18 g,
97%) whichWRa3Wp4ushefent purity for use in subsequent steps. IHNMR (40 WER20CHEB3% 54.19 (s,
1H), 3.92-3.97 (m, IH), 3.66 (s, 3H), 1.17 (d, J = 7.7 Hz, 3H). LCMS: Anal. Calcd. for C7E1131\105:
191; 15found: 190 (M-HI. Cap-87 Me02CHN 0 HOOH To a mixture of L-homoserine (2.0 g, 9.79
mmol), Na2CO3 (2.08 g, 19.59 mmol) in H20 (15 mL) was added CICO2Me (0.76 mL, 9.79 mmol)
dropvv-ise at OC. The mixture was allowed to stir for 48 h and acidified to pH | using IN HC1. The
aqueous phase wadiextrateadnnitir Et0A tham du@xizsomnit) sahdath &N Beti binkdi ophassicvphiases were
concentrated in Vascézlﬂ_‘%rﬁ?eéﬁ?ﬁé I\%Q{Rr@%es\ggg\ggsﬁ;@ gm%g%l)ﬂ gggz\g/@s) g isyficignt purity for use in
subsequent steps NMR (400 MHz ‘J 64.23 dd I'=4.5, 9.1 Hz,"1H), 3.66 (s 3H) 3.43-3.49
(M, 2H), 2.08 - 2.19°pen s dyrRcrogd hes ?ng@wswmézfa@ae&%ﬁe&mmﬂ@ém hfound: 192

EM+H)11 A nabeiireofrapkal 8Ll IR Ghind- %ynf;mab)ne31b1rp(mpﬂ>»oﬁuiam&(th18 EOhpdBad (rnmnl) KrZ]C(?f
2.45 9, 17.7 mmo Cu! (169 0.88 in l\{ISO was hea for 12h. The
reaction mixture Wés8 égglésd %OWGR%EI%HS %!)e PfI%l?? cgl @M&Tﬁer&dq}é' ﬁ é%ojéé %QQ). The

organic layers werg=exaraciatkyaith), & dhaltl armdimtl (Sf]l-HzZQ}ahd mqscombmedaqqﬁmﬁs) were acidified

to ca pH 2 with 6 O][I\i%héyﬁa Y%ng a?INEL u %gltg%pgz tforng9 (r?%% .209 94Eattlondexchange resin

(Strata) was adde slurry Was lowed to'stand for 20 min ah oaded onto a pad of cation
exchange resin (SB4a34E&V1254). The pad was washed with H30 (200 mL), MeOH (200 mL), and then

NH3 (3M in McOH, 2X20§mb). Rh§) pr{@@;{@q}@ wagikensentiatsshimpacyo.and the residue
(ca.1.19) was dissalved in H20, frozen and ly (gé)o%llze The title compound was obtained as a foam

(1.02 g, 62%)°1 HRNHE@ED RS PRI SE-ae5 broniceiaic ¢ 48 & 743 el BIBMF 610 (s br, 1H),

6.88 (d, J = 7.5 HzmlhYt &b (Snisratid v&é'}&i(&dllhil)eﬂﬁ}ﬂdlnﬁl@@{wmn]ﬂfﬂ)]? &3(d,d #06.0 Hz, 3H), 0.91
(d, J= 6.6 Hz, 3H). LC S: %naéo(ﬁ‘,lalc{:lor{%rf %(%eHlt4N 02 edB :IE‘/I %O canh ) mixture of
L-valine (1.0 g, 8. gﬂ mtiol), 5-5r0 opyrlml &ib fl} ﬁ/o &n bé Rl}y& mmol) and
Cul (179 mg, 0.94 thﬁﬁolyt#ﬁwme(ll@mma@lh@a@hw&ﬂmwtﬁwm fasletion mixture was
cooled to RT, pourgflomiostafy(ediclald mb) BN @ashgd ity 1066, iy IheRrpaniclayers were

extracted 95with a small amount of H20 and the combined a%ghases werge acidified to ca. pH 2 with
6N HCI. The VolurREWAS Rediitei R alore- tnitlakits 2086# et ixchANYE (88 Sirata) was
added. The slurry wpgRjleveesk i@ stand for, 200mBend J4eauad, oty zalpe(daoﬂqatmqg(chaﬁge resin

Strat 25 H 00 2 3 (3M
ﬁ/leroaHa)zg:;oo n?ﬁ) gﬁ?ép aéigﬁv a‘peéfis %'5 éés)‘&%nééqr%tra%?n \P(a‘ %é@?ﬁaﬁfe%%e ca( 1. 12)
was dissolved in FL® (MoZén and lyophyllized. The title compound was obtained as a foam (2.02 g,
62%). 1HNMR (400 MHzg, G;D30R)Showes] I R 10, GORIAM YA Q@e&‘é‘gc fre-purity gayld not be

estimated. The material was used’as is in subsequent reactions. LCMS Anal. Calcd. for CO9OH13N302:

195; found: 196 (W {Bay)-ethyl 2&p¥9dma%®?é%é}@dt%)d%¥dﬁi@°?@tﬁ@r%@ﬂ%8 eebsermsddifor the

preparation of Capr hilfie: GtigrnRekab aDysed1as iﬁm@mmu%ew@@@m@m 1Amal. Calcd. for
C11H15NO2: 193; ;8§nd 92 (M- H The following caps were pe{e gﬁ@acco di i%to the method
fr g

used for preparatioh 5y Iﬂ%?‘éa&lﬁethérm% HEOR A ATRES '€y LEB2Me
ISco2H LCMS: AnahCﬂde(tb pot érda‘ﬂ@ﬂ]lﬂ)@l ZP18; dquirnals PR (Mrsl waklep-9RINHEIQ2dee 1Sco2H

and then it was lyophilized to give the dihydrochloride of the title compound as a
25 yellow solid (containing LiCl). The product was used as such in subsequent steps.
'H NMR (400 MHz, DMSO-de) & 8.49 (d, J=5.7 Hz, 2H), 7.34 (d, J=5.7 Hz, 2H),
3.56 (s, 1H), 2.21 (s, 6H).
The following examples were prepared in similar fashion using the method

described above;

NMe, LCMS: Anal. Caled. for
Cap—]9 | N COZH C9H12N2023 180, found: 181
NT (M+H)".
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LCMS: Anal. Calcd. for cilH111\104: 223; found: 222 (M-Hy. Cap-93 1 00 0 HNR. OH :-....,._,7N
LCMS: Anal. Calcd. for CLOH12N204: 224; found: 225 (M+H)-. Cap-94 0 OH HHN yO0,, 0 LCMS:
Anal. CalcdWer2CBUn$I2D4: 213; found: 214 (M+H)-. Cap-95 0 '.."0".11-"RHOUSTOH/NBRIS: Anal.
Calcd. for C13H17NO04: 251; found: 250 (M-H)-. Cap-96 0 --11, ...-"ONHO OH S LCMS: Anal. Calcd. for
CI2H15N04: 237; found: 236 (M-Hy. Cap-97 0 OA NH NH 0 iCOH LCMS: Anal. Calcd. for COH15N04:
201; found: 200 Cap-98 0 OANH 0 arAtH LCMS: Anal. Calcd. for C9H15N04: 201; found: 202 (M+H)

. Cap-99

LCMS: no ionization. "H NMR
(400 MHz, CD;0D) 8 8.55 (d,
NM62
J=4.3 Hz, 1H), 7.84 (app t,
Cap-20 X CO,H
L J=5.3 Hz, 1H), 7.61 (d, J=7.8
~
Hz, 1H), 7.37 (app t, J=5.3 Hz,
1H), 4.35 (s, 1H), 2.60 (s, 6H).
NMe, LCMS: Anal. Calcd. for
Cap-21 ﬁcozH CoH 1 CIN,O5: 214, 216; found:
ol N 215,217 (M+H)",
NMe, LCMS: Anal. Calcd. for
Cap-22 @COZH CioH12N,O4: 224; found: 225
O,N (M+H)".
NM62
LCMS: Anal. Calcd. for
CO,H
Cap—23 O C14H15N023 229; found: 230
O (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-24 F3C\©)\COZH C11H1,F3NO,: 247; found: 248
(M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-25 d\cozH C1HpFsNO,: 247; found: 248
CF, (M+H)".
NMe; LCMS: Anal. Calcd. for
Cap-26 ©\)\COZH C10H12FNO3y: 197; found: 198
F (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap—27 F\©/kC02H CioH12FNO,: 247, found: 248
(M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-28 C'\©)\COZH C10H1CINO,: 213; found: 214
(M+H)".
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0 -...ONH 1HNMR (400 MHz, CD30D) 6 3.88 - 3.94 (m, 1H), 3.60, 3.61 (s, 3H), 2.80 (m, 1H), 2.20 (m
1H), 1.82-1.94 (m, 3H), 1.45-1.71 (m, 2H). CO2H Cap-99a 0 --,0--ILNH 0 CO2H | HNMR (400
MHz, CD30WP8LB818ED4 (m, 1H), 3.60, 3.61 (s, 3H), 2.80 (m, 1H), 2.20 RETH$291E9443504 (m, 3H),
1.45 -1.71 (m, 2H). Cap-100 0 ....."0)1%-NHO0 OH 0 LCMS: Anal. Calcd. for CI2ZH14NOA4F: 255;
found: 256 (M+H)7. Cap-101 0 --..0ANH CO2H 0 LCMS: Anal. Calcd. for C11H13NO04: 223; found: 222
(M-H). Cap-102 0 CO2H 40 LCMS: Anal. Calcd. for Cl 1 H111\104: 223; found: 222 (M-H)- Cap-103

NMe, LCMS: Anal. Calcd. for
Cap-29 d\cozH C1oH1,CINO»: 213; found: 214
cl (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-30 /©)\ CO,H Ci0H12CINOy: 213; found: 214
Cl (M+H)",
NMe, LCMS: Anal. Calcd. for
Cap-31 s/ﬁ)\ COZH CsH12N,0,S: 200; found: 201
>; " (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-32 CH\COZH CsHi1NO,S: 185; found: 186
S (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-33 S@)\COZH CsH11NO,S: 185; found: 186
= (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-34 Qw)\cozH C11H12N>03: 220; found: 221
o-N (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-35 Q]/kcozH C1,H13NO,S: 235; found: 236
S (M+H)".
NMe, LCMS: Anal. Calcd. for
Cap-36 %,N COH | CiuH1N,058: 250; found: 251
S (M+H)".
Cap-37
NTX NTX
OEt 1 7 2 7
MeZN/\[C])/ - MesN OFt MesN OH
A O - Hcl ©
8 cap-37
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0 -...0ANH ----- MO2H N LCMS: Anal. Calcd. for CLOH12N204: 224; found: 225 (M+H) . Cap-104
HNI.---0--.002H 0 1 HNMR (400 MHz, CD30D) 63.60 (s, 3H), 3.50 - 3.53 (m, 1H), 2.66 -2.69 and 2.44
- 2.49 (m, 1M 2092088 (m, 2H), 1.62 - 1.74 (m, 4H), 1.51 -1.62 (m, 2H). POT/UEMROAG43FNI..CO2H
0 IHNMR (400 MHz, CDIOD) 63.60 (s, 3H), 3.33-3.350n, 1H, 0/ 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).
Prepared from cis-4- aminocyclohexane carboxylic acid and acetaldehyde by employing a similar
procedure described for the synthesis of Cap-2. The crude HC1 salt was passed through MCX
(MeOH/F120/CH2C12 waétp, 2 NRNBHEteDH (elunidn)-3eydffbftl 2hdsihcthlilemwaisadisgolvad in

CHaCNIH20 and ygeliizgein PO AIan i AN (00 CRIDR) 5 i) = 7.3 He

4H), 2.38 -2.41 (m, 1H), 2.28 -'2.31 (m, 2H), 1.79 é dd J 12.5, 15.9 Hz,
2H), 1.46 (app dtI %93 Bme) oG- %6)21((2 6 23017 Gnpgolppd tole‘enr@ HRRL Y4 s esh

with a stream of Ar bubbles for 15 minutes. The reaction mixture was then heated at
5 100 °C for 12 hours, after which it was cooled to room temperature and poured into
H,0. The mixture was extracted with ethyl acetate (2x) and the combined organic
phases were washed (H,O, brine), dried (NaySOy,), filtered, and concentrated in
vacuo. The residue was purified first by reverse-phase preparative HPLC
(Primesphere C-18, 30 x 100mm; CH3CN-H,0-5 mM NH4OAc) and then by flash

10  chromatography (SiO,/ hexane-ethyl acetate, 1:1) to provide the title compound
(0.128 g, 17%) as an orange oil. "H NMR (400 MHz, CDCls) & 8.90 (d, J=2.0 Hz,
1H), 8.32 (d, /=2.0 Hz, 1H), 8.03-8.01 (m, 2H), 7.77 (ddd, J=8.3, 6.8, 1.5 Hz, 1H),
7.62 (ddd, J=8.3, 6.8, 1.5 Hz, 1H), 4.35 (s, 1H), 4.13 (m, 2H), 2.22 (s, 6H), 1.15 (t,
J=7.0 Hz, 3H). LCMS: Anal. Calcd. for C;sHsN»O»: 258; found: 259 (M+H)".

15 Step 2; (R,S) 2-(Quinolin-3-yl)-2-(N,N-dimethylamino)acetic acid: A
mixture of (R,S)-ethyl 2-(quinolin-3-yl)-2-(N,N-dimethylamino)acetate (0.122 g,
0.472 mmol) and 6M HCI (3 mL) was heated at 100 °C for 12 hours. The solvent
was removed in vacuo to provide the dihydrochloride of the title compound (0.169 g,
>100%) as a light yellow foam. The unpurified material was used in subsequent

20  steps without further purification. LCMS: Anal. Calcd. for Ci3H14N>O»: 230;
found: 231 (M+H)".

Cap-38
O Me
O
; Y ‘o/'\@ Q\H‘\OH
7 1 FNQ 5 F N
OH + - . -
F  NR'R? O Me
O
: o QL
F _N S
B Cap-38
25 Step I; (R)-((S)-1-phenylethyl) 2-(dimethylamino)-2-(2-fluorophenyl)acetate

and (S)-((S)-1-phenylethyl) 2-(dimethylamino)-2-(2-fluorophenyl)acetate: To a
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0 LCMS: Anal. Calcd. for CI5H17N304: 303; found: 304 (M+Hy. Cap-109 0 --...0.11. /2"--- -:-...,..",..
Jmmmmee 'CO2H N H IN LCMS: Anal. Calcd. for CI OH 12N204: 224; found: 225 (M+H) . Cap-h0 O ------ c"--;
| ----- MO2HWORMS2/AARSCalcd. for CLOH12N204: 224; found: 225 (M+H)-. REIHUP0MVGEIP | MeO
\OH 0 ..)-1.NH CO2H 411/ ".0 LCMS: Anal. Calcd. for CI2HI6NO2P: 333; found: 334 (M+H). Cap-I112
-.0.-IL-NH 41 0 CO2H NH LCMS: Anal. Calcd. for C13H14N204: 262; found: 263 (M+H) . Cap-113

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-phenylethanol (2.09 g, 17.15 mmol)
in 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
5 vacwuo 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,SO,), filtered, and concentrated
in vacuo. The residue was purified by silica gel chromatography (Biotage/ 0-50%
diethyl ether-hexane). The resulting pure diastereomeric mixture was then separated
10 by reverse-phase preparative HPLC (Primesphere C-18, 30 x 100mm; CH3CN-H,O-
0.1% TFA) to give first (S)-1-phenethyl (R)-2-(dimethylamino)-2-(2-
fluorophenyl)acetate (0.501 g, 13%) and then (S)-1-phenethyl (S)-2-
(dimethylamino)-2-(2-fluorophenyl)-acetate (0.727 g. 18%), both as their TFA salts.
(S,R)-isomer: 'HNMR (400 MHz, CD;0D) § 7.65-7.70 (m, 1H), 7.55-7.60 (ddd,
15 J=94,8.1, 1.5 Hz, 1H), 7.36-7.41 (m, 2H), 7.28-7.34 (m, 5H), 6.04 (q, /=6.5 Hz,
1H), 5.60 (s, 1H), 2.84 (s, 6H), 1.43 (d, J/=6.5 Hz, 3H). LCMS: Anal. Calcd. for
C1sH20FNO,: 301; found: 302 (M+H)"; (S,S)-isomer: "H NMR (400 MHz, CDsOD) &
7.58-7.63 (m, 1H), 7.18-7.31 (m, 6H), 7.00 (dd, J=8.5, 1.5 Hz, 2H), 6.02 (q, J=6.5
Hz, 1H), 5.60 (s, 1H), 2.88 (s, 6H), 1.54 (d, J=6.5 Hz, 3H). LCMS: Anal. Calcd.
20 for C1sH20FNO,: 301; found: 302 (M+H)".
Step 2; (R)-2-(dimethylamino)-2-(2-fluorophenyl)acetic acid: A mixture of
(R)-((S)-1-phenylethyl) 2-(dimethylamino)-2-(2-fluorophenyl)acetate TFA salt (1.25
g, 3.01 mmol) and 20% Pd(OH),/C (0.125 g) in ethanol (30 mL) was hydrogenated at
room temperature and atmospheric pressure (H; balloon) for 4 hours. The solution
25 was then purged with Ar, filtered through diatomaceous earth (Celite™), and
concentrated in vacuo. This gave the title compound as a colorless solid (0.503 g,
98%). 'H NMR (400 MHz, CD;0D) 8 7.53-7.63 (m, 2H), 7.33-7.38 (m, 2H), 5.36
(s, 1H), 2.86 (s, 6H). LCMS: Anal. Calcd. for C;oH12FNO,: 197; found: 198
(M+H)".
30 The S-isomer could be obtained from (S)-((S)-1-phenylethyl) 2-
(dimethylamino)-2-(2-fluorophenyl)acetate TFA salt in similar fashion.
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0 ..0A 140 OBn NH CO2H LCMS: Anal. Calcd. for Cl 2H19NO05: 329; found: 330 (M+Hy. Cap-114 rN
,CO2Me CO2H | HNMR (400 MHz, CDC13) 6 4.82 - 4.84 (m, 1H), 4.00 -4.05 (m, 2H), 3.77 (s, 3H),
2.56 (s, br, WO 20088485115 ..""Cc021-1 NHCO2Me IHNNIR (400 MHz, CBEVUPYHNI4S6br, 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 ---A?CCO2H
NHCO2Me IHNNIR (400 MHz, CDC13) 6 5.10 (d, ,J= 8.6 Hz, 1H), 3.74 - 3.83 (m, 1H), 3.69 (s, 3H),
2.54 - 2.61 (m, 2H), 1.88 (sept, J = 7.0 Hz, 1H), 0.95 (d, J= 7.0 Hz, 6H). Cap-]1710 Cap-123 For
the preparation of Cap-117 to Cap-123 the Boc amino acids were obtained from commercially sources
and were deprotected by treatment with 25% 5 TFAGCH2C12. After complete reaction as judged by
LCMS the solvents were removed in vacua and the corresponding ¥FA-salt of the amino acid was
carbamoylated with methyl chloroforfnat '?%:%%rding to the procegure desSHbed for Cap-51. Cap
Structure LCMS Cap-117

cap-39

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% Pd(OH),/C
5 (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™) and concentrated in vacuo. The residue was purified by
reverse-phase preparative HPLC (Primesphere C-18, 30 x 100mm; CH3CN-H,O-
0.1% TFA) to give theTFA salt of the title compound (R)-2-(dimethylamino)-2-(2-
10 chlorophenyl)acetic acid as a colorless oil (0.290 g, 55%). "H NMR (400 MHz,
CDsOD) & 7.59-7.65 (m, 2H), 7.45-7.53 (m, 2H), 5.40 (s, 1H), 2.87 (s, 6H). LCMS:
Anal. Calcd. for CyoH,CINO,: 213; found: 214 (M+H)".

Cap-40
0]
Cl  NH, Cl HNJ\O/
OH OH
oY oY
15 cap-40

To an ice-cold solution of (R)-(2-chlorophenyl)glycine (1.00 g, 5.38 mmol)

and NaOH (0.862 g, 21.6 mmol) in H,O (5.5 mL) was added methyl chloroformate
(1.00 mL, 13.5 mmol) dropwise. The mixture was allowed to stir at 0 °C for 1 hour
and then it was acidified by the addition of conc. HCI1 (2.5 mL). The mixture was

20  extracted with ethyl acetate (2x) and the combined organic phase was washed (H,O,
brine), dried (NaxSOy), filtered, and concentrated in vacuo to give the title compound
(R)-2-(methoxycarbonylamino)-2-(2-chlorophenyl)acetic acid as a yellow-orange
foam (1.31 g, 96%). 'H NMR (400 MHz, CD;0D) & 7.39 — 7.43 (m, 2H), 7.29 —
7.31 (m, 2H), 5.69 (s, 1H), 3.65 (s, 3H). LCMS: Anal. Calcd. for C;oHoCINOy4:

25 243; found: 244 (M+H)".
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0 '-'0"--ILNH 0 0 OH LCMS: Anal. Calcd. for CI2H15N04: 237; found: 238 (M+H)-. Cap-118 0 ONH O
.7Tk---AOH Cs LCMS: Anal. Calcd. for CIOH111\104S: 243; found: 244 (M+11)-. Cap-1190
0"--ILNHO OMOC812{0ENRS: Anal. Calcd. for CIOH111\104S: 243; found: 244 R{iI¥E§2010/044356

10

Cap-41

(J

Cl N

O O
OH 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
stirred at room temperature for 3 hours. The reaction mixture was then diluted with
ethyl acetate and extracted with H,O (2x). The aqueous phase was lyophilized and
the residue was purified by silica gel chromatography (Biotage/ 0-10% methanol-
CH,Cl,) to give the title compound 2-(2-(Morpholinomethyl)phenyl)acetic acid as a
colorless solid (2.22 g, 87%). "H NMR (400 MHz, CDsOD) & 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 C13H7NOs: 235; found: 236 (M+H)".

The following examples were similarly prepared using the method described

for Cap-41:

LCMS: Anal. Caled. for

()
Cap-42 O C14H1oNO;: 233; found:
OH 234 (M+H)".
w

LCMS: Anal. Caled. for

Cap-43 o C13H17NO»: 219; found:
OH 220 (M+H)".
Me
N~Me LCMS: Anal. Calcd. for
Cap-44 O C1iH1sNO»: 193; found:
OH 194 (M+H)".
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Cap-120 0 .--'0O)LNHO OH r%). \\-g LCMS: Anal. Calcd. for CIOH111\104S: 243; found: 244 (M+H)-.
Cap-121 0 -,...0-11-,NH Csr.002H [IHNMR (400 MHz, CHOI) 6 4.06 - 4.16 (m, 1H), 3.63 (s, 3H), 3.43
(s, 1H), 2.8VEh2883635br, 1H), 1.86 - 2.10 (m, 3H), 1.64 - 1.76 (m, 2H), PE4X/U2618/0hi33¢).
Cap-122 0 --..0---1LNH [IHNMR profile is

(\NMe
N\) LCMS: Anal. Calcd. for
Cap-45 O Ci14H2N>05: 248; found:
OH 249 (M+H)".
Cap-45a
0 <0
NH, HN.__O
e pTsOH salt
_NH
Cap-45a

HMDS (1.85 mL, 8.77 mmol) was added to a suspension of (R)-2-amino-2-
5 phenylacetic acid p-toluenesulfonate (2.83 g, 8.77 mmol) in CH,Cl, (10 mL) and the
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)-
10 2-phenylacetic acid (1.5 g; 82 %).was recovered as a white solid and it was used
without further purification. 'H NMR (500 MHz, DMSO-ds) 8 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, IH). LCMS: Anal. Calcd. for C1oH;2N,05 208.08
found 209.121 (M+H)"; HPLC Phenomenex C-18 3.0 x 46 mm, 0 to 100% B over 2
15 minutes, 1 minute hold time, A=90% water, 10% methanol, 0.1% TFA, B=10%
water, 90% methanol, 0.1% TFA, RT=1.38 min, 90% homogencity index.

Cap-46
¥ 0 ¥ 0
NH, HN.__O
¢ pTsOH salt (NH
cap-46

61



similar to that of its enantiomer, Cap-121. Cap-123NH/O INH OH LCMS: Anal. Calcd. for
C27H26N206: 474; found: 475 (M+1-0. oa tieoler Cap-124 The hydrochloride salt of
L-threonine YAt 20idA1833&r was carbamoylated according to the procedure REFICEMB U0+ crude
reaction mixture was acidified with IN HC1 to pH-1 and the mixture was extracted with EtOAc (2X50
mL). The combined organic phases were concentrated in vacua to give a colorless oil which solidified
on standing. The aqueous layer was concentrated in vacua and the resulting mixture of product and
inorganic salts was triturated with EtOAc-CH2C12- MeOH (1:1:0.1) and then the organic phase
concentrated in vacua toljivdaicolprisksthdsilpyehicbdeasoshugwe thy hEMS tedselibéfdeSimed product.

Both crops were cqubines oA ARG TS (00 MHACBIOR) 64,80 . 17, 402
2H) 5.17 (d, J=7.93 Hz, 1H) 6.05 (t, J/=5.19 Hz, 1H) 6.60 (d, /=7.63 Hz, 1H) 7.26-
7.38 (m, 5H) 12.68 (s, 1H). LCMS: Anal. Calcd. for C;1H14N»O3 222.10 found
5 223.15 (M+H)". HPLC XTERRA C-18 3.0 x 506 mm, 0 to 100% B over 2 minutes,
1 minute hold time, A=90% water, 10% methanol, 0.2% H3PO,4, B=10% water, 90%
methanol, 0.2% H3;PO4, RT=0.87 min, 90% homogeneity index.

Cap-47
oL o O
=z O : 0 z o
NH, HN.__O HN\(O
A \lf N
PN
10 B Cap-47

Step I; (R)-tert-butyl 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

15 temperature 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 (MgSO,), 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

20 NMR (500 MHz, DMSO-de) & ppm 1.33 (s, 9H) 2.82 (s, 6H) 5.17 (d, J=7.63 Hz, 1H)
6.55 (d, J/=7.32 Hz, 1H) 7.24-7.41 (m, SH). LCMS: Anal. Calcd. for C;sH2N>O3
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

25  index.

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
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5.0 Hz, 1H), 1.49 (d, .7 = 6.3 Hz, 3H). LCMS: Anal. Calcd. for CSH7N04: 145; found: 146 (M+H)+.
15Cap-125 To a suspension of Pd(OH)2, (20%, 100 mg), aqueous formaldehyde (37% wt, 4 ml),
acetic acid, Y0022 MeN183a%ethanol (15 mL) was added (S)-4-amino-2-(tertbuf®&Ya&Ha M o) butanoic
acid (1 g, 4.48 mmol). The reaction was purged 20several times with hydrogen and was stirred
overnight with an hydrogen balloon room temp. The reaction mixture was filtered through a pad of
diatomaceous earth (Celite(r)), and the volatile component was removed in vacuo. The resulting crude
material was used as is for the next step. LC/MS: Anal. Calcd. for C111122N204: 246; found: 247
(M+H)I. 25 Cap-12@redidiig firotbdune iEha deodificatigwidhatsuben teppepareo@ap-Slutivo a
suspension of 3-methyl-Listdig:(9.80.8e4dQ Tineh) M THE Aol RRHEA (IR ML) at 0C was
added NaHCOS3 (0.88 g, 10.5 mmol) The resulting mixture was treated with C1CO,Me (0.40 mL, 5 20
mmol) and the mixRtFBHRoWEPE stif ey Iussidp strpliegrbicetc Rd varisokrigdvsd d&arting material
remaining. The reagtiganosas, asidifiad e pHvanithiiriNeHstifithe.solrentsivveseorerReved in vacua and

the residue was s in 20 0of 209 OH | 2 .. The mixtyr S fi and
concentrated to gi\/ﬁ@%ﬁ%}%ﬂ%ﬁggg Sé@l@ﬁ%&ﬂ@%ﬁ& ql}[ll‘zllk/lé% gﬂlﬁzﬁkﬁg’rﬁag%%to be a 9:1
mixture of the metktyVedt&? Hndli_ﬁb7ol?é596tad=ﬁ5rwﬂztzﬂhi%%ﬁa?téﬁaihwaﬁ)takéﬁ @pﬁH)TIHEMﬂS)m L) and
H20 (10mL), cooleg 1g 06, RR {QH! (R 9,4, M9 10 4qmmohhwas @Qﬂﬁ% AfIRTSUTRRILR (th LCMS

showed no ester remaining. Therefore the 15 mixture was acidified with 6N HC1 and the solvents
removed in vacua.lBGMS Fham. [QieR WWnfheveid ahedand o deldtimpeAiid’confssund was
obtained as its HCosalhaamtsminaied.wilh inorganiasaltsid Rdignsil 00 HIRs, cRmRopnd was used
as is in subsequent steps without further purification. IHNMR (400 MHz, CDIOD) 68.84, (s, 1H), 7.35
(s, 1H), 4.52 (dd, U5 "o hPTmOSePE)y 3188%(s, 3H), 203.62 (s, 3H), 3.35 (dd, J = 4.5, 15.6 Hz, 1H,
partially obscured by solvent), 3.12 (dd, =9.0, 15.6 Hz, 1H).LCMS: Anal. Calcd. for C9H13N304:
227.09; found: 228.09 (M+H) . Cap-127 was pr§ a_gf%d according to the method for Cap-126
above starting from (S)-2-amino-3-(1-methyl-1H-imi azo0 -4-yl)propanoic acid (1.11 g, 6.56 mmol),
NaHCO3 (1.21 g, 14.4 mmol?@%% C1CO2Me (0.56 mL, Zyzéfmol). The title compound was obtained
as its HC1 salt (1.7979,> ontaminated wi rgaic salts. LGMS and R Q@Howed the
presence of ca. 5% of grepetyyl ester—TFhe-cru as used-astswit [ purification.
1HNMR (400 MHz, CDIO},68.90 (s, 1H), 7.35 (s, 1H);4.4§ (dd,1 = 5.0, 8.6 Hz, 1H, 3.89 (s, 3H),
3.62 (s, 3H), 3.35 (m, 1H), 3.68 (m, 1H); LCMS: Anal. Céﬁ . for COH13N304: 227.09;\ﬁ)und: 228
(M+H) . Preparation of Cap-128 THF-H20Me02C &§2BnMe02CHN CO2H NH
cj-29cap-128 Step 1. Preparation of (S)-benzyl 2-(t utoxycarbonylamino)pen@mate (cj1527Db).
BocHWIt0213n cj-27b To a solution of cj-27a (1.01 g, 4.74 mmol), DMAP (58 mg, 0.475 mmol)
and iPr2NEt (1.7 mL, 9.8 mmol) in CH2C12 (100 mL) at 0C was added Cbz-Cl (O.6%anﬁ§, 4.83 mmol).

The solution was allowedkig, stioréthat/ e WarN§AdMN# IS phenylacetate: To a stirred

15 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

20  washed with H,O and brine, dried (MgSOQ,), 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;Cl1-D) é ppm 1.50-1.57 (m, 2H) 1.58-1.66 (m, 2H) 1.87-1.97 (m, 2H) 3.89-
3.98 (m, 1H) 5.37 (s, 1H) 7.26-7.38 (m, 5H). LCMS: Anal. Calcd. for CigH2sN2Os3

25 318.19 found 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.
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20brine), dried (Na2S04), filtered, and concentrated in vacua. 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. 11-INMRVQ@MMHE328DC13) 6 7.35 (s, 5H), 5.35 (d, br, J = 8.1 Hz, 1H)PSDPE19/844P® Hz, 1H),
5.17 (d, J = 12.2 Hz, 1H), 4.48 - 4.53 (m, 1H), 2.68 - 2.81 (m, 2H), 2.00 (t, J = 2.5 Hz, 1H), 1.44 (s,
9H). LCMS: Anal. Calcd. for C17H21NO04: 303; found: 304 (M+H)+. 5 Step 2. Preparation of (S)-benzyl
3-(1-benzyl1-1H-1,2,3-triazol-4-y1)-2-(tertbutoxycarbonylamino)propanoate (cj-28). Ph-\ BocHN
CO2Bn c1-28 To a mixture of (S)-benzyl 2-(tert-butoxycarbonylamino)pent-4-ynoate (0.50 10g, 1.65
mmol), sodium ascorbate#p.83@R g2 38ymopoity BeBO% 25HR0y{0coR2eridr. 0P matio dyvduNen \11 (0.13
g, 2.1 mmol) in DI\@R@_@&(@@H_ Sléﬁﬁ&%éﬂ%ﬁlﬁgg&‘ﬂz%gﬁ%ﬁc%%@&321-%,247’16‘91'1%89%“6 mixture was

warmed to 65C. After 5h LCMS indicated low conversion. A'further portion of Nal\13 (100 mg) was
added and heatind-Wasleorntiled 1or4984. Hie (fembt shdbaesoliigdsitot ihc Antrmd)and
15shaken. The laygispwieeasapre atedanddnaisguausHay el exiraectast it @aaanththe
combined org%nic gf%at es Was.hedt H20 x3, brir%eﬁ, ried Na(éié)% filter%j, an c%?qpergtrated. The
residue was purifieé? ;}ﬁggﬁlQ%th?ag‘g?rﬁdiW‘éq Yo MeOH T CH ‘2?"& 39 MBHI R 8ﬁ2C12) to
afford a light yelloveoiysidtichdsolidlfid doorstpodimgs(048¢B1rR) - 2-02e5 k] dive tN M&dna3- consistent with
the desired produciiayl sugresty e RigensR o8 M «he maleyal as wsedigmioniipaut further
purification. 1HN (400 MHz, DMSO-d6) 6 7.84 %,é)lHé,3 27 -7.32 (m, 10%?, 5.54&5, 2H), 5.07 (s,
2H), 4.25 (m, 1H), 2296 (Hd 13 EMF ) 347 ] SRy 86 (e 364 12, 2Hi7).63:66¢d8, 32 9.1514.7 Hz,
1fH()é )1-b31 (S,l‘%H()- B@M@,AH@IS.@-ZB{awiorﬁ%Hﬁwz 10 4367 foung,; 1‘|E3)76(M"(Et|,)J:‘593FH§,- Prgg)aratriIO\n
o] -benzyl 3-( 1- -1H-1,2,3-tri -4-y1)-2- 1oxycarbon ino)pr no i-29). Ph-
Me02CHN LabE nl%ﬁ%ﬁ%zg&%%lg%rf%%(%g%ﬁzly e A LA T oMl A
3-(1-benzyl-1H-1 &y iriasdl 4 )2 (tefbutoXTER RANIag By pandate (Q052R)pdedS mmol) in
CH2C12 was added TEA (4 mL). The mixture was allowed,to stir at roomy t rature for 2h. The
mixture was concenr%![rrlgl%:_%sd mm\}gcﬁ;)ﬂ ?ga éllr\?g’é& Egpoﬂéys%e(r)’lﬁ\?\/ﬁi&e%gﬂggﬁgga éfmgﬁgﬁgl. ﬁ]is material
was dissolved in THEeH 20V amstbanib @25 0d:PSaliB RAHRE DR (D095 dogra@mityol)daras added followed
by C1CO2Me (0.25 mL, 3.25 mmol). After stirring for 101.511 the mixture was acidified to pH-2 with
6N HC1 and then poured into H20- EtOAc. The layers were separated and the aq phase extracted 2x
with Et0OAc. The combined org layers were washed @Wo‘fgnrine), dried (Na2S04), filtered, and
concentrated in vacuo to give a colgless piNS058 mg, 111%, NMR suggested the presence of an
unidentified impurity) which solid standingomnthe . 15Thgf material was used as is
without further purification. IHNMRT400 MHz, DMSOd6) 67.824s, 1H), 7970 (d, J = 8.1 Hz, 1H), 7.27 -
7.32 (m, 10H), 5.54 (s, 2H), 5.10 (d, J = 12.7 Hz, 1H), 5.06(d, J = 42.7gHz, 1H), 4.32- 4.37(m, 1H),
3.49 (s, 3H), 3.09 (dd, J = 5.6, 14.7 Hz, 1H), 2.98 (dd, J = 9.6, 14.7 Hz, 1H). LCMS: Anal. Calcd. for
C211-122N404: 394; fouhel2395qhviehiien Sfeh(Beydsaimeasstig acid (2.0 g, 12.1 mmol) in
(S)-2-(methoxycarkpatainine)t 3nidHvds 2 BrlidzakAd HYREGRBAQHE 23t (GABHL 28¥cHiNN. Me02CHN
CO2H Cap-128 gﬁ’ﬁS)-bgggél -0 -benzyl-1H -1,2,3 -triazol-4-%1§-€-

(methoxycarbonylAHRGI T pEnGafEIBES G U L A RBTT WAL AV arSEE LesE REHE HIa&&nce of Pd-C
(82 mg) in MeOH (hidndat wibitosphiepieqirassdreidlosing et thewds filigred thneugh
diatomaceous ear [ ' s

(S 2-(methorycarbarianotir e ERIRIEEALIER Buces prosure providng B ere - Cotortess
gum (266 mg, 111PwduticRuvasasentamYatetrhme perrodh o FRe(MEthyresidr iharhaterial was
used as is without feth@snPifioaiem dHINMB L AA0MHH 2, (D S AR R IRl 8AS 0%, Hatbr 7189 (s, 1H),

7.50 (d, J= 8.0 Hz, 1H), 4.19 - 424 (m, 1H). 3,49 (s, 3H), 3.12 (dd, J = 4.8 Hz, 14.9 Hz, 1H), 2.96 (dd,
3206, 15.0 i, TAEEHE: Gkl ER, 1BF TGN A STl e S14 (Ut e i

25 compound 2-(benzyl(methyl)-amino)acetic acid as its TFA salt (723 mg, 33%) as a
colorless wax. 'H NMR (300 MHz, DMSO-ds) & ppm 2.75 (s, 3H) 4.04 (s, 2H) 4.34
(s, 2H) 7.29-7.68 (m, 5H). LCMS: Anal. Calcd. for: C;oH13NO, 179.09; Found:
180.20 (M+H)".
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Preparation of Cap-129 1) H2 Pd-C / MeOH CbzHNICO2H 2) CICO2MeMe02CHN-L-002H NaHCO3 /
THF-H20 cj-31cap-129 Step I. Preparation of (S)-2-(benzyloxycarbonylamino)-3-(1 H-pyrazol-1-
yl)propanoi MR TERBBES(D N CbzHN)--tO2H 15¢j-31 A suspension of ESTHEPYP/044356
2-oxooxetan-3-ylcarbamate (0.67 g, 3.03 mmol), and pyrazole (0.22 g, 3.29 mmol) in CH1CN (12 mL)
was heated at 50 C for 24h. The mixture was cooled to rt overnight and the solid filtered to afford
(S)-2- (benzyloxycarbonylamino)-3-(1 H-pyrazol-1-yl)propanoic acid (330.1 mg). The 20filtrate was
concentrated in vacuo and then triturated with a small amount of CH1CN (ca. 4 mL) to afford a second
crop (43.5 mg). Total yield 370.4 mg (44%). m.p. 166d-XB8C. lit m.p. 168.5- 169.5 [Vederas et al. J
Am. Chem Soc. 1985, 107, 7105]. R (400 MHz, CD10D) 57.51 (d, J = 2.0, 1H), 7.48 (s,J =15
Hz, 1H), 7.24- 7.34(m, 5H), 6.23 m, 18), 5.05 (d, 12.7 H, 1H), 5.03 (& J = 12.7 Hz, 1 H), 4.59 - 4.66
(m, 2H), 4.42 - 4.49 (m, 1H). LCM&An “Caled. for GIAHIENG 04 289 fetbifid: 290 (M+H)+. Step 2.
Preparation of (S)-Z-(methoxycarbo'nylamino)-3-(1H-pyra yl)proparroic acid (Cap-129).
Me0O2CHN-LtO2H cap-129 (S)-2-(benzyloxycarbonylamino)-3-( 1H-pyrazol-1-y1)propanoic acid
(0.20 g, 0.70 mmol) was hydrogenated in the presence of Pd-C44%50ng) in MeOH (5 mL) at
atmospheric pressure for 2h. The product %E%eared to be insoluble in MeOH, therefore the reaction

mixture was diluted with SRt SEBRASABUCRNT SrBpLdrerei e Rusoieiid i Yottt was filtered
through diatomaceaaus ¢ arthacgltolanaytheddeDik, G @68 gn1vaiehien ol e deéiaiyliopl@ddgtion was

frozen and lyophylli to,10give a yellow foam (188.9 mq). This material was suspe e(g in
THEA-120 (13, 2000 S ey Fs R T S S R RS 1 0 v,
1.74 mmol) carefullpuisvdlitisrsioc ORturfersgasesseldution dad eestate B alrs2mni deCO2Me (0.06

mL, 0.78 mmol) wagRECed AR dSkechE M AHER AR A INEHHLD RV ARG B @gidified to pH-2
with 6N HC1 and poured into 15EtOAc. The layers were separated and the aqueous phase extracted

with EtOAC (x5). THELoMpimedisd pariey rsrePare Pecprstivd Bhh & e A0 Adem, filtered, and
concentrated to givettbeokitte Z0mpgUReyastadooldriass, 20ltd $0%/Bovg,648M)AHPIMR 4460 MHz,

DMSO-d6) 8 13.0 1H), 7. o726 Hz, 7.4 J 8.1 Hz, , d, J=1.5Hz, 1H),
015 (app 1 310 2.0 1 BRI S Ga T 2 B s b s A i o s
Anal. Calcd. for CRehyB0retii Rnfmend -RathyiRaic @ab-TBY sAlt HRFNC 028 Sap-130 was

prepared by acylalign @fcqmmereirlyrasatabie ADvRELAYIS SN 80alo9ys 19 the BEpcedure given in:
Calmes, M. Daunis, J.. Jacquier, R.: Verducci. J. Tetrahe%?rolgl?ﬂf%? ?é(l(?, 2235’. C%%lp-l?)z Step

g : : )
a: Dimethylcarbanoyt &8 itle (0I5 M, TS nrtol WS adbet YdigHd Bl ftiboP{8)-benzy!
2-amino-3-methylqutanatehy droehlqod e (24Ng, 12 mmaihand 2amg'evbase. (3.67 mL, 21 mmol) in
THF (50 mL).lThe resulting white suspension was stirred at room tempeiature overnight (16 hours)
and concentrated under reduced pressure. The residue was partitioned between ethyl acetate and
water. The organic layer was washed with brine, driédzM§SO4), filtered, and concentrated under
reduced pressure. The resulting yellow oil was puyified by flash

OYO o

Na,CO3 (1.83g, 17.2 mmol) was added to NaOH (33 mL of 1M/H,0, 33

mmol) solution of L-valine (3.9 g, 33.29 mmol) and the resulting solution was cooled
20  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
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
25 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-dg, 5=2.5 ppm, 500
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10chromatography, eluting with ethyl acetate:hexanes (1:1). Collected fractions were concentrated
under vacuum providing 2.35 g (85%) of clear oil. 1H NMR (300 MHz, DMSO-d6) 6 ppm 0.84 (d,

J=6.95 Hz, 3 201891§#23=6.59 Hz, 3H), 1.98-2.15 (m, 1H), 2.80(s, 6H), 5. FC-HORM/44433644 Hz,
1H), 5.13 (d, J=12.44 Hz, 1H), 6.22 (d, 1=8.05 Hz, 1H), 7.26-7.42 (m, 5H). LC (Cond. 1): RT =1.76

min; MS: 15Anal. Calcd. for [M-EFH+ CI6H22N201: 279.17; found 279.03.

Step b: To a MeOH (50

mL) solution of the intermediate prepared above (2.35 g; 8.45 mmol) was added Pd/C (10%; 200 mg)
and the resulting black suspension was flushed with N2 (3x) and placed under 1 atm of H,. The
mixture was stirredviiizbdhStempdtatiirs ciernightldhd3fitdetdd ddugio. 8. mibrSfibk(sfikB.to 20remove

the catalyst. The regiilting Glgag golutianvvasines aaareptigied PURHPqUEE

NRSESSAIBota obtain 1.43

g (89%) of Cap-/.3/ as a white foam, which was used without further purification. IHNMR (500 MHz,
DMSO-d6) 6 ppm B8 RER27 Hz, 3H), 0.88 (d, J=3.97 Hz, 3H), 1.93-2.11 (m, 1H), 2.80 (s, 6H),
3.90 (dd, J=8.39, 6.87 Hz, 1H), 5.93 (d, J=8.54 Hz, 1H), 12.36 (s, 1H). LC (Cond. 1): RT = 0.33 min;
MS: Anal. Calcd. for [M+H]l C8FINN201: 189.12; 9?&%18904' H YLO HNtO NH2 HCI

a

ruat

Cap-132 was 6repared from (S)-benzyl 2-amin%ro

noa c%@oé’rtechloride according to the method

described for Cap-131. 'Ft NMR (500 MHz, DMS0-4) pp87/1.27 (d, J=7.32 Hg/3H), 2.80 (s, 6H), 4.06
(qt, 1H), 6.36 (d, J=7.32 Hz, 1H), 12.27 (s, 1H). LC (Cong. 1): RT = 0.15 minkMS: Anal. Calcd. for
[M-Ef] C6HON201: 161.09; fount61.00. Cap-133 0@ ™1if202c'MAO NH2HN yp HCI Cap-133 was

prepared from (S)-tert-butyl 2-am:gfb‘-f{-methyfbutanoat 3 drocthUrid.ggﬁdi:;Iuoroethyl
chloroformate according to the metho8-tRescribed for ¥ap-44gdH NMR (500 Métz, DMSO-d6) 6 ppm
0.87 (t, J = 6.71 Hz, 6H), 1.97-2.10 (m, 1H), 3.83 (dd, 1=8.39, 5.95 Hz, 1H), 4.14-4.18 (m, 1H),
4.20-4.25 (m, 1H), 4.50- RIBA (K7 Sl a0shomeg X irrsadyed 82 suspesigmal k2, /a4puid B4 (s, 1H). 15
amino-3-methylbutanoate hydrochloride (75.0 g, 0.357 mol) in THF (900 mL), and the

mixture was cooled to 0 °C (ice/water bath). Methyl chloroformate (29.0 mL, 0.375

10 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

(MgSO,), filtered and concentrated under diminished pressure. The crude material was

15 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% yield). 'H-NMR (500 MHz, DMSO-ds, & =
2.5ppm) 7.34 (d, J=8.6, 1 H), 3.77 (dd, /= 8.6, 6.1, 1 H), 3.53 (s, 3 H), 1.94 - 2.05
(m, 1 H), 1.39 (s, 9 H), 0.83 - 0.92 (m, 6 H). *C-NMR (126 MHz, DMSO-ds, 8 = 39.2

20 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-

methylbutanoate (82.0 g, 0.355 mol) in CH,Cl, (675 mL), and the mixture was stirred

25  at ambient temperature for 4 h. The volatile component was removed under

diminished pressure and the resultant oil triturated with petroleum ether (600 mL) 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 crystals (54.8 g, 88 % yield). MP = 108.5-109.5 °C. 'H NMR
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Cap-134 0 OH OH NH2 HN O Cap-134 was prepared from (S)-diethyl alaninc and methyl
chloroformatc according to the method described for Cap-51. tliNMR (500 MHz, DMSO-d6) 6 ppm
0.72-0.89 (MW @PH 21018526 38 (m, 4H), 1.54-1.66 (m, 1H), 3.46-3.63 (m, 3H) POAASY{8¢44P368.85, 5.19
Hz, 1H), 7.24 (d, J = 8.85 Hz, 1H), 12.55 (s, 1H). LC (Cond. 2): RT = 0.66 min; LC/MS: Anal. Calcd. for
[M+H]E C9H181\104: 204.12; found 204.02. Cap-135 A solution of
D-2-amino-(4-fluorophenyl)acctic acid (338 mg, 2.00 mmol), INHC1 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 carbaf0(6R g PMISO6dk, at=255ppihd hiixture Wag thiefl filtered, thrFougli X dlte to afford the

HC1 salt of Cap-1 a White, f, 6 mg. 80%). lli Hz -d4.6 1 , J=8.80,
510 bz 21, 1 290 LBt S S 07 U L0E b o ST e Arsdlh: KOS min
(Cond.-MS-W5); 9696 idHro i iddex; 1PMBmAhAL. 10aldé. FbriMe-il GION1BFNO2; 188%09; found:

198.10. 10 Cap LINGQISOH - 1759 7 90Rlet(80 Gsuapension ok Aohereylad e mislazole (1.58
g, 10.0 mmol) in anhydrous diethyl ether (50 mL) under nitrogen was added n-butyl lithium (2.5 M in

hexanes, 4.0 ML, foWdhndi§-dropwise’: AtérBeiRgtisatrdersspdephiatt-19550 @ egdarbon dioxide
(passed through Diigtitg). WisibabRISY: 060 81, (RaGtQR: the optical purity assessment was made on

the methyl ester derivative of Cap-51, which was prepared under a standard TMSCHN,

(benzene/MeOH) esterification protocol. HPLC analytical conditions: column,

ChiralPak AD-H (4.6 x 250mm, Sum); solvent, 95% heptane / 5% IPA (isocratic); flow
10 rate, 1 mL/min; temperature, 35 °C; UV monitored at 205 nm.

[Note: Cap 51 could also be purchased from Flamm.]

Cap-52 (Same as Cap-12)

0.0
O

HN,
-

15 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-
52 as a colorless viscous oil. "H NMR (DMSO-ds, 5=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),

20 1.25(d,J=7.3, 3H).

Cap-53 to -64 were prepared from appropriate starting materials according to

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) 0 MHz): 8 12.51 (brs, 1H), 7.4 (d, J = 7.9,

H
Cap-33b: /O\n/N\il\OH 0.9H), 7.06 (app s, 0.1H), 3.86-3.82 (m,
(S) © 1H), 3.53 (s, 3H), 1.75-1.67 (m, 1H), 1.62-
1.54 (m, 1H), 0.88 (d, J = 7.3, 3H). RT =
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mixture for 10 min before it was allowed to warm up to 25C. 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 Uy h2Mater8625mL), acidified to pH = 3, cooled, and induced to crSENMSWitH438fatching.
Filtration of this precipitate 90gave a white solid which was suspended in methanol, treated with IN
NCl/diethyl ether (4 mL) and concentrated in vacua. Lyophilization of the residue from water (5 mL)
afforded the HCI salt of Cap-1 36 as a white solid (817 mg, 40%). 1H NM R (300 MHz, DMSO-d6) 6
7.94 (d, J=1.5Hz, 1H), 7.71 (d, J= 1.5 Hz, 1H), 7.50-7.31 (m, 5H), 5.77 (s, 2H); R, = 0.51 min
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10.4, 1H), 4.01-3.96 (m, 1H), 3.53 (s, 3H),
2.47-2.42 (m, 1H), 2.35-2.29 (m, 1H).

Cap-56 '"H NMR (DMSO-dg, & = 2.5 ppm, 500
(0]
H . =
/O\H/N\.)J\OH MHz): 8 12.75 (s, 1H), 7.38 (d, J = 8.3,
o ;\ 0.9H), 6.96 (app s, 0.1H), 4.20-4.16 (m,
(0]
| 1H), 3.60-3.55 (m, 2H), 3.54 (s, 3H), 3.24
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1.69-1.51 (m, 2H), 1.39-1.26 (m, 2H), 0.85
(t,J = 7.4, 3H). LC (Cond. 2): RT =139
LC/MS: Anal. Calcd. for [M+H]"
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15procedure 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) WOHE8RMEB2Yhe mixture was stirred at room temperature for 2BGTHES3PE0P4¢aE0diluted
with ethyl acetate and washed with brine, dried over Na2S04, filtered and concentrated. The residue
was preabsorbed 20onto silica gel and chromatographed (elution with 40% ethyl acetatethexanes) to
afford Cap-I38, step a (1.00 g, 45%) as a light yellow solid. 1H NMR (CDC13, 500 MHz) 6 9.19(s, 1H),
8.51 (d, J=6.0 Hz, 1H), 7.99 (d, J= 6.0 Hz, 1H), 7.52-7.50 (m, 2H), 7.00-6.99 (m, 1H), 4.01 (s, 3H);
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CN

To a thick-walled, screw-top vial containing an argon-dega.ssed suspension of

1-chloro-6-methoxyisoquinoline (1.2 g, 6.2 mmol; prepared according to the 5procedure in WO 2003/
099274), pot¥R3iiAd§ddfide (0.40 g, 6.2 mmol), 1,5- bis(diphenylphosphind)pEAtEda0+235¢), 0.62
mmol) and palladium (I1) acetate (70 mg, 0.31 mmol) in anhydrous toluene (6 mL) was added

NAIV"I\f'-

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 with ethyl acetate, washed
with water and brine, dried over Na2S04, filtered and concentrated. The residue was purified on silica
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AN o
O
1

Methyl chloroformate (0.65 mL, 8.39 mmol) was added dropwise over 5 min
to a cooled (ice-water) mixture of Na,COj3 (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

removed and stirring was continued for an additional 3.75 hr. The reaction mixture
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Cap-141 Cap-141, step a (83 mg, 0.48 mmol) was treated with 12NFICI (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 mWQR1RA4838Pred for 10 min and then filtered to afford Cap-141 P44/V$3¢).048985@s an
off-white solid. The filtrate was diluted with dichloromethane and washed with brine, dried over
Na2S04, and concentrated to afford additional Cap-141 (29.30 mg, 32%) which was sufficiently pure to
be caffied forward directly. 11-1 NMR (DMSO-d6, 500 MHz) 6 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, 101H); Rt = 1.33 min (Cond.-D1); 90%
homogenity index; W€ M&hghal it GlordiM ¢ GUAHYPINO 2y k3208 fotinde181¢OFatTapi 42 CO2N

15 Cap-142"step a,Bg; Gyt AR FELAMATAIERASE fromfbrameiseaningling N-oxide as

described in the two-step procedure for the preparation of Cap-138, steps b and ¢c. RI = 1.45 mm
(Cond.-MS-W1); SBRNEHBIEAHS IhdEE et Wangkae aind e e nfaQeHA3R 97; found:

233.00. Cap-142, stepuld. (in@Mitered, 1) @it AGINOLYASIQHPISRENFIN0 OffaPal 42vistep a (116 mg,

0.50 mmol), potassium phosphate tribasic (1,70 mg, 0.80 ol), palladium (1) acetate (3.4 mg, 0.015

mmol) and 2-(3!icy&?gﬁé‘ﬁwfﬁﬁ%%ﬁﬂ]ﬁ&%gﬁén;ﬁ[a&?&%%f%é%rﬁdﬁﬁ Bﬁlﬂy@gg%%%érqg t mL) was

added morpholine((6Y plR.£.F0 mMmoH3 (e, MiMi)re.Sivas. hest8d1at)1004Cs, fdF 1.8 .hS ¢adlay to 25 'V,

filtered through dialtq@%c/gﬁ;;s earth (Celite) and concentrated. Purification of the residue on silica gel
% to 7

(gradient elution with'1 0% ethyl acetate in hexanes) afforded Cap-142, step b (38 mg, 32%) as
a yellow solid which was @&rrfédidriardcsinictyror from aBivnnyC epamvs iy yvabhchomogcenity

index; LCMS: AnalGaby ford Mty GHpIANIR: A40:tlicfauedbdDRA0 3, RRRIAR Cap-63ap-142 was
prepared from Cap-142,step b with 5N sodium hydroxide as described in the procedure for Cap 138.

124=10.72 mrH)(Cond.-MS-WO; 90% 15homogenity index; LCMS: Anal. Calc. for [M+H] C14H15N203:
259.11; found: 259.0K Cap-143 CO2H 90 Cap-143,Giepa Br To a stirred solution of
3-amino-1-bromoisoquinoline (444 mg, 2.00 mmol) in anh%drous dimethylformamide (10 mL) was
added sodium hydride (60%, unwashed, 25 96 mg, 24 mmol) in one portion. The mixture was stirred
at 25 C for 5 mm before 2-bromoethyl ether (90%, 36 }’gv&ﬂo mmol) was added. This mixture was
stirred further at 25 C for 5 h and at 75 C for 72 h befoge"ityuas cooled to 25 C, quenched with
saturated ammonium chloride solution and diluted with ethyl acetate. The

"H NMR (DMSO-ds, & = 2.5 ppm, 400 MHz): § 12.58 (br s, 1H), 7.07 (d, J =

8.3, 0.13H), 6.81 (d, J = 8.8, 0.67H), 4.10-4.02 (m, 1.15H), 3.91 (dd, /= 9.1, 3.5,
15 0.85H), 3.56 (s, 3H), 1.09 (d, J = 6.2, 3H). [Note: only the dominant signals of NH

were noted].
Cap-67
© OH
20 "H NMR (DMSO-dg, 8 = 2.5 ppm, 400 MHz): 12.51 (br s, 1H), 7.25 (d, J =
8.4,0.75H), 7.12 (br d, J = 0.4, 0.05H), 6.86 (br s, 0.08H), 3.95-3.85 (m, 2H), 3.54

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

Cap-68

T 0
o ~_0
Y

(0N

25 Bn
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organic layer was separated, washed with water and brine, dried over Na)SO4, filtered and
concentrated. Purification of the residue on silica gel (gradient elution with 0% to 70% ethyl acetate in
hexanes) affvRU294$3143, step a (180 mg, 31%) as a yellow solid. Rt = 1. PSTHIR2EHAHIMS-W1);
90% homogenity index; LCMS: Anal. Calc. for [M+H] C13H14BrN20: 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 n-butyllithium in hexanes 10 (2.5 M, 0.25 mL, 0.633 mmol). After 10 mm,
dry carbon dioxide was bubbled into the reaction mixture for 10 min before it was quenched with IN
FICI and allowed to warn¥ighboBloTtermistife’ v, the mexidiarie dddéthddichiorervetzren@ x 30 mL)
and the combined &rgﬁ%@ﬁt%@wﬁ SRRUPIG KRB BHIERH AP [eaiphighy reverse
phase H P LC (MeOH/water/TFA) afforded Cap-143 (16 mg, 1512%). Rt = 1.10 min (Cond.-MS-W1);
90% homogenity iAeieh-PORISEAHAL Tl S6rohHpi O10xang {8 b hegoastofdpintire 59:08.
Cap-144, step a N@Zed & ambidnBciaRORQIRRAUINGIGH: (radhed 38R PV WAS @dded IR small
portions to a cold %0 C) solution of fuming nitric acid (10 nggand concentrated sulfuric acid 25 (10 mL).
The mixture was stfEREV TG '8 ﬁ%@fb‘?‘é‘ﬁ‘%&é@%ﬁb 1R Rl A S5 ERGieYdlt stirred for 16
h. The mixture wasttyéacpaty x5l helkaroptritaihingaahdpped ieecand wateitiabdrike resulting
suspension was stiyred for "C befare it was filtered to affor. -144. step a (2.73 g, 81%) as
2 yallow solic which L e BB A L S e S R s A,
Cale. for [M+H]l COHEG2NRe: i94D097 tifearpiiead 4 zIdparddhe g pvas GeCaphay futdsta (0.30 g,
1.23 mmol) was takenith nethanak (BEb. ang Lreatpshyviborlatngm oxded30 pg)7aad the

suspension was subjected to Parr hydrogenation at 7 psi H2 for 1.5 h before formalin (5 mL) and
additional pla’ffhun{‘b)(icTeg(éolﬁ?gf\ﬂéﬁéﬁ%ﬂbé?&kﬁé@dﬁpéﬁﬁ&%\%@ﬁ%%glﬁ?edtédgo() hydrogenation

at 1045 psi l(;l,dfor h.&tunsfm?,ilMtﬁs.55!@!Qmjlluege<éddnmaglhs.di,aigm&g,egns eRIth %%@QMB)) alnd
concentrated dow volume, Suction-filtration af the ensui ecipitate gffo title
compound as a yeriilgé\‘/lsﬁgii@\%ﬂc@l\%?ﬁgs bcrﬁ%%rl%ggé%‘fgﬁéd gglgﬁ{licga% J@I%;dﬁséf’%[j @Eﬁé‘n with 5%

ethyl acetate in heX3hé fo@d%ZR@thyl acetate in hexanes) to afford Cap-144, step b (231 mg, 78%) as
a pale, yellow solid. Rt.= 2.36 15min (Cond.-D1); 95% homogenity index; IFI NMR (400 MHz, CDCI3)
6 8.02 (s, 1H), 7.95 (d, J= 8.6 Hz, 1H), 7.57-7.53 (m, 1H), 7.30 (d, J= 7.3 Hz, 1H), 2.88 (s, 6H); LCMS:
Anal. Cale. fo'[M+Ht CHHHC12N2: 241.03; folrfd- #1902 -¢YRMS: Anal. Cale. for [M+Hf C11
1-11102N2: 241.0299; found: 241.0296-Capeld4, stepc. O ap-144, step c was prepared from
Cap-]44, step b according to the proc@n Hbenﬁ%ggﬁz enang "Pe']

)édgaﬁggmg} of Cap-139, step a. Rj=2.19
mm (Cond.Dl); 95% homogcnity index; LCMS: Anal. Cale. for [M+1-1]+ Ci2H1iC1NI: 232.06; found:
232.03. HAMS: Anal. Calc. for [M+H]l C12H11C1N3: 232.0642; found: 232.0631, Cap-l44

Cap-144 was prepared a&ﬁ@iﬁﬁ%@ﬁ@&o@eﬁﬁ?@o &1l qﬁf?dp eaipsytp Fehil ‘i‘.{:%ll%iﬁ)(Cond.-Dl);

900/,; LCMS: Analw@atcl fan[M¥dDHQ 12 12 &1INRe2f 2B3i6d ( FGARd, 238.08ndDaps{d45 to -162

minutes later acetaldehyde (4.0 mL, 71.3 mmol) was added drop-wise over 4 min, the

20  cooling bath was removed, and the reaction mixture was stirred at ambient condition
for 6 hr. An additional acetaldehyde (4.0 mL) was added and the reaction was stirred
for 2 hr. Concentrated HCl was added slowly to the reaction mixture until the pH
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

25 Dowex® 50WX8-100 ion-exchange resin (column was washed with water, and the
compound was eluted with dilute NH4OH, prepared by mixing 18 ml of NH4OH and
282 ml of water) to afford Cap-69 (2.0 g) as an off-white soft hygroscopic solid. 'H
NMR (DMSO-ds, & =2.5 ppm, 400 MHz): 6 3.44 (q, / = 7.1, 1H), 2.99-2.90 (m,
2H), 2.89-2.80 (m, 2H), 1.23 (d, /= 7.1, 3H), 1.13 (t, J = 7.3, 6H).

30 Cap-70 to -74x were prepared according to the procedure described for the

synthesis of Cap-69 by employing appropriate starting materials.
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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 BeMAN12/0%8323 C- Cond.); % Cap # Cap Method Hydrolysis homBgEV S 356

1.14 min

(Cond.-

MS-W1); gama

Cap-70a:
R)
Cap-70b: (S)

"H NMR (DMSO-dg, & = 2.5 ppm, 400
MHz): § 3.42 (q, /= 7.1, 1H), 2.68-2.60
(m, 4H), 1.53-1.44 (m, 4H), 1.19(d, J =
7.3,3H), 0.85 (t, J =7.5, 6H). LC/MS:
Anal. Caled. for [M+H] CoH20NO>:
174.15; found 174.13.

Cap-71a:

R)
Cap-71b: (S)

"H NMR (DMSO-dg, & = 2.5 ppm, 500
MHz): § 3.18-3.14 (m, 1H), 2.84-2.77
(m, 2H), 2.76-2.68 (m, 2H), 1.69-1.54
(m, 2H), 1.05 (t, J = 7.2, 6H), 0.91 (t, J
= 7.3, 3H). LC/MS: Anal. Calcd. for
[M+H]" CgHsNO, : 160.13; found
160.06.

Cap-72

"H NMR (DMSO-dg, 3 = 2.5 ppm, 400
MHz): § 2.77-2.66 (m, 3H), 2.39-2.31
(m, 2H), 1.94-1.85 (m, 1H), 0.98 (t, J =
7.1, 6H), 0.91 (d, J = 6.5, 3H), 0.85 (d, J
= 6.5, 3H). LC/MS: Anal. Calcd. for
[M+H]" CoH20NOy: 174.15; found
174.15.

Cap-73

"H NMR (DMSO-dg, 3 = 2.5 ppm, 500
MHz): 8 9.5 (brs, 1H), 3.77 (dd, J =
10.8, 4.1,1H), 3.69-3.61 ( m, 2H), 3.26
(s, 3H), 2.99-2.88 (m, 4H), 1.13 (t, J =
7.2, 6H).

Cap-74

OH

NH,

"H NMR (DMSO-dg, 3 = 2.5 ppm, 500
MHz): § 7.54 (s, 1H), 6.89 (s, 1H), 3.81
(t, J = 6.6, k,1H), 2.82-2.71 (m, 4H),
2.63 (dd, J = 15.6, 7.0, 1H), 2.36 (dd, J
=15.4,6.3, 1H), 1.09 (t, J = 7.2, 6H).
RT =0.125 minutes (Cond. 2); LC/MS:

Anal. Caled. for [M+H] CsH;7N»Os :

73
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90%; LCMS: 411111.-N Cap- 002H Anal. 145 Prepared from commercially available 1,3-

dichloroisoquinoline B 12N HC! [M+H] C10H7CIN Calc. for 02: 208.02; found:
WO 2012/018325 PCT/US2010/044356

189.12; found 189.13.
Cap-74x \\ 0
NN o LC/MS: Anal. Calcd. for [M+H]"
C10H22N023 18817, found 188.21
Cap-75
N o
\/NﬁOH
0]
I
5 Cap-75, step a
\\ O
\/kao/sn
OH

NaBH;CN (1.6 g, 25.5 mmol) was added to a cooled (ice/water bath) water

(25 ml)/methanol (15 ml) solution of H-D-Ser-OBzl HCI (2.0 g, 8.6 mmol).
Acetaldehyde (1.5 ml, 12.5 mmol) was added drop-wise over 5 min, the cooling bath

10  was removed, and the reaction mixture was stirred at ambient condition for 2 hr. The
reaction was carefully quenched with 12N HCI and concentrated in vacuo. The
residue was dissolved in water and purified with a reverse phase HPLC
(MeOH/H,O/TFA) to afford the TFA salt of (R)-benzyl 2-(diethylamino)-3-
hydroxypropanoate as a colorless viscous oil (1.9g). 'H NMR (DMSO-ds, & =2.5

15 ppm, 500 MHz): § 9.73 (br s, 1H), 7.52-7.36 (m, SH), 5.32 (d, J = 12.2, 1H), 5.27 (d,
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). LC/MS (Cond. 2): RT = 1.38 min; LC/MS: Anal. Calcd. for [M+H]"
Ci4H2oNO;3: 252.16; found 252.19.

20 Cap-75
NaH (0.0727 g, 1.82 mmol, 60%) was added to a cooled (ice-water) THF (3.0
mL) solution of the TFA salt (R)-benzyl 2-(diethylamino)-3-hydroxypropanoate
(0.3019 g, 0.8264 mmol) prepared above, and the mixture was stirred for 15 min.
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208.00. Cap- 4N 0 A 5N NaOH 1.40 min 146 002H (Cond.- Prepared from commercially available
3- hydroxyisoquinoline  D1); 95%; LCMS: Anal. Cale. for [M+H] CiiHtoN 01: 204.07; found: 204.06.
Cap- 147 0 NQa32R/8gared from commercially available 1- chloro-4- hydB&Jis&eaHokheE SNNaOH
0 87 min (Cond.-

Methyl iodide (56 uL, 0.90 mmol) was added and stirring was continued for 18 hr
while allowing the bath to thaw to ambient condition. The reaction was quenched
with water and loaded onto a MeOH pre-conditioned MCX (6 g) cartridge, and
washed with methanol followed by compound elution with 2N NHz/Methanol.

5 Removal of the volatile component in vacuo afforded Cap-75, contaminated with
(R)-2-(diethylamino)-3-hydroxypropanoic acid, as a yellow semi-solid (100 mg).

The product was used as is without further purification.

Cap-76
T o
O

N
’ €7
NaCNBH3; (1.60 g, 24.2 mmol) was added in batches to a chilled (~15 °C)
water/MeOH (12 mL each) solution of (S)-4-amino-2-(tert-butoxycarbonylamino)
butanoic acid (2.17 g, 9.94 mmol). A few minutes later acetaldehyde (2.7 mL, 48.1
mmol) was added drop-wise over 2 min, the cooling bath was removed, and the
15 reaction mixture was stirred at ambient condition for 3.5 hr. An additional
acetaldehyde (2.7 mL, 48.1 mmol) was added and the reaction was stirred for 20.5 hr.
Most of the MeOH component was removed in vacuo, and the remaining mixture
was treated with concentrated HCI until its pH reached ~ 1.0 and then heated for 2 hr
at 40 °C. The volatile component was removed in vacuo, and the residue was treated
20  with 4 M HCl/dioxane (20 mL) and stirred at ambient condition for 7.5 hr. The
volatile component was removed in vacuo and the residue was purified with Dowex
® 50WX8-100 ion-exchange resin (column was washed with water and the
compound was eluted with dilute NH4OH, prepared from 18 ml of NH4OH and 282
ml of water) to afford intermediate (S)-2-amino-4-(diethylamino)butanoic acid as an
25  off-white solid (1.73 g).
Methyl chloroformate (0.36 mL, 4.65 mmol) was added drop-wise over 11
min to a cooled (ice-water) mixture of Na,CO3 (0.243 g, 2.29 mmol), NaOH (4.6 mL
of 1IM/H,0, 4.6 mmol) and the above product (802.4 mg). The reaction mixture was

stirred for 55 min, and then the cooling bath was removed and stirring was continued
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D1); 95%; LCMS: Anal. Cale. for [M+H] I CiiHioN 03: 204.07; found: 204.05. Cap- 148 co2H Prepared
from commercially available 7- hydroxyisoquinoline 40N A 5NNaOH 0.70 min (Cond.- DI); 95%; LCMS:
Anal. Calc. NSP[RHIA)18325SCHFIN-7N 03: 204.07; found: 204.05. PCT/US2010/044356

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 HCI to a pH region of 2. The volatile
component was then removed in vacuo and the crude material was free-based with
5  MCX resin (6.0g; column was washed with water, and sample was eluted with 2.0 M
NH3/MeOH) to afford impure Cap-76 as an off-white solid (704 mg). "H NMR
(MeOH-d., 8 = 3.29 ppm, 400 MHz): 6 3.99 (dd, J = 7.5, 4.7, 1H), 3.62 (s, 3H),
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]" CioHN»Oy: 233.15; found 233.24.
10
Cap-77a and -77b
O
QL
N Cap-77a: enantiomer-1
;b 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
15 effecting the enantiomeric separation of the intermediate benzyl 2-(7-
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
20  provide 124.5 mg of enantiomer-1 and 133.8 mg of enantiomer-2. These benzyl
esters were hydrogenolysed according to the preparation of Cap-7 to provide Cap-77:
'H NMR (DMSO-dg, 8 = 2.5 ppm, 400 MHz): & 7.55 (m, 2H), 7.38-7.30 (m, 3H),
4.16 (s, 1H), 3.54 (app brs, 2H), 2.08-1.88 (m, 4 H), 1.57-1.46 (m, 4H). LC (Cond.
1): RT = 0.67 min; LC/MS: Anal. Calcd. for [M+H]" C14H;sNO,: 232.13; found
25 232.18. HRMS: Anal. Caled. for [M+H]" C14HsNO,: 232.1338; found 232.1340.
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0.70 min  (Cond.- Dl); 95%; LCMS: Cap-0 N co2H Anal. 149 A 5NNaOH Cale. for

Prepared from
WO 2012/018325 PCT/US2010/044356

NaCNBH; (0.5828 g, 9.27 mmol) was added to a mixture of the HCI salt of
(R)-2-(ethylamino)-2-phenylacetic acid (an intermediate in the synthesis of Cap-3;

5 0.9923 mg, 4.60 mmol) and (1-ethoxycyclopropoxy)trimethylsilane (1.640 g, 9.40
mmol) in MeOH (10 mL), and the semi-heterogeneous mixture was heated at 50 °C
with an oil bath for 20 hr. More (1-ethoxycyclopropoxy)trimethylsilane (150 mg,
0.86 mmol) and NaCNBHj3; (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

10  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 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,O/MeOH/TFA) to afford

15 the TFA salt of Cap-78 as a colorless viscous oil (353 mg). "H NMR (DMSO-d, & =
2.5 ppm, 400 MHz; after D,O exchange): 8 7.56-7.49 (m, 5H), 5.35 (S, 1H), 3.35 (m,
1H), 3.06 (app br s, 1H), 2.66 (m, 1H), 1.26 (t, J = 7.3, 3H), 0.92 (m, 1H), 0.83-0.44
(m, 3H). LC (Cond. 1): RT =0.64 min; LC/MS: Anal. Calcd. for [M+H]"
Ci3H1sNO»: 220.13; found 220.21. HRMS: Anal. Calcd. for [M+H]" Ci3H;sNO»:

20 220.1338; found 220.1343.

Cap-79
o0
O__N,,

O
O
Ozone was bubbled through a cooled (-78 °C) CH,Cl, (5.0 mL) solution Cap-

25 55(369 mg, 2.13 mmol) for about 50 min until the reaction mixture attained a tint of
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commercially available 5- [M+H] hydroxyisoquinoline CHHIoN 01: 204.07; found:
0.26 min  (Cond.-
WO 2012/018325 PCT/US2010/044356

10

15

20

25

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.

NaBH3;CN (149 mg, 2.25 mmol) was added to a MeOH (5.0 mL) solution of
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 NH3/MeOH elution) and a reverse
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.
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 clution) to afford impure Cap-
79 as a brown viscous oil, which was used for the next step without further

purification.
Cap-80a and -80b

i OH
Cap-80a: S/S-diastereomer

0 Cap-80b: S/R-diastereomer
7/
6
\

SOCI, (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
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 NaHCOj solution. The aqueous phase was extracted with EtOAc (150
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mL, 2x), and the combined organic phase was dried (MgSO,), filtered, and
concentrated in vacuo to afford (S)-1-benzyl 4-methyl 2-aminosuccinate as a
colorless oil (9.706g). 'H NMR (DMSO-dg, & = 2.5 ppm, 400 MHz): & 7.40-7.32 (m,
5H), 5.11 (s, 2H), 3.72 (app t, J = 6.6, 1H), 3.55 (s, 3H), 2.68 (dd, J = 15.9, 6.3, 1H),

5 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]" C;,H¢NOy4: 238.11; found 238.22.

Pb(NO3), (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

10 heterogeneous mixture was stirred at ambient condition for 48 hr. The mixture was
filtered and the filtrate was treated with MgSO, and filtered again, and the final
filtrate was concentrated. 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

15 NMR (DMSO-ds, 8 = 2.5 ppm, 400 MHz): & 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,
1H), 2.50-2.41 (m, 2H, partially overlapped with solvent). LC (Cond. 1): RT =2.16
min; LC/MS: Anal. Caled. for [M+H]" Ca;HsNO4: 478.20; found 478.19.

LiHMDS (9.2 mL of 1.0 M/THF, 9.2 mmol) was added drop-wise over 10

20  min to a cooled (-78 °C) THF (50 mL) solution of (S)-1-benzyl 4-methyl 2-(9-
phenyl-9H-fluoren-9-ylamino)succinate (3.907 g, 8.18 mmol) and stirred for ~1 hr.
Mel (0.57 mL, 9.2 mmol) was added drop-wise over & 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 NH4CI solution (5 mL), most of the

25  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 (MgSQO,), 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 2S/3S and 2S/3R
diastereomeric mixtures of 1-benzyl 4-methyl 3-methyl-2-(9-phenyl-9H-fluoren-9-

30 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-de, & = 2.5 ppm,
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400 MHz): major diastercomer, & 4.39 (d, J = 12.3, 1H of CH5), 3.33 (s, 3H,
overlapped with H,O signal), 3.50 (d, / = 10.9, NH), 1.13 (d, J = 7.1, 3H); minor
diastereomer, 0 4.27 (d, J =12.3, 1H of CH>), 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. Calcd. for
[M+H]" C1,H30NO.: 492.22; found 492.15.

Diisobutylaluminum hydride (20.57 ml 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 ~1M H3;PO4/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 (MgSO,), 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
(28,3S)-benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate,
contaminated with benzyl alcohol, as a colorless viscous oil and (2S,3R)-benzyl 4-
hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate containing the
(2S,3R) stereoisomer as an impurity. The later sample was resubmitted to the same
column chromatography purification conditions to afford 750 mg of purified material
as a white foam. [Note: the (2S, 3S) isomer elutes before the (2S,3R) isomer under
the above condition]. (28, 3S) isomer: "H NMR (DMSO-dg, § = 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, J/ = 12.4, 1H), 4.21
(appt,J=5.2,0H), 3.22 (d, J = 10.1, NH), 3.17 (m, 1H), 3.08 (m, 1H), ~2.5 (m,
1H, overlapped with the solvent signal), 1.58 (m, 1H), 0.88 (d, J = 6.8, 3H). LC
(Cond. 1): RT =2.00 min; LC/MS: Anal. Calcd. for [M+H]" Cs;H3NOs: 464.45;
found 464.22. (28, 3R) isomer: "H NMR (DMSO-dg, & = 2.5 ppm, 400 MHz): 7.81
(d,J=17.5,2H), 7.39-7.10 (m, 16H), 4.63 (d, J=12.1, 1H), 4.50 (app t, J/ = 4.9, 1H),
432 (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, 1H), 0.57 (d, J = 6.8, 3H). LC (Cond. 1): RT = 1.92 min; LC/MS: Anal.
Caled. for [M+H]" C3;H3oNOs: 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
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each isomer by employing the following protocol: LIHMDS (50 pL of 1.0 M/THF,
0.05 mmol) was added to a cooled (ice-water) THF (2.0 mL) solution of (2S,3S)-
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.

5 The volatile component was removed in vacuo and the residue was partitioned
between CH,Cl, (30 mL), water (20 mL) and saturated aqueous NH4CI solution (1
mL). The organic layer was dried (MgSO,), filtered, and concentrated in vacuo, and
the resulting crude material was submitted to a Biotage purification (40 g silica gel;
10-15% EtOAc/hexanes) to afford (35,4S)-4-methyl-3-(9-phenyl-9 H-fluoren-9-

10  ylamino)dihydrofuran-2(3H)-one as a colorless film of solid (28.1 mg). (2S,3R)-
benzyl 4-hydroxy-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino )butanoate was
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-ds, & =
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,

15 1H), 3.60 (d, J = 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):
RT = 1.98 min; LC/MS: Anal. Calcd. for [M+Na]" C,4H NNaO»: 378.15; found
378.42. (3S,4R)-lactone isomer: "H NMR (DMSO-ds, & = 2.5 ppm, 400 MHz), 7.89
(d,J=17.6,1H), 7.85 (d, J = 7.3, 1H), 7.46-7.20 (m, 11H), 3.95 (dd, /= 9.1, 4.8,

20 1H),3.76 (d, J = 8.8, 1H), 2.96 (d, J = 3.0, NH), 2.92 (dd, J = 6.8, 3, NCH), 1.55 (m,
1H),0.97 (d,J =7.0,3H). LC (Cond. 1): RT =2.03 min; LC/MS: Anal. Calcd. for
[M+Na]" C,4H,1NNaO,: 378.15; found 378.49.

TBDMS-CI (48 mg, 0.312 mmol) followed by imidazole (28.8 mg, 0.423
mmol) were added to a CH,Cl, (3 ml) solution of (2S,3S)-benzyl 4-hydroxy-3-

25 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
layer was dried (MgSO,), filtered, and concentrated in vacuo. The resultant crude
material was purified with a Biotage (40 g silica gel; 5% EtOAc/hexanes) to afford

30 (2S,3S)-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-9-ylamino)butanoate was elaborated similarly to (2S,3R)-benzyl 4-(tert-
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butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate.
(28,3S)-silyl ether isomer: "H NMR (DMSO-dg, 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, / = 10.1, 5.5, 1H), 1.61 (m, 1H), 0.90 (d, J
= 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. Calcd. for [M+H]"
C37H44NO3Si: 578.31; found 578.40. (2S,3R)-silyl ether isomer: "H NMR (DMSO-
de, 8 =2.5 ppm, 400 MHz), 7.82 (d, J = 3.0, 1H), 7.80 (d, J = 3.1, 1H), 7.39-7.10 (m,
16H), 4.66 (d, J =124, 1H), 439 (d, J = 12.4, 1H), 3.61 (dd, J = 9.9, 5.6, 1H), 3.45
(d,J=9.5, 1H),3.41 (dd, J =10, 6.2, 1H), 2.55 (dd, J = 9.5, 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 balloon of hydrogen was attached to a mixture of (2S,3S)-benzyl 4-(tert-
butyldimethylsilyloxy)-3-methyl-2-(9-phenyl-9H-fluoren-9-ylamino)butanoate (836
mg, 1.447 mmol) and 10% Pd/C (213 mg) in EtOAc (16 mL) and the mixture was
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),
EtOAc/MeOH (1:1 mixture, 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 (2S,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 (2S,3R)-2-amino-4-(tert-butyldimethylsilyloxy)-3-
methylbutanoic acid. (2S,3S)-amino acid isomer: "H NMR (Methanol-ds, & = 3.29
ppm, 400 MHz), 3.76 (dd, J = 10.5, 5.2, 1H), 3.73 (d, /= 3.0, 1H), 3.67 (dd, J =
10.5, 7.0, 1H), 2.37 (m, 1H), 0.97 (d, J = 7.0, 3H), 0.92 (s, 9H), 0.10 (s, 6H).
LC/MS: Anal. Calcd. for [M+H]" C;H6NOsSi: 248.17; found 248.44. (2S,3R)-
amino acid isomer: 'H NMR (Methanol-d4, 8 = 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. Calcd. for [M+H]" C;1H26NOsSi: 248.17; found 248.44.
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Water (1 mL) and NaOH (0.18 mL of 1.0 M/H,0, 0.18 mmol) were added to
a mixture of (2S,3S)-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 mL), cooled
with ice-water bath and treated drop-wise with 1.0 N HCI 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 (MgSQO,), filtered, and
concentrated in vacuo to afford Cap-80a as an off-white solid. (2S,3R)-2-amino-4-
(tert-butyldimethylsilyloxy)-3-methylbutanoic acid was similarly elaborated to Cap-
80b. Cap-80a: '"H NMR (DMSO-dg, 8 = 2.5 ppm, 400 MHz), 12.57 (br s, 1H), 7.64
(d,/=8.3,0.3H), 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. Caled. for [M+Na]"
C1:H27NNaOsSi: 328.16; found 328.46. 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, J = 7.1,
3H), 0.90 (s, 9H), 0.08 (s, 6H). LC/MS: Anal. Calcd. for [M+Na]" C;3H,7NNaOsSi:
328.16; found 328.53. The crude products were utilized without further purification.

Cap-81

Prepared according to the protocol described by Falb et al. Synthetic
Communications 1993, 23, 2839.

Cap-82 to Cap-85
Cap-82 to Cap-85 were synthesized from appropriate starting materials
according to the procedure described for Cap-51 or Cap-13. The samples exhibited
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similar spectral profiles as that of their enantiomers (i.c., Cap-4, Cap-13, Cap-51 and
Cap-52, respectively).

@ v 9 gy 0
O.__N, O.__N
i HJ\OH /N\HJ\OH an OH -~ O\H/N%OH
O Phn 0] lo)
Cap-82 Cap-83 Cap-84 Cap-85
5 Cap-86
MeO,CHN
=0
III:,(\(
OH

OMe
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 C1CO;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 HCI.
10 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
to afford a colorless oil (4.18 g, 97%) which was of sufficient purity for use in
subsequent steps. 'HNMR (400 MHz, CDCls) 8 4.19 (s, 1H), 3.92-3.97 (m, 1H),
3.66 (s,3H), 1.17 (d, J = 7.7 Hz, 3H). LCMS: Anal. Calcd. for C;H;3NOs: 191;
15 found: 190 (M-H)".

Cap-87
MeOCHN
HO/\/\gH
To a mixture of L-homoserine (2.0 g, 9.79 mmol), Na,CO3 (2.08 g, 19.59
20  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 1 using IN HCI. The
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, CDClz) &
25 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. Caled. for C;H;3NOs: 191; found: 192 (M+H)".
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Cap-88
N
7\
— h!H 0

A mixture of L-valine (1.0 g, 8.54 mmol), 3-bromopyridine (1.8 mL, 18.7
mmol), K,CO3 (2.45 g, 17.7 mmol) and Cul (169 mg, 0.887 mmol) in DMSO (10
5 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,O and the combined aq phases were acidified to ca. pH 2
with 6N HCI. 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
10 loaded onto a pad of cation exchange resin (Strata) (ca. 25¢g). 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, frozen and lyophyllized. The title compound was obtained as a
foam (1.02 g, 62%). "HNMR (400 MHz, DMSO-de) & 8.00 (s, br, 1H), 7.68 —7.71
15 (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 CioH14N205: 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;3 (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
25 with a small amount of H,O and the combined aq phases were acidified to ca. pH 2
with 6N HCI. 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
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loaded onto a pad of cation exchange resin (Strata) (ca. 25¢g). The pad was washed
with H,O (200 mL), MeOH (200 mL), and then NH3 (3M in MeOH, 2x200 mL).
The appropriate fractions was concentrated in vacuo and the residue (ca. 1.1 g) was
dissolved in H,O, frozen and lyophyllized. The title compound was obtained as a
foam (1.02 g, 62%). "HNMR (400 MHz, CD3;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. Calcd. for CoH3N30,: 195; found: 196
(M+H)".

Cap-90

CO,H
mﬂez
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 C11H15N023 193, found: 192 (M—H)_.

The following caps were prepared according to the method used for

preparation of cap 51 unless noted otherwise:

Cap Structure LCMS
Cap-91 NHCO,Me LCMS: Anal. Calcd. for
COsH
2 C11H13NO43 223; found:
222 (M-HY.
Cap-92 NHCO,Me LCMS: Anal. Calcd. for

C1 1H13NO43 223; found:
222 (M-H).

©/-\/C02H
l

Cap-93 o O LCMS: Anal. Calcd. for
Y 0 C10H12N2043 224; found:
HN,,,
OH 225 (M+H)".
7]
~ N
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CO2H Prepared from 1,6- dichloroisoquinoline, which can be synthesized following the procedure in
WO 2003/ 09922042 ]2 NaOH Calc. for [M+H] 02: 0.60 min (Cond.- MS-WREKjH82010/044356

Cap-94 O LCMS: Anal. Calcd. for
«N]/\HLOH CsH;1N3Oy4: 213; found:
NTNNPOS 214 (M+H)".
O
Cap-95 0O LCMS: Anal. Calcd. for
\O)J\NH 0O Ci3H7NOy4: 251; found:
WOH 250 (M-H)..
Cap-96 0O LCMS: Anal. Calcd. for
\O)J\l;lH o) C12HsNOy4: 237; found:
: OH 236 (M-HY.
Cap-97 0O LCMS: Anal. Calcd. for
\O)J\NH ﬁ\ CoH5NO4: 201; found:
@ OH 200 (M-HY.
Cap-98 O LCMS: Anal. Calcd. for
\O)J\NH 0] CoH15NO4: 201; found:
OH 202 (M+H)".
Cap-99 0 "HNMR (400 MHz,
\OJ\NH CD;0D) & 3.88 — 3.94 (m,
Q 1H), 3.60, 3.61 (s, 3H),
CO,H 2.80 (m, 1H), 2.20 (m 1H),
1.82 — 1.94 (m, 3H), 1.45
~ 1.71 (m, 2H).
Cap-99a o} "HNMR (400 MHz,
\O)J\I:VH CD:OD) & 3.88 — 3.94 (m,
O 1H), 3.60, 3.61 (s, 3H),
COM 2.80 (m, 1H), 2.20 (m 1H),
1.82 — 1.94 (m, 3H), 1.45
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LC MS: Anal. f CIOH7C1N 208.02; found: 208.03. Cap- 157 CI 0 :N co2H Prepared from 1,4-
dichloroisoquinoline, which can be synthesized following the procedure in WO 2003/ 062241 B 12N
HC1 1.49 mMQEUAAL3ERY; 95%; LC MS: Anal. Cale. for [m+F]l C101-117CPEIGS2008/0943f8und:
208.00. Cap- 158 a 410N co2H Prepared from 1,5- dichloroisoquinoline, B 5N NaOH

~1.71 (m, 2H),
Cap-100 O LCMS: Anal. Calcd. for
\O)J\NH 0O CioH4NO4F: 255; found:
OH 256 (M+H)".
F
Cap-101 O LCMS: Anal. Calcd. for
\O)J\NH C11Hi3NOy4: 223; found:
COH 222 (M-HY.
Cap-102 0O LCMS: Anal. Calcd. for
\O)J\l;lH C11Hi3NOy4: 223; found:
SCO,H 222 (M-HY
Cap-103 O LCMS: Anal. Calcd. for
\OJ\I;IH C1oH12N204: 224; found:
- CO,H 225 (M+H)".
"N
S |
Cap-104 N _<:>_COZH "HNMR (400 MHz,
o) CD;0D) § 3.60 (s, 3H),
s 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 " <:>—COZH "HNMR (400 MHz,
o= CD:0D) & 3.60 (s, 3H),
Vs 3.33 -3.35 (m, 1H,
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0.69 min (Cond.- MS-W1); 90%; LCMS: which can be synthesized following the procedure in WO

2003/ 099274 Anal. Calc. for [ M+H] CloR7C1IN 02: 208.02; found: 208.01.
WO 2012/018325 PCT/US2010/044356
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 —\N _<:>_COZH "HNMR (400 MHz,
— CD;0OD) & 3.16(q, 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 1.74 (app, ddd J = 3.5,
acetaldehyde by 12.5, 15.9 Hz, 2H), 1.46
employing a similar (app dt J = 4.0, 12.9 Hz,
procedure described for 2H), 1.26 (t, J = 7.3 Hz,
the synthesis of Cap-2. 6H)
The crude HCI salt was
passed through MCX
(MeOH/H,O/CH,Cl,
wash; 2 N NH3/MeOH
elution) to afford an oil,
which was dissolved in
CH;3CN/H,0 and
lyophilized to afford a
tan solid.
Cap-107 0o LCMS: Anal. Calcd. for
<,N]/\H‘\0H CsH N,04S: 230; found:
S HN\H/O\ 231 (M+H)".
o
Cap-108 o LCMS: Anal. Calcd. for
(NMSH Ci5sH17N304: 303; found:
o JN \g/ ~ | 304 (M+H)".
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0.41 min

(Cond.- E MS-WI); 401N LCMS: 602H Cap-

chloroisoquinoline,

WO 2012/018325

PCT/US2010/044356

Anal. Prepared from 5-fluoro-1-

Cap-109 O LCMS: Anal. Calcd. for
\OJ\I;IH CioH12N,0y4: 224; found:
~SCo,H 225 (M+H)".
7
N
Cap-110 o) LCMS: Anal. Calcd. for
\O)J\l;lH CioH12N,0y4: 224; found:
: CO,H 225 (M+H)".
]
\N
Cap-111 9 LCMS: Anal. Calcd. for
\O)J\l;lH C12HgNOgP: 333; found:
<5\002H 334 (M+H)".
O\
MeO’\P\;)C:|
Cap-112 O LCMS: Anal. Calcd. for
\O)J\l;lH Ci3H14N,Oy4: 262; found:
. CO,H 263 (M+H)".
AN
NH
Cap-113 O LCMS: Anal. Calcd. for
\O)J\l;lH CigH9NOs: 329; found:
: CO,H 330 (M+H)".
OBn
Cap-114  COMe "HNMR (400 MHz,
X oM CDCls) 8 4.82 —4.84 (m,
1H), 4.00 — 4.05 (m, 2H),
3.77 (s, 3H), 2.56 (s, br,
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which can be synthesized B 5SNNaOH Cale. for [M+1-1]' following the procedure in CloH7FN  02:
WO 2003/ 099274 192.05; found: 192.03. 030 min

WO 2012/018325 PCT/US2010/044356
2H)
Cap-115 \ACOZH "HNMR (400 MHz,
NHCO,Me CDCls) & 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 "HNMR (400 MHz,
NHconAZH CDCls) & 5.10 (d, J = 8.6
Hz, 1H), 3.74 —3.83 (m,
1H), 3.69 (s, 3H), 2.54 —
2.61 (m, 2H), 1.88 (sept, J
= 7.0 Hz, 1H), 0.95 (d, J =
7.0 Hz, 6H).

Cap-117 to Cap-123
For the preparation of Cap-117 to Cap-123 the Boc amino acids were
obtained from commercially sources and were deprotected by treatment with 25%
5 TFA in CH,Cl,. After complete reaction as judged by LCMS the solvents were
removed in vacuo and the corresponding TFA salt of the amino acid was

carbamoylated with methyl chloroformate according to the procedure described for

Cap-51.
Cap Structure LCMS
Cap-117 j\ LCMS: Anal. Calcd.
SO7NH O for C1,H;sNOy: 237;
OH found: 238 (M+H)".
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(Cond.- N co2H MS-W1); 90%; Cap- Prepared from 6-fluoro-1- LCMS: 160 chloroisoquinoline,
which can be synthesized following the procedure in B 5SNNaOH [M+H] Anal. Calc. for WO 2003/

099274 CINORRI2/018325 PCT/US2010/044356
Cap-118 O LCMS: Anal. Calcd.
\O)J\NH 0 for C1oH13NO,S: 243;
OH found: 244 (M+H)".
]
Cap-119 0o LCMS: Anal. Calcd.
A N for C1oH13NO,S: 243;
found: 244 (M+H)".
Cap-120 0o LCMS: Anal. Calcd.
\O)J\NH 0 for C1oH13NO,S: 243;
OH found: 244 (M+H)".
N
\ S
Cap-121 o) "HNMR (400 MHz,
\oJ\lyH CDCLy) § 4.06 - 4.16
OACOzH (m, 1H), 3.63 (s, 3H),
3.43 (s, 1H), 2.82 and
2.66 (s, br, 1H), 1.86 —
2.10 (m, 3H), 1.64 —
1.76 (m, 2H), 1.44 —
1.53 (m, 1H).
Cap-122 0o "HNMR profile is
\OJ\NH similar to that of its
é COzH enantiomer, Cap-121.
Cap-123 O>_NH J LCMS: Anal. Calcd.
o .”N>H=o for Cy7HyeN,Og: 474;
O.Q o o found: 475 (M+H)".
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192.05; found: 192.03. 0.70 min (Cond. D1); ,..N./ O0ONCO2H LCMS: Cap- Anal.

Prepared from 4-

WO 2012/018325 PCT/US2010/044356

10

15

20

25

Cap-124

O
N
173
OQ/\ d OH
O

The hydrochloride salt of L-threonine tert-butyl ester was carbamoylated
according to the procedure for Cap-51. The crude reaction mixture was acidified
with 1N HCI to pH~1 and the mixture was extracted with EtOAc (2X50 mL). The
combined organic phases were concentrated in vacuo to give a colorless oil which
solidified on standing. The aqueous layer was concentrated in vacuo and the
resulting mixture of product and inorganic salts was triturated with EtOAc-CH,Cl,-
MeOH (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;OD) & 4.60 (m, 1H), 4.04 (d, J =
5.0Hz, 1H), 1.49 (d, J = 6.3 Hz, 3H). LCMS: Anal. Calcd. for CsH;NOy: 145;
found: 146 (M+H)".

Cap-125
/
—N 9)
BocHN OH

To a suspension of Pd(OH),, (20%, 100 mg), aqueous formaldehyde (37% wt,
4 ml), acetic acid, (0.5 mL) in methanol (15 mL) was added (S)-4-amino-2-(tert-
butoxycarbonylamino)butanoic acid (1 g, 4.48 mmol). The reaction was purged
several times with hydrogen and was stirred overnight with an hydrogen balloon
room temp. The reaction mixture was filtered through a pad of diatomaceous earth
(Celite™), and the volatile component was removed in vacuo. The resulting crude
material was used as is for the next step. LC/MS: Anal. Calcd. for C;1H2N»O4:
246; found: 247 (M+H)".
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161 bromoquinoline-2- Calc. for carboxylic acid and [M+1-1]+ dimethylamine (DMSO, Ci2H13N2

02: 1000C) 217.10; found: 217.06.
WO 2012/018325 PCT/US2010/044356

Cap-126

/~NMe N/ \Me
N — ClCOzMe, NaHC03 =

HN"ScoH  THP/H0/0°C MeO,CHN™ “COH
c-25 cap-126
This procedure is a modification of that used to prepare Cap-51. Toa
suspension of 3-methyl-L-histidine (0.80 g, 4.70 mmol) in THF (10mL) and H,O (10
5 mL) at 0°C was added NaHCO5 (0.88 g, 10.5 mmol). The resulting mixture was
treated with C1ICO,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 remaining. The reaction
was acidified to pH 2 with 6 N HCI.
The solvents were removed in vacuo and the residue was suspended in 20 mL

10 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,O (10mL), cooled to 0°C and LiOH (249.1 mg, 10.4 mmol) was
added. After stirring ca. 1h LCMS showed no ester remaining. Therefore the

15 mixture was acidified with 6N HCI and the solvents removed in vacuo. LCMS and
"H NMR confirm the absence of the ester. The title compound was obtained as its
HCI salt contaminated with inorganic salts (1.91 g, >100%). The compound was
used as is in subsequent steps without further purification. "HNMR (400 MHz,
CDsOD) & 8.84, (s, 1H), 7.35 (s, 1H), 4.52 (dd, J = 5.0, 9.1 Hz, 1H), 3.89 (s, 3H),

20 3.62 (s, 3H), 3.35(dd, J = 4.5, 15.6 Hz, 1H, partially obscured by solvent), 3.12 (dd,
J=9.0,15.6 Hz, 1H).LCMS: Anal. Calcd. for CoH;3N304: 227.09; found: 228.09

(M+H)".
Cap-127
MeN M‘ZN \
Q) CICO,Me, NaHCO4 N
N
H,N">co,H  THRE/H070°C MeO,CHN™ “CO,H
75 cj-26 cap-127
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0.65min  (Cond.- M3); 0otico2H 95%; LCMS: Prepared from in-anisidine Cap- following

the procedure Anal. 162 described in]. Hetero.
WO 2012/018325 PCT/US2010/044356

Cap-127 was prepared according to the method for Cap-126 above starting
from (S)-2-amino-3-(1-methyl-1H-imidazol-4-yl)propanoic acid (1.11 g, 6.56 mmol),
NaHCOj; (1.21 g, 14.4 mmol) and CICO,;Me (0.56 mL, 7.28 mmol). The title
compound was obtained as its HCl salt (1.79 g, >100%) contaminated with inorganic

5 salts. LCMS and 'H NMR showed the presence of ca. 5% of the methyl ester. The
crude mixture was used as is without further purification. '"HNMR (400 MHz,
CDs0D) 8 8.90 (s, 1H), 7.35 (s, 1H), 4.48 (dd, J = 5.0, 8.6 Hz, 1H), 3.89 (s, 3H),
3.62 (s, 3H), 3.35 (m, 1H), 3.08 (m, 1H); LCMS: Anal. Calcd. for CoH3N3Ou4:
227.09; found: 228 (M+H)".

10
Preparation of Cap-128
Ph—\
N
I Cbz-Cl/ DMAP I BnBr / CuSO,-5H,0 T
CH,Cl, / iPr,NEt N,
sodium ascorbate
BocHN” CO,H BocHN” ~co,Bn  NaNs/DMF/HO  BocHN ~CO,Bn
cj-27a Gj-27b 65°C /12 h cj-28
Ph—\
N HN
’ H, / Pd-C ’
1) TFA / CH,Cl, N, | 2 N, |
N MeOH
2) CICO,Me / NaHCO;
THE-H,0 MeO,CHN” ~CO,Bn MeO,CHN” ~CO,H
c-29 cap-128
Step 1. Preparation of (S)-benzyl 2-(tert-butoxycarbonylamino)pent-4-ynoate (cj-
15 27b).

BocHN™ "CO,Bn
cj-27b

To a solution of ¢j-27a (1.01 g, 4.74 mmol), DMAP (58 mg, 0.475 mmol) and
iPrp,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 (IN KHSO,,
20  brine), dried (Na,SOy,), filtered, and concentrated in vacuo. The residue was purified

by flash column chromatography (TLC 6:1 hex:EtOAc) to give the title compound
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Cale, for [M+1-1]' Chem. 1993, 17 and CliFitoN Heterocycles, 2003, 60, 03: 953.

204.07; found:

WO 2012/018325 PCT/US2010/044356

10

15

20

25

(130 g, 91%) as a colorless oil. 'HNMR (400 MHz, CDCls) 8 7.35 (s, 5H), 5.35 (d,
br,J = 8.1 Hz, 1H), 5.23 (d, /= 12.2 Hz, 1H), 5.17 (d, J = 12.2 Hz, 1H), 4.48 — 4.53
(m, 1H), 2.68 — 2.81 (m, 2H), 2.00 (t, J = 2.5 Hz, 1H), 1.44 (s, 9H). LCMS: Anal.
Calcd. for C17HNOy: 303; found: 304 (M+H)".

Step 2. Preparation of (S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-yl)-2-(tert-
butoxycarbonylamino)propanoate (cj-28).

Ph—\
N

N, |
N

BocHN™ "CO,Bn
¢j-28

To a mixture of (S)-benzyl 2-(tert-butoxycarbonylamino)pent-4-ynoate (0.50
g, 1.65 mmol), sodium ascorbate (0.036 g, 0.18 mmol), CuSO4-5H,0 (0.022 g, 0.09
mmol) and NaN3 (0.13 g, 2.1 mmol) in DMF-H,0 (5 mL, 4:1) at rt was added BnBr
(0.24 mL, 2.02 mmol) and the mixture was warmed to 65°C. After Sh LCMS
indicated low conversion. A further portion of NaN; (100 mg) was added and
heating was continued for 12h. The reaction was poured into EtOAc and H,O and
shaken. The layers were separated and the aqueous layer extracted 3x with EtOAc
and the combined organic phases washed (H,O x3, brine), dried (Na,SOy), filtered,
and concentrated. The residue was purified by flash (Biotage, 40+M 0-5% MeOH in
CH,Cl,; TLC 3% MeOH in CH,Cly) to afford a light yellow oil which solidified on
standing (748.3 mg, 104%). The NMR was consistent with the desired product but
suggests the presence of DMF. The material was used as is without further
purification. 'HNMR (400 MHz, DMSO-ds) & 7.84 (s, 1H), 7.27 — 7.32 (m, 10H),
5.54 (s, 2H), 5.07 (s, 2H), 4.25 (m, 1H), 3.16 (dd, J = 1.0, 5.3 Hz, 1H), 3.06 (dd, J =
5.3,14.7Hz), 2.96 (dd, J = 9.1, 14.7 Hz, 1H), 1.31 (s, 9H).
LCMS: Anal. Calcd. for C4HxsN4Oy: 436; found: 437 (M+H)".
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203.94. Cap-163OHOHDO0 To a solution of 2-ketobutyric acid (1.0 g, 9.8 mmol) in diethylether (25
ml) was added phenylmagnesium bromide (22 ml, 1M in THF) dropwise. The reaction 5was stirred at
-25 C undeMridef 18321 7.5h. The reaction was acidified with IN HCI and #{eTgrdtie044d80extracted
with ethyl acetate (3 x 100 ml). The combined organic layer was washed with water followed by brine
and dried over MgSO4. After concentration in vacuo, a white solid was obtained. The solid was
recrystallized from hexanes/ethyl acetate to afford Cap-163 as white needles (883.5 mg). H NMR
10(DMSO-d6, 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),%52-5°39¢mtion bIHP) ddnyhdAHEnLyd8 i, ZHyri@ediapgt, J = 7.4 Hz, 3H). 15

A mixture of Z'ami?ﬂé%@?@ﬁ‘rﬂ@?%ﬂﬁrﬁﬁ%o@aﬁo&e%cﬁ ijDOD, formaldehyde (14 mL, _3_7% in water), IN
HC1 (10 nth) and 10% Pd/C (0.5 mg) in MeOH (40 mL) was exposed to H2 at 50 psi in a Pan bottle for
42 h. The reaction was filtered over Celite and't _n\?\lentrated in vacua, the residue was taken up in
MeOH (36 mL) and the 20 product was purified Wihh?\’%frse phase HPLC (MeOFTE20/1TFA) to
afford the TEA salt of Cap-164 as a white solid (1.7xg). ¥\l NM R (DM SO-d6, S = 2.5 ppm, 500 MHZz)
7.54-7.47 (in, 5H), 2.63 (m, IH), 2.55 (s, 6H), 2.31 (m, I}, 0.95 (app t, J = 7.3 Hz, 3H). Cap-165 To
a mixture of 2-amino-2-indanecarboxylic acid (%Sg?g'?'ﬁ'g, 195’6B|%nol) and formic acid (0.6 ml, 15.9
mmol) in 1,2-dichloroethane (7 ml) was added formalefélyde (0.6 ml, 370% in water). The mixture was

stirred at -25 C for 15 mi'A%?ﬁ’ti@ﬁ%ﬁ%&ﬂ%%@y%t?f-ﬁ&zyﬁ?ﬁﬁl@fyﬂrﬁ%gﬂmﬁt-é%?é removed in vacua,

and the 5residue was dissolved in D mL) and purified by a reverse phase HPLC

(MeOF1/1120/11TAYytex eftshentenmrodpsene iyt 0-1568 ad arsebus el @hoveseied HFNIAR

(DMS0-(16, 6 = 2.5PPMiHE QR MIFZ) o8 AR el Fhir 41100 Bn{Rralire KorAIHZrIRHL3:80(ehs ) = 17.4 Hz,
2H), 2.75 (s, 6H). LC/MS: Anal. Calcd. for [M+H1- CiZHl‘%Vb%f: gg‘%él ; found; 206.07 10

Caps-166a and -Ié@Bﬂ%P@tiﬂ'@b%@ﬁ%ﬁﬁv%fsﬁo lers b it Ao Bed A S DE0[2'5 . 1]heptane (2H
Br) according to theaweith ochddissribet fior HireHL Bs ynthesits dfo@ap - 7soAa N LEHPOZ 10 .24th, thédexception

that the benzyl este, pETICAALE WAS PSRRI RSN 3 SEI PRAGIARIELOY oalymy. 20 X 250

mm, 10 p.m eluting with 85:15 heptane/ethanol mixture at 10 mL/min elution rate for 25 min. Cap-1661.:
1H N MR (DMSO-d6hhe mistgprvasaudiied jo pi=2 (ith &Nz Hpndtbgn popred in® f#03H), 4.09 (s, 1H),

3.34 (app br s, 1HEBAE (@RPIRNFS: Wt Rpfddalel 2 IRIQ bitdZe StbacRed 2{MiRENORA6THM, 1H), 2.27
(s,3H),1.77 (d, J=9.8 Hz, 1H), 1.63 (d, J = 9.8 Hz ]Pll—rl). LC/MS:; Anal. Calcd. for [M+HI
C24H29N202: 24 FIRC RIS IHFE 1 Eysaaeed 9@ prine). gied (NN kgt 2nd
Boc-1,3-dihydro-2kbireintole earhoxyticehcid (bl0desS GIineb g2 00T, AVEBHAGYERslabestirred at -25
C for 4h. All the volatile co nent was removed.in vcecun. ixture of the resultant crude material,
formaldehyde (15 Pr?ﬁs}egg%gnﬁﬁgvya%%g? t?lf%ﬁglﬁu %6’ )rr\V I]j)l%agnsg %ddﬁ}g%\ﬁge(%nr@ﬁg ﬁlgél K/Peu I-]i)'was exposed
to H2 (40 PSI¥in albarpdiertabwer B3 hasTiha idaptiohthanaurdicetenti iy BudPTHfiE.dd ¥8ncentrated

in vacuo to afford - S I m £§7 7 5H | 725 Mp 500 MHZz)
7.59-7.38 (m, 4H),g§?§9;f§s¥, I@I-’l 1@2(, gj'g%l(@i 1%%%%?,9 ’2173323' (%B:&?ﬁﬁﬁyf? '||§EL|‘)T,S:’J,.2§{7B ICg',lf?s)H). LC/MS:

,4.84(d J
Anal. Calcd. for [M4¥T é%@l%@ﬁ@%‘i@@ﬁ@;:f%ﬁ 171 1§)p8. 320 437 (m, 1H), 3.49 (s, 3H),

3.09 (dd, J = 5.6, 14.7 Hz, 1H), 2.98 (dd, J = 9.6, 14.7 Hz, 1H). LCMS: Anal.
Calcd. for CyH»N4O4: 394; found: 395 (M+H)'.
20
Step 4. Preparation of (S)-2-(methoxycarbonylamino)-3-(1H-1,2,3-triazol-4-
yl)propanoic acid (Cap-128).
HN

N, |
N

MeO,CHN™ "CO,H
Cap-128

(S)-benzyl 3-(1-benzyl-1H-1,2,3-triazol-4-y1)-2-
25  (methoxycarbonylamino)propanoate (502 mg, 1.11 mmol) was hydrogenated in the

presence of Pd-C (82 mg) in MeOH (5 mL) at atmospheric pressure for 12h. The
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Cap-168 Raccmic Cap-168 was prepared from raccmic Boc-aminoindanc-1-carboxylic acid
according to the procedure described for the preparation of Cap-167. The crude 15material was
employed a¥QuAH2EH32/69 0 OH N- A mixture of 2-amino-2-phenylpropandi€ HERRMWIHSAforide (5.0
g, 2.5 20mmol), formaldehyde (15 ml, 37% in water), IN HC1 (15 ml), and 10% Pd/C (1.32 g) in MeOH
(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 (MeOFliwateriTFA) to afford the TEA salt of Cap-169 as a
viscous semi-solidnixmi5g)s filttNMR QD GibB)aceFuR Gapthr; G0 Mirld koncoBLAIBR ifmadit),
7.39-7.33 (m, 3H), 3H)..2.4 S 1 .3H). L - Anal. Calcd. for.[M+FI]E CI
e A e e e
(5)-2-amino-2-(tetrétra/eirtoriiss syraf2acynacktica citrighosrmeosangmtad v sb esinédf frefthastatech) in
water (15m1) was ae@er-sRAiuMGAIRARI LG MS i Svarima RPN F&sH! tanmirtgowas cooled
to 0 C and then meth?/I chloroformate %0.26m1' 3.33mmol) was added dropwise over 5 minutes. The

reaction was allo fo RFSBrdsBhburé (vhie Hﬂb\ﬁiﬁ%(ﬁﬂ athXdthdw 8- 4R picHetérhberature. The
reaction mixture washen paytiened hefweenddN HCAamg ethytecetaie. dIh@@rganiolager was
removed and the agueous was further extract Owith 2 additio orfi of ethyl acetate. The
combined organic aygggwiéaréé%as n(aé‘!jl Wﬁ%%r)i%rl?gg rlé?cl%f beé\/l‘érg }%aaégﬁlgséiugrggsﬁl}#gﬁﬁiltered and
concentrated in vacuo to afford Cap-/70 a colorless residue.NMR (500 MHz, DAISO-d6) 6 ppm 12.65
(A H,brs), 7.44(1 H, d, ,T=8.24 Hz), 3.77 - 319@;;@4?'1‘0!?‘9 3@4@@4, s), 3.11-3.26(2 H, m), 1.82-1.95
(IH,m),141-155(2H, m),1.21-1.39(2 H, m); LC/Mg Anal. 15Calcd. for [M+Hr C9 HI6NO5: 218.1;
found 218.1. Cap-171 A solution o mathyl 2-(benzybesxcarbonylamino)-2-(oxetan-3- @
20ylidenc)acetate (200 mg;®.721 MMd; i Farmaco , 58180561 ethyl ace ml) and
CH2C12 (4.00 ml) was seq by g nitrogen for 10min. Dimethyl dicarbongE (0.116 ml,
1.082 mmol) and th;lb/%EITZO (r)na, 0. i% rlz]mo (kN eﬁ@xh‘de%i),%?g?'\eﬂgction MiReTdNvasfedd with a
hydrogen ballgon and alfded to stir at ambient teiﬁﬁ{iﬂerature'\'cajl\%a;rc’rﬁé]Fl'f'fa{FI Which timee-T25C (95:5
CH2C12 MeOH: 25 visulalized with stain made from I|g Ce(NH4)2S04, 6g ammonium molybdate, 6m1
sulfuric acid, and 100m1 water) indicated complete conversion. The reaction was filtered through
celite and concentrated. The residue was purified via Biotage" (load with dichloromethane on 25
samplct; elute on 358 éolbishFSRAPR At OroREtRAAY foF BRI t615onirgok 7 dichloromethane
over 250m1 then RojgrepUicMe@itdzahloromethane for 250m1; 9m1 fractions). Collected fractions
containing desired 5 material and concentrated to 120mgq (81%) of methyl
2-(methoxycarbonylamino)-2- (oxetan-3-yl)acetate as a CQ@ESS oil. tH NMR (500 MHz,
CHLOROFORM-D) 6 ppm 3.29 -3.40 (m, J=6.71 Hz, 1) 3770 (s, 3 H) 3.74 (s, 3 H) 4.55 (t, J=6.41
Hz, 1 H) 4.58 - 4.68 (m, 2 H) 4.67 - 4.78 (m, 2 H} 5,3/} .M H). LC/MS: Anal. Calcd. for [M+H]
C81114N05: 204.2; found 204.0. 10To methyl 2-(methco_>§¥carbonylamino)-2-(oxetan-3-yflacetate (50
mg, 0.246 mrhdl) in THE (2 mL) and water (0.5 mL) was added lithium hydroxide monohydrate

A suspension of (S)-benzyl 2-oxooxetan-3-ylcarbamate (0.67 g, 3.03 mmol),

and pyrazole (0.22 g, 3.29 mmol) in CH3CN (12 mL) was heated at 50 °C for 24h.

The mixture was cooled to rt overnight and the solid filtered to afford (S)-2-
(benzyloxycarbonylamino)-3-(1H-pyrazol-1-yl)propanoic acid (330.1 mg). The

20  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 yield 370.4 mg (44%). m.p.
165.5 - 168°C. lit m.p. 168.5—169.5 [Vederas etal. 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,
1H), 7.24 — 7.34 (m, SH), 6.23 m, 1H), 5.05 (d, 12.7 H, 1H), 5.03 (d, J = 12.7 Hz,

25 1H),4.59 - 4.66 (m, 2H), 4.42 — 4.49 (m, 1H). LCMS: Anal. Calcd. for
C14H15N304: 289; found: 290 (M+H)".
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(20.33 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)2S04, 6g ammonium molybdate, 6m21 sulfuric acid,
and 100m1 Watet P ihgitated -10% starting 15 material remaining. Added abCdddBoHA4a3§ LiOH and
allowed to stir overnight at which time TLC showed no starting material remaining. Concentrated in
vacua and placed on high vac ovemite providing 55mg lithium 2-(methoxycarbonylamino)-2-
(oxetan-3-yl)acetate as a color ess solid. IFI NMR (500 MHz, MeOD) 6 ppm 3.39 - 3.47 (m, 1 H) 3.67
(s, 3H)4.28 (d, J=7.93 Hz, 1 H) 4.64 (t, J=6.26 Hz, 1 H) 4.68 (t, 20J=7.02 Hz, 1 H) 4.73 (d, J=7.63 Hz,
2 H). Cap-172 25CapA 72gwepteiCi (S)-2-Thalfotlowibendiamotinatioispepwad -ablapedidrom Barton,
A.; Breukelman, S, B %9%%,26 _T.; Meakins, G. D.; Morgan, D. J. J. C. S. Perkin Trans 1 1982,
159-164: A solution of(Na 04 8166 mg, 2.4 mmol) in water (0.6 mL) was added slowly to a stirred, cold
(0 C) solution of methyl 2-amino-5-ethy1-1,3-thiazole-4- cdlbo ylate (186 mg, 1.0 mmol), CuSO45H20
(330 mg, 1.32 mmol), NaC1 (260 mg, 4.45 mmol) and H (5.5 mL) in water (7.5 mL). The mixture
was stirred at 0 C for 45 mm and allowed to Wal\glmougHt,\lo om |glemperature where it stirred further for 1
h before CuCl (118 mg) was added. This mixturs s Stirred flrther at room temperature for 16 h
before it was diluted with brine and extracted with etif@Ptlgite. The organic layers were combined,

dried over MgSO4 and cmc%@%@&%ﬁp@mm&mmqu_'iﬁmylltpj%%ﬁfﬂﬁg@m&y@%’(i.e. Cap-l

72, step a) (175 mg, 85%) 10as an orange il (80% pure) which was used directly in the next reaction.

Rt = 1.99 min {Cofld/ NPB9Y: Ve8/Idoagrice ke PErpueE R - EAMBINB IS0 31 H8lind: 206.05.
Cap-1 72 To a solutinssgiidniefiysaretito mrSeihptttiazele ducdriote/iatel (RESiMEYORI 15
THF/H40/MeOH (20 mL./ 3 mLi 12 mL) was added LiOH (30 76 mmol). The.mi was
St at room to e S O R e i e
in ether (25 mL). THe: fesidgenaas exltraoterhsvitersithretish|digetatecanceting (Fghieio.ayétewere

combined, dried oxgtMO3A, a7 SyaReraRd B al CanbeSME o 100 AR seg3oId which
was used without 20 further purification. 1H NMR (300 MHz, DMSO-d6) 6 PPm 13.03-13.42(1 H, m),

3.16(2 H, g, J¥ 7.42sp YeBawdopme 1589 meh Y higrmaterrd wan eesiden THI-EAAS! - Anal. Calcd. for
gVHll] C6114C1INQ@#B) ?&ﬂt@(e%‘f dovipd 101@0129&-0%%;1&'3&@1@@%55&&@181@{003 (Thida{lgwing
iazotization step was adapted fro arton, A.; Breukelman, S. P.; Kaye, P. T.; Meakins, G. D.;
Morgan D 3. 3. €. < BUhCH I RGO SO Al P AR 5 EE85 MG 2 37 o in
water (2.0 mL) Wamad_dﬁd(dthpW tola QIWMODIW:(Qa@eskﬂMMSQf rhiletyixture was _
Z'am'no's'ethyl'l’ﬁlm@&%es'tﬁ'f%?@f%%y\l@atseag(ﬁﬁé@% SRR 2OPRHd oG Nth)- The mixture

was stirred at 0 C for 1 h and allowed to warm up to room temperature where it stirred further for 2h.

After recoolintfto Ft©ARe ThidHEWedaseptEcd|andyha afugoss RSA SFREEHVIBEERY) (n water (10

mL). Th? mixture \@@@.th%@ @Béﬁtg&&;&@ﬁﬁé%@&@ﬂ&é@éﬁ?ﬁ@@iﬁﬂ@ﬁ@&d @xﬁgsdggﬁmlféq,wﬂ@ ether. The
organic layers were combined, dried 10oyer MgSO4 and concentrat ive

oty iarole-dCHHBATENE (2 &A1 105 CCEAPHT L £ SR 5 5ok A Sy oo (859% pure) which
was used directly iHNEIREX00ABEODMEG=dL)581Mid (Cand, MB1); LEMSTANE), Caledd, foe[M+H]
C7HIONO2S: 172.Q5; found: 17 .15 -17 solution qf methyl _
5-ethylthiazole-4-c%ﬁb%ﬁwméjzéighé_iggfﬁllﬁ%ﬂgﬁp ]fltSJtrﬁl_%'ng[QrﬁI{?‘)i’léLr% dec\lfa‘]s_aégéd LiOH
(281 mg, 11.24 mrhoh) Henéthididve wds etirid) at-f8dmIEmpdrittré nalehidtst Hefore it was
concentrated dowrr-gnchneytrajized Wit i (fdin ether (25 mL). The residue was extracted twice with
ethyl acetate and the organic layers were combined, dried over MgSO4 and evaporated to yield
Cap-173 (90 mg, 73%) as an orange solid which was used without further purification. IEl NMR (300
MHz, DMSO-d6) 6 ppm 12.74-13.04 (1 H, m), 3.20@4p1g0J= 7.3 Hz), 1.25 (3 H, t, J= 7.5 Hz). R1=
1.27 min (Cond.- MD 1); LC/MS: Anal. Calcd. for [M+@6H8NOZS: 158.03; found: 158.04. Cap-I 74

AcHN™ >CO,H

25 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.
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OH Cap-174"ctepa0 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 CH2C1) (80
mL). The mWQ R 1RA4338Pred at O C for th before it was allowed to warm up R Fa&it8MddPature where
it stirred for an additional 1 h. The mixture was then quenched with saturated NaHCO3 solution (40
mL) and the organic layer was separated, washed with brine, dried over MgSO4 and concentrated to
give methyl 3-(trifluoromethylsulfonyloxy)picolinate (i.e. Cap-174"ctep a) (3.38 g, 73%) 10as a dark
brown oil (>95% pure) which was used directly without further purification. IFI NMR (300 MHz, CDCI3)
6 ppm 8.72-8.79 (1 H, m), 7.71 (1 H, d, J = 1.5 Hz),(u5832.65(1 H, m), 4.04(3 H, s). Rt = 1.93 min
(Cond.-MD1); LC/MS: Anal. Calcd. for [M+H] C81-17F3NQX5: 286.00; foungl; 286.08. 15Cap-174

To a solution of methyl 3-(trifluorgmethy|sulfonyloxy)pigolinate (540 m [
was added LiCl (254 mg, 6.0 mmaly, i%utyl(vinyl)stanndne {761 mg, 2.4ungel) and
bisthiphenylphosphine)palladium di“éh[g@;ide (42 mg, 0.06 ifmol). The mixturg was heated at 100C
overnight before a Osaturated solution of KF (20 mL) was” Added to the reaction mixture at room
temperature. This mixturswyas stified farbingfetdoitidea®. fitered it mugh Caliedodithaypad of Celite
was washed with ethyl acet The aqyeous phase, of the filtrate was then rated and
Concentated dow 15 SL00, THESBAaa s s KRN B e ) e
resulting mixture wad ExraciddsalthohathahbmfiledredldHu(éYagoraldd reralffopd@ip-174 (260 mg) as

a green solid Whic@uggaﬁs%&gm Sanla R RRIRAHBHARIAIS SAItP LIS Hacd Nt further

purification. 'll NMR (300 MHz, DMSO-d6) 6 ppm 8.21 (1 H, d, J=3.7 Hzgfh7.81- 7.90 (1 H, m), 7.09(1
H, dd, J = 7.7, 4.8 1557 6°88adresarg =T by revidycavpiyasiooned petepnicthy 7agetysand Y4500 H, d, J
=11.0Hz). Rt = 0.38hnimgtniRnaydvik)ivathtGAMIShiRalriealodg $ur, [Mitiele €, A8 dNR2n 3R O6; found:
150.07. Cap-1 75 Cap-17 5"stepa |l O To a solution of methyl .
3-(trifluoromethylsm?c!)%r{yrl%d%ﬁp}fé% inate (P(lf 18Salafcl)fslf$§’,ezlf)e\f)oé ‘@%B“r%fé‘?dféf rf}%hol), an intermediate in
the preparatidf of GapuagrinpMIREOWL pivdsedided @254 mgoBeoteddiat)ions were

rbuty(viny)stannan 760 A RHAN 206 s pbERYIDASPLIREIGeladieiaride (42 mg,

0.06 mmol). 10The mixture was heated at 100C for 4 h before the solvent was removed in vacuo. The

residue was taken M nA¥s(@riieifenpso i) (dnfrhdkdies’ (Do hiP)( &nd thd fdsultiigmikiuté was
washed wﬂci Wi.tfh(hpz)im%@’ﬁmg g{ﬁgtgx‘giﬁrﬂl@%ﬁgr ES m@{k’sg@ﬁrgﬂg(ﬁ’fije[gmr}[guglp)g?lite ,dgnd
evaporated. Purification of the residue S romatogr on a Horizon instrument (gradient
elution with 25% e %éﬁ%&?&%ﬁ%ﬁ@%‘@% %@yﬁa‘i@ 13@%5&# ffoPded methyl
3-vinylpicolinate (i &ndl.apalcb, fotepa(1 8QsmhgNA0YH) 745! &; Yelloh2dd.03HNMR (300 MHz, CDC13) 6
ppm 8.60 (1 H, dd, J= 4.6, 1.7. . = Tl -7 H. 1), 872(LH, d, I=17.2
Hz), 5.47(1 H, d, J= 11.0%?)?‘3@?%%.@&’%%% %%%%Eéjr%i-el\r% ;f&%@:‘ﬁ‘%ﬁ%ﬁ. Talcd. for
[M+Hr CO9H10NO 22164207 Hoump 16as eddetbPdapchrs; 28pg)end the paligaaedn carbon (10%, 25
mg) was added to aglitignek et FiniRyIpisoiRRR.La0G. st somolrine eihanel (0 mL). The

suspension was stirred 5at room temperature under an%?tmos here of hydrogen for 1 h before it was

filtered through CcHitE$hH TRRDISHRS elfite VHUSHEEHEt (Wit TRUBRAST TR (as concentrated
down to dryness taeyieldt thethydlgsetjprealinatec(éa.sClapeh Mmsstep dincevinighdvaddaken directly into

the next reaction. R],=.1.15 mi ond,- :  Anal. for IM+H] C 2NO.: 166.09;
found: 166.09. cap@‘i‘ﬁcéd]pre%q%(%o%??é%ﬂg?%?ﬁ%f?et %'{éﬁ}ﬁ%&%ﬁt% #H%lg’:ﬁl}l}e%ﬁo?%&r?th/ 075 nil/
3 mL) was added WOu@Brthey, turdficatiorol) NS R K MbasRMIBEddat doom 8t pérandréTor 2 d
before additional LﬂQ,"kliﬁoor@QﬁcY)’ﬁfWﬁg; ﬁﬁgﬁ‘@_@_g‘q(ﬂi&gpﬁi% %m’%éqwggqt&%e, the

mixture was filtered and the solvent was removed in vacua. The residue was then treated with 4N HC1

in dioxanes (5 mLYdHd#hd Festiitihgls{chénsienad edAéenttRtebadvwido dihesd YR cap-175

as a yellow sokid whichawas uskd. wishput-fartiigHpavitication: HoMMRBEN MHz, DMSO-d6) 6 ppm
8.47(1 H, dd, J=4.8, 1.5 Hz), 7.82-7.89 (1 H, m), 7.53 (1 H, dd, J = 7.7, 4.8

Cap-132

OH
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15Hz), 2.82(2 H, q, J= 7.3 Hz), 1.17(3 H, t, J= 7 .5 Hz). R] = 0.36 min (Cond.-M D1); LC/MS: Anal.
Calcd. for [M+Hf C81-110NO2: 152.07; found: 152.10. Cap- 176 HO.. NAO O A solution of
1,4-dioxaspM)LEREERASS-0ne (15 g, 96 mmol) in Et0Ac (150 mL) was addédtBaNd8/idhoof methyl
2-(benzyloxycarbonylamino)-2- 25 (dimethoxyphosphorypacetate (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 IN HC1 (75 ml.), H20 (100 ml.) and brine (100 mL), dried (MgSO4), filtered and
concentrated. The residuéapnds Durifipe e BiotegS 5962d 25 9nEpddveiFeraneéscBdgcolumn). The
combined fractions, £oniAlRIG IO AIRYULLIEIA PR ARNEPNAIGHRIAR VLTI IRC g residue was

re-crystallized from hexaneslEtOAc to give white crystals that corresponded to methy )
(benzyloxycarbonyiBhind}-2L.(474-8d%a. Spitc} £ & [8cdah BIlideid héetate (677 8% Nk RIJ400 MHz,
CDC11-d) 6 ppm 7887 ¢4445 H.OTGAO2 {1rHh Db, 5 )mm 10E: Wnd), 8901 (4 [:1376(3 H, br. s.),
2.84-292(2H,m),2.47 (2 H,1, J=6.40 Hz), 1.74 - 1.83 (4 H, m). LC (Cond. OLD: R = 2.89 min.
LC/MS: Anal. €alc ?Wﬁi{‘l\h%ﬂﬂ?&éﬁl—f’z Q%06: 745.21; found: 745.47 Cap 176, step 00N 0 0
Ester Cap 176, step b was prepared from alkene Cap 176, step a according to 15the method of Burk,
M. J.; Gross, M. F. and Martinez J. P. (J. Am. Chem. 350G, 1995, 117, 9375-9376 and references
therein): A 500 ml. high-pressure bottle was charge Wwith alkene Cap 176, step a (3.5 g, 9 68 mmol) in
degassed MeOH (200 mL) under a blanket off1\d', The solutipn was then charged with
(-)-1,2-Bis((2S,5S)-2,5- dimethylphosphM nefeyelodctadiéhe)rhodium (1) tetrafluoroboratc
(0.108 g, 0.194 mmol) and the resulting mikttire was flushed WithRi2 (3x) and charged with H2 (3x).
The solution was shaken vigorously under 70 psSi of H, at ambiefitt€mperature for 72 h. The solvent
was removed under redugggl Fy?%g@éﬁgg&%fg@gjgmg,ﬁ islGWas 1aKeR HRdAEIOAC. The brownish

solution was then filtered through a plug of Silica Gel and eluted with EtOAc. The solvent was

concentrated ndePVaeiRiiti46 28 Arfbreos b s omlBrrRapaamy sl e dte redptdescdesh 1 (3.4 g)
11-INMR (500 MHz;CRCI3dM& pRo0 V128, MSAR s FhnT032(@, K ~cb. 7139:16:h2).95.060 5.16 (2 H,
m), 4.37 (1 H, dd, J=9.00, 5,04 Hz), 3.92 (4 H, t, J=3.05 Hz), 3.75 (3 H 64-1.92 (4 H, m), 1.37 -
1.60 (5 H, m). LC ofl.%&g@%:@&%ﬁ%#ﬁ‘[ﬁd/ Ik ]ge%d{ oi'f :i-%*ﬁ?& ekidlh: 364.18:
found: 364.27. 30 Cap (h¥6 Htere-0.66@rN-1H), 0.51 (dEAted.CRPZ 18) step4)s(4H8 g, 13.15 mmol) was
dissolved in THF (15 mL) 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 témperature, and the reaction was quérthéd#’by slow addition of solid Na2CO3with
vigorous stirring until the release of gas.was no longer visible. de Ry duct was extracted into 10%
ethyl acetate-dichloromethane and the organjt layers were combiped, [dried (MgSO4) filtered and
concentrated. The 10resulting residuexvasyuritied viaBiotage Y0 top309%0EtOAc/Hex; 25 g column) to
afford ketone Cap 176, step c (3.869) as angar oil. 1H NMR (400 W@DCll-d) ppm 7.28 -7.41 (5
H, m), 5.55 (1 H, d, J=8.28 Hz), 5.09 (2 H, s), 4.46(1 H, dd, J=8.16, 5.14 Hz), 3.74(3 H, s), 2.18 - 2.46
(5H, m), 1.96 - 2.06 (1 H, m), 1.90(1 H, ddd, 1=12.99, 5.96, 2.89 Hz), 144- 1.68(2 H, m, 1=12.36,
12.36, 12.36, 12.36, 4.77CkpH3). W4s ftepindd @bd){H2isthlOAamMnR. dnd ivbTiyAstabrératatitdor [M+Na]f
CI7H24NNa05: 342.13; found; 342.10. Cap 176 step d 0 O, e0X0- % (3.13 mL, 16.97
mob was addect {68 RN PRAH ST i (oY A MG CPBe o (50 L)
followed by additigspof @7Catad9tiom afhindurst b E{GHAD) LA 9416 R5 1MaB 6B (esWiHNg yellowish
solution was stirre vernight. Thereagl que b ii f sat. NaHCO3 (25
mL) and the r%letugééévgﬁsaeftrgégt%dswiglﬁéf(ﬁﬁg ?3\%%%@%' L)%%%Zé}gﬁ%ﬁnié%go@ggﬁé &Féq;/ers were dried
(MgS04), filtered &Rendridd BTgive o wEnohighSilATRe fedsdudonBY Pilifedl v Bicede2;
chromatography (23449 206 EtOAC/Hex; 90g column) and a white solid corresponding to the difluoro
amino acid dilforide Cap

Cap-135

o F
HO
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176, step d (1.5 g) was recovered. 11-INMR (400 MHz" CDC13-d) 6 ppm 7.29 - 7.46 (5 H, m), 5.34(1
H, d, J=8.28 Hz), 5.12(2 H, s), 4.41 (1 H, dd, J=8.66, 4.89 Hz), 3.77 (3 H, s), 2.06 - 2.20 (2 H, m), 1.83
-1.98 (1 H, W9 2080183R3 (4 H, m), 1.38 - 1.55 (2 H, m). 19F NMR (376 MH&TAB18M4¥Hppm -92.15
(1 F, d, J=237.55 5Hz), -102.44(1 F, d, J=235.82 Hz). LC (Cond. OLD: R1 = 1.66 min. LC/MS: Anal.
Calcd. For [2M+NalC,4H42E4N2Na08: 705.28; found: 705.18. Cap 176, step e 0 10Difluoride 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 N2 (3x) and the reaction mixture was placed under 1 atm of
H2 (balloon). The mixturéwaststirdde ammbiettt tEnopenzuybaortid8did 1138 sgspgdldsionolas then
fitered though a plg GE (iRl AN EANGRNIRIbHRRET WAGHUMIRCYR AN Bll NatiaRaeeponded to
amino acid Cap 176, step e (2. 4dg) and that was used without further purification. 1H NMR (400 MHz,
ThilSO-d5) 6 ppm BE2%es prbigctedg ballqoyhydigepnation oy 10% prdlgdipm amcarbse. (§088%)7 H, m),
1.20- 1.45 (2 H, mjoA BFhNMI (87 6 Intzx kA $20 tHonbriprad-B9.88n(& dfitholFR3d RS #itz) 52t 00.07(1 F,
d, J=232.35 Hz). "C.NMR (101 MHz, DMSQ-d6) 6 Pp 1175.51%& S 124.1%%1[ Qt, 1=241.21,
238.90 Hz), 57.74(f ,ps)’,%f%"bﬁht‘fi%%‘%gé%2{?@,‘%-531, 3543 é@%@l\@ )gfsgié(% C, d,
J=10.02 Hz), 23.744d, C=R.46:9.26 iz RHC7(Son ! OR2) HR, 21D.961mik. LEO/M83 Artals,Gald. For
[2M+Hf C181131F : 415,22 found. 415.40. sten f, Methyl chlorof ¢ (1.495 mL,
19.30 mmol) was a%%i@z% 3 2§0§65u§? grrﬁlllﬁo a%rllg@%%f%,%tgé)phg?%g&x&ég&)%m% and DIEA (6.74
mL, 386 mmol) in ARRE k¢ dor Ny HIthe nEs ity st & H8n farmd stgeld at rt for 3 h and volatiles were
removed under reduced pressure. The residue was purified via Biotage (0% to 20% EtOAcil-lex; 90g
column). A clear oil that solidified upon standing under vacuum and corresponding to carbamate
Cap-176, step(2.22 g) was recovered. 1H NMR (566AMP£, cDC13-d) 6 ppm 5.27 (1 H, d, .7=8.55
Hz), 4.39 (1 H, dd, J=8.85, 4.88 Hz), 3.77 (3 H, s), 3-RO(3 I, s), 2.07 - 2.20 (2 H, m), 1.84- 1.96(1 H,
m), 1.64 - 1.82 (4 H, m), 1.39 - 1.51 (2 H, m). 19F NM 1 MHz, CDC13-d) 6 ppm -92.55 (1 F, d,
J=237.13 Hz), -102.93 (1 F, d, J=237.12 Hz). 13C NMR (128'MHz, CDC13-d) 6 ppm 171.97 (1 C, s),
156.69(1 C, s), 119.77 - 125.59 (1 C, m), 57.24 ( br. s.), 1052.48 (1 C, br. s.), 52.43 (1 C, s), 39.15
(1C,s),32.50-33.48 (2C, m), 25.30(1 C, d, J=Q z),24.03 (1 C, d, J=9.60 Hz). LC (Cond. OLI):
R =1.49 min. LC/MS: Anal. Calcd. For [M+Na] CH#{7F2NNa04: 288.10; found: 288.03. Cap-176 15A

solution of LIOH (0.379 grd 3 &3 18amah &) \WRjrh{mm 0t s¥as Redeshig.anolytign of grbamate
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 Rk W aediogydirthbeh el mh Sy thaitesrainitipdduebieyHEEE Was acidified
with IN HC1 solutiogn{2milhexatetnen axtractenwish EehAdse? X0 balng dthiee¢cdsabnaéharganic layers

were dried 20(MgSQ4), filtered and concentrated to give a white f orresponding.to Cap-1 76
(192 ) 1+ NVIR TIoD MRS LS E B e e e SR o7 1 e,
.7=8.53, 6.02 Hz), Bisu(8 feir &), mii0befprod @s-hllvryed ®Avatmoq(sos ), TiBthehwy(dciditaty, 1.27 (1 H,
qd, J=12.72, 3.26 Hak 495 NMB, GRAMHA RALS AR) 6 P88 (hiFufb Wi ARRraPib12). -99.93(1
F, d, .7=232.35 Hz), LC (Cond. OL2): R1=0.76 min. LC/MS: Anal. Calcd. For [M-11]' CiOH14F2N04:
250.09; found: 2507l EXAINSLRS YhEsrlkenbighsvps@retin Hovrise (deskrivedifcd saRBction with
certain 30 embodirg Rt Hichdandeel idterdadite linil Jts.stone . Bnihencembiaptetigtpesent
disclosure coyers all alternatives, modifications, and equivalents as cgn be | ithin the scope
of the claims S iid IR SYHIS ST Y B A i state one
practice of the pre_sém mm@mégwwnqmemmmwxam@@éd@ﬁm\mtbp(ﬁses of
illustration of certajp; embpadinalisend R presefied 1R\ Mhatis baligyed e R thgdnost useful

and readily understood description of its procedures and conceptual aspects. 5 Solution percentages

express a weight tYSUMES1d¢ich<Hip (&ndsbiublen! Fatids E4préss! & VEiubhe: tb ¥bluhhéPelationship,

unless stated othesyise.Nuycleas;magaefichigs@NAACKIEVMER) spgaismyRisyeradackaiiber on a Bruker
300, 400, or 500 MHz spetl:trometer; the chemical shifts (6).are re80rted in parts per million. Purity

assessment and 1w bsoitftiol? iS4 anGyEiNetre Voo datdon’s 11
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it) 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 i &i#HH3gXhe retention time (R) were: Cond. -1l 15 Column=ReHenRAhE38ena 3.0X
50 mm S10 Start %B=0 Final %B= 100 Gradient time= 2 min Stop time= 3 min 90 Flow Rate= 4
mllmin Wavelength= 220 nm Slovent A= 0.1% TFA in 10% methanoli90%water Solvent B= 0.1% TFA
in 90% methanol! 10% water Cond.-J2 Column= Phenomenex-Luna 3.0X 50 mm SIO Start %B= 0
Final %B= 100 Gradient time= 4 min 30 Stop time= 5 min Flow Rate= 4 mLImin Wavelength= 220 nm
Slovent A= 0.1% TFA in 10% methanol,190%watef¥ad32012/018325PCT/US2010/044356 Solvent
B=0.1% TFA in 90% methanol! 10% water Cond.43 Cqlupgin= XTERRA C18 S7 (3.0 x 50mm) Start
%B=0 Final %B= 100 Gradient time= 2 min Stop @ 3 in Flow Rate= 5 mLImin 10 Wavelength=
220 nm Solvent A= 0.1% TFA in 10% methano1/90%wpgter Solvent B= 0.1% TEA in 90%
methanol/10% water Cond. 14 15 Column= Phenomen¥X-Luna C18 30X2 Start %B= 0 Final %B= 100
Gradient time= 2 min

Cap-137, step a

\CN

=N

Z 0
5 p—

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-tert-butylphosphine)palladium dichloride (10
mg, 0.02 mmol) and 2-(tributylstannyl)furan (378 uL, 1.20 mmol) in anhydrous

10  dioxane (10 mL) 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

15 acetate/hexanes) afforded Cap-137, step a (230 mg, 105%) as a white solid which
was carried forward directly. Ry = 1.95 min (Cond.-MS-W?2); 90% homogeneity
index; LRMS: Anal. Calc. for [M+H]" C14HsN,O: 221.07; found: 221.12.

Cap-137
20 To a suspension of Cap 137, step a, (110 mg, 0.50 mmol) and sodium
periodate (438 mg, 2.05 mmol) in carbon tetrachloride (1 mL), acetonitrile (1 mL)
and water (1.5 mL) 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
25  with dichloromethane and the combined dichloromethane extracts were dried over
Na,SO, filtered and concentrated. Trituration of the residue with hexanes afforded

Cap-137 (55 mg, 55%) as a grayish-colored solid. Ry=1.10 min (Cond.-MS-W2);
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Stop time= 3 min 20 Flow Rate= 1 nilimin Wavelength= 220 nm Slovent AL0mM Ammonium Acetate in
5% ACN/95%water Solvent B10mM Ammonium Acetate in 95% ACN/5%water 25Cond. Column=
Phenomene¥Q aha/e188230X2 Start %B=0 Final %B= 100 Gradient time= 4R BRQHH4ii¥e= 5 min
Flow Rate= 0.8 mL/min Wavelength= 220 nm Slovent A10mM Ammonium Acetate in 5%
ACN/95%water WO 2012/018325PCT/US2010/044356 Solvent B= 10mM Ammonium Acetate in 95%
ACN/5%water Cond.-DI Column= Phenomenex-Luna 3.0X50 mm S10 Start %B=0 Final %B= 100
Gradient time= 3 min Stop time= 4 min Flow Rate= 4 Ind/min 10 Wavelength= 220 nm Slovent
A=0.1% TFA in 1098%nethegoii@0¥iieatdCS6hemaB=Cald. 06T BHH 19 0YsHieBartWI®6 water
Cond.-D2 15 ColugypzPansumenex-Luna 4.6X50 mm S10 Start %B= 0 Final %B= 100 Gradient
time= 3 min Stop time= 4 min 20 Flow Rate= 4 mLimin Wavelength= 220 nm Slovent A= 0.1% TFA in
10% methanol1l/90%water Solvent B= 0.1% TFA in 90% methanol! 10% water 25Cond.-.I1B-1

Caps 138to 158
5
Synthetic Strategy. Method A.
~,
OH o~ o~ o~ ?
Xy EAD Xy mCPBA S TMSCN XY 5N NaOH =
_N THF _N DCM P N: TEA, ACN N 85°C =N
.-
BMCL 2001,
11, 1885-1888. CN COAH
Cap-138
o
~
~N
10 CO,H

Cap-138, step a

X
=N

To a stirred suspension of 5-hydroxyisoquinoline (prepared according to the

15 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
at room 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

20  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) § 9.19 (s, 1H), 8.51 (d, /J=6.0 Hz, 1H), 7.99 (d, /= 6.0 Hz, 1H), 7.52-7.50
(m, 2H), 7.00-6.99 (m, 1H), 4.01 (s, 3H); R=0.66 min (Cond.-D2); 95%
homogeneity index; LCMS: Anal. Calc. for [M+H]™ CioHoNO: 160.08; found

25 160.1.
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Column= Waters Sunfire 5u C18 4.6x30mm Start %B=0 Final %B= 100 Gradient time= 3 min 30 Stop
time= 4 min Flow Rate= 4 m L/min Wavelength= 220 nm Slovent A0.1% TFA in
10%acetoniM@PE2HNEESr Solvent B = 0.1% TFA in 90% acetonitirle/10% Ra#EFS2020//HE0H/MeOH
P(OEt)3 DMF 80C J.4 Reference .llled.Chem. (2005) 48, 7351. Examples | - Br CO2H J.1 10A
1M solution of potassium tert-butoxide in tetrahydrofuran (80 mL) was added dropwise to
(3-carboxypropyltriphenylphosphonium bromide (17 g, 40 mol) in anhydrous DMSO (20 mL) under
nitrogen at 24 C, and the solution was stirred 30 min. before addition of 3-bromobenzaldehyde (4.7
mL, 40 mmol). After several minutes a precipitat€aqwas’8bggrved and an additional 20 mL of DMSO
was added to 15aid solvation, and the reaction wag, stirred 18 h. The solution was poured onto water

X
¥
— N\O_

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
5 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, yellow 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,
10 1.7 Hz, 1H), 8.04 (d, /=7.1 Hz, 1H), 7.52 (t, J=8.1 Hz, 1H), 7.28 (d, / = 8.3 Hz,
1H), 6.91 (d, /= 7.8 Hz, 1H), 4.00 (s, 3H); R¢=0.92 min, (Cond.-D1); 90%
homogenity index; LCMS: Anal. Calc. for [M+H]" CioHoNO>: 176.07; found:

176.0.
15 Cap-138, step c
o
N
=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

20 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
Na,SO,4 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

25  along with 223 mg (30%) of additional Cap-138, step c recovered from the filtrate.
'H NMR (CDCls, 500 MHz) & 8.63 (d, J= 5.5 Hz, 1H), 8.26 (d, J= 5.5 Hz, 1H),
7.88 (d,J=8.5Hz, 1H), 7.69 (t, /= 8.0 Hz, 1H), 7.08 (d, /= 7.5 Hz, 1H), 4.04 (s,
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(2120 mL) and washed with chloroform. The aqueous layer was acidified with conc. HC1 and extracted
with chloroform (3 x 250 mL). The organic phase was concentrated and applied to a 65i Biotage silica
gel column, YRdeHPEIBRfon from 15- 65% B (A = Hexanes; B = ethyl acetaRGUS2AP/RdAgHoe J.1,
(E)-5-(3- bromophenyl)pent-4-enoic acid, 8.2 g (82%). 1IFINMR (300 MHz, CDC13) 6 7.45 (t, J=1.5
Hz, 1H), 7.30 (dt, J = 7.7, 1.5 Hz, 1H), 7.2-7.16 (m, 1H), 7.12 (t, J = 7.7 Hz, 1H), 6.40-6.32 (m, 1H),
6.23-6.14 (m, 1H), 2.52 (s, 4H). LC (Cond.-J1): RT = 2.0 min; LAMS: Anal. Calcd. for [M-11]
C111-111Br02: 252.97; found: 252.98. BrCO2H J.2 J.1, (E)-5-(3-Bromophenyl)pent-4-enoic acid
(4 g, 15.8 mmol) wis) dissolvEdnim aliseidit® erhiio h@aeentinaind dhusiddSvithalitogenfbefore addition
of 5% platinum SUIMQPQIH @ﬂfjl)g(?\ﬂ @.@gbﬁ%lﬁgl%ig@d(vas flushed with hydrogen at 10atmospheric
pressure and stirred 5 It The catalyst was removed by filtration over diatomaceous earth (Celite(r)) and
the solvent immediately removed by rotory evaporation (in order to minimized esterification) to give
J.2, 5-(3- bromophenyl)pentanoic acid 4 g (99%) whigh ywas carried forward without further purification.
IH NMR (500 MHz, CDCE) 87.31-7.30 (m, ZHQ, 7.13 (t,J =7.6 Hz, 15 1H), 7.09-7.07 (d, J = 7.6 Hz,
1H), 2.60 (t, J = 7.0 Hz, S 587560 § DA 37 49mme saat sented Wit Y eofsmmbyso¥i®.T = 2.1 min;
LRMS: Anal. Calcdofgidto mCilahl-tht3Bi0ida 25500 fatwek R&de89t 83.8C for 4 h, cooled to
05-(3-bromopheny, tanoic, acid (4 4, 15.6 mmol) was taken up in po sphorj id (15 g) and
neated 10 190 G fors i HU D M SRR RS e Saied v oL SRR 1% A co
sublimation. The resstionphristiyes wersptditrorseddbetivbsne 1 Sethbvof Maté.anchdichitedmoethane (600
mL). [Caution is necesaary 1n ARtk RinG.Rf dishiorepathang Jorha P phiase wagashed with

water, brine, and concentrated. The crude product was applied to a 40(S) Biotage silica gel column

and gradient dlutetPMPY e SAOMBMYI débterethelarnes) thd gaveHz, 1H), 8.16 (d, J = 6.0

2-bromo-6,7,8,9-tatfahydre-pélpenzly lannuienr 510ngAqh 9 (08 A AM Rii3 ko CDCI3)
67.56 (d, J=8.1 Hz,’ll¥lf)3,’7.4lc§dd, J=84 ng%l.Sle, 711|(4),’ 7@8 (d, J = e

: :35(d, J=1.8 Hz, 1Heza{2ﬁ.86 (t,J=5.9

Hz, 2H), 2.69 (t, J SBBER 2y0ran(cord (aDaPy’a Remedty SR T-CMS: Al 1%NisT%nal. caled.
for [M+H] CiiHtiBrQv2B9.Q0; foehd;: 289.07%. fdudd: 20403,
2-Bromo-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-one (1.5 g, 5.9 mmol) was dissolved in 2:1
ether/tetrahydrofuran (120 mL) and IN HC1 in ether (9 mL) was added. The solution was cooled to 0 C
before additiori of Sorhaiir Sitritey . Matho OBl Glemned) faerd Thedkaattio deiars AW E8H D 24C,
concentrated, and applied to 25 (M) Biotage silicajgel column. Gradient elution from 15-100% B (A =
Hexanes; B = ethyl acetate) o d gaverd:3& < om@@y&@ﬁ%o)-&?,&g-
tetrahydro-5H-benzo[7]annulen- 1 gﬁ,ﬁ,@%%gcog_mﬂl); RT = 19.migsNLC/MS: Anal. Calcd.
for [MAT] CI tHioNBr02: 268; found: 268. b&end.4 Coneentrated ammoniurphydroxide (12 mL, 28%)
was added to a solution of ~ "©200% 0997
J.3a(E)-2-bromo-6-(hydroxyimino)-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-one (1g, 3.7 mmol) and
N-Boc-L-prolinal (850 mg, 4.3 mmol) in methanol (35 mL)and 90the reaction stiffed 18 h at 24 C. The
reaction mixture was concentrated to remove methangl, the aqueous solution extracted with
dichloromethane, and the organic phase washedWwi y Application of the crude product in
dichloromethane to a 40(S) Biotage silica gel colum jection to gradient elution; Segment 1.
15%- 30% B over 300 mL; Segment 2. 30%-100% B overf)Q mL (A=1:1 5
hexanes/dichloromethane; B = ethyl acetate) gave J.4 700 mg (44%). IH NMR (300 MHz, DMSO-d6) 6
11.3 (br. s, 1I2|3, 7.91 (d, J =8.4 Hz, 1H), 7.35 (dd, J = 8.4, 1.5 Hz, 1H), 7.31 (d, J = 1.8 Hz, IH),
5.0/4.87 (m, IH), 3.51-3.46 (m, 1H), 3.42-3.36 (MGdpH)3L.8p2.70(m, 4H), 2.27-1.80(m, 6H), 1.38/1.11
(s, 9H). LC (Cond.-J1): RT = 1.9 min; LRMS: An@oCa d. For [M+H]I C211-126BrN103: 488.12; found:
48K14. FIRMS: Anal. Calcd. for [M+H]IC211-126BrN 4@.1236; found: 488.1242. J.5 Triethyl
phosphite (0.78 mL, 47 mmol) was added to a solutionof .4“(700 mg, 1.57 mmol) in
dimethylfonnamide (2 mL) and the solution heated at 80C #r 18 h under a nitrogen atmosphere. The
reaction mixture was takew whiskethyleacetade-(bpQimkyane washecwitlyuaied angddasios offter
concentration the crude product 10was applied tq a 40.(S) Biotage silica gel column and subjected to
Gradient cluton: SEER A R TE SR VRSO b ST bt JOUALA OUr 600 L (o
dichloromethafc; Brocednyd acetara)id/ R 15 paBsmmgntoo%dy. HAMR I300d0UHZz;- DMS0-4) 6 11.7
(br. s, 1H), 7.92 (dy,J : = . , 1H),

bggé@é%g’ﬁ(%ﬁiﬁ)z’o%%{gng ©.87% s it oy 28d Patddlud: (9 4R2D78

3.57-3.48 (m, 1H), 3.
mg, 0.31 mmol) in anhydrous toluene (6 mL) was added N,N,N’,N -
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152.78 (m, 4H), 2.28-1.77 (m, 6H), 1.39/1.14(s, 9H). LC (Cond.-J1): RT = 1.9 mm; LRMS: Anal. Calcd.
for [M+11]1 C2tH26BrN302: 432.13; found: 432.14. Synthetic Route 2 M.1M.2 M.4M.3 Examples
M.l - M4 TBBPSOHEEM.1 To a solution of (S)-5-(lydroxymethyl)pyrrolidinPAS{SFAH/B4876mmol) in
dichloromethane (50 mL) was added tert-butylchlorodiphenylsilane (25.6 g, 93 mmol), EtiTsl (12.1 mL,
87 mmol) and DMAP (1.06g. 8.7 mmol). The mixture was stirred at room temperature until the starting
pyrrolidinone was completely consumed, and then it was diluted with dichloromethane (50 mL) and
washed with water (50 mL). The organic layer was dried (Na2S0O4), filtered, and concentrated in
vacuo, and the crudeametieriethylasedismitt @20 flash $hromatodiephyl (Bilicaadl; BRt20OR 100% of
ethy acetate/hexangs)iagfiory g Sl SHUELAS AEPIEHRSS O 221 TARMEDIENMR (400 Wz,
DMSO-d6, 6 = 2.5 ppm) 7.69 (br s, 1H), 7.64-7.61 (m, 4H), 7.50-7.42(m, 6H), 3.67-3.62(m, 1H),
3.58-3.51 (m, 2H) vzlthﬁlmd)aqmtgmasi}@wﬂlswm am))rm@@regd oMY, Iﬂ@ﬁ@@ fmmﬁnd354 58.
Di-tert-butyl dicarbQpata 38 Qhé?c%1mf@w35%§@&9&9siﬂda<§éiqgﬁ@§@eﬁQﬂiQnWﬁlY@%lé?H%in toa
dlchloromethane (200 mL) solution of silyl ether (31.2 g, 88.3 mmol), Et1N (8.93 88 mmol), and
DMAP (1.08 g° 8.5 HRO AT L0/ Yiécﬁt%?@&’%nﬁ‘%gta&?fﬂ %%ﬁ?e%%fé wB%emoved in
vacuo and the crudesateriahtakeiidip' HR0% @Ibyllgmmﬂapaamas(anda@plﬂﬂ te1y 2.22funnel

containing 1.3 L of |bcagggkﬁn(f’ia%e_}17% %eji V\gtls*n l;fz rﬁ% 9%01 eztiggl acz@teéttf? 35161 L of 50%

ethyl 20 acetate). pon ¢oncéntration o he deswed tionsina o’t evaporator, a'w fite slurry of
solid formed whichliWas ftdrediv&shddbdvithniCeade B ri0°%d tiethdgeraizuodex affoMiSc arvdmate M.1 as
a white solid (32.6g.4, 82% ¥ gﬁl]} &l NMBI@_@&% PMS9-4, 6 = 2.5 ppm) 7.61-7.59 (m, 2H),
7.56-7.54 (m, 2H), 7.50-7.38 (m, 6M), 4.18 (m, 1H), 3.90 (dd, J = 10.4, 3.6, 1H), 3.68 (dd, J = 10.4, 2.1,
1H), 2.68-2.58(m, 1H), 2.40-2.33 (m, 1H), 222212(m 1H), 2.01-1.96 (m, 1H), 1.35 (s, 9H), 0.97 (s,
9H). LC/MS [M-Boc+H] = 354.58. Calcd. 454.24. T&@g@@ cc M.2 A three-necked flask equipped

with a thermometer and g, nitrogen inlet wa har wit mat 1 05 g, 22,16 mmol) and
toluene (36 mL), and Iow% dP fr% ot a%?,r‘é’a%%nng oath’ a\W‘h é’sﬁt%?r%lip té%]%gfgtﬁr‘glt e mixture

reached -50 C, Iltmm&mwmmgahyhﬁmq@ﬁmdﬁmmﬂir%ﬁté?twlaﬁydrolﬂﬂlﬁmmelwmwﬁmm) was added
dropwise over 30 ?Mg(%%ﬁtﬂg [@%tju %%tgr?ﬁ f%rb%S Jnipwgt I% ﬁqéngrtl}e |§1tbe£pzal tﬁ perature

between -50 C an unig's b nth 43 mmol) was ad opwise over 10 mm. Then,

DMAP (34 md$ 0.2785rtinéiy vasladded Tt dfib bat%ﬁ Hal | bided- M/@Ybéﬂ@tﬁ@ﬁ DHeiflibrddtetic
anhydride (3.6 nth(25;5/RMOf QVek & BN mb"m%ﬁ%gm}h@d&t%@@hiempﬁr@r@ hgtween -50

10C and -45 C. The batn was removed 10 min later, and the reaction mixture was stirred for 14 h while
allowing it to rise t@éﬁﬁleﬁl{@ﬁ%&ﬁ‘}énﬂﬁﬂé{gid%ﬂﬁgé with toluene (15 mL), cooled with an ice-water

bath, and treated slowly with water (55 mL) over 5 min. The phases were separated and the organic
layer washed with water (50 mL, 2x) and concentrated in vacuo. The crude material was purified by
flash 15chromatography (silica gel; 5% ethyl acetatg/eff?e%%es) to afford dihydropyrrole M.2 as a
colorless viscous oil (7.947 g, 82% yield). Rt = 241 ham under the following HIPLC conditions: Solvent
gradient from 100% A : 0% B to 0% A: 100% B (A = A in 1:9 methanokwater; B = 0.1% TFA in
9:1 methanol/water) over 2 min and hold for | min; on (al, 220 nm; Phenomenex-Luna 3.0X50
mm SIO 20 cglumn. 'H-NMR (400 MHz, DMSO-d6, 6 = 2&ppm) 7.62-7.58 (m, 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,

Cap-140, step a
/\O

\CI

~N

CN
To a vigorously-stirred mixture of 1,3-dichloro-5-ethoxyisoquinoline (482
25 mg, 2.00 mmol; prepared according to the procedure in WO 2005/ 051410),
palladium (II) acetate (9 mg, 0.04 mmol), sodium carbonate (223 mg, 2.10 mmol)
and 1,5-bis(diphenylphosphino)pentane (35 mg, 0.08 mmol) in dry
dimethylacetamide (2 mL) at 25 °C under nitrogen was added N,N,N’,N’-
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0.49H), 3.69 (br s, 1.51H), 2.90-2.58 (br m, 2H), 1.40/1.26 (overlaping br s, 9H), 0.98(s, 9H). LC/MS:
[M+Naf = 460.19. TBDPSO ---N Eloc M.3 Diethylzinc (19 nth of-1.1 M in toluene, 20.9 mmol) was
added dropWi€e2®2dH8%mm to a cooled (-30 C) toluene (27 mL) solution oPERHSAIRYALRIM.2 (3.94
g, 9.0 mmol). Chloroiodomethane (stabilized over copper; 3.0 mL, 41 2 mmol) was added dropwise
over 10 min, and stirred while maintaining the bath temperature 30at -25 C for 1 h and between -25 C
and -21 C for 18.5 h. The reaction mixture was opened to the air and quenched by the slow addition of
50% saturated NaHCOS3 solution (40 nil4), and then removed from the cooling bath and stirred at
ambient temperatueg oc®latin]cnedasfitei@bnbr d.dfhnanfilter plgelland tie wiitercakes was washed
with S0 mL_ of toluggeJ 1P aBRNiG BRSNS ITALR YasaaRARIRA AR WAShadd fiipyvater (40 mL.,

2X), dried (MgS0O4), filtered, and concentrated in vacuo. The crude maferial was purified using a
Biotage system (3807 'SintagEm ayapraxdes ibdehdaiiiAN 9 ainyadsdedtid MexapiBenenygéd with
7-20% ethyl acetatgynexanes)ianationng. mMiniurexai-meibananuralidiaesdMedriggopiaates) as a

colorless viscous oil (3.69 g, 90.7%). [Note: the exact cis/trans-isomer ratio was not determined at this

10stage]. Rt =2.38ThNaARABH the PGy $5 W EcRanttones e b VR LGRS ISP 100% A :0% B to
0% A : 100% B (AN D% flteA dradd @ enetheated/ wHie re8dacOab¥ e dro 8 ilinreghinized dicater) over 2

min, and hold for 1 min; detectio 20 nm;.Phenomenexsl-una 3.0X50.mm SI10.columgn, 'H-NMR
(400 Wiz, MO R o T s AR ST R g b .
3H), 3.11- 153.07 (m-1HY, 2e23 (ApH eSS HH)asaoslRWweolid, Ry, 21466nin50¢wd;-M$) 233 (very broad
s, 9H), 1.00(s, 9H)o@ B Fogkbitly Gra{M. R AGIM S IMHNATH 1476, I, NS 3 68C M.4 TBAF
(7.27 mL of 1.0 M in tetrahydrofuran, 7.27 mmol) was added dropwise over 5 min to a tetrahydrofuran
(30 mL) solutidn oif%liﬁﬂi P8-m.3 (3.13 g, 6.93 =lop and the mixture stirred at ambient temperature
for 4.75 h. After the addition of saturated ammonium chloride solution (5 mL), most of the volatile
material was removed in vacuo and the residue pargxio_r}% between dichloromethane (70 mL) and
50% saturated ammonium chloride solution (30 mL).qf?he agueous phase was 25extracted with
dichloromethane (30 mL@nd#heasandpimed orgerne phedielyirsod Gag-(MG S@y, witerdd) concentrated

in vacuo and then gxpasaekialighh YRCHLQHERIGRE prbis. GHitdFMals i3l WRSRYEIBHsINg a Biotage
(silica gel; 40-50% ethél acetatelhexanesé,to afford a mixture of alcohols, contaminated with traces of a

lower Rf spot!as d¢516rié<8 1B (249" >-9b% Sfterdiomastaithadstakl eisrrard i<ctferPatio 30was not
determined at this piags.] AHHNMR G400 M4z fdindetsglsalfoxide-d6, 6=2.5 ppm) 4.70 (t, J = 5.7, IH),
3.62-3.56 (m, IH), 3.49-3.44 (m, IH), 3.33-3.27 (m, IH), 3.08-3.04 (n, 1H), 2.07 (brrn, IH), 1.93-1.87 (m,
IH), 1.51-1.44 (n, 1H), 1.40 (s, 9H), 0.76-0.71 (m, IH), 0.26 (m, 1H). LC/MS [M+Na] = 236.20. A
semi-solution of sodium periodate (6.46 g, 30.2 mmdpid4dater (31 mL) was added to a solution of
alcohols (2.15 g, 10.08 mmol) in acetonitrile (20 nth).and carbon tetrachloride (20 mL). Ruthenium
trichloride (0.044 g, 0.212 mmol) was added immd the heterogeneous reaction mixture was
stirred vigorously for 75 mm. The reaction mixture was fliluted with water (60 mL) and extracted with
dichloromethane (50 mL, 3x). The combined organic pH&&e was treated with | mL 10methanol, allowed
to stand for about 5 min, and then filtered through diatomaceous earth. The pad was washed with
dichloromethane (50 mL), and the filtrate was cogge_gtﬁttetd ircll vacuo to afford a light charcoal-colored
solid. The crude material was dissolved in ethyl acgtate’(gfg mL) with heating and allowed to stand at
ambient temperature with seeding. About 15 min i oling phase, a rapid crystal 15formation
was observed. About 1 h later, hexanes (-6 mL) d and the mixture refrigerated overnight (it
did not appear that additional material precipitated out)..Jhe mixture was filtered and washed with
ice/water-cooled hexanesiethyl acetate (2:1 ratio; 20 ml.) and dr'eéi under hj Plva uum to afford the
first crop of acid M.4 (off-é\ﬂ‘mgélgﬁ%fé, f?ﬂﬁpﬁﬂ‘?dﬁﬁ%@r}ém%@ﬂéd P%%&O&BH% %Qf%‘l@ IF¥acuo, and
20the residue disstihred i ovil;bodmttiydgudeibbe witke hieaprogeditowetditedstandidtdanilbient
temperature fiy 1 ogd inen3 i sanss was:adder andiiprasinaqsiriegraior for1p h A second

crop of acid M.4 was retrieve 1S|milary (grey crystals, 0.133 g), for a combined yield of 59%. Rt = 1.48
min under the folldWiyHPLOC cdndMiBrisdEMIent raldienB #6ml.100%5A1z0bd B 18308k A=100% B (A =

25 0.1% TFA in 1:Q mghanolivater; B3 Q3106 THA H?ﬁi-lzﬁ@?mamjjw.%t@@,qu R Wing@ltgction 220
nm; Phenomenex-Luna 3.0X50 mm SIO column. MP (dec.) for the first crog =Bl47.5-149.5 C. 'H-NMR

(400 MHz, DMSO0-£ 84 PH i homesepitvinges BEYL: 5\Brls, (A, o breld2verlapped
with water signal), ZZ285bwadiHy2297 (app br s, IH), 1.56 (app s, IH), 1.40/1.34 (two overlapped s,
9H), 0.71 30 (m, 1H), 0.45 (m, IH). 13C-NMR (100.6 MHz, DMS0-4, 6 = 39.21 ppm) 172.96, 172.60,
154.45, 153.68, 78.74, 59.88, 59.58, 36.91, 31.97, 31.17, 27.77, 27.52, 14.86, 14.53, 13.69. LC/MS
[M+Na] =250.22. Anal. Calcd. For CIIHI7NO4: C, 58'1?(5§_|’ 7.54; N, 6.16. Found (for first crop): C,
5K24; H, 7.84; N, 6.07. Optical rotation



(10 mg/mL in CHC13): [a] D = -216 and -212 for the first and second crop, respectively. ExampleAl.4a
OH Me Boc M.4a The synthesis of acid M.4a is reported in patent application: US2009/0068140.
Synthetic RNRP12/01832B xample 114c (2S,45)-1-(tert-Butagcarbonyl)-4-mEGAB$3PdHdi#4832-carboxylic
acid A solution of (S)-1-(tert-butoxycarbony1)-4-methylenepyrrolidine-2- carboxylic acid Example M.4b
(4 g, 17.60 mmol) in 2-propanol (10 mL) was added 15to a nitrogen purged suspension of 10%
palladium on carbon (936 mg) in 2-propanol (240 mL) and the flask was charged with hydrogen gas (1
atm). After being stirred 18, the catalyst was removed by filtration over celite and the filtrate
concentrated. LC analysis showed the sample cont&ifre@14% of the trans isomer, and recrytallization

V0D 6 o 421 - 4.1 L B ENE LA M il OB A A M IRATD N
2.29 (m, 1H), 1.59the Bsuimelsra wa heand eR0GIG)or 100 DG VBHyoSghthatienRoute 2.2 Example

M. 49 M.4d AQlﬁ%&%ﬁ?&%ﬁQﬁm{ém@(ﬁ;ﬁ&r@'ﬁ?ﬁhﬁé%ﬂwg%g Midchwers eraRagsl from:
(S)-tut-butyl 2-methyl 5-oxopyrrolidinc-1,2-dicarboxylate according to the Sfrocedure described in
SWAL

Tetrahedon Letterdi&90trabeaBoneCamnéhitiutdwaS@ldict RIfvdite stide TS SIUaIRNGH of
diastereomers M.4dl{¢d SgthlBcAh mmothnams @ddectd Qsupethydiide (+8-2Q,80,, 38320 mmol)

dropwisc at -50 C in a dryice/acetone bath over 10 mi ig9's hase (1,3.58 mL, 78 mmol) was added,

Stiredt for 10 i, DRAABYE 54 R0 MR 7 R nAe] S 2 B R A A

trifluoroacetic anhydride (2.88rind fG408 dinevoly. WaENIRDNHPWSENONH LIRS, (The

dryice/acet bat iC it i j [ llowed t
ryice/acetone ba ags‘sﬁg]gygg’ qpﬁ @?0%?9@@.% ler%)g\g\@\;v 2 r%?ii%(r)é(é&m WF (I%elng allowed to

warm to room temperature. The réaction mixture was was a m']g, sat. NaC1 (30 mL),

and concentrafed iHNaRuo ! PAate LRI BlIdROM AR S pdeifidd BiSHAdrlcHramaioigraphy (8-60%

EtOAc/Hexanc) to pifergExgmpiedd- 4985 atyelewailo®.85 g). 1H NMR (CDC13, 400 MHz, 6): 6.36
(s, 0.5H), 6.25 (s, 0.5H), 4.70-4.57 (m, 1H), 3.78 (s, 3H), 2.96 (m, 1H), 2.54 (m, 1H), 701.70(s, 3H),
1.50(s, 4.5H), 1.44(s, 4.5H). Me M.4f Diethylzinc (1.1 M in toluene, 59.1 mL, 65.0 mmol) was
added dropwise over 20 min to a cooled (-23 C) toldepe/ ¢80 mL) solution of M.4e (5.23 g, 21.68

mmol), o
@

=N

CO,H
15

Cap-142, step a

se
=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 ¢. R,

20 =1.45 min (Cond.-MS-W1); 90% homogenity index; LCMS: Anal. Calc. for
[M+H]" C10HeBrNa: 232.97; found: 233.00.

Cap-142, step b
O.
®
X

5

CN
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and stirred for 10 min. Chloroiodomethane (9 44 mL, 130 mmol) was added dropwise over 10 mm, and
the reaction mixture was stirred at -21 C for 16 hr. Sat. NaHCO3 (60 mL) was added to the reaction
mixture, theWoAMg &8 was removed, and the mixture was stirred for 10 BAI/ERAHBSfiltered, and
the filter cake was washed with toluene (50 mL). The filterate was partitioned, and the organic layer
was dried with Na2504, and concentrated in vacuo. The resulting crude material was purified with flash
chromatography (2-10% EtOAc/Hexane) to afford Example M.4f (second to elute; colorless oil; 1.01g)
1H NMR (CDC13, 400 MHz): 3.99 (m, 1H), 3.76 (s, 3H), 3.28-3.19 (m, 1H), 2.47-2.41 (m, 1H), 2.00
(m, 1H), 1.45 (s, 9H), 101T25%u{sy8#)dee70d.86{ens2HYS &ind-tE. rrapor (Sdheg. (Bt tanellte; colorless
oil, 288 9). Relatiyg sier %ggmé ma@rg %\gé g@@ﬂ&&ﬁ%ﬁmﬂ}l% §$HQ{@%{, JHNM R (CDC13,
4OOMHZ)4654 m, 1H - 1H), 2.16-2.70 (m, 1H),
1.51-1.42 (two s, SH)IImmy aeﬁ)g idwc(wempheseb@m henvd i 1% Rﬂoﬁgnmo )Absolution of lithium
hydroxide (0.305 GinkgdfumOIRhT IALSN(E: rmd)ewamqgmmmplumma&ymmw (2.60 g,

10.18 mmol) in methanol (2 L}qﬂ% at and the mixture was stirred for 16 h. The solvent was removed in
vacuo and the’resititie A= akER ub 1 dfhii caoledde Eéo%leﬁﬁ??ggaﬂ%‘er?WF?%eﬁm) was added.

The organic phase(@ealse%mafatﬁadeandtébe mﬁ&aﬂs@ﬂﬁem@@dwmw@hl Eiodranduscidified with IN
HC1 to pH =3 (-5.5. g}%}'h 7&5 phase was s washe

Concentration gave xamp Ce@f\)ﬁl mff)ﬁalt‘i%n%o 511551 glé gr%lf qL%@I%é%@éW+Na]

264.12; found: 264 §8HdH Nwmvmmscmxed\ﬂw)ard dis:¢dpp Rur-s] AR 06 (appVF-¥ 1K), 2.55/2.41
(overlapping app kygg,, %El)mgeﬁi‘t}(ﬁm%kl)&ﬁé Rt e Ac” GSARR-AHT T 288, 4t0: 469 (2RRRE S 1H)-

Sample appears to contain approx. 8% of the cis isomer. Synthetic Route 3 Examples 1.6-Jib J.6
AcAr-Diisoprdpyletiitdmine (18 mL, 103.3 mmol) was added dropwise, over 15 minutes, to a
heterogeneous mixture of AT-Boc-L-proline (7.139 g, 33.17 mmol), HATU (13.324 g, 35.04 mmol), the
HC1 salt of 2-amino-1-(4-bromo- 10phenyl)ethanon Lﬁ$D811 7 g, 32.44 mmol), in dimethylformamide
(105 mL) and stirred at ambient condition for 55 minutes.’ Dimethylformamide was removed in vacuo,
and the resulting residueGuas pamrignechizetivenrCethi4 2 cetate 800 MHoy amndhyditerid2@® mL). The

organic layer was lﬂ‘é@%&i%%e%&%ﬁ%%?‘éhf‘?%brﬁ@ @ﬁfﬁlﬁl}’t@%ﬁ%‘l&@'tﬁf dognd concentrated. A

silica gel mesh was prepared from the residue 15 and submltted to flash chromat fgraphy (silica gel,
50-60% ethylldcethsmnestinearies: proVideAngl(Sutertei i H]" CiaHisN>Os: 259.11; found:

2-(2-(4-bromophemnygd)pg-oxoethylearbamoyOpyrrolidine-1carboxylate as a white solid (12.8 g). IH
NMR (DMSO-d6, 6 = 2.5 ppm, 400 MHz): 6 8.25-8.14(m, 1H), 7.92 (br d, J = 8.0, 2H), 7.75 (brd, J =
8.6, 2H), 4.61 (dd, J = 18.3, 5.7, 1H), 4.53 (dd, J= 18.1, 5.6, 1H), 4.22-4.12 (m, 1H), 3.43-3.35 (n, 1H),
903.30-3.23 (m, 1H), 2.18-2.20 (m, 1H), 1.90-1.70 (@ap3H}y, 1.40/1.34 (two app br s, 9H). LC
(Cond.-J1): RT = 1.70 min; LCMS: Anal. Calcd. For [M+N I sH2313rN2Na04: 433.07; found
433.09. J.6a Br 0 0 Boc LRMS: Anal. Calcd. For&ﬁi\ij/ 23BrN2Na04:

COH
20
Cap-143, step a

0]
N

~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,
25 96 mg, 2.4 mmol) in one portion. The mixture was stirred at 25 °C for 5 min before
2-bromoethyl ether (90%, 250 uL, 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

with saturated ammonium chloride solution and diluted with ethyl acetate. The
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433.07; found: 433.12 Lob Br11010 From M.4 Boo N H LC (Cond.-J1): RT = 1.7 min; Anal. Calcd.
For [M+Nar CI9H23BrN2Na04: 445.08; found: 446.93. J.7 A mixture J.6 (S)-tert-butyl
2-(2-(4-bromEPREAIER DX oethylcarbamoyl)- pyrrolidine-1-carboxylate (122€HU83019043%61) and
ammonium acetate (12.0 g, 5155.7 mmol) in xylenes (155 mL) was heated in a sealed tube at 140 C
for 2 hours. The volatile component was removed in vacuo, and the residue was partitioned carefully
between ethyl acetate and water, whereby enough saturated NaHCO3 solution was added so as to
make the pH of the aqueous phase slightly basic after the shaking of the biphasic system. The layers
were separated, antithe &yaevasdenpertddwashesttradtediwitmdhraddiiodalvetiyta€atate. The

combined organic pigsg aasashegwit bing:dristMaSRALflistad.And.araceniated. The

resulting material was rgcrysta{!llzed from ethyl acetateihexanes to provide two crops of J.7
(S)-tertbutyl 2-(5- (ARSI HENY YHSTHRGAR Je3a)p WifBIRAh & Dddrb SN 4te. 38. 8156 1 e mother
liqguor was concentygt@dvnsyagUR and BURMitesh do m Slagh) coromatagranhyidkisiicavgel; 30% ethyl
acetateithexanes) to proyide an itional 2.2 | (DMSO- = 2.5 ppm, 400 MHz): 6
12.17/11.92/11.86 r%%é%%%%%@@%ﬁ%%&%%%‘% i?—%?%sz (app br s, 1H), 3.36 (m,
1H), 2.30-1.75 (m, 4H), 1.40/1.15 (app br s, 9H). LC (Cond.-J1): RT = 1.71 mm; LC/MS: Anal. Calcd.

For [MAI] C18H23BrN302: 392.10; found 391.96. H&M_%%,é\nal. Calcd. For [M+H] 20C18H23131N302:

392.0974; found 392.0959. LRMS: Anal. J.7a Br Bon Calcd. For [MTH] ani
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 #z-butyllithium in hexanes

10 (2.5M,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 HCI 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,

15 12%). R=1.10 min (Cond.-MS-W1); 90% homogenity index; LCMS: Anal. Calc.
for [M+H]" C14H;sN,O5: 259.11; found: 259.08.

Cap-144

\N/

Cl

CO,H
20

Cap-144, step a

NO,

\CI

ZN
cl
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
25 (10 mL). 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
chopped ice and water and the resulting suspension was stirred for 1 h at 0 °C before

it was filtered to afford Cap-144, step a (2.73 g, 81%) as a yellow solid which was
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C18H23BrN302: From J.6a 392.10; found: 391.96. LC (Cond.-11): RT = 1.5 min; Boc Anal.

Calcd. For Br4H H J.7b [M+H] H C19H23BrN302: From J.6b
WO 2012/018325 PCT/US2010/044356

10

15

20

25

used directly. R¢=2.01 min (Cond.-D1); 95% homogenity index; LCMS: Anal.
Calc. for [M+H]" CoHsCLLN,O,: 242.97; found: 242.92.

Cap-144, step b

~
N/

!

N

ol

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, CDCls) & 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 (s,
6H); LCMS: Anal. Calc. for [M+H]" C;;H;,Cl,Ny: 241.03; found: 241.02. HRMS:
Anal. Calc. for [M+H]" C{H;;CLN,: 241.0299; found: 241.0296.

Cap-144, step c

~,
N

o
=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. R;=2.19 min (Cond.-
D1); 95% homogenity index; LCMS: Anal. Calc. for [M+H]" Cp,H;CIN3: 232.06;

found: 232.03. HRMS: Anal. Calc. for [M+H]" C;,H;;CINs: 232.0642; found:
232.0631.
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405.09; found: 406.04. J.3J.8J.9 Examples JR - .1.9e Br J.8 Bromine (0.23 mL, 4.18 mmol)
was added dropwise to a solution of J.3 2- Bromo-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-one (1.0
g, 4 18 mmaVArHHEBED nit), after being cooled to 0 C. The solution was SHrieBS3M4Hd3Afew drops
of 10additional bromine was and while the reaction was followed by TLC until complete. The solvent
was removed by rotory evaporation, the residue was taken up in acetonitrile (25 mL), M.4 (950 mg,
4.18 mmol), and Hunig's base (1.4 mL) added dropwise. The reaction was stirred 18 hours at 60 C
prior to removal of the solvent by rotory evaporation. The crude product charged (dichloromethane) to
a 40 g Thompson silica gel cartridge and gradient efutief¥45 - 100% B over IL (A/B hexanes/ethyl

acetate) gave J.8 (IR,3S é&}ii%i%&%%%?a‘é@&%%@d?n?%‘E&@(&Q&Bf?Hle‘sé%&%ﬁ&%})ﬂ‘#’ﬁ”}@'yl)

2-tert-butyl 2-azabicyclo[3.1.0]hexane-2Z,3-dicarboxylate 1 g (51.5%) as an oil. RT = 2.2 minutes
(Cond. 31, LOMST AR iGanior 8 £ 56 Ras 4dago M Ha6. 07 (VNG . J.8e Derived
from 1-(4- bromopbgny L) fdu dot¥flprobutan-l-one  RT = 2.21 min, (Cond.-J1); Calcd for
C201424BrFII\5105 [M-Boc]+394.08; found: 394.03. J.9 Ammonium acetate (1.7 g, 21.54 mmol)
was added to a solution of J.8 (1.0 g, 2.15 mmol) in xylene (15 mL) and the reaction mixture stirred at
140 C for 3 h in a 5screw-cap pressure vessel. After-b&ing-¢6dled, the reaction mixture was partitioned

between ethyl acetate and satid NaHEQASO|. ARAHS AMERS RS Vam SXiagIed it ethyl acetate.

The combined organic layers were washed with brine, concentrated, and the residue applied to 20 g

Thomson silica gePeIisiAg. testhsdrerredwitidps eribes don the dlenateliongt (ke dytatipratbeate). The

major and less polaty-739 (Method B) unless noted otherwise as outlined below.

10

R; (LC-
Cond.);
%
Cap # Cap Method Hydrolysis homogen
city
index;

MS data

1.14 min
(Cond.-
MS-W1);

90%;
N LCMS:
Cap- ;:H Anal.
145 B 12N HCl Calc. for
[M+H]"
CioH7CIN
Oa:
208.02;

Prepared from
commercially available 1,3-

dichloroisoquinoline

found:

208.00.

Cap- N 1.40 min
ZN A SN NaOH
146 (Cond.-

CO4H
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10product (oxazole 450 mg) was separated away to afford J.9 192 mg (20 %) as a diastereomeric
mixture (favoring J.9; a 3:1 mixture of SIR proline). tH NMR (300 MHz, CDC13) 6 10.6/10.3 (br. s, 1H),
8.06 (d, J =W W#2/0181, 7.34 (dd, J = 6.4, 1.8 Hz, 1H), 7.28 (s, 0.3H), 7.2RqHUS201D/@4$260.7H),
7.11 (d, J = 8.6 Hz, 0.3H), 4.83-4.77 (m, 1H), 3.48 (m, 0.68H), 3.23 (m, 1.2H), 2.98 (t, J = 6.4 Hz,
0.65H), 2.88 15(t, H = 6.7 Hz, 1.35H), 2.82-2.79 (m, 2H), 2.33 (t, J = 9.1 Hz, 1H), 2.01-1.95 (m, 2.4H),
1.76-1.72 (m, 1H), 1.57/1. 48 (s, 9H), 0.87-0.83 (m, 1.3H), 0.44 (br. s, 1H). LC (Cond.-J1): RT = 1.7
min; LCMS: Anal. Calcd. for [M+H]l C22H26BrN302: 444.13; found: 444.07. 20 J.9a Br 00 N HN

1 Boc- From J.8a
found:418.10. J. 9
Calcd. for 11\4+1-
C21ff25BrN302: 4

RT =24
b Br 401(
L1+ C2i1
80.1125;

mm(CBripad@frdoC/MS: Anal. Calcd.
D coMhfciNafiylBakbcRom J.8b RT =
-125BrN302:7430.11; foun
fourlty r3BYisPasinglaw Br

d: 430.16. K
D) F N HN_S

for [M+Hr C201
2.3 min (Cond.
1AMS: Anal. Ca

1 2BByN3(
D2);4:C/M

2:418.11;
S: Anal.

cd. for4M+H] |

LCM
Anal.
Calc. for
[M+H]"
CuHioN
Os:
204.07;
found:

204.06.

Cap-
147

~N

CO,H
Prepared from
commercially available 1-
chloro-4-

hydroxyisoquinoline

SN NaOH

0.87 min
(Cond.-
D1);
95%;
LCMS:
Anal.
Calc. for
[M+H]"
CuHioN
Os:
204.07;
found:

204.05.

Cap-
148

X

=N

CO,H
Prepared from
commercially available 7-

hydroxyisoquinoline

SN NaOH

0.70 min
(Cond.-
D1);
95%;
LCMS:
Anal.
Calc. for
[M+H]"
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Boo- No H From J.8c RT = 2.2 min (Cond.-D2); LC/MS: Anal. Calcd. for [M-(11] | C19H22BrAN302:
422.09; found: 422.10. HAMS: Anal. Calcd. for [M+H]l C19H22BrFN302: 422.0877; found 422.0874.
J.9d Br40 NMQMINHH832Fom J.8d RT = 1.69 mm, (Cond.- J1); Calcd for C2BH/E3ERWIHBIM+H]f
420.13; found: 420.13. J.9¢c Obtained as the more polar product of a -1:1 mixture containing thc CA3
analog. Br 110 NH NBoc From J.8e RT = 1.55 mm, (Cond.- J1); Calcd for C201124BrN402 1M-11-11+

431.11;found: 431.15. Example .1.91. O

A cold (0 C) solution of HC1 (0.871 mL, 3.49 mmol" 4N in

dioxanes) was added to a solution of J.9b (1.5 g, 3.49 mmol) in MeOH (20 mL). The mixture was

stirred for 2 h befo
and water (20 mL)
CBZ-Cl (0.498 mL

stirred for 5 h, dilu
organic 10phase W

re it was|concentrated to dryness. The tan solid was taken up jn@idkaNe [(20 mL)
cooled 1o 0 C, and treated with sodium carbonpate (0.369 g, 3|49 @3mol) and
3.49 mmol). The reaction mixture was allowed to warm up to|room tempeiatuie,

ed with ¢thyl acetate, and washed with saturated sodium bicaftb8f&®¥ so|ution. The

as washed with brine and dried over sodium sulfate to yield J)9f {u8d- 0,

204.05.
0.70 min
(Cond.-
D1);
~ 95%;
X LCMS:
Cap- N Anal.
COsH
149 A SN NaOH Calc. for
Prepared from [M+HT'
commercially available 5-
v CuHioN
hydroxyisoquinoline
033
204.07;
found:
204.05.
0.26 min
(Cond.-
D1);
o 95%:
N TFA
O Com LCMS:
Cap- | prepared from 8-methoxy- Anal.
150 1-chloroisoquinoline, which A 12V HC Cale. for
.
can be synthesized [M-+H]
following the procedure in CuHioN
WO 2003/ 099274 Os:
204.07;
found:
204.04.

115



60%) as a tan foam, RT = 2.47 min (Cond.-D1); LC/MS: Anal. Calcd. for [M+H]ii C24H23BrN302:

464.10 and 466.10; found: 463.95 and 465.98. Synthetic Route 4.a HO2C B"

15J.991J.992J.99g

Examples JWSy2Li28d8325iphenylphosphoryl azide (17.09 mL, 79 mmol) waB@ddE: tyH=8fution of 6-
20bromo-2-naphthoic acid (16.5 g, 65.7 mmol), triethylamine (18.32 mL, 131 mmol), and
tert-butylalcohol (7.54 mL, 79 mmol) in toluene (225 mL) and stirred for 4 h at 100 C. The volatiles
were removed by rotary evaporation and the residue taken up in EtOAc (500 mL) and washed with
water and brine. A precipitate formed upon concentration which was isolated by filtration and washed

with 1:1 Et20/Hex to give E
upon concentration of the n

3.52 min. LC/MS Andlafzal¢

dehydrate (3 g, 16|34,;;ymo

6-bromo-1-nitronaphthalen/
stirred for 18 h at 10C. The
theoretical 1.25 g)|was dried
Calcd. for [M+11]' [C10H9B
solution of Example J.9g2

stirred for 6h. (Note: The di

DCM (1 vol) and washed w

(Cond. J2): RT = 3.07 min.

The crude solid (2|5 g, 5.5

xample J.991 (10.5g). A
nother liquor (9.8 g); comb
r [M+Na] C13I-116BrNO2:

reaction wa

P 10and dD
I-nitronaphthd Ie'[ﬂ -2-ylcarb
d. for [M+Na] C15H15HIN
) Wareenddsemd -anstiition

2- Y'%ﬁ@ﬁ‘l’&]@@o&%ﬂ@lﬁly f
solvent was removed b

d O R aEiRZde)
1183 fprued RBEID6
1.6 QW%EE d M.4
aniline was not completely
ith half sat'd NaHCO3 soln.
LC/MS Anal. Calcd. for [M
mmol) was taken up in A

s dilutedNy acetic acid (50
stirked for 2 |
aHCO3 so

1204: 390.0
of tensbutyl

MS (Cond.
J.9g EED
soluble). T

+Hf C21H2

mL) and fu
1 and the pr|
In. The orga
amate 5.7 ¢

nmol) in Me
rotary evapd
a(1.55g¢, 6.

Concentrg

SOH (200 m

Ex
ming nitric acid |(2.3hk)
oduct, isolated by fijtration

anic layer was ¢ Egg%sa;e

(quant). LC/M
P.; found 390.99. Andlin(lI
Calc. for

OH (100 mL) 15 and the S
ration and Exarhghd5t8g2

J2): RT = 1.49 mipy, 4G/
Q (1.67 g, 675 mal) wa

he reaction mixjur23a.a3;di
aition gave a solid ( éng) 4
7BrN301: 448.13; found 4+
L) and stirred for 28%04¢

second crop of less pure prpdutd wvas fisolated
ined yield (93%). LC/MS ( O'E@oﬂ@ T=344
345.02; found 345.03. J.9p2

mple
as added
was
to
): RT =
chloride

lution was
(assume
Anal.
added to a
) and

uted with
C/IMS
18.11.

0 C.

Concentration und
with sard NaHCO3
gel cartridge and d
give Example J.9¢| (2.6 g).(
Hz, 1H), 7.87 (d, .7 = 9 Hz,
2H) 1.86-1.83 (n, 1H), 1.52¢
for [M+H]l C211-125BrN302:

Cap-
152

ernigh v
soln, an
radient €

acuum removed the solve
d concentrated. The resid
lution was performed from
MeOD, 500 MHz, 6): 8.36-
1H), 5.31-5.28 (m 1H), 4.
1.19 (M, s (cd

430.12; 430.09. S

CO,H
Prepared from
commercially available 6-
methoxy-1,3-

dichloroisoquinoline

e was cha
15% to 10

nd. J2): RT

B

Nt. The resiq

8.35 (m, 2H
17 (br. s, 1k

ynthetic Ro|

jue was taken ypigIiT,
rged (DCM) to g 80 g Thorj
0% B over 750 L (A He
), 8.0 (d, J= 9Hz
d), 2.59-2.56 (m
= 2.57 min. 10L
ute 4.a.1

, 1H)02.39
-C/E?SZOZ Ang
LCMS:
Anal.
Calc. for
[M+H]"
C11HoCIN
Os:
238.00;

12N HCl

found:
238.09.

Cap-
153

Br

X

~N

COuH
Prepared from 4-
bromoisoquinoline, which

can be synthesized

1.18 min
(Cond.-
MS-W1);
95%;
LCMS:
Anal.

6N HCl

. 118),)7.91

washed
npson silica
e XiEtOAC) to
(dd,=9,2
-2.31 (m,
|. Calcd.
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J.9g.a Example J.9g.a was obtained from Example J.9g2 according to the procedure analogous to
that of J.9g of synthetic route 4a. Coupling of J.9g2 with M.4c and cyclization in AcOH gave Example
J.9g.a; RT I93913{83Bond.-J5); Calcd for 20C21H25BrN302 [M+FI] 430 RETBAA0/A88380. J.99.b
RT= 3.46 min (Cond.- .12); LCMS: Anal. Calcd. for [M+Hr C22H25BrN102: 442.12; found: 442.05.
From M.4g and J.9g2 Synthetic Route 5 NH21. EDCI, S-Proline NH22. AcOH 60C NH2 1.
S-Proline, HATU SEM-CI NaH Bog (13 'SEM NH2 2. AcOH 60C 1. 1.

following the procedure in Calc. for
WO 2003/ 062241 [M+H]"
CioH7Br
NO;:
251.97;
found:
251.95.
0.28 min
(Cond.-
MS-W1);
:N 90%;
LCMS:

CO,H

Cap- Prepared from 7-fluoro-1- Anal.
B SN NaOH Calc. for

[M+H]"

154 chloroisoquinoline, which

can be synthesized

following the procedure in CioH7FN
WO 2003/ 099274 Ox:
192.05;
found:
192.03.
0.59 min
(Cond.-
N MS-W1);
o ZN 90%;
CO,H LCMS:
Cap- Prepared from 1,7- Anal.
133 dichloroisoquinoline, which B SN NaOH Calc. for
can be synthesized [M+H]"
following the procedure in C10H,CIN
WO 2003/ 099274 Oy:
208.02;
found:
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1.

J.11 J.12 Examples J.10-J.12 Bog N J.10

EDCILIC1 (2.35 g, 12.25 mmol) was added to a
mixture of 4-bromobenzenel,2-diamine (2.078 g, 11.11 mmol), N-Boc-L-proline (2.311 g, 10.74 mmol)
and 1- hydr¥QB8RZBBR20le (1.742 g, 12.89 mmol) in dichloromethane (40RaDUSHA&it#83H 10 at
ambient conditions for 19 h. The mixture was then diluted with dichloromethane, washed with water
(2x), dried (brine; MgSO4), filtered, and concentrated in vacuo to provide a brown foam. Acetic acid
(40 mL) was added to the foam, and the mixture was heated at 65 C for 90 min. The volatile
component was removed in vacuo, and the residue was dissolved in ethyl acetate and washed

carefully with satuf

filtered, and conce
chromatography (9
6 = 2.5 ppm, 400 N
(d, J=8.6, 0.45H)
3.44-3.38 (m, 1H),
LC/MS: Anal. Calc
1 9 min (Cond.-J1
J.10b Boc, a N,> 7

ated 15NlaHCO3 solution (2x), and the organic phase was dri¢d 188i6e; NigSO4),
trated Mrvacuo: The resuttant crutte materiat was submitted to- sty —
ilica gel;|ethyl acetate) to provide J.10 as a tan foam (2.5 g). 1H NMR (DMSO0-(15,
IHZ): 12|49-12.33 (four br s, 1H), 7.71 (d, J = 2, 0.54H), 7.60 (app®s, 0.46H), 7.50
7.40 (d,|J = 8.4, 0.55H), 7.26 (m, 1H), 4.96-4.87 (m, 1H), 3.64-8:8(1m, LH),
2.38-2.21 (m, 1H .85 (m, 3H), 1.39 (s,|3.7H), 1.06 (s, 5.3Hd(.) (Cond.-D2)
d. for [M#H]r C16H N02: 368.03; found: 368.18. J.10a B¢c. BIKN-- 40 JIRT =
LC/MS:|Anal. Calcd. fort JM+Nal+|C16H20BrN3NaF 02: 406.061.foMsd: 406.06.
- < IIW N HH
—Eap ) Prepared from 1,6- Anal.
156 dichloroisoquinoline, which B 5N NaOH Cale. for
.
can be synthesized [M+H]
following the procedure in CioH7CIN
WO 2003/ 099274 O
208.02;
found:
208.03.
1.49 min
(Cond.-
. D1);
N 95%;
- LCMS:
COuH
Cap- Anal.
Prepared from 1,4-
157 B 12N HC1 Calc. for
dichloroisoquinoline, N
[M+H]
which can be synthesized
CioH17Cl
following the procedure in
NO:
WO 2003/ 062241
208.02;
found:
208.00.
T 0.69 min
=
Cap- s (Cond.-
158 COH B SN NaOH MS-W1);
Prepared from 1,5- 90%;
dichloroisoquinoline, LCMS:
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From M.4 RT =1 7 min (Cond.-D2) LC/MS: Anal. Calcd. for 1IM+Nal+ CI7F120BrN3Na02: 400.06;
found: 400.09 J.10c Boc, Br40,,,N., H From M.4 RT =1 9 min (Cond.-J1) LC/MS: Anal. Calcd. for
1M+Nal+ CYWQ 20288 N2NaF 02: 418.06; found: 418.06. J.11
mol) was added in batches via an open funnel over 25 mm to a heated (65 C) mixture of SnC12.2H20
(106.86 g, 0.465 moll and 12N HO (200 ml). An additional 12N HC1 (30 ml) was added and the
reaction mixture was heated at 65 C for an additional 1 h, and stirred at room temperature for 1 h. It
was placed in a refrigerator for 15 h, and the precipitate was filtered. The resultant solid was

transferred into a f
in 70 ml of water)

vigorous stirring w.
water and dried in
was used in the ne
(d, J=2,1H), 6.63
Anal. Calcd. for [M
solution of 4-iodob|
(S)-1-(tert-butoxyc
in dimethylfonnam
ethyl acetate (300
phase was extract
drying. Concentrat
at 65 C for 2h. The
IN NaOH solution
applied applied to
Gradient elution frg
100% B for 2.5 L t
benzo[d]imidazo1l-
7.85 (br.s, 1H), 7.42
(m, 1H), 2.37-2.25|(
Anal. Gated. for [M

4-lodo-2GeRAMME43%.2 g, 0.133

ask contfainhgwatebd 2@thedizedooled (ice/water), and a solutipn ahNaOH (aq) (35 g
vas add dﬁﬁlﬁv&l}{grﬁh]e%gc%mé"{ﬁh stirring. The cooling bath wag jempyed, and
as continued for 45 mm. The mixture was filtered and the solid was washed with
vacuo to| provitt® 29040 Zéne-1 2-diamine as a tan solid (25.4M}Hihe|product
xt step without further purification. I1H NMR (DMS0415, 6=2.5 ppm,&&0|MHz): 6.79
(dd, J =[L.9, Si, 1H), 6.31 (d, J = 1$8.1, 1H), 465 (br s, 2H), 459 (br s, 2H). LC/MS:
+11]+ C5Hli8IN2: 234.97; found: 234.9. HATU (6.5 g, 17.1 mmofy'was added to a
enzene-1,2- diamine (4 g, 17.1 mmol), 208.02;
arbonyl)pyrrolidine-2-carboxylic acid (3.67 g, 1i7.1 mmol), and Hugig §.base (3 mL)
de (100 mL). The 20 reaction mixtyire was stirred for 4 h before being diluted with
mL) and|washed with sard NaHCQ3, brine, and dried (Na2S04)2%H@laglieous
ed twice [more with ethyl acetate arjd combined with the initial prganiggxiract prior to
jon gave|a residue which was taken up in glacjal acetic acid (LO&mL and heated
cooled mixture was concentrated jn vacuo, diluted with ethyl acetdt€ (300 mL) and
to pH = [10), washed with brine, and dried (NaRSO4). The crude/sroduct|was
a 65 (i) Biotage silida g I cartridge.|Segment 1| Hold 15% B fof 4@%0}“'— Hegment 2.
bm 15% to 100% B ofjer 4.5 L (A =|hexane; B ¥ ethyl acetate); Segmént 3. Hold
b give J.11 tert-butyl 2-{(5-iodo-1H- LCMS:
2-yhpyrrolidine-1-(S)-cafboxylate(7.0 g (99%). 1H NMR (500| MHz,,PM$0-4) 6
d J =| 8P2eplred Ftpnv .341¢brod - 1H), 4.97- 4.84 (m IH 3 6 (br s, 1H), B.44-3.40
iy, L.99:4,87,(m, 103, 1.4/1.07 s, oH). LENEBRE.-D2) 2% ;L cwms:
+11]1 ClL61-120IN302: 414.07; found: 414.08 [M+H]"
which can be synthesmed
C10H7FN
following the procedure in 0
WO 2003/ 099274 )
192.05;
found:
192.03.
0.30 min
(Cond.-
) S MS-W1);
=N
CO.H 90%;
Cap- Prepared from 6-fluoro-1- LCMS:
160 chloroisoquinoline, B SN NaOH Anal.
which can be synthesized Cale. for
following the procedure in [M+H]"
WO 2003/ 099274 CioH7FN
Ozi

192.05;
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Boo, N N SEM J.12 Unwashed 60% sodium hydride (48 mg, 1.21 mmol) was added in one 15portion
to a stirred solution of .1.11 tert-butyl 2-(5-iodo-1H-benzo[d]imidazol-2- yl)pyrrolidine-1-(S)-carboxylate
(500 mg, 1.MO3MN1EHry dimethylfomiamide (10 mL) under nitrogen. ThePflxtis 1W84438¢red 5 min
before addition of SEM-C1 (0.21 mL, 1.21 mmol), stirred for 3 h, quenched with sat'd ammonium
chloride (1 mL), diluted with ethyl acetate (50 mL), and the organic phase was washed with sat- d
NaHCO: soln and brine. The aqueous phase was extracted twice more with ethyl acetate and
combined with the initial organic extract prior to drying. Concentration gave a residue applied which

was applied (dichlg
mL; Segment 2. G
give regioisomeric

7.99 (d, J =5.8 Hz
2.89-2.05 (m, 2H),
(Cond.-D2): RT =
Synthetic Route 5.
M.4c according to
gave Example J.1
380.30. RT=
440.30 J.1 1a Frorn

promethane) to a 40 (i) Biotage siliga gel cartrifige. Segment 1| Hiuh8% B for 150
radient eJution from 5% to 100% B jover 2.5 L (A = hexane; B ¥ efhylacetate) B to
25 produycts (SEM location) J.12 316 mg (48 %). 1H NMR (50D MHz, DMSO-d5) 6
, IH), 7.54-7.49 (m, 2H), 5.77-5.64 (m, 2H), 5.20-5.11 (m, 1H),| 3060-8143 |(m, 4H),
1.98-1.87 (m, 2H), 1.36/1.04 (s, 9H), 0.91- 0.81 (m, 2H), -0.06 (3c3): LE
8.1 min; LRMS: Anal. Calcd. for [M$11] C22H141N103Si: 544,15; found: 544.15. 30
1 J.10¢ Examples.J.-10e and Example J.1 Oe was obtaihedfdm Bxample
the procedure analogous to that ofJ.10 of synthetic route 5. Cyclizatian in AcOH
De: RT =|1.86 @@ d.-34); Calgd for CI7H23BrN302 [M+H]f 38Q.40; found:
3.27 min (Coml>>XTLO/ScaAmal. Calcd. for [M-{tHr CI7H211N302: 440.09] found:
n Maeg and A-ipdobenzeng-4.2- digmine 10 Synthetic Routq 6 Anal.
161 L - - Calc. for
bromoquinoline-2-
. [M+H]"
carboxylic acid and
dimethylamine (DMSO, CiofisNa
100 °C) O::
217.10;
found:
217.06.
0.65 min
(Cond.-
M3);
o NZ co,H *
LCMS:
Prepared from m-anisidine
Cap- ) Anal.
following the procedure
162 ] ] - -- Calc. for
described in J. Hetero.
[M+H]"
Chem. 1993, 17 and
CuHioN
Heterocycles, 2003, 60,
033
953.
204.07;
found:
203.94.
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J.7J.13 Examples J.13 - J.13f J.13 Pd(P113P)4 (469 mg, 0.406 mmol) was added to a pressure
tube containing a mixture ofJ.7 (S)-tert-butyl 2-(5-(4-bromopheny1)-1H-imidazol-2-yl)pyrrolidine-1-
carboxylate \PG0180283%mol), bis(pinacolato)diboron (5.4 g, 21 35 mmol), BETESAMY/&tBaste (2.6 g,
26.21 mmol) and 1,4-dioxane (80 nalL). The reaction flask was purged with nitrogen, capped and
heated (oil bath 80C) for 16 hours. The reaction mixture was filtered and the filtrate was concentrated
in vacuo. The crude 5material was partitioned carefully between dichloromethane (150 mL) and an
aqueous medium (50 mL water + 10 mL saturated NaHCO3 solution). The agueous layer was
extracted with dichloromethane, and the combined 6rgahié¢ phase was dried (MgSO4), filtered, and
concentrated in vacuo. The resulting material was purified with flash chromatography (sample was
loaded with eluting solvent; 20-35% ethyl acetateldichlo Fhethane) to provide J.13 (S)-tert-butyl
2-(5-(4-(4,4,5,5-tetramethy1-
1,3,2-dioxaborolan-2-yDphenyl)-1H-imidazol-2- rroligine-1-carboxylate, contaminated with
pinacol, as an off-white dense solid; the relative mole ratio of J.13 to pinacol was about 10:1 (1H
NMR). The sample weigH@d S0 a2 é@éﬁ%l%ﬁﬁ%&&&&r%gﬁ%iwtww@%@Mso de,
8=2.5 ppm, 400 M9 2d&tiZp R Q¢ ctilu@ Hohi ddR27m 91 RSO/ TERY- Jre?;%wfim, §itlg, réa&@oﬂ 70 (m, 1H),

i LOIMS: Al EARA AL Coa et L5t T hedrRseis s s
mm(Cond.- JO; LCHMlSmAﬁ&IpEbalﬁd vxfm?re[M'hHﬁzd G4 btidHBM30 8 144002&1)1‘60111&100414@@6. I,BOC 46"N
H 0-8 >c(:0 From J; /a2 130 W RAGFHE R WA R ) Mz AR o&'rkdBy MAE

concentration in vacuo, a white solid was obtained. The solid was recrystallized from

hexanes/ethyl acetate to afford Cap-163 as white needles (883.5 mg). 'H NMR

10 (DMSO-ds, 6= 2.5 ppm, 500 MHz): 12.71 (brs, 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
(app t,J =7.4 Hz, 3H).

Cap-164

OH
~N
15 \

A mixture of 2-amino-2-phenylbutyric acid (1.5 g, 8.4 mmol), formaldehyde
(14 mL, 37% in water), IN HC1 (10 mL) and 10% Pd/C (0.5 mg) in MeOH (40 mL)
was exposed to Hy at 50 psi in a Parr bottle for 42 h. The reaction was filtered over
Celite and concentrated in vacuo, the residue was taken up in MeOH (36 mL) and the

20  product was purified with a reverse phase HPLC (MeOH/H,O/TFA) to afford the

TFA salt of Cap-164 as a white solid (1.7 g). "H NMR (DMSO-dg, & = 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, ] =
7.3 Hz, 3H).

25 Cap-165
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C25H35BN304: 452.27; found: 452.17. aN H From J.7b J.13c --,9 () B 400 NH .Boc From J.5 RT
= 1.9 mm(Cond.- D2); LC/MS: Anal. Calcd. for [M+H] | C27H3sBN304: 480; found: 480. J.13d rN
ds.4,-._i MfIN@2MAAIEBE From J.10 PT = 1.7 (Cond.-J1) LCMS: Anal. Caldt:FargMiopgpt4356
C221-11313N304 414.25; found: 414.28. J.13e

10

15

20

25

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
then heated at 70 °C for 8h. The volatile component was removed i#n vacuo, and the
residue was dissolved in DMF (14 mL) and purified by a reverse phase HPLC
(MeOH/H,0/TFA) to afford the TFA salt of Cap-165 as a viscous oil (120.2 mg). 'H
NMR (DMSO-ds, 8 =2.5 ppm, 500 MHz): 7.29-7.21 (m, 4 H), 3.61 (d, J = 17.4 Hz,
2H), 3.50 (d, ] = 17.4 Hz, 2H), 2.75 (s, 6H). LC/MS: Anal. Calcd. for [M+H]"
C12H16NO7: 206.12; found: 206.07.

Cap-166a and -166b

0
OH Cap-166a: Diastereomer-1

N Cap-166b: Diastereomer-2
/@*

Caps-166a and -166b were prepared from (1S, 4S)-(+)-2-methyl-2,5-
diazabicyclo[2.2.1]heptane (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-dg, 8 = 2.5 ppm, 500 MHz): 7.45 (d, ] = 7.3 Hz, 2H),
7.27-7.19 (m, 3H), 4.09 (s, 1H), 3.34 (app br s, 1H), 3.16 (app brs, 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),
1.63 (d, 7=9.8 Hz, 1H). LC/MS: Anal. Caled. for [M+H]" C4H9N,O5: 247.14;
found: 247.11.

Cap-167

OH
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is. Nr'N-4-1-1 H Boo, From J.10a RT = 2.1 (Cond.-D2) LCMS: Anal. Calcd. for [M+11]+
C2.31113BN304 426.29; found: 426.21. J.13f 1010 NH N-Boc N From J.9a RT = 2.46 (Cond.-D2)
LCMS: AnaWORG/FEBAN+11]+ C261117BN304 466.28; found: 466.33. SYSREE0RGE3 T
J.12J.13cJ.14 Examples J. 14 -JIf | J.14 The benzimidazole J.12 (250 mg, 0.46 mmol), boronic
ester J.13c (217 mg, 0.46 mmol), and NaHCO3 (95 mg, 1.13 mmol) were dissolved in 1,2-
dimethoxyethane (4.5 mL) and water (1.1 mL) was added. The reaction mixture was evacuated and
flushed with nitrogen (3x), Pd(Ph3P)4 ( 26 mg, 0.022 mmol) was added, and the mixture heated (ol
bath at 80C) in a capped/psebeisreofassehioBdd it3afiby heidl-touddlcthatsoldirridat @artitioned into
ethyl acetatelwater g i GraATIAYRANESHA] WL SRLANAHEOR, DipgANdiled (Na2SO4),

Concentration gave a residue which was applied to a 25M Biotage SiO2 column pre-equilibrated with

25%B (300 mL). GIAERONER o fieSegthEnter o580 BE0 i hegeghmncrdemnatends B (1440 mL);

Segment 3: Hold ab, A800%HRY 8la As7okiaxanes;, iRty RertpiRoave Pid (10 My (29%). IH
NMR (500 MHz, DMSQ-d5) 68.10-8.09 (m, 1H), 7.96/7.91 (s, 1H), 7.65-7.47 (m, 4H), 5.85-5.70 (m,

2H), 5.12/5.14(s, WP 8% p3yR0v%! (@ HHf0L'8D 8 8 XmboiE [ 48 13 JAQReaTion BigH hor. s, 4H),

2.37-1.84 was filtered over Celite and concentrated in vacuo to afford Cap-167 as a yellow
foam (873.5 mg). 'H NMR (DMSO-dg, & = 2.5 ppm, 500 MHz) 7.59-7.38 (m, 4H),
5.59 (s, 1H), 4.84 (d, J = 14 Hz, 1H), 4.50 (d, J = 14.1 Hz, 1H), 3.07 (s, 3H). LC/MS:
Anal. Caled. for [M+H]" Ci;oH;2NO,: 178.09; found: 178.65.
10

Cap-168
OH
(o]
NMe2

Racemic Cap-168 was prepared from racemic Boc-aminoindane-1-carboxylic
acid according to the procedure described for the preparation of Cap-167. The crude

15  material was employed as such.

Cap-169

O
OH
N_

I
A mixture of 2-amino-2-phenylpropanoic acid hydrochloride (5.0 g, 2.5

20  mmol), formaldehyde (15 ml, 37% in water), IN HCI (15 ml), and 10% Pd/C (1.32 g)
in MeOH (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

25 g). '"HNMR (CDCls, & = 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]"
C11H16NO;: 194.12; found: 194.12.
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(m, 10H), 1.42/1.08 (s, 9H), 1.37/1.06 (s, 9H), 0.92-0.83 (m, 2H), 0.06 (s, 9H). LC (Cond.-D2): 2.8 min;
LCMS: Anal. Calcd. for [M+H] C43H6IN605Si 769.45; found: 769.43. HRMS: Anal Calcd for [M+H]
C43H6IN6OWQ 298018628 found 769.4484. 20 HRMS: Anal. Calcd. for [M¢HPEAMH/04535605Si:
729.4160; found: 729.4188. J.14b BooBoc N \41all NO ---S'N"ll sEO*M From J.12 and J.13a PT = 2.75
min (Cond.-D2); LCMS: Anal. Calcd. for [M+Hf C40H57N605S1 729.42; found: 729.44. TERMS: Anal.
Calcd. for [M+FI] C401-157N605Si: 729.4160; found: 729.4191. J.14c Boc NN S 410 00 NH Boc HH
From J.13e and J.9

10

15

20

25

Cap-170

O O
SUH
HNYO
_0O
To (8)-2-amino-2-(tetrahydro-2H-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 1N 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-ds) 8 ppm 12.65
(1H,brs),7.44(1 H, d, /=8.24 Hz), 3.77-3.95 (3 H, m), 3.54 3 H, s), 3.11 - 3.26 (2
H, m), 1.82-1.95 (1 H, m), 1.41 - 1.55 (2 H, m), 1.21 - 1.39 (2 H, m); LC/MS: Anal.
Caled. for [M+H]" CoH1¢NOs: 218.1; found 218.1.

Cap-171
o O
OLi
HNYO
O
A solution of methyl 2-(benzyloxycarbonylamino)-2-(oxetan-3-

ylidene)acetate (200 mg, 0.721 mmol; I1 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),SO,, 6g ammonium molybdate, 6ml

sulfuric acid, and 100ml water) indicated complete conversion. The reaction was
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RT = 1.6 min (Cond.- J1); LCMS: Anal. Calcd. for [M+H] C39H46N604 663.37; found: 663.46. HAMS:
Anal. Calcd. for [M+H] | C39H45N604 663.3653; found: 663.3648. J.14d Boc ".- NIN S . C--*"H N WI
O. NH Boc V92918338 and J.9a RT = 2.11 min, (Cond.-D2); Calcd for CBEHUSPWA4NGEH]f 625.35;
found: 625.42. HRMS: Calcd for C361-14511604 [M+li] 625.3497;found: 625.3486. J.14e Boo
clil,',IN . H

filtered through celite and concentrated. The residue was purified via Biotage® (load
with dichloromethane on 25 samplet; elute on 25S column with dichloromethane for
3CV then 0 to 5% MeOH / dichloromethane over 250ml then hold at 5% MeOH /
dichloromethane for 250ml; 9ml fractions). Collected fractions containing desired

5 material and concentrated to 120mg (81%) of methyl 2-(methoxycarbonylamino)-2-
(oxetan-3-yl)acetate 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. Calcd.
for [M+H]" CgH14NOs: 204.2; found 204.0.

10 To methyl 2-(methoxycarbonylamino)-2-(oxetan-3-yl)acetate (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),SOy4, 6g
ammonium molybdate, 6ml sulfuric acid, and 100ml water]) indicated ~10% starting

15 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 colorless solid. 'H NMR (500 MHz, MeOD) & 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,

20  J=7.02Hz, 1H)4.73 (d, /=7.63 Hz, 2 H).

Cap-172

25 Cap-172, step a

The following diazotization step was adapted from Barton, A.; Breukelman,

S. P.;Kaye, P. T.; Meakins, G. D.; Morgan, D. J. J. C. S. Perkin Trans I 1982,
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40 Br From J.13d and 1,4-dibromobenzenc RT = 1.83 min, (Cond.-J1); Calcd for C22H25BrN102
[M-{-HI 442.12; found: 442.20. J.14e.1 Br40 10 NH re,-(t.N.sBoc From J. 13f and 1,4-dibromobenzene
PT = 2.40 n¥) REBAHS133); Calcd for C26H29BrN102 [M+HI 494.15; found PEIA$2019/9443800 NN O H
lir N HN i Boc From J.14e and J.13 RT = 1.66 min, (Cond.-J1); Calcd for C401-147N604 [M+li] 675.36;
found: 675.52. J.14f.1 Boc ¢ 1:1;,</Nis .'H 40

159-164: A solution of NaNO; (166 mg, 2.4 mmol) in water (0.6 mL) was added
slowly to a stirred, cold (0 °C) solution of methyl 2-amino-5-ethyl-1,3-thiazole-4-
carboxylate (186 mg, 1.0 mmol), CuSO4*5H,0 (330 mg, 1.32 mmol), NaCl (260 mg,
4.45 mmol) and H>SO4 (5.5 mL) in water (7.5 mL). The mixture was stirred at 0 °C
5 for 45 min and allowed to warm up to room temperature where it stirred further for 1

h before CuCl (118 mg) was added. This mixture was stirred further at room
temperature for 16 h before it was diluted with brine and extracted with ether twice.
The organic layers were combined, dried over MgSO, and concentrated to give
methyl 2-chloro-5-cthylthiazole-4-carboxylate (i.e. Cap-172, step a) (175 mg, 85%)

10 as an orange oil (80% pure) which was used directly in the next reaction. R;=1.99
min (Cond.-MD1); LC/MS: Anal. Calcd. for [M+H]" C7HoCINO,S: 206.01; found:
206.05.

Cap-172
To a solution of methyl 2-chloro-5-ethylthiazole-4-carboxylate (175 mg) in

15 THF/H,O/MeOH (20 mL/ 3 mL/ 12 mL) was added LiOH (305 mg, 12.76 mmol).
The mixture was stirred at room temperature overnight before it was concentrated
down and neutralized with 1N HCl in ether (25 mL). The residue was extracted twice
with ethyl acetate and the organic layers were combined, dried over MgSO, and
evaporated to yield Cap-172 (60 mg, 74%) as a red solid which was used without

20  further purification. 'H NMR (300 MHz, DMSO-d¢) & ppm 13.03-13.42 (1 H, m),
316 2H,q,/=7.4Hz),1.23 3H, t,J=7.5Hz). R;=1.78 min (Cond.-MD1);
LC/MS: Anal. Caled. for [M+H]" C¢H;CINO,S: 191.99; found: 191.99.

Cap-173
s\ OH
25 IQN o]
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'04. NH -BOG N From J.13d and J.14e.1 RT: 2.15 mm, (Cond.- DI); Calcd for C421449N604 [M+Hf
701.38; found: 701.35. Synthetic Route 8 Examples J.I 49 - J.14g.1 Boc N N J.14g Activated
manganeseWdM(18325mg, 1.409 mmol) was added in one portion to a stieddUSanifivwtéss.14d
(S)-tert-butyl
2-(7-(24(S)-1-(tert-butoxycarbonyppyrrolidin-2-y1)-1H-benzo[d]imidazol-5-y1)-4,5-dihydro-1H-naphtho[
1,2-d]imidazol-2-yl)pyrrolidine-1-carboxylate (88 mg, 0.141 mmol) in dry 10dichloromethane (2 mL).
The suspension was stirred for 14 h and additional manganese dioxide (1.5 g) was added. The
suspension was stirred fdihg édioand; hangaatsestipxdeadas ) fveas Batthed ag Bimwmtinaliowed to

continue stirring fog 2gh K‘l;pg feagtigpmixture Wg&rﬁd@rpughcdi%tom%%rgqrt{b@elit?),
concentrated, and ép aced on high vacuum for 1 h. There was isolated J.14g (8 mr%agz%) asa

| 5.0
15yellowish-orang&>$olief: Leioiation o MaNQcdrll nspy- EarmofdCE6r145R1884 Mis-le3.33; found:
623.46. HRMS: Calgh#ascGsekitah 6Q4d k+H]ls628 334 CnEenind: £H230382vhy RT3 -&hid@omwin, (Cond.- D1

); Calcd for CoH47N§{%4 M+I—tl + 699.37; found: 699 ]%] JB,3 Examples JB.1 - JB.3 JB.1
Giyoxal (2.0 . of AR M) e LB AIOB LIS BSer 1 MLt & HEantI S8 dion of
NH40H (32 mL) afdq $)-Bdcpielioalc®id 8 gmi@0mmat) amgsttredvdicanmbientddmberdture for 19
hours. The volatile,go ’RB@P&‘:@BXV&? [eTRVaR:hAAYASHR ARAINGSERAVRWASIRLSHISENAOR flash
chromatography (silica gel, EtOAc

(85 mg) in water (10 mL). The mixture was then diluted with saturated NaHCO3

solution and extracted twice with ether. The organic layers were combined, dried

10 over MgSO, and concentrated to give methyl S-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. Ry = 1.58 min (Cond.-MD1); LC/MS: Anal. Calcd. for [M+H]"

C7H10NOzsi 172.05; found: 172.05.

15 Cap-173
To a solution of methyl 5-ethylthiazole-4-carboxylate (134 mg) in

THF/H,O/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

20  with ethyl acetate and the organic layers were combined, dried over MgSO,4 and
evaporated to yield Cap-173 (90 mg, 73%) as an orange solid which was used
without further purification. '"H NMR (300 MHz, DMSO-ds) & ppm 12.74-13.04 (1
H, m),3.20(2H,q, /=73 Hz),1.25 (3 H, t,J=7.5 Hz). R;=1.27 min (Cond.-
MD1); LC/MS: Anal. Caled. for [M+H]" Cs¢HgNO,S: 158.03; found: 158.04.

25
Cap-174
| X
Z OH
N
0
30
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followed by a recrystallization (EtOAc, room temperature) to provide (S)-tert-butyl
2-(1H-imidazol-2-yl)pyn-olidine-1-carboxylate (4.43g) as a white fluffy solid. IFI NMR (DMSO0-4, 400
MHz): 11.69MA 2882(h8325 H), 6.94 (s, 1H), 6.76 (s, 1H), 4.76 (m, 1H), 3.48 RATARIIBAHICY (m, 1H),
2.23-1.73 (m, 4H), 1.39/1.15 (s, 9H). 15RT = 0.87 min (Cond.-JB.1) LC/MS: Anal. Calcd. for [M+H] |
Ci2F1,0N302: 238.16; found 238.22. The compound shown to have a 98.9 ee% when analyzed under
the chiral HPLC conditions noted below. Column: Chiralpak AD, 10 um, 4.6 x 50 mm Solvent: 1.7%
ethanoLleptane (isocratic) Flow rate: 1 mLimin Wavelength: either 220 or 256 nm. Relative retention
time: 3.25min (R), 5.78 minutes (S). 20 Bog sNh@apB/ 24, stepodine was (16.17 g, 63.7 mmol) was
added to a solution of Example JB.1 (6.87 g, 29.0 um $@B#, sodium carbonate (9.21 g, 87 mmol) in
dioxanc (72 mL) and water (72 mL) at ambient tempgrature. The flask was covered with aluminum foil
25and stirred for 16 hours. The reaction mixture w&a€ dijated with EtOAc and a saturated agueous
solution of sodium thiosulfate. The mixture was stirred tor 15 minutes and the phases were separated.

The layers were separateghandfiiceiueoys, aseuia eitiasied aaueTal dmesiiveiyl acetate.

The combined organic phases were dried (Na2S04), filtered and concentrated in vacua to afford
(S)-tert-butyl 2- (4 58T IRl bt oxyRispliptgie EcHisoripaber t B4 18 Rhkah3lid. tH NMR
(500 MHz, Me®D) fappmidtFi2,c 8.6 (,) L) 2D8urSwd {firciH) 03@ Sord hAcfiate 3ihids 2.36 (br s, 1H),

1.88 - 2.08 (m, 3H),.1.47 (br s, 3H), 1.27 (br s, 6H). RT = 1.40 min (Cond.-JB.1 IMS: Anal. Calcd.
for [M-tH] C12H17%115W§6§9 FEEDPFAING! h%@?@%?“?ﬁo‘ﬁ%f‘:@ it Stlgg%(lfgfna%ﬁ?%%ﬁégfgﬁ,% mmol) was
added to a solutiomoftiExamptecdB R i{dhodgy @2 atumnel) Nagthoned FEmKY ard watdre(Giganmk). The
suspension was hegied. (Al PaiiRl 4AAG it 4Reyt and AT eeER-Tpssacion was

diluted with EtOAc and water. The layers were separated and the aqueous layer was 15extracted
several times with EtSIXE3 THileeneiBrbdssH anlexyrRisdéte fécrfetd (brhelergPSSa 2 fildered and
concentrated i vagladark®esicdupcaasulifipdinnhayviaskeelianatogiephyusampletasdgry loaded
on silica gel and eluted with, 0 to 40% ethyl acetate/CHZJ?C7:<12 to afford qsé%;t%rt-gutyl
2-(5-iodo-1H-imidaZoR 2 9Pr%%$39kéﬁo%@|§t@(§7 bjla®y (e i A NmEAs00 MHz,
MeOD) 6 ppm 7.527362.Q0(EL 1), 4.85(3 BLID. (R,=LHI)3 3aDv/(€3ndONID| { HL/B187 AdIS7 (M, 1H), 2.37 -
2.55 (m, 1H), 1.94 - 2.10 {m nd , ) »oH) . RT =.0.93 min (Cond.-JB.1) LC/MS: Anal.
Calcd. for [M+Hf C(iajﬁ%ls rl@%%% Zi;%%uNnd):s 3]%%(5? é&#ﬂn@gg g2’)ute 9. J.11J.15JAG 25 Examples
,J15 SiBoc. NN cop J.15 A mixture of copper iodide (299.6 mg, 48.1 mmol) and Pd(PPh3)2C12
(1.29 g, 4.41 mmol) was added to a dimethylformar@i&}gﬁ‘po ml) solution 0fJ.11 (16.0 g, 38.7 mmol),
(trimethylsilyflacetylene (I_.8 ml, 48.1 mmol), and triethylamine &16 ml), and the reaction mixture was
stirred at -25 C for 19.5 h.%?b&%ﬁé@%ﬁ%‘éﬁﬂmw&% Jpvingeunicatgatednith el nlesh was
prepared from the sesitiuia BMESAbmiItteadoaddtashichrosaategeaphyn(gilica gel; eluting with 40% ethyl
acetatelhexanes) to.proyide alkyne 11 a tan foam (13.96.9)..IFINMR (DMSO0- 6 = 2.5 ppm,
500 M2y, 2.2 A0 ULy h BT T B T ol B A B O R s a3 51
1H), 3.46-3.35 (m,di¢h}oxdg 842 g, @olrmoR.0 The 8ix(nte Bt heagd f 14643C DOANghBNfoB.23 (s, 9H).
RT = 2.09 mgy(Canel Al LGHMS: ARa Sai00) fak IMaddkShe HAONA0RSHR84 Rbnfound: 384.27.

J.15a 1BOG, . NIC] FH RT = 1.89 min, (Cond.- J1); Calcd for C21H29N302S1 [M+H]f .
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 4V HCl in dioxanes (5 mL) and the resulting mixture was extracted with

25 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-ds) 8 ppm 8.21 (1 H, d, J= 3.7 Hz), 7.81-
7.90 (1H, m),7.09 (1 H,dd, J=7.7,48 Hz), 6.98 (1 H, dd, J=17.9, 11.3 Hz), 5.74
(1H,dd, /=179, 1.5Hz), 5.20 (1 H, d, J=11.0 Hz). R¢=0.39 min (Cond.-MD1);

30 LC/MS: Anal. Caled. for [M+H]" CgHsNO»: 150.06; found: 150.07.
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From J.10a 402.20; found: 402.26. RT =1.92 mm, (Cond.- ,,SiBoo --:-.it NSN-.1%).:? J1); Calcd for
J.15b IS NI'\"H H C22E130N302Si [M+H] I From J.10b 396.21; found: 396.22. Boo RT = 2.2 min,
(Cond.- \.."WQ20¢3/918329 J1); Calcd for J.15c H C22H29F1\602Si [M+HJECT/US2010/044356

Cap-175

To a solution of methyl 3-(trifluoromethylsulfonyloxy)picolinate (i.e. Cap
173, step a) (570 mg, 2.0 mmol), an intermediate in the preparation of Cap-174, in
DMF (20 mL) was added LiCl (254 mg, 6.0 mmol), tributyl(vinyl)stannane (761 mg,
2.4 mmol) and bis(triphenylphosphine)palladium dichloride (42 mg, 0.06 mmol).

10 The mixture was heated at 100 °C for 4 h before the solvent was removed in vacuo.
The residue was taken up in acetonitrile (50 mL) and hexanes (50 mL) and the
resulting mixture was washed twice with hexanes. The acetonitrile layer was then
separated, filtered through Celite, and evaporated. Purification of the residue by flash
chromatography on a Horizon instrument (gradient elution with 25% ethyl acetate in

15 hexanes to 65% ethyl acetate in hexanes) afforded methyl 3-vinylpicolinate (i.e.
Cap-175, step a) (130 mg, 40%) as a yellow oil. "H NMR (300 MHz, CDCls) & ppm
8.60 (1H,dd,/=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=17.2Hz),547 (1 H,d, J=11.0 Hz), 3.99 (3 H, 5). R;=1.29 min (Cond.-
MD1); LC/MS: Anal. Calcd. for [M+H]" CoHoNO»: 164.07; found: 164.06.

20

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

25  at room temperature under an atmosphere of hydrogen for 1 h before it was filtered
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From J.10c 414.20; found: 414.26. J.15d ,1 s *NH N-Boc From J.9d RT = 1.70 min, (Cond.- J1);
Calcd for C25H36N302Si [M+1-1]+ 438.26; found: 438.33. J.15d.1 ,i SiBoc 0 N\N H From J.10.d RT =
1.70 min, (O¥ARL13IME82Icd for C22F132N102Si [MA1]+ 398.23; found: 39BCIBU29 804435600 N HN 0
Boc H From J.9b RT = 2.43 min, (Cond.- D1); Calcd for

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. R;=1.15 min (Cond.-MD1);
LC/MS: Anal. Caled. for [M+H]" CoH2NO,: 166.09; found: 166.09.

Cap-175
To a solution of methyl 3-ethylpicolinate in THF/H,O/MeOH (5§ mL/ 0.75
mL/ 3 mL) was added LiOH (35 mg, 1.47 mmol). The mixture was stirred at room
temperature for 2 d before additional LiOH (80 mg) was added. After an additional
10 24 h at room temperature, the mixture was filtered and the solvent was removed in
vacuo. The residue was then treated with 4N HCl 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 MHz, DMSO-de) &
ppm 8.47 (1 H, dd, J=4.8, 1.5 Hz), 7.82-7.89 (1 H, m), 7.53 (1 H, dd, /="7.7, 4.8
15 Hz),2.82(2H,q,/=73Hz),1.17(3H,t,J=7.5Hz). Ry=0.36 min (Cond.-MD1);
LC/MS: Anal. Caled. for [M+H]" CsH;oNO,: 152.07; found: 152.10.

Cap-176
HO.__O o
N
. H
F

20

Cap-176, step a
00
posas
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-
25 (dimethoxyphosphoryl)acetate (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
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C26H34N302Si [M+1-1]+ 448.24; found: 448.82. J.15f 1 --.. 00 N HN 0 Boc N H H From J.15e
according to the procedure described for .1.14g. LCMS: 2.51 min, (Cond.-D1); Calcd for C26H32N3
02Si (M+H) WO0R/FR#AY: 446.05. J B.4\ /------- rN N iBoo N From JB.3 LCRAZ/USE#§{A44E6nd.- JB.1);
Calcd for C17H28N302Si (M+H) 334.20; found: 334.14. Examples J,16 JB.5 J.16 Potassium
carbonate (0.5526 g, 4 mmol) was added to solution of alkyne J.15 (13.9 g, 36 .2 mmol) in methanol
(200 ml) and the mixture was stirred at room temperature for 17 h. The volatile component was
removed in vacuo, and the residue was partitioned between ethyl acetate and saturated ammonium
chloride (aq) solutionggzindesive weganibéd yeithds e péiated) aldh@ 8 el vithl brine ( Hiled (Mg S04),

dried (MgSO,), filtered and concentrated. The residue was purified via Biotage (5%
to 25 % EtOAc/Hexanes; 300g column). The combined fractions containing the
product were then concentrated under vacuum and the residue was re-crystallized
5  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) 8 ppm 7.30 - 7.44 (5 H, m), 6.02 (1 H, br. s.), 5.15(2 H,
s),3.97 (4 H,s),3.76 (3H, br. s.),2.84-2.92 (2H, m),2.47 (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

10  [M+Na]" C1oH2:NNaOg: 745.21; found: 745.47

Cap 176, step b
O

LT
.l

Ester Cap 176, step b was prepared from alkene Cap 176, step a according to

15 the method of Burk, M. J.; Gross, M. F. and Martinez J. P. (J. Am. 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((2S,55)-2,5-
dimethylphospholano)ethane(cyclooctadiene)rhodium (I) tetrafluoroborate (0.108 g,

20 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

25 afford a clear oil corresponding to ester Cap 176, step b (3.4 g) ."H NMR (500 MHz,
CDCls-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),
4.37 (1 H, dd, J=9.00, 5.04 Hz), 3.92 (4 H, t, /=3.05 Hz), 3.75 (3 H, s), 1.64 - 1.92 (4
H, m), 1.37 - 1.60 (5 H, m). LC (Cond. OL1): R;=1.95 min. LC/MS: Anal. Calcd.
For [M+H]" C19H2NOg: 364.18; found: 364.27.

30
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filtered, and concentrated in vctcuo to provide alkync J.16 as a tan foam (9.3 g). 10NMR (DMSO-d6, 6
= 2.5 ppm, 500 MHz): 12.58-12.30 (br s, 1H), 7.72-7.36 (two overlapping app br s, 2H), 7.23 (d, J =
8.1, 1H), 4.9YQ28B/H1B32H), 4.02 (s, 1H), 3.64-3.52(m, 1H), 3.44-3.36(m, 1B, G200 4#¢ 1H),
2.06-1.81 (m, 3H), 1.39 (s, 4H), 1.05 (s, 5H). LC/MS: Anal. Calcd. for [M+Naf C12H2IN3Na02: 334.15;
found: 334.24. 15 J.16a Boc, . si:_t_H From J.15a RT = 1.69 min, (Coml.- J1); Calcd for C18H20N302
[M+Nar 352.14; found: 352.15. J.16b Boc, S N\r>H1: :>1H 'IF NH H From J.15b RT = 1.40 min,
(Cond.- J1); Calcd for C19H21N302 [M+Na]+ 346.15; found: 346.19. J.16¢ Boc, la N)elg-1 . 11110P
N"H H From J.1 5¢ RT = 1.36 min, (Cond.- JD; Célg f6rG%@E120FN302 [M+Na] 364.14; found:

364.15. 00,
1o ®
H
(0]

Ester Cap 176, step b (4.78 g, 13.15 mmol) was dissolved in THF (15 mL)
followed by sequential addition of water (10 mL), glacial acetic acid (26.4 mL, 460
5 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,CO3; 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 (MgSO,) filtered and concentrated. The

10 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, CDCl-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 H, dd,
J=8.16, 5.14 Hz), 3.74 (3 H, 5), 2.18 - 2.46 (§ 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, /=12.36, 12.36, 12.36, 12.36, 4.77

15 Hz). LC (Cond. OL1): R;=1.66 min. LC/MS: Anal. Calcd. For [M+Na]"
Ci17H>1NNaOs: 342.13; found: 342.10.

Cap 176, step d

20 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,ClI, (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.
aq. NaHCOs; (25 mL) and the mixture was extracted with EtOAc (3X75 mL)). The

25  combined organic layers were dried (MgSQOy,), filtered and dried to give a yellowish
oil. The residue was purified via Biotage chromatography (2% to 15% EtOAc/Hex;

90g column) and a white solid corresponding to the difluoro amino acid dilforide Cap
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J.16d * N H N-Boc From J. 15d RT = 1.30 min, (Cond.- J1); Calcd for C22H281\1302 [M+Hf 366.22;
found: 366.25. J .16d.1 Boc sinN .>kcife 411111.N H From J.15d.1 RT = 2.74 mm, (Cond.- J2); Calcd
for CDH24NBO02¢M34013226.19; found: 326.13. J.16e SO N HN1 Boc H FroRGUIAB2P 0333688 min,
(Cond.- DI) Calcd for C23H24N302 (M+H ly 374.19; found: 374.04. JB.5 -----'-":--, N.Boc N From JB.4
LCMS: 0.88 mm, (Cond.- JB-1) Calcd for

10

15

20

25

176, step d (1.5 g) was recovered. "H NMR (400 MHz, , CDCls-d) & ppm 7.29 -
7.46 (S H, m), 5.34 (1 H, d, /=8.28 Hz), 5.12 (2 H, s), 4.41 (1 H, dd, J=8.66, 4.89
Hz), 3.77 3 H, s), 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, J=237.55
Hz), -102.44 (1 F, d, /=235.82 Hz). LC (Cond. OL1): R;=1.66 min. LC/MS:
Anal. Calcd. For [2M+Na]" C3H4F4N,NaOg: 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
Nz (3x) and the reaction mixture was placed under 1 atm of H, (balloon). The
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 e (2.04 g) and that was used without
further purification. 'H NMR (400 MHz, DMSO-dg) & ppm 3.62 (3 H, s), 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). "°F
NMR (376 MHz, DMSO-ds) 6 ppm -89.39 (1 F, d, /=232.35 Hz), -100.07 (1 F, d,
J=232.35Hz). *C NMR (101 MHz, DMSO-ds) & ppm 175.51 (1 C, s), 124.10 (1 C,
t, J=241.21, 238.90 Hz), 57.74 (1 C, ), 51.39 (1 C, 5), 39.23 (1 C, br. s.), 32.02 -
33.83(2C, m), 25.36 (1 C, d, /=10.02 Hz), 23.74 (1 C, d, /=9.25 Hz). LC (Cond.
OL2): R;=0.95 min. LC/MS: Anal. Calcd. For [2M+H]" C1sH3,F4N>O5: 415.22;
found: 415.40.

Cap 176, step [

OO 4

NJ\O/
. H

F
Methyl chloroformate (1.495 mL, 19.30 mmol) was added to a solution of

amino acid Cap 176, step e (2 g, 9.65 mmol) and DIEA (6.74 mL, 38.6 mmol) in
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C 1 ofi 11 N302 (M+H; - tBu)y 206.10; found: 206.05. Synthetic Route 9a J.16f Synthetic Route 9.1
Example 116e.] J.16e.1 Example J.16e.1 was obtained from Example J.9g according to the two
step proced@ HHaIbF82s to that of J.16 of synthetic route 9. Coupling withPEWE2fH¢d+a20described
in the preparation 0fJ.15 for J.9g gave Example J. 15f. 1; RT = 3.95 min, (Cond.-J2); Calcd for
C26H34N302Si [M+H] | 448.24; found: 448.14, which upon 10desilylation gave Example J.16e.1; RT =
3.95 min, (Cond.-J4); Calcd for C23H26N302 [M+Ht 376.20; found: 376.10. Synthetic Route 9a.1
J.16f.1 1520 Example .7.16f | Example J.1 6f 1 was obtained from Example J.1 6e.1 according
to the two step procHeuke Wifaidgoddicoahdting hivibofreysrtiatit atotiterdah Deprdttdtowatescribed as in

the preparation of /.1,9,08 ExAPRIR LR fUMEd AHCT Sl ARRIQIRG (BT @:6 3., (Cond.-J1);
Calcd for C18H13N1 [M+H]E 276.15; found: 276.10) and which, upon coupling with cap-170 by HATU

according the pregdfatishietPod QhvanExArlsw gihisrusoRdified upehstpnding HAdI VRceRd for
C271-130N404 [MAWY doreegsbntannes dfbathétclOpxempley. 7280 EiNvas recovered. 'H NMR

5 (500 MHz, CDCli-d) & ppm 5.27 (1 H, d, J=8.55 Hz), 4.39 (1 H, dd, J=8.85, 4.88

Hz),3.77 (3 H, 5), 3.70 3 H, 5), 2.07 - 2.20 (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, CDCli-d) & ppm -92.55 (1
F, d, J=237.13 Hz), -102.93 (1 F, d, J=237.12 Hz). *C NMR (126 MHz, CDCl;-d) &
ppm 171.97 (1 C, 5), 156.69 (1 C, s), 119.77 - 125.59 (1 C, m), 57.24 (1 C, br. s.),

10 5248 (1C,br. s.),52.43(1C,s),39.15(1C,s),32.50 -33.48 (2 C, m), 25.30 (1 C,
d, J=9.60 Hz), 24.03 (1 C, d, J=9.60 Hz). LC (Cond. OL1): R,=1.49 min. LC/MS:
Anal. Calcd. For [M+Na]" C;H;7F,NNaO,: 288.10; found: 288.03.

Cap-176

15 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

20  (MgSOu), filtered and concentrated to give a white foam corresponding to Cap-176
(1.92 g). 'H NMR (400 MHz, DMSO-ds) & ppm 12.73 (1 H, s), 7.50 (1 H, d, /=8.78
Hz), 3.97 (1 H, dd, /=8.53, 6.02 Hz), 3.54 (3 H, s), 1.92 - 2.08 (2 H, m), 1.57 - 1.90 (§
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-ds) 3 ppm -89.62 (1 F, d, /=232.35 Hz), -99.93 (1 F, d, /=232.35 Hz). LC

25 (Cond. OL2): R;=0.76 min. LC/MS: Anal. Calcd. For [M-H]" C;oH4F,NOy:
250.09; found: 250.10.

EXAMPLES
The present disclosure will now be described in connection with certain
30 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
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oat-NH 0 J 16f Example J.16f was obtained from Example J.16e according to the two step
procedure described below. Deprotection as in the preparation of J.19 to formed an 15 HC1 salt which
was coupledWig @4P3829 with HATU according the preparation of J.21 belBWHEFOWIHIRT = 1.59
mm, (Cond.-D1); Calcd for C271-1)9N404 [M+H]l 473.22; found: 473.06. 20 Synthetic Route 9.1a
Examples .116e.2 and .1.16e.3 J.160.2 Example J.16e.2 was obtained from Example J.9ga
according to the two step procedure analogous to that of J.16 of synthetic route 9. Coupling with
TMS-ethyne as described in the preparation 0fJ.15 for J.9g gave Example J.16f2; RT = 2.17 min,
(Cond.-J2); Calcd torbodi6ld34.NE02Bigkte-dhd p8ictitefolithd paes8nt disethioke LpbeiDdesilylation gave

Example J. 160 2 R~ b NGOl ke Galo 0 CR3HAMNI0RIM S 316,20: found: 376.40,
J.16e.3 RT=1.84 mm (Cond.- J11); LCMS: Anal. Calcd. f

: or [M+H]l C24H26BrN302: 388.20; found:
388.17. From J_g@jrg)o gnen@yﬁﬂ-péﬁ@wf@dﬁg provide what is believed to be the most useful and

readily understood description of its procedures and conceptual aspects.

5 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
10 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:

Cond.-J1
15 Column = Phenomenex-Luna 3.0X 50 mm S10
Start %B =0
Final %B =100
Gradient time =2 min
Stop time =3 min
20  Flow Rate =4 mL/min
Wavelength =220 nm
Slovent A =0.1% TFA in 10% methanol/90%water
Solvent B =0.1% TFA in 90% methanol/10% water
25 Cond.-J2
Column = Phenomenex-Luna 3.0X 50 mm S10
Start %B =0
Final %B =100
Gradient time =4 min
30 Stop time =5 min
Flow Rate =4 mL/min
Wavelength =220 nm
Slovent A =0.1% TFA in 10% methanol/90%water
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'‘Boo J.17 Example J.17 - 17.a J.17 The ammonium hydroxide (4 mL) was added to a solution of
(S)-prolinal (650 mg, 3.26 mmol) in tetrahydrofuran (15 nth) and stirred for 6 h at 48 C in a sealed
pressure veW4RRUA2ABEA2E3-bromobenzyl) isocyanide (974 mg, 2.77 mmol) ST BPUHARETL81 mg,
3.26 mmol) were added and the reaction mixture stirred 18 h 10at at 48 C. After being cooled, the
reaction mixture was diluted with ethyl acetate (200 mL) and washed with water and brine and
concentrated. The crude product was taken up in dichloromethane and charged to a 40 g Thomson
silica gel cartridge. Gradient elution was performed from 20-100% B over 750 mL gave J.17
(S)-tertbutyl 2-(5-(SdvemBpheny1)-1H-inbidaz dEA-y) s odiciinaol -ditbexgrate 413 mg 15(31%).N MR
(CDC11, 6 500 MHz): 10.36/9.90 (br s, 1H), 7.75 (br s, 1H), 7.53 (br. s, 2H), 7.38 (br. s, 1H), 7.24 (br.
s, 1H), 5.11 (br. s, 1H), 3.54 (br. s, 2H), 2.32/2.19 (m, 1H), 1.95-1.85 (m, 2H), 1.74 (s, 1H), 1.45/1.18
(s, 9H). RT = 1.7 (E¢f#t431) LC/MS: Anal. Calcd. for [M+IT]E CtsH23BrN302: 392.09; found: 392.13.
J.17a RT = 1.7 migelifand.- J1); Calcd fo=QBFiZ3B NI [¥6~d 5bJndH2.09; found: 392.13. From
a-tosyl-(4- brognob tra{ﬁyol) [socyanide  Synthetic Route 11. Examples 1.18 -J8.6 Boc N N C-* N
Copper iodide™(9.8'mg, 0.051 mmol) and Pd(PP113)4 (59.4 mg, 0.051 mmol)

Final %B =100
Gradient time =2 min
Stop time =3 min
Flow Rate =5 mL/min
10  Wavelength =220 nm
Solvent A =0.1% TFA in 10% methanol/90%water
Solvent B =0.1% TFA in 90% methanol/10% water
Cond. J4
15 Column = Phenomenex-Luna C18 30X2
Start %B =0
Final %B =100
Gradient time =2 min
Stop time =3 min
20  Flow Rate =1 mL/min
Wavelength =220 nm
Slovent A = 10mM Ammonium Acetate in 5% ACN/95%water
Solvent B = 10mM Ammonium Acetate in 95% ACN/5%water
25 Cond. J5
Column = Phenomenex-Luna C18 30X2
Start %B =0
Final %B =100
Gradient time =4 min
30 Stop time =5 min
Flow Rate = (.8 mL/min
Wavelength =220 nm
Slovent A = 10mM Ammonium Acetate in 5% ACN/95%water
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were added to a nitrogen purged solution of116 (S)-tert-butyl
2-(5-ethyny1-1Hbenzo[d]imidazol-2-yl)pyrrolidine-1-carboxylate (160 mg, 0.514 mmol) and J.7 (S)-
tert-butyl 2-WQAHRAHF3heny1)-1H-imidazol-2-yppyrrolidine-1-carboxylate PCAUS3M0433§87 mmol)
containing Et3N (0.2 mL) in dimethylfornaamide (3 mL) and the reaction mixture stirred at room
temperature for 48 h. The volatile component was removed in vacua and the residue was applied
(dichloromethane) to 20 g Thomson column and eluted with 50-100 % B over 500 mL (A/B
dichloromethane /20%methanol in ethyl acetate) to provide J.18; 87 mg (26%).NMR (CDC13, 6, 15
500 MHz): 10.97-1%nB2nirB, 2H), 7:9 1@nM4ukonivng (icelateBiR9 281N/ 3%684766 (m, 0.55H), 7.59 (s,
0.54H), 7.54-7.51 (m, 1.85H), 7.42-7.32 (m, 2H), 7.25 (s, 1H), 7.22 (hr. 5,0.32) (br.s, 1H), 4.99-4.94
(m, 1H), 3.31 (br.s, 3H), 3.0412.92 (br. s, 2H), 2.19-2.15 (m, 3H), 2.03-1.95 (m, 2H), 1.62/1.50 (hr s,
20H). LC (Cond-J69196Min; LC/MS: Anal. Calcd. for [M+HI C36H43N604: 623.34; found: 623.52;
HRMS: 20Anal. Catefiniar [M+Hr C36H43NB8bneA3x3B4E: Jansd 8833844, J.18.1 Boc C).1'1 is Hi
40 NH N-Boc l5\| F;%tm Jo./lé) and J.16d RT = 1.4 min (ConO-Jl); LCMS: Anal. Calcd. for [M+I-1]+
C381-1471\404 6 f’§16;°ound: 651.46. J.18.2 Boc -NN g.'IS ----"NlitilliN. H...1/2" ell NH NBoc From
J.16 and J.9e RT FihaB%hin (Cond.-J1); LCMS: Anal. €H6d. for

Gradient time =3 min
Stop time =4 min
Flow Rate =4 mL/min

10  Wavelength =220 nm
Slovent A =0.1% TFA in 10% methanol/90%water
Solvent B =0.1% TFA in 90% methanol/10% water
Cond.-D?2

15 Column = Phenomenex-Luna 4.6X50 mm S10
Start %B =0
Final %B =100
Gradient time =3 min
Stop time =4 min

20  Flow Rate =4 mL/min
Wavelength =220 nm
Slovent A =0.1% TFA in 10% methanol/90%water
Solvent B =0.1% TFA in 90% methanol/10% water

25 Cond.-JB-1

Column = Waters Sunfire Su C18 4.6x30mm
Start %B =0
Final %B =100
Gradient time =3 min
30 Stop time =4 min
Flow Rate =4 mL/min
Wavelength =220 nm
Slovent A =0.1% TFA in 10%acetonitrile/90%water
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[M+]-1]+ C381-1441\1704 662.35; found: 662.35. J.18a Boc H4pj,,cN a H<S.11"Ir Calcd. 40id-H />---:"
Boc From J. 16b and J.7b RT = 1.6 min (Cond.-J1); LCMS: Anal. for [M+I-1]+ C381443N604 647.33,;
found: 647.390 2018983 H/ NN is. H H N,N1H Boc From J.16c and J.7BRTESD BN Cond.-J1);
LCMS: Anal. Calcd. for [M+]-1]+ C381112FN604 665.33; found:

Solvent B =0.1% TFA in 90% acetonitirle/10% water

Synthetic Route 1:

Br\©/CHO Ph3P(CH2)3CO,H Br\©/\/\/COZH PH(S), Br CO,H
DMSO JA H2 \©/“W

PPA/ 130°C\

CHO Br Br
f Isoamyl nitrite
N-Boc \N_OH

THF/Et,0
0 2 0

J.3a J.3

Br
Br
=
HO-N =
=N P(OEt); HN§ ) N;
DMF 80°C
N-Boc
N-Boc
J.4 J.5

5 Reference: JMed.Chem. (2005) 48, 7351.

2. NH,OH/MeOH

Examples J.1—-J.5

Br\©/\/\/COZH

Ja

10 A 1M solution of potassium tert-butoxide in tetrahydrofuran (80 mL) was
added dropwise to (3-carboxypropyl)triphenylphosphonium bromide (17 g, 40 mol)
in anhydrous DMSO (20 mL) under nitrogen at 24 °C, and the solution was stirred 30
min. before addition of 3-bromobenzaldehyde (4.7 mL, 40 mmol). After several
minutes a precipitate was observed and an additional 20 mL of DMSO was added to

15 aid solvation, and the reaction was stirred 18 h. The solution was poured onto water
(120 mL) and washed with chloroform. The aqueous layer was acidified with conc.
HCI and extracted with chloroform (3 x 250 mL). The organic phase was
concentrated and applied to a 651 Biotage silica gel column, gradient elution from 15-

65% B (A = Hexanes; B = cthyl acetate) over 2L to give J.1, (E)-5-(3-
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665.49. J.18c Boc 1-14NN C >is HN H I.11- H PT = 1.42 min (Cond.-J1); LCMS: Anal. Calcd. for
NN.. [M+H]f BoC C381112FN604 From J.16b and J.9c 665.33; found: 665.49. RT: 2.27 min,
(Cond.-D2);W@ A/ 43325 PCT/US2010/044356

bromophenyl)pent-4-enoic acid, 8.2 g (82%). "H NMR (300 MHz, CDCls) & 7.45 (t,
J=1.5Hz, 1H), 7.30 (dt, ] =7.7, 1.5 Hz, 1H), 7.2-7.16 (m, 1H), 7.12 (t, ] = 7.7 Hz,
1H), 6.40-6.32 (m, 1H), 6.23-6.14 (m, 1H), 2.52 (s, 4H). LC (Cond.-J1): RT =2.0
min; LRMS: Anal. Calcd. for [M-H] C;1H1BrO,: 252.97; found: 252.98.

Br\©/\/\/COZH

J.2

J.1, (E)-5-(3-Bromophenyl)pent-4-enoic acid (4 g, 15.8 mmol) was dissolved

in absolute ethanol (200 mL) and flushed with nitrogen before addition of 5%
platinum sulfide on carbon (2.5 g). The solution was flushed with hydrogen at

10 atmospheric pressure and stirred 5 h. The catalyst was removed by filtration over
diatomaceous earth (Celite™) and the solvent immediately removed by rotory
evaporation (in order to minimized esterification) to give J.2, 5-(3-
bromophenyl)pentanoic acid 4 g (99%) which was carried forward without further
purification. "H NMR (500 MHz, CDCl3) & 7.31-7.30 (m, 2H), 7.13 (t, ] = 7.6 Hz,

15 1H), 7.09-7.07 (d, J = 7.6 Hz, 1H), 2.60 (t, ] = 7.0 Hz, 2H), 2.37 (t, ] = 7.0 Hz, 2H),
1.68-1.65 (m, 4H). LC (Cond.-J1): RT =2.1 min; LRMS: Anal. Calcd. for [M-HJ
C11H13BrO;: 255.00; found: 254.99.

o
J.3

20 J.2, 5-(3-bromophenyl)pentanoic acid (4 g, 15.6 mmol) was taken up in
polyphosphoric acid (15 g) and heated to 140 °C for 8 h in a 150 mL pressure vessel,
capped to prevent product loss due to sublimation. The reaction mixture was
partitioned between 150 mL of water and dichloromethane (600 mL). [Caution is
necessary to avoid boiling of dichloromethane.] The organic phase was washed with

25  water, brine, and concentrated. The crude product was applied to a 40 (S) Biotage
silica gel column and gradient eluted from 5 — 60% (ethyl acetate/hexanes) and gave
J.3 2-bromo-6,7,8,9-tetrahydro-5H-benzo[ 7]Jannulen-5-one 1.7 g (40%). "H NMR
(300 MHz, CDCl3) 6 7.56 (d, J = 8.1 Hz, 1H), 7.41 (dd, J = 8.4 Hz, 1.8 Hz, 1H), 7.35
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Boc C381445N604 ci.,:q is [M+Hr 649.35; ri found: 649.49. J.18d 00 N HN iBoc N HAMS: Calcd
for C38H4519604 From J.16 and J.9a [M+H]"' 649.3497; found: 649.3484. RT: 2.31 min,
(Cond.-D2); M@ N/818325 PCT/US2010/044356

(d, J=1.8 Hz, 1H), 2.86 (t, ] = 5.9 Hz, 2H), 2.69 (t, J = 5.8 Hz, 2H), 1.90-1.73 (m,
4H). LC (Cond.-J1): RT =2.1 min; LRMS: Anal. Calcd. for [M+H] C;;H;;BrO:
239.00; found: 239.14.

Br
; ?\N-OH

5 o)
J3a
1.3, 2-Bromo-6,7,8,9-tetrahydro-5H-benzo[ 7 Jannulen-5-one (1.5 g, 5.9 mmol)
was dissolved in 2:1 ether/tetrahydrofuran (120 mL) and 1N HCl in ether (9 mL) was
added. The solution was cooled to 0 °C before addition of isoamyl nitrite (1.2 mL, 9
10  mmol) and the reaction was stirred 18 h at 24 °C, concentrated, and applied to 25 (M)
Biotage silica gel column. Gradient elution from 15-100% B (A = Hexanes; B =
cthyl acetate) over 1L and gave J.3a (E)-2-bromo-6-(hydroxyimino)-6,7,8,9-
tetrahydro-5H-benzo[7]annulen-5-one 1 g (64%). LC (Cond.-J1); RT = 1.9 min;
LC/MS: Anal. Caled. for [M+H]" CiH;oNBrO,: 268; found: 268.
15

Concentrated ammonium hydroxide (12 mL, 28%) was added to a solution of

J.3a(E)-2-bromo-6-(hydroxyimino)-6,7,8,9-tetrahydro-5SH-benzo[ 7Jannulen-5-one
(1g, 3.7 mmol) and N-Boc-L-prolinal (850 mg, 4.3 mmol) in methanol (35 mL) and

20  thereaction stirred 18 h at 24 °C. The reaction mixture was concentrated to remove
methanol, the aqueous solution extracted with dichloromethane, and the organic
phase washed with water. Application of the crude product in dichloromethane to a
40 (S) Biotage silica gel column and subjection to gradient elution; Segment 1. 15%-
30% B over 300 mL; Segment 2. 30%-100% B over 700 mL (A = 1:1

25 hexanes/dichloromethane; B = ethyl acetate) gave J.4 700 mg (44%). "H NMR (300
MHz, DMSO-dg) & 11.3 (br. s, 1H), 7.91 (d, J =8.4 Hz, 1H), 7.35 (dd, J =8.4, 1.5
Hz, 1H), 7.31 (d, J = 1.8 Hz, 1H), 5.0/4.87 (m, 1H), 3.51-3.46 (m, 1H), 3.42-3.36 (m,
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<,N Calcd for 'N 'IP \ C381-143N604 H 010 N [M+H]I 647.33; J.18e HN iBoc found: 647.46. N
From J.18d according to the procedure HAMS: Calcd for described for J. 14g. C381-143N604
[M+H]f 64 MW3B202/0188¢nd: 647.3328. J.18f BocF i iiN ii 1.---NIIIS PCT/US2010/044356

1H), 2.90-2.70 (m, 4H), 2.27-1.80 (m, 6H), 1.38/1.11 (s, 9H). LC (Cond.-J1): RT =
1.9 min; LRMS: Anal. Calcd. For [M+H]" Ca1Hy6BrN3;Os: 488.12; found: 488.14.
HRMS: Anal. Caled. for [M+H] CyHy6BrNsOs: 488.1236; found: 488.1242.

Triethyl phosphite (0.78 mL, 4.7 mmol) was added to a solution of J.4 (700

mg, 1.57 mmol) in dimethylformamide (2 mL) and the solution heated at 80 °C for
18 h under a nitrogen atmosphere. The reaction mixture was taken up in ethyl acetate
(100 mL) and washed with water and brine. After concentration the crude product

10 was applied to a 40 (S) Biotage silica gel column and subjected to gradient elution;
Segment 1. 5%-15% B over 300 mL; Segment 2. 15%-100% B over 600 mL (A =
dichloromethane; B = ethyl acetate) to give J.5 675 mg (100%). "H NMR (300
MHz, DMSO-dg) & 11.7 (br. s, 1H), 7.92 (d, J = 8.4 Hz, 1H), 7.82 (d, J = 8.4 Hz,
1H), 7.29 (s, 1H), 4.78/4.69 (br s, 1H), 3.57-3.48 (m, 1H), 3.38-3.32 (m, 1H), 2.85-

15 2.78 (m, 4H), 2.28-1.77 (m, 6H), 1.39/1.14 (s, 9H). LC (Cond.-J1): RT = 1.9 min;
LRMS: Anal. Caled. for [M+H]" C, Hy6BrN;O,: 432.13; found: 432.14.

Synthetic Route 2
Ho_ ¥ \ 1. TBDPSCI TBDPSO_ T\ Li(Et);BH TBDPSO. T \}
\/\N (o) _— \/\N 0 e . N
N 2. (Boc),0 \ DMAP/TFA N
Boc Boc
M.1 M.2
oH H
HO °—y 1. TBAF TBDPSO :—y (Et);Zn
\77/\N 'y \/\N ‘
g NH 2. RuCls, NalO, N' H ICH,CI
Boc Boc
M.4 M.3

20
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le. N HN 'Boc N From J.16a and J.9a RT:1.61 min, (Cond.-J1); Calcd for C381-144FN604 [M+Fl]i
667.34; found: 667.46. J.1 8g BocF c..NN.>41 H 040 N HN 'Boc N From J.1 8f according to the
procedure d¥€:HE@2I. 14g. PT:1.64 min, (Cond.-J1); Calcd for ClgE14PENBH3TMNOMPEH65.33;
found: 665.49. J.18h Boc hitNIN 14 H'.." H SO N FIN'Boc N H H From J. 16b and J.9b

Examples M.1 - M.4

TBDPSO, T °

N
Boc
M.1
To a solution of (S)-5-(hydroxymethyl)pyrrolidin-2-one (10 g, 87 mmol) in
dichloromethane (50 mL) was added tert-butylchlorodiphenylsilane (25.6 g, 93
5 mmol), EtsN (12.1 mL, 87 mmol) and DMAP (1.06 g, 8.7 mmol). The mixture was
stirred at room temperature until the starting pyrrolidinone was completely
consumed, and then it was diluted with dichloromethane (50 mL) and washed with
water (50 mL). The organic layer was dried (Na;SO,), filtered, and concentrated in
vacuo, and the crude material was submitted to flash chromatography (silica gel; 30
10 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), 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). LC/MS [M+H] = 354.58.
Di-tert-butyl dicarbonate (38.5 g, 177 mmol) was added in portions as a solid
15 over 10 min to a dichloromethane (200 mL) solution of silyl ether (31.2 g, 88.3
mmol), Et;N (8.93 g, 88 mmol), and DMAP (1.08 g, 8.83 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
20 acetate). Upon concentration of the desired fractions in a rotary evaporator, a white
slurry of solid formed which was filtered, washed with hexaness and dried in vacuo
to afford carbamate M.1 as a white solid (32.65 g, 82% yield). '"HNMR (400 MHz,
DMSO-dg, 8 = 2.5 ppm) 7.61-7.59 (m, 2H), 7.56-7.54 (m, 2H), 7.50-7.38 (m, 6H),
4.18 (m, 1H), 3.90 (dd, J = 10.4, 3.6, 1H), 3.68 (dd, J = 10.4, 2.1, 1H), 2.68-2.58 (m,
25 1H), 2.40-2.33 (m, 1H), 2.22-2.12 (m, 1H), 2.01-1.96 (m, 1H), 1.35 (s, 9H), 0.97 (s,
9H). LC/MS [M-Boc+H]" =354.58. Calcd. 454.24.

TBDPSO\/r\—ﬁ
N
Boc

M.2
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PT:1.44 min, (Cond.-J1); Calcd for C40H45N604 [M+Hr 673.35; found: 673.43. J.18i Boc HsNI\t a
H*N le H OS N HNBoc N H H From J.1 8h according to the procedure described for J. 14g. RT: 1.48
min, (Cond. Y2)2@HMEFY C40H43N604 [M+FI1]i 670.34; found: 670.46. J.RET/VBBWIHIER0 H'N H O.
N HNCBz N. H H From J.16b and J.9f RT: 2.03 min, (Cond.-D1);

A three-necked flask equipped with a thermometer and a nitrogen inlet was
charged with carbamate M.1 (10.05 g, 22.16 mmol) and toluene (36 mL), and
lowered into -55 °C cooling bath. When the internal temperature of the mixture
reached -50 °C, lithium triethylborohydride (23 mL of 1.0 M/tetrahydrofuran, 23.00

5 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) 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

10 °Cand -45 °C. The 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 mL), cooled with an ice-water bath, and treated slowly with water (55
mL) over 5 min. The phases were separated and the organic layer washed with water
(50 mL, 2x) and concentrated in vacuo. The crude material was purified by flash

15 chromatography (silica gel; 5% ethyl acetate/hexanes) to afford dihydropyrrole M.2
as a colorless viscous o0il (7.947 g, 82% yield). Rt=2.41 min under the following
HPLC conditions: Solvent gradient from 100% A : 0% B to 0% A : 100% B (A =
0.1% TFA in 1:9 methanol/water; B =0.1% TFA in 9:1 methanol/water) over 2 min
and hold for 1 min; detection @ 220 nm; Phenomenex-Luna 3.0X50 mm S10

20 column. 'H-NMR (400 MHz, DMSO-de, 8 = 2.5 ppm) 7.62-7.58 (m, 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 (brs,
0.49H), 3.69 (br s, 1.51H), 2.90-2.58 (br m, 2H), 1.40/1.26 (overlaping br s, 9H),
0.98 (s, 9H). LC/MS: [M+Na]" = 460.19.

.\\H

TBDPSO\/:\_y/

N “H

|
Boc

75 M.3

Diethylzinc (19 mL of ~1.1 M in toluene, 20.9 mmol) was added dropwise
over 15 min to a cooled (-30 °C) toluene (27 mL) solution of dihydropyrrole M.2
(3.94 g, 9.0 mmol). Chloroiodomethane (stabilized over copper; 3.0 mL, 41.2 mmol)
was added dropwise over 10 min, and stirred while maintaining the bath temperature

30 at-25°C for 1 h and between -25 °C and -21 °C for 18.5 h. The reaction mixture
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Caled for C431443N604 [M+Hr 707.34; found: 707.28. J.181.2 Boc H NN 4/ H*N H 00 N HN,CBz N H
H From J.18i.1 according to the procedure described for J.14g. PT: 2.10 min, (Cond.-D1); Caled for
C431441N60P PON2918338.32; found: 705.19. J.181.3 Boc Hi. N \N as , ,.. HREDUSAHPY44NH iH H
From J.16f and J.10b PT = 1.92 min

was opened to the air and quenched by the slow addition of 50% saturated NaHCO;
solution (40 mL), and then removed from the cooling bath and stirred at ambient
temperature for 20 min. It was filtered through a filter paper and the white cake was
washed with 50 mL of toluene. The organic phase of the filtrate was separated and
5 washed with water (40 mL, 2x), dried (MgSO,), filtered, and concentrated in vacuo.

The crude material was purified using a Biotage system (350 g silica gel; sample was
loaded with 7% ethyl acetate/hexanes; eluted with 7-20% ethyl acetate/hexanes) to
afford a mixture of methanopyrrolidines (M.3 predominates) as a colorless viscous
oil (3.69 g, 90.7%). [Note: the exact cis/trans-isomer ratio was not determined at this

10  stage]. Rt=2.39 min under the following HPLC conditions: Solvent gradient from
100% A : 0% B to 0% A : 100% B (A =0.1% TFA in 1:9 methanol/water; B =0.1%
TFA in 9:1 methanol/water) over 2 min, and hold for 1 min; detection (@ 220 nm;
Phenomenex-Luna 3.0X50 mm S10 column. 'H-NMR (400 MHz, DMSO-ds, 0= 2.5
ppm) 7.62-7.60 (m, 4H), 7.49-7.40 (m, 6H), 3.77/3.67 (overlapping br s, 3H), 3.11-

15 3.07 (m, 1H), 2.23 (app br s, 1H), 2.05-2.00 (m, 1H), 1.56-1.50 (m, 1H), 1.33 (very
broad s, 9H), 1.00 (s, 9H), 0.80 (m, 1H), 0.30 (m, 1H). LC/MS: [M+Na]" = 474.14.

TBAF (7.27 mL of 1.0 M in tetrahydrofuran, 7.27 mmol) was added dropwise

20  over 5 min to a tetrahydrofuran (30 mL) solution of silyl ethers M.3 (3.13 g, 6.93
mmol) and the mixture stirred at ambient temperature for 4.75 h. After the addition
of saturated ammonium chloride solution (5 mL), most of the volatile material was
removed in vacuo and the residue partitioned between dichloromethane (70 mL) and
50% saturated ammonium chloride solution (30 mL). The aqueous phase was

25  extracted with dichloromethane (30 mL), and the combined organic phase was dried
(MgSO,), filtered, concentrated in vacuo and then exposed to high vacuum overnight.
The crude material was purified using a Biotage (silica gel; 40-50% ethyl
acetate/hexanes) to afford a mixture of alcohols, contaminated with traces of a lower
Rf spot, as a colorless oil (1.39 g, ~94% yield). [Note: the exact cis/trans isomer ratio

30 was not determined at this stage.] "H-NMR (400 MHz, dimethylsulfoxide-ds, 8= 2.5
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(Cond.-D1); LCMS: Calcd for C441-14sN706 (M+H)+ 770.37; found: 770.29. J. 18) BOGF HNIN ari
H'N 'PI1 H 00 HN /NBoc N H H From J.16¢c and J.9b RT: 1.62 min, (Cond.-J1); Calcd for
C401-144FNED20IR101832891.34; found: 691.46. ii 8k BOGF HNIN * H'x 00R¢HNS1BO84438¢ H From J.
18j according to the procedure described for J.14g. RT:1.66 min, (C011d.-J 1); Calcd for
C401112FN604 [M+Fir 689.33; found: 689.43.

ppm) 4.70 (t, ] = 5.7, 1H), 3.62-3.56 (m, 1H), 3.49-3.44 (m, 1H), 3.33-3.27 (m, 1H),
3.08-3.04 (m, 1H), 2.07 (br m, 1H), 1.93-1.87 (m, 1H), 1.51-1.44 (m, 1H), 1.40 (s,
9H), 0.76-0.71 (m, 1H), 0.26 (m, 1H). LC/MS [M+Na]" = 236.20.

A semi-solution of sodium periodate (6.46 g, 30.2 mmol) in water (31 mL)

5 was added to a solution of alcohols (2.15 g, 10.08 mmol) in acetonitrile (20 mL) and
carbon tetrachloride (20 mL). Ruthenium trichloride (0.044 g, 0.212 mmol) was
added immediately and the heterogeneous reaction mixture was stirred vigorously for
75 min. The reaction mixture was diluted with water (60 mL) and extracted with
dichloromethane (50 mL, 3x). The combined organic phase was treated with 1 mL

10  methanol, allowed to stand for about 5 min, and then filtered through diatomaceous
earth. The pad was washed with dichloromethane (50 mL), and the filtrate was
concentrated in vacuo to afford a light charcoal-colored solid. The crude material
was dissolved in ethyl acetate (~10 mL) with heating and allowed to stand at ambient
temperature with seeding. About 15 min into the cooling phase, a rapid crystal

15  formation was observed. About 1 h later, hexanes (~6 mL) was added and the
mixture refrigerated overnight (it did not appear that additional material precipitated
out). The mixture was filtered and washed with ice/water-cooled hexanes/ethyl
acetate (2:1 ratio; 20 mL) and dried under high vacuum to afford the first crop of acid
M.4 (off-white crystals, 1.222 g). The mother liquor was concentrated in vacuo, and

20  the residue dissolved in ~3 mL of ethyl acetate with heating, allowed to stand at
ambient temperature for 1 h, and then 3 mL hexanes was added and stored in a
refrigerator for ~15 h. A second crop of acid M.4 was retrieved similarly (grey
crystals, 0.133 g), for a combined yield of 59%. Rt = 1.48 min under the following
HPLC conditions: Solvent gradient from 100% A : 0% B to 0% A : 100% B (A =

25 0.1% TFA in 1:9 methanol/water; B =0.1% TFA in 9:1 methanol/water) over 3 min;
detection (@ 220 nm; Phenomenex-Luna 3.0X50 mm S10 column. MP (dec.) for the
first crop = 147.5-149.5 °C. "H-NMR (400 MHz, DMSO-de, 8 = 2.5 ppm) 12.46 (s,
1H), 3.88 (app br s, 1H), 3.27 (app br s, 1H; overlapped with water signal), 2.28 (br
m, 1H), 2.07 (app br s, 1H), 1.56 (app s, 1H), 1.40/1.34 (two overlapped s, 9H), 0.71

30 (m, 1H), 0.45 (m, 1H). *C-NMR (100.6 MHz, DMSO-de, & = 39.21 ppm) 172.96,
172.60, 154.45, 153.68, 78.74, 59.88, 59.58, 36.91, 31.97, 31.17, 27.77, 27.52, 14.86,
14.53, 13.69. LC/MS [M+Na]" =250.22. Anal. Calcd. For C11H17NO4: C, 58.13;
H, 7.54; N, 6.16. Found (for first crop): C, 58.24; H, 7.84; N, 6.07. Optical rotation
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J.18k.1 Boo e/ CV \,N so <,(; "..H 400 N HNBoc N Me From J.16d. 1 and J.9g RT: 3.44 min,
(Cond.-J2); Calcd for C40H4719604 [M+H]l 675.37; found: 675.33 J.181 BOCH r-NN aN,C-NNH
i--i:\W Boo A 2012438325.16 and J.17 PT = 1.67 min, (COnd.-J 1); Calcd foPCHie$HINBHISPM+Tir
623.34; found: 623.46. ..1.18m BooH r_BfN a 1---4N 111, , 40'Boo NH Nz--/ From J.16 and J.17a RT
=1.67 min, (COnNd.-J 1); Calcd for Ciii6H4N604 [M+Tir 623.34; found: 623.46. JB.6 Boo a <5,1H ."
..... HN-tN,Boc From J.14e and JB.5 RT = 1.33 min, (Cond.-J B.1);

(10 mg/mL in CHCI3): [a] D =-216 and -212 for the first and second crop,

respectively.
ExampleM . 4a
OH
M.4a
5 The synthesis of acid M.4a is reported in patent application:
US2009/0068140.
Synthetic Route 2.1
o BoT\\j b, o BoT\\j
HOH% HOLq
M.4b M.4c
10
Example M.4c

(28,48)- 1-(tert-Butoxycarbonyl)-4-methylpyrrolidine-2-carboxylic acid
A solution of (S)-1-(tert-butoxycarbonyl)-4-methylenepyrrolidine-2-
carboxylic acid Example M.4b (4 g, 17.60 mmol) in 2-propanol (10 mL) was added
15 to anitrogen purged suspension of 10% palladium on carbon (936 mg) in 2-propanol
(240 mL) and the flask was charged with hydrogen gas (1 atm). After being stirred
18, the catalyst was removed by filtration over celite and the filtrate concentrated.
LC analysis showed the sample contained ~14% of the trans isomer, and
recrytallization from toluene enriched the cis isomer, Example M.4c, to 96% purity
20  (16:1). 1H NMR (500 MHz, MeOD) 06 ppm 4.21 — 4.17 (m, 1H), 3.76 - 3.67 (m,
1H), 2.96 —2.92 (m, 1H), 2.49 - 2.46 (m, 1H), 2.30 — 2.29 (m, 1H), 1.59 - 1.51 (m,
1H), 1.47 /1.43 (m, 9H), 1.10 -1.06 (m, 3H).

Synthetic Route 2.2
Boc Boc Boc Boci
- OH,\.( \OH’I - \OH’\é —— HoH,\é
Me Me
25 M.4d M.4e M.4f M.4g
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Calcd for C36H43N 604 [M+Fir 623.34; found: 623.24. WO 2012/018325PCT/US2010/044356
Synthetic Route 11.1 Example J.18/.3a Example J.18i.3a was obtained from Example J.16E1
and Examp¥9.20a/4&88é%ding to the procedure described for that 0f].18 of BRI 968501 .
Coupling gave Example J.18i.3a; RT = 1.88 min, (Cond.-J4); Calcd for C4.4H52N706 [M+H] 774.40;
found: 774.50. 10Synthetic Route 11.2 Example 118n and .1.180 Example J.18n was obtained from
Example 11 6e.2 and Example J.10e 15according to the procedure described for that 0fJ.18 of
synthetic route 11. Coupling gave Example J.18n; RT = 3.49 min, (Cond.-J5); Calcd for C40H47N604
[M+H] 675.37; found: 675.80. Synthetic Route 1Zxaxarfies 1.19 - JB.7 J.19 Example J.14 (85
mg, 0.11 mmol) was dissolved in methanol (1 mL) andB&N HCl/Dioxane (5 mL) was added and the
reaction was stirred 16 hr. The solvents 10were renfQved.jpaacuo, and the tetra FICI salt J.19 was
exposed to high vacuum for 18 h. LC (Cond-D2): 14 mm;{LRMS: Anal. Calcd. for [M+11]+
C271-111N6: 439.26; found: 439.29. HRMS: Anal. Calcd. for [M+11]+ C271-131N6: 439.2610; found
439.2593. J.19aH.-N,NO-....$HSO M.4d

A diastereomeric mixture of mono-methylated product M.4d was prepared
from (S)-1-tert-butyl 2-methyl 5-oxopyrrolidine-1,2-dicarboxylate according to the
5 procedure described in Tetrahedon Letters, 2003, 3203-3205. The mixture was

carried forward.

M.de
To a solution of diastercomers M.4d (4.75g, 18.46 mmol) was added

10 superhydride (19.20 mL, 19.20 mmol) dropwise at -50 °C in a dryice/acetone bath
over 10 min. Hunig's base (13.58 mL, 78 mmol) was added, stirred for 10 min,
DMAP (0.122 g, 0.997 mmol) was added as a solid, stirred for 15 min, and
trifluoroacetic anhydride (2.98 mL, 21.08 mmol) was added dropwise over 15 mins.
The dryice/acetone bath was removed and the reaction mixture was stirred for 4 h

15 while being allowed to warm to room temperature. The reaction mixture was washed
with water (50 mL), sat. NaCl (30 mL), and concentrated in vacuo. The resulting
crude material was purified by flash chromatography (8-60% EtOAc/Hexane) to
afford Example M.4e¢ as a yellow oil (2.85 g). 1H NMR (CDCI3, 400 MHz, 5): 6.36
(s, 0.5H), 6.25 (s, 0.5H), 4.70-4.57 (m, 1H), 3.78 (s, 3H), 2.96 (m, 1H), 2.54 (m, 1H),

20 1.70 (s, 3H), 1.50 (s, 4.5H), 1.44 (s, 4.5H).

M.4f
Diethylzinc (1.1 M in toluene, 59.1 mL, 65.0 mmol) was added dropwise over
20 min to a cooled (-23 °C) toluene (60 mL) solution of M.4e (5.23 g, 21.68 mmol),
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NH N- NH From J.14a PT = 1.34 min (Cond.-D2) LCM S: Anal. Calcd. for [M+FI]JE C24H271\16:
399.23; found: 399.24. HRMS: Anal. Calcd. for [M+H] ' C241-127N6: 399.2297; found: 399.2316.
J.19b HHH NRQ HIROKEN From J. 14b RT = 1.46 min (Cond.-D2) LCMS: A/\S3Md8/0d83M +H]
IC24F1271\16: 399.23; found: 399.24. HRMS: Anal. Calcd. for [M+H] | C241-127N6: 399.2297; found:
399.2298. J.19c HH .,';)<I V a H \---N"' "'NIllIS H1010 N. NH

10

15

20

25

30

and stirred for 10 min. Chloroiodomethane (9.44 mL, 130 mmol) was added
dropwise over 10 min, and the reaction mixture was stirred at -21 °C for 16 hr. Sat.
NaHCO3 (60 mL) was added to the reaction mixture, the cooling bath was removed,
and the mixture was stirred for 10 min. It was then filtered, and the filter cake was
washed with toluene (50 mL). The filterate was partitioned, and the organic layer
was dried with Na2S04, and concentrated in vacuo. The resulting crude material
was purified with flash chromatography (2-10% EtOAc/Hexane) to afford Example
M.4f (second to elute; colorless oil; 1.01g) 1H NMR (CDCI3, 400 MHz): 3.99 (m,
1H), 3.76 (s, 3H), 3.28-3.19 (m, 1H), 2.47-2.41 (m, 1H), 2.00 (m, 1H), 1.45 (s, 9H),
1.25 (s, 3H), 0.70-0.66 (m, 2H), and the major isomer (first to elute; colorless oil;
2.88 g). Relative stereochemical assignment was made based on NOE studies: 1H
NMR (CDCI3, 400 MHz): 4.65-4.52 (m, 1H), 3.72 (s, 3H), 3.28-3.17 (m, 1H), 2.44-
2.32 (m, 1H), 2.16-2.10 (m, 1H), 1.51-1.42 (two s, 9H), 1.24 (s, 3H), 1.07 (m, 1H),
0.69-0.60 (m, 1H).

M.4g

A solution of lithium hydroxide (0.305 g, 12.73 mmol) in water (8 mL) was
added to a solution of Example M.4f (2.60 g, 10.18 mmol) in methanol (24 mL) at
and the mixture was stirred for 16 h. The solvent was removed iz vacuo and the
residue was taken up in ethyl acetate (20 mL) and additional water (10 mL) was
added. The organic phase was separated and the aqueous phase was diluted with
EtOAc and acidified with IN HClto pH = 3 (~5.5 mL). The organic phase was
washed with brine and dried (Na2SO4). Concentration gave Example M.4g; RT =
3.02 min; (Cond.-J2); Calcd for C;,H19NO4Na [M+Na] 264.12; found: 264.09; 1H
NMR (CDCI3, 400 MHz): 4.13 (app br s, 1H), 3.06 (app br s, 1H), 2.55/2.41
(overlapping app br s, 2H), 1.51 (s, 9H), 1.27 (s, 3H), 0.76 (app t, ] = 5.6, 1H), 0.60

(app br s, 1H). Sample appears to contain approx. 8% of the cis isomer.
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NH IPH From J.14c RT = 1.13 min (Cond.-J1) LCMS: Anal. Calcd. for [M+FI]E C29H30ONG6: 463.26;
found: 463.38. J.19d H CI\N ili N1010 NH N - NH From J. 14d PT = 1.27 min, (Cond.-D2) LCMS:
Calcd for CX6Q229RISIM+FI|E 425.24; found:425.28. HAMS: Calcd for CIEHZBNB1IM443§425.2448;
found: 425.2444. 1.19e H _.1'1.<#1'1la N 111LIPPAIli H liri AL IP N HN 1

Synthetic Route 3

o Boc
HOJ\(\N)
Br- Br: Br-
O Boc
HATU/DMF N NH,4OAc b s
NH2 ——— - . 3
N Xylene 140 °C | )’\j
N

(¢] (¢]

J.6 J.7

Examples J.6 —J.7b

J.6

N,N-Diisopropylethylamine (18 mL, 103.3 mmol) was added dropwise, over
15 minutes, to a heterogeneous mixture of N-Boc-L-proline (7.139 g, 33.17 mmol),
HATU (13.324 g, 35.04 mmol), the HCI salt of 2-amino-1-(4-bromo-

10  phenyl)ethanone (8.127 g, 32.44 mmol), in dimethylformamide (105 mL) and stirred
at ambient condition for 55 minutes. Dimethylformamide was removed in vacuo,
and the resulting residue was partitioned between ethyl acetate (300 mL) and water
(200 mL). The organic layer was washed with water (200 mL) and brine, dried
(MgSO,), filtered, and concentrated. A silica gel mesh was prepared from the residue

15 and submitted to flash chromatography (silica gel; 50-60 % ethyl acetate/hexanes) to
provide J.6 (S)-tert-butyl 2-(2-(4-bromophenyl)-2-oxoethylcarbamoyl)pyrrolidine-1-
carboxylate as a white solid (12.8 g). '"HNMR (DMSO-dg, 8 =2.5 ppm, 400 MHz):
5 8.25-8.14 (m, 1H), 7.92 (br d, J = 8.0, 2H), 7.75 (brd, J = 8.6, 2H), 4.61 (dd, J =
18.3,5.7, 1H), 4.53 (dd, J = 18.1, 5.6, 1H), 4.22-4.12 (m, 1H), 3.43-3.35 (m, 1H),

20 3.30-3.23 (m, 1H), 2.18-2.20 (m, 1H), 1.90-1.70 (m, 3H), 1.40/1.34 (two app br s,
9H). LC (Cond.-J1): RT = 1.70 min; LCMS: Anal. Calcd. For [M+Na]"
CisH»3BrN>NaOy4: 433.07; found 433.09.

Br LRMS: Anal. Calcd.
J.6a ©Y\ )OK(\NE;)C For [M+Na]"
N
o H CisH23BrN,NaOy:
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NH From J.14f RT = 1.30 min ' (Cond.-11) LCMS: Calcd for C101-111N6 [M+Hr 475.26; found:
475.25. 1.19f H cNN sli H1.10 NH NH From J. 14g RT = 1.46 min, (Cond.-D2) LCMS: Calcd for
C261-127N® 29 12/01832323 23; found:423.3 1. HAMS: Calcd for C26H27 NgJMESLA149/04#359 292 found:
423.2287. J.19E1 H 11,N 40 11110Naka Mrr NH NH From J.149.1 RT:1.73 min, (Cond.-D1); Calcd for
C12H11N6 [M+FI]E 499.26; found: 499.22.

433.07; found:
433.12
LC (Cond.-J1): RT =

Br 6 B 1.7 min; Anal. Calcd.
\@KH*LN@H For [M+Na]"

J.6b o
H Ci19H»3BrN;NaOQy:
From M.4 445.08; found:
446.93.

I=

A mixture J.6 (S)-tert-butyl 2-(2-(4-bromophenyl)-2-oxoethylcarbamoyl)-
pyrrolidine-1-carboxylate (12.8 g, 31.12 mmol) and ammonium acetate (12.0 g,

5 155.7 mmol) in xylenes (155 mL) was heated in a sealed tube at 140 °C for 2 hours.
The volatile component was removed in vacuo, and the residue was partitioned
carefully between ethyl acetate and water, whereby enough saturated NaHCO3
solution was added so as to make the pH of the aqueous phase slightly basic after the
shaking of the biphasic system. The layers were separated, and the aqueous layer

10 was extracted with an additional ethyl acetate. The combined organic phase was
washed with brine, dried (MgSQy,), filtered, and concentrated. The resulting material
was recrystallized from ethyl acetate/hexanes to provide two crops of J.7 (S)-tert-
butyl 2-(5-(4-bromophenyl)-1H-imidazol-2-yl)pyrrolidine-1-carboxylate, 5.85 g. The
mother liquor was concentrated in vacuo and submitted to a flash chromatography

15 (silica gel; 30% ethyl acetate/hexanes) to provide an additional 2.23 g. 'H NMR
(DMSO-dg, & = 2.5 ppm, 400 MHz): § 12.17/11.92/11.86 (m, 1H), 7.72-7.46/7.28 (m,
5H), 4.86-4.70 (m, 1H), 3.52 (app br s, 1H), 3.36 (m, 1H), 2.30-1.75 (m, 4H),
1.40/1.15 (app br s, 9H). LC (Cond.-J1): RT = 1.71 min; LC/MS: Anal. Calcd. For
[M+H]" C1sH23BrN3;O;: 392.10; found 391.96. HRMS: Anal. Caled. For [M+H]"

20 CigH23BrNzOs: 392.0974; found 392.0959.
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J.20 H c lyeN iiii H--,... 1101H NH H From J.18 RT =1.18 min, (cond.-J 1) LCMS: Calcd for
C26H27N6 [M+Hr 423.23; found:423.24. J.20.1 HEN;el) H* NH N NH From J.18.1 RT =0.99 min
(COCOA | YNTWIRB/M18428 for C281-L31 No (M+H)+ 451.25; found: 451.28. BCARUS2H0/64436N 40

LRMS: Anal.
y Calcd. For
J.7a G_ﬁﬂ\(“ioc -
CisH2:BINzO;:
From J.6a 392.10; found:
391.96.
LC (Cond.-J1):
O 2 RT = 1.5 min;
Br {\1 \ NBOC Anal. Calcd. For
J.7b HJ\LéH o
From J.6b C19H,3:BN;Oy:
405.09; found:
406.04.

Synthetic Route 4

Br Br Br.
1. Br, Et,0 o NH4OAc
—_ _
2. M4, Hunig's base O/lszgc Xylene 140°C = o

(e] N,
0 H \S
y
H Boc~N\ql
X7H
H
J.3 J.8 J.9
5 Examples J.8 —J.9e
Br
:Q { B
Boc
o ° N
H
H
J.8

Bromine (0.23 mL, 4.18 mmol) was added dropwise to a solution of J.3 2-
Bromo-6,7,8,9-tetrahydro-SH-benzo[ 7]annulen-5-one (1.0 g, 4.18 mmol) in ether (50
mL), after being cooled to 0 °C. The solution was stirred 3 h and a few drops of
10  additional bromine was and while the reaction was followed by TLC until complete.
The solvent was removed by rotory evaporation, the residue was taken up in

acetonitrile (25 mL), M.4 (950 mg, 4.18 mmol), and Hunig’s base (1.4 mL) added
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HNN 40 NH N- NH From J.18.2 RT = 0.98 min (Cond.-J1); LCMS Calcd for C28H28N7 (M+H)I
462.24; found: 462.24. J.20a4 H N, iN 400HH 'NH From J.18a | H PT = 1.21 min, (Cond.-J1)
LCMS: Calcy @08 83237N6 [M+Hr 447.23; found: 447.18. J.20b H,, H' HRCT/BSHI1I0AMRE6

dropwise. The reaction was stirred 18 hours at 60 °C prior to removal of the solvent
by rotory evaporation. The crude product charged (dichloromethane) to a 40 g
Thompson silica gel cartridge and gradient elution 15 - 100% B over 1L (A/B
hexanes/cthyl acetate) gave J.8 (1R,3S,5R)-3-(2-bromo-5-0x0-6,7,8,9-tetrahydro-SH-

5  benzo[7]annulen-6-yl) 2-tert-butyl 2-azabicyclo[3.1.0]hexane-2,3-dicarboxylate 1 g
(51.5 %) as an oil. RT =2.2 minutes (Cond.-J1). LCMS: Anal. Calcd. for
CH26BrNOsNa: 486.10; found: 486.07 (M+Na)'.

RT =3.1 min
(Cond.-D2);

J.8a

(Derived from 6-bromo

Br O Boc LC/MS: Anal.
tetral-1-one purchased o N .
o Calcd. for [M+H]

2-fluoroacetophenone)

from J & W PharmLab,
LLC) ConszI'NOsl 43 8,
found: 438.
1.8 RT =2.99 min
. ‘ Br (o] Boc (Cond. D2),
(Derived from 6-bromo mo N LOMS: Caled £
: Calcd for
tetral-1-one purchased 0 )KL@H c o
H H,sBrN
from J & W PharmLab, ! 25+ ’
LLC) From M 4 [M+Na]™ 472.07;
found: 472.10
RT = 2.87 min
I3 Br F 0 e (Cond. D2),
o 0 AN LCMS: Calcd for
(Derived from 4-bromo Y
H ngszBI’FNOs

From M.4 [M+H]™ 464.05;

found: 463.98

Y RT = 2.2 min,
Derived from 1-(4- B 9 Bo (Cond-J1); Caled
bromophenyl)butan-1- QI;\O)T) for C20H+27BrN05
one) [M-Boc]" 340.11;

found: 340.02.
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NH From J.18b IH RT =1.04 mm, , (Cond.-JO LCMS: Calcd for C2sH25FN5 [M+Hr 465.21; found:
465.28. J.20c hHH N\ <N aih N tip 110r, ..,>----: NIl ,HH RT = 1.07 min, (Cond.-JO LCMS: Calcd
for C2sH25M@52NRA01833365.21; From J.18c found: 465.28. J.20d H ¢ _ NPCHBSAW0/4NIYH

RT = 2.21 min,
Cond.-J1); Calcd
Derived from 1-(4- Br PO o e ( )
bromophenyl)-4,4.4 o*(\N) for CaoH,4BrF3NOs
romophenyl)-4,4,4-
[M-Boc]394.08;
found: 394.03.

J.8e

trifluorobutan-1-one

Ammonium acetate (1.7 g, 21.54 mmol) was added to a solution of 1.8 (1.0 g,
2.15 mmol) in xylene (15 mL) and the reaction mixture stirred at 140 °C for 3 hin a
5 screw-cap pressure vessel. After being cooled, the reaction mixture was partitioned
between ethyl acetate and sat'd NaHCOs soln, and the aqueous layer was extracted
with ethyl acetate. The combined organic layers were washed with brine,
concentrated, and the residue applied to 20 g Thomson silica gel column. Gradient
elution (10-50% B over 1 L; A/B hexanes/ethyl acetate). The major and less polar
10  product (oxazole 450 mg) was separated away to afford J.9 192 mg (20 %) as a
diastereomeric mixture (favoring J.9; a 3:1 mixture of S/R proline). "H NMR (300
MHz, CDCls) 8 10.6/10.3 (br. s, 1H), 8.06 (d, J =8.2 Hz, 0.6H), 7.34 (dd, J = 6.4,
1.8 Hz, 1H), 7.28 (s, 0.3H), 7.21 (d, ] = 1.8 Hz, 0.7H), 7.11 (d, J = 8.6 Hz, 0.3H),
4.83-4.77 (m, 1H), 3.48 (m, 0.68H), 3.23 (m, 1.2H), 2.98 (t,J = 6.4 Hz, 0.65H), 2.88
15 (t, H=6.7 Hz, 1.35H), 2.82-2.79 (m, 2H), 2.33 (t, ] =9.1 Hz, 1H), 2.01-1.95 (m,
2.4H), 1.76-1.72 (m, 1H), 1.57/1. 48 (s, 9H), 0.87-0.83 (m, 1.3H), 0.44 (br. s, 1H).
LC (Cond.-J1): RT = 1.7 min; LCMS: Anal. Calcd. for [M+H]" CyH,6BrN:zO»:
444.13; found: 444.07.

20
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From J.18d RT = 1.60 min, (Cond.-D2) LCMS: Calcd for C281429N6 [M+FI]'449.24; found: 449.28.
J.20e HNN S CieN WI H O. HN NH From J.18e RT = 1.78 min , (Cond.-D2) LCMS: Calcd for
C281-127N¥RPIYUEF2D3; found: 447.25. J.20f F H N 1,:::,eN1 40 N SO HRERYHS29RW44IBf RT =
1.07 min, (Cond.-JO LCMS: Calcd for C2sH2sFN5 [M+1-1]467.24; found: 467.25. J.20g F

Br RT = 2.4 min (Cond.-D2);
N

N, LC/MS: Anal. Calcd. for
J.9a \g-:u T
Boc-N [M+H]" Cy0H2sBrN3O»:
From I.8a 418.11; found: 418.10.
RT = 2.3 min (Cond.-D2);
LC/MS: Anal. Calcd. for
Br O‘ |:1\/['|—H:|Jr C»1H25BrN;O»:

430.11; found: 430.16.

N
HN~4
190 S
Boc’N\_’a-I,H

A HRMS: Anal. Calcd. for
From J.8b [M+H]" C51HasBrN;0»:
430.1125; found
430.1123.

RT = 2.2 min (Cond.-D2);
LC/MS: Anal. Calcd. for
Br F [M+H]" C19H,BrEN;O;:
HN‘S 422.09; found: 422.10.
J.9¢ A N
HRMS: Anal. Calcd. for
From J.8¢ [M+H]" CioH»BrFN;O»:
422.0877; found
422.0874.

Brm RT = 1.69 min, (Cond.-
C\H 71Y: Caled fi
NX ); Caled for

N

1.9d Boc
CroHr27BrN;O, |:1\/['|—H:|Jr
From J.8d 420.13; found: 420.13.

Ny
J.9¢ Br\@\\)\ RT = 1.55 min, (Cond.-
Obtained as the more “NH J1); Calcd for
polar product of a N Boc N
~1:1 mixture \ CaoH24BIN4O2 [M+H]
containing the CF3 431.11; found: 431.15.
analog, From J.8¢
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H N I,:::,eN1 40 N O. HN NH From J.18g RT = 1.17 min, (Cond.-JO LCMS: Calcd for C2sH26FN6
[M+1-1]'465.22; found: 465.28. J.20g.1 hit H' HN /N OO N H 0$1. N HN From J.1811 NH H RT =
1.43 min, (O¥ARLBYISEMS: Calcd for CloH291\Is [M+Hr 473.25; found: 4 78CTAUSROOHP4p56

Example J.9f

Br
mN
HN\/g
o /M
Nl
o =IH

a
A cold (0 °C) solution of HCI (0.871 mL, 3.49 mmol, 4N in dioxanes) was
added to a solution of J.9b (1.5 g, 3.49 mmol) in MeOH (20 mL). The mixture was
5 stirred for 2 h before it was concentrated to dryness. The tan solid was taken up in
dioxane (20 mL) and water (20 mL), cooled to 0 °C, and treated with sodium
carbonate (0.369 g, 3.49 mmol) and CBZ-CI (0.498 mL, 3.49 mmol). The reaction
mixture was allowed to warm up to room temperature, stirred for 5 h, diluted with
ethyl acetate, and washed with saturated sodium bicarbonate solution. The organic
10  phase was washed with brine and dried over sodium sulfate to yield J.9f(0.97 g,
60%) as a tan foam, RT = 2.47 min (Cond.-D1); LC/MS: Anal. Calcd. for [M+H]"
Co4H»3BrNz;O»: 464.10 and 466.10; found: 463.95 and 465.98.

Synthetic Route 4.a

HOC  Boc

N
Br:

1. HNO, Me OO

Br AcOH Br 1. EEDQ, M.4a N
-Boc OO ” HN Boc
N 2.SnCl,2H,0 NH, 2. AcOH 60 °C N

MeOH NHz Me

15 J.9g1 J.9g2 J.9g

Examples J.9g1 — J 92

Br
N.Boc
H

J.9g1
Diphenylphosphoryl azide (17.09 mL, 79 mmol) was added to a solution of 6-
20  bromo-2-naphthoic acid (16.5 g, 65.7 mmol), triethylamine (18.32 mL, 131 mmol),
and fert-butylalcohol (7.54 mL, 79 mmol) in toluene (225 mL) and stirred for 4 h at
100 °C. The volatiles were removed by rotary evaporation and the residue taken up in
EtOAc (500 mL) and washed with water and brine. A precipitate formed upon

concentration which was isolated by filtration and washed with 1:1 Et,O/Hex to give
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HNN*NHO. HN From .1.18i NH H RT = 1.09 min, (Cond.-J1) LCMS: Calcd for C1011271\I6 IM+Hr
471.23; found: 471.25. J.20h.1HH N .:* NOH 00 NH From J. 18i.3 0/ip O t NH RT:1.60 min,
(Cond.-D1); VAR X6183291-140N704 [M+FI]E 670.32; found: 670.24. J.20h.PCIHUS2010/044356

Example J.9g1 (10.5 g). A second crop of less pure product was isolated upon
concentration of the mother liquor (9.8 g); combined yield (93%). LC/MS (Cond.
J2): RT =3.44 min. LC/MS Anal. Calcd. for [M+Na]™ C;sH;sBrNO,: 345.02;
found 345.03.

“CC

NH,
J.9g2
Example J.9g1 (5 g, 15.52 mmol) was diluted in acetic acid (50 mL) and
fuming nitric acid (2.3 mL) was added dropwise over 20 min. The reaction was
stirred for 2 h and the product, isolated by filtration, was partitioned between CH,Cl,
10  and sat’d NaHCOj; soln. The organic layer was concentrated to provide tert-butyl 6-
bromo-1-nitronaphthalen-2-ylcarbamate 5.7 g (quant). LC/MS (Cond. J2): RT =
3.52 min. LC/MS Anal. Calcd. for [M+Na]" C;sH;sBrN»O,: 390.02.; found 390.99.
Tin(IT)chloride dehydrate (3 g, 16.34 mmol) was added to a solution of tert-
butyl 6-bromo-1-nitronaphthalen-2-ylcarbamate (2 g, 5.47 mmol) in MeOH (100 mL)
15 and the solution was stirred for 18 h at 70 °C. The solvent was removed by rotary
evaporation and Example J.9g2 (assume theoretical 1.25 g) was dried under high
vacuum. LC/MS (Cond. J2): RT = 1.49 min. LC/MS Anal. Calcd. for [M+H]"
CioHoBrN;: 237.00; found 236.96.

EEDQ (1.67 g, 6.75 mmol) was added to a solution of Example J.9g2 (1.6 g,

6.75 mmol) and M.4a (1.55 g, 6.75 mmol) in DCM (100 mL) and stirred for 6h.
(Note: The dianiline was not completely soluble). The reaction mixture was diluted
with DCM (1 vol) and washed with half sat'd NaHCO3 soln. Concentration gave a

25 solid (2.5 g). LC/MS (Cond. J2): RT =3.07 min. LC/MS Anal. Calcd. for
[M+H]" C»H,7BrN;Os: 448.13; found 448.11.
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H HN'N./NHOO0HN FromJ. 18i.2 . CBz N H PT:1.77 min, (Cond.-D1); Calcd for C3 SH33N602
[M+FI]E 605.27; found: 605.20. J.20i F H/I+NN so H"" 101. N HN NH H From J.18] RT = 1.09 min,
(Cond.-JO N1 HRERTor C.301-12sFNo [M--Hr 491.24; found: 491.25. JPOB{US2010/044356

10

15

20

The crude solid (2.5 g, 5.58 mmol) was taken up in AcOH (200 mL) and
stirred for 18 h at 60 °C. Concentration under high vacuum removed the solvent.
The residue was taken up in DCM, washed with sat'd NaHCOj3 soln, and
concentrated. The residue was charged (DCM) to a 80 g Thompson silica gel
cartridge and gradient elution was performed from 15% to 100% B over 750 mL.
(A/B Hex/EtOAc) to give Example J.9¢ (2.6 g). "H NMR (MeOD, 500 MHz, &):
8.36-8.35 (m, 2H), 8.0 (d, J =9Hz, 1H), 7.91 (dd, J =9,2 Hz, 1H), 7.87 (d, /=9
Hz, 1H), 5.31-5.28 (m, 1H), 4.17 (br. s, 1H), 2.59-2.56 (m, 1H), 2.39-2.31 (m, 2H)
1.86-1.83 (m, 1H), 1.52-1.19 (m, 12H). LC/MS (Cond. J2): RT =2.57 min.
LC/MS Anal. Calcd. for [M+H]" C»iHysBrN;O,: 430.12; found 430.09.

Synthetic Route 4.a.1

) 9@
Br 1. EEDQ, M.4c \~/N
O O HN Boc
NH, 2. AcOH 60 °C N
NH,

J.9g2 J.9g.a

Examples J.9g.a and J.9g.b
o
N

/
HN Boc
N

J.9g.a
Example J.9g.a was obtained from Example J.9g2 according to the procedure
analogous to that of J.9g of synthetic route 4a. Coupling of J.9g2 with M.4¢ and
cyclization in AcOH gave Example J.9g.a; RT = 3.32 min, (Cond.-J5); Calcd for
C1H,sBrN;O, [M+H] 430.12; found: 430.30.
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FH1-1/NN 4 H'N H 1010 HNN NH H From J.18k RT = 1.17 min, (Cond.-JO LCMS: Calcd for
C.301-126FN5 [M+1-1] '489.22; found: 489.22. J.20j.1 AA,H ""/.NNs C-.-eN 19 HO00 N HN 1 NH Me
From J.18k WRIVRA1B32Ain, (Cond.-J2) LCMS: Calcd for C30H31N6 [M+HRA7ES26L 0844386 475.17.
.J.20k HH N'N" NH r, NN 40 ilINH From J.181

RT=3.46 min (Cond.-

Br J2), LCMS: Anal.

N Calcd. for [M+H]"
HN Boc

J9gb @ C22H25BI'N3023
442.12; found:
From M.4g and J.9g2 442.05.
Synthetic Route 5
B NH B Bog
r 2 1. EDCI, S-Proline r N N
\QNHZ 2. AcOH 60°C \©:”>_O
J.10
NH [ Bod [ Bod
I 2 1.S-Proline, HATU NN SEM-CI NN
\@[NHZ 2. AcOH 60°C \©:N>_Q NaH \@[Nw
H SEM
J1 Ja2
5 Examples J.10-J.12
Boc
Br N N
T

H
JAo

EDCI*HCI (2.35 g, 12.25 mmol) was added to a mixture of 4-bromobenzene-

1,2-diamine (2.078 g, 11.11 mmol), N-Boc-L-proline (2.311 g, 10.74 mmol) and 1-
hydroxybenzotriazole (1.742 g, 12.89 mmol) in dichloromethane (40 mL), and stirred

10  at ambient conditions for 19 h. The mixture was then diluted with dichloromethane,
washed with water (2x), dried (brine; MgSQ,), filtered, and concentrated in vacuo to
provide a brown foam. Acetic acid (40 mL) was added to the foam, and the mixture
was heated at 65 °C for 90 min. The volatile component was removed in vacuo, and
the residue was dissolved in ethyl acetate and washed carefully with saturated

15 NaHCOj; solution (2x), and the organic phase was dried (brine; MgSQO,), filtered, and
concentrated in vacuo. The resultant crude material was submitted to flash

chromatography (silica gel; ethyl acetate) to provide J.10 as a tan foam (2.5 g). 'H
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RT = 1.0 min (Cond.-J1) LCMS: Calcd for C26H27N6 [M+H] 423.23; found: 423.24. J.201 HH NN a

- \HHIP dab4.NH 11,-  NH NI=J RT = 1.01 min (Cond.-J1) LCMS: Calcd for C261427N6 [MAI]
From J.18mWQ3022048833d: 423.31. HN RT = 1.0 min ---s.S 0 (Cond.-J BPOT/Ef2P10/044356

NMR (DMSO-dg, & = 2.5 ppm, 400 MHz): 12.49-12.33 (four br s, 1H), 7.71 (d, J =2,
0.54H), 7.60 (app br s, 0.46H), 7.50 (d, J = 8.6, 0.45H), 7.40 (d, ] = 8.4, 0.55H), 7.26
(m, 1H), 4.96-4.87 (m, 1H), 3.64-3.51 (m, 1H), 3.44-3.38 (m, 1H), 2.38-2.21 (m,
1H), 1.99-1.85 (m, 3H), 1.39 (s, 3.7H), 1.06 (s, 5.3H). (Cond.-D2) LC/MS: Anal.

5 Caled. for [M+H]+ CiH,BrN3O5: 368.03; found: 368.18.

RT =1.9 min
(Cond.-J1) LC/MS:
Anal. Calcd. for

1108 aesze Nl
H Ci6H20BrNsNaFO,:
406.06; found:
406.06.

RT =1.7 min
(Cond.-D2) LC/MS:
. Boc Anal. Calcd. for

r N N-H
1.10b TI% [M+Na]
C17H20BrN3NaO;:
From M.4 400.06; found:
400.09

RT =1.9 min
(Cond.-J1) LC/MS:
Bog Anal. Calcd. for

Br. N N-aH .

: 7 & [M+Na]
J.10c N H
F C17H20BI'N3N3F023
From M.4 418.06; found:
418.06.
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\LCMS: Calcd for JB.7 N -( C26H27N6 [MH1 HN-t NH 423.23; found: From JB.6 423.17.
Synthetic Route 12.1 Example J. 2012.1a Example J.20h.la was obtained from Example J.18i.3a
according toMRePeEdete analogous to that of J.19 of synthetic route 12. BEBORRLHYHHRe Example
J.20h.12; RT = 1.71 min, (Cond.-J1); Calcd for C39H44N704 [M+H] 674.35; found: 674.30.
10Synthetic Route 12.2

RT =2.0 min
(Cond.-J2) LC/MS:

Br\@N >—‘le Anal. Calced. for
From M.4a C17H23BrN30x:
380.10; found:
380.03.

Boc
|\©:N N
)
N
H

J. 1

4-lodo-2-nitroaniline (35.2 g, 0.133 mol) was added in batches via an open

funnel over 25 min to a heated (65 °C) mixture of SnCl,.2H,0 (106.86 g, 0.465 mol)
5 and 12N HCI (200 ml). An additional 12N HCI (30 ml) was added and the reaction

mixture was heated at 65 °C for an additional 1 h, and stirred at room temperature for
1 h. It was placed in a refrigerator for 15 h, and the precipitate was filtered. The
resultant solid was transferred into a flask containing water (210 ml), cooled
(ice/water), and a solution of NaOH (aq) (35 g in 70 ml of water) was added to it over

10 10 min with stirring. The cooling bath was removed, and vigorous stirring was
continued for 45 min. The mixture was filtered and the solid was washed with water
and dried in vacuo to provide 4-iodobenzene-1,2-diamine as a tan solid (25.4 g). The
product was used in the next step without further purification. "H NMR (DMSO-d,
&= 2.5 ppm, 500 MHz): 6.79 (d, ] =2,1H), 6.63 (dd, J = 1.9, 8.1, 1H), 631 (d, ] =

15 8.1, 1H), 4.65 (br s, 2H), 4.59 (br s, 2H). LC/MS: Anal. Calcd. for [M+H]+
CsHsIN,: 234.97; found: 234.9.

HATU (6.5 g, 17.1 mmol) was added to a solution of 4-iodobenzene-1,2-
diamine (4 g, 17.1 mmol), (S)-1-(tert-butoxycarbonyl)pyrrolidine-2-carboxylic acid
(3.67 g, 17.1 mmol), and Hunig’s base (3 mL) in dimethylformamide (100 mL). The

20  reaction mixture was stirred for 4 h before being diluted with ethyl acetate (300 mL)
and washed with sat’d NaHCOs, brine, and dried (Na,SO,4). The aqueous phase was
extracted twice more with ethyl acetate and combined with the initial organic extract

prior to drying. Concentration gave a residue which was taken up in glacial acetic
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J 20 m Example .1.20m and ..1.20n Example J.20m was obtained from Example J. 18n according
to the procedure analogous to that of J.19 of synthetic route 12. Deprotection gave Example J.20m;
15RT = 1.6MQi 1288885 J1); Calcd for C30Fh1NG [M+HI 475.26; found: 428520190330 = 2.65
min (Cond.- .13); LCMS: Anal. Calcd. for [M-{-Ht C32H3I N6: 499.26; found: 499.60. From J.180
Synthetic Route 13. Examples J.21 - JB.]2 HATU (60 mg, 0.16 mmol) was added to a rapidly
stirred solution of example .J.19 (38.18 mg, 0.075 mmol), N-methoxycarbonyl-L-valine (26.2 mg, 0.15
mmol), and Hunig's base (0.095 mL, 0.54 mmol) in dimethylfomiamide (1.5 mL). The 10reaction
mixture was stirrechdol (200 arnd the lsmiwdrat m&r&n@wemmt@pm@m witsagecenfhedaesidue was

diluted with methang J@ngﬂsl&g CJ[E%‘[ 1M bgnﬁfz mglggéﬁy Aﬁﬁ%e tf&l 0 mm); 5% -

100% B over 40 m|n Iow ate = 40 m|n avele LA = O.‘ % TFA in 10%
methanol / 90% watethedotitdrrimes @Q%Maﬁ@@%%@ﬂﬁwm;% wasteppisbelipkidis TFA salt

150fJ.21, 17.6 mg @6?@1&&@&%&@@%%@%&&&@) 67oR1r 988 (01 45binl’: Rontet b (SEries m,
5H), 7.30-6. 8§m 2H),5.50:5.17 (series m, 4H), 4.20 (m 1H) 2.10 (Ur. s, 1H) 3.34-3.25 (m, 6H), 3.17

(s, 6H), 3.14-2290 (SaEtHYELY 9B 50 (00% 0w 4 Lo mbaageBaahyhaeriaiehy. Lc

(Cond.-D2): 1.8 mBeghteiM 3. Ankl.10&cs. far Mkl gMéLH.HB&NSﬁ@VS(EMﬂ)deUHd 753.55. HRMS:
Anal. Calcd. for [W_Hio([:cfﬁlmlé'azowogpgér% 1’168 ’lf%ﬁnc%rgosx%létl O78() 4@9‘%)T+}%I%hﬁq5%ond i
MHz, DMSO-dg) & 7.85 (br.s, 1H), 7.42 (d, ] = 8.2 Hz, 1H), 7.34 (br. s, 1H), 4.97-
4.84 (m, 1H), 3.6 (br. s, 1H), 3.44-3.40 (m, 1H), 2.37-2.25 (m, 1H), 1.99-1.87 (m,
10 3H), 1.4/ 1.07 (s, 9H). LC (Cond.-D2): 2.1 min; LCMS: Anal. Calcd. for [M+H]"
Ci16H20IN30O5: 414.07; found: 414.08.

Boq
T
P
N
SEM
J.12

Unwashed 60% sodium hydride (48 mg, 1.21 mmol) was added in one

15 portion to a stirred solution of J.11 tert-butyl 2-(5-iodo-1H-benzo[d]imidazol-2-
yl)pyrrolidine-1-(S)-carboxylate (500 mg, 1.21 mmol) in dry dimethylformamide (10
mL) under nitrogen. The mixture was stirred 5 min before addition of SEM-CI (0.21
mL, 1.21 mmol), stirred for 3 h, quenched with sat’d ammonium chloride (1 mL),
diluted with ethyl acetate (50 mL), and the organic phase was washed with sat’d

20  NaHCOj3 soln and brine. The aqueous phase was extracted twice more with ethyl
acetate and combined with the initial organic extract prior to drying. Concentration
gave a residue applied which was applied (dichloromethane) to a 40 (i) Biotage silica
gel cartridge. Segment 1. Hold 5% B for 150 mL; Segment 2. Gradient elution from
5% to 100% B over 2.5 L (A = hexane; B = ethyl acetate) B to give regioisomeric

25 products (SEM location) J.12 316 mg (48 %). 'H NMR (500 MHz, DMSO-ds) &
7.99 (d,J=5.8 Hz, 1H), 7.54-7.49 (m, 2H), 5.77-5.64 (m, 2H), 5.20-5.11 (m, 1H),
3.61-3.43 (m, 4H), 2.89-2.05 (m, 2H), 1.98-1.87 (m, 2H), 1.36/1.04 (s, 9H), 0.91-
0.81 (m, 2H), -0.06 (s, 9H). LC (Cond.-D2): RT = 3.1 min; LRMS: Anal. Calcd. for
[M+H]" C2,H34IN303Si: 544.15; found: 544.15.

30
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D2); LCMS: Anal. Calcd. for [M+H]l )N (4 C511-161N802: 817.49; found: 817.63. HO.J.21a

0 * HAMS: Anal. Calcd. for [M+Hr  C51H6iNs02:
WO 2012/018325 PCT/US2010/044356

Synthetic Route 5.1

Boc
Br\@[NHz 1. EDCI, M.4c Br\QN\ N
NH, 2. AcOH 60°C HF‘J\
J.10e
Examples J.10e and J.11a
5 Example J.10e was obtained from Example M.4c according to the procedure

analogous to that of J.10 of synthetic route 5. Cyclization in AcOH gave Example
J.10e; RT = 1.86 min, (Cond.-J4); Calcd for C;7H»:3BrN;O, [M+H]" 380.10; found:

380.30.
RT=3.27 min (Cond.-
|\©:N BOCN J4); LCMS: Anal.
i1 ”& Calcd. for [M+H]"
Jdla

C17H23IN3023 44009,
found: 440.30

From M.4g and 4-iodobenzene-1,2-

diamine

10
Synthetic Route 6.
T,
B
O
/N 2 ° /N
H Pd(Phy), H
J.7 J.13
Examples J.13 — J.13f

15

o
o N N
H
J.13

Pd(PhsP)4 (469 mg, 0.406 mmol) was added to a pressure tube containing a
mixture of J.7 (S)-tert-butyl 2-(5-(4-bromophenyl)-1H-imidazol-2-yl)pyrrolidine-1-
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From J.19 817.4917;found: 817.4927. RT=1.88min (Cond.-D2) LCMS: o Anal. Calcd.

for [M+H]f C3 SH49N806: c.N.;_iis 713.38; found:
WO 2012/018325 PCT/US2010/044356

carboxylate (4 g, 10.22 mmol), bis(pinacolato)diboron (5.4 g, 21.35 mmol),
potassium acetate (2.6 g, 26.21 mmol) and 1,4-dioxane (80 mL). The reaction flask
was purged with nitrogen, capped and heated (oil bath 80 °C) for 16 hours. The
reaction mixture was filtered and the filtrate was concentrated in vacuo. The crude
5 material was partitioned carefully between dichloromethane (150 mL) and an

aqueous medium (50 mL water + 10 mL saturated NaHCOs solution). The aqueous
layer was extracted with dichloromethane, and the combined organic phase was dried
(MgSO,), filtered, and concentrated in vacuo. The resulting material was purified
with flash chromatography (sample was loaded with eluting solvent; 20-35% ethyl

10  acetate/dichloromethane) to provide J.13 (S)-tert-butyl 2-(5-(4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl)-1H-imidazol-2-yl)pyrrolidine- 1-carboxylate,
contaminated with pinacol, as an off-white dense solid; the relative mole ratio of J.13
to pinacol was about 10:1 (‘H NMR). The sample weighed 3.9 g after ~2.5 days
exposure to high vacuum. "H NMR (DMSO-dg, 8= 2.5 ppm, 400 MHz):

15 12.22/11.94/ 11.87 (m, 1H), 7.79-7.50/ 7.34-7.27 (m, 5H), 4.86-4.70 (m, 1H), 3.52
(app br s, 1H), 3.36 (m, 1H), 2.27-1.77 (m, 4H), 1.45-1.10 (m, 21H). LC (Cond.-J1):
RT = 1.64 min; LC/MS: Anal. Calcd. for [M+H] CyH3sBN3O4: 440.27; found
440.23.

RT = 1.6 min (Cond.-
J1); LC/MS: Anal.

4 |N Boc +
HJ\LN) Calcd. for [M+H]
J.13a >Kﬁ‘o C24H35BN3043

440.27; found:

From J.7a 440.36.

RT = 1.6 min (Cond.-

o J1); LC/MS: Anal.
4 / N B B
;toﬁ@ﬂf&ﬂé;

N Caled. for [M+H]"
J.13b
H C25H35BN3O43
From J.7b 452.27; found:
452.17.
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1101 713.31.J.22 NH O O--

N- NO HAMS: Anal. Calcd. for [M+H]+ From J.19a
WO 2012/018325 PCT/US2010/044356
Q\Q RT = 1.9 min (Cond.-
O'B D2); LC/MS: Anal.
J.13¢c N Calcd. for [M+H]"
&'B“ Cy7H3sBN:O4:
From 1.5 480; found: 480.
RT = 1.7 (Cond.-J1)
QO’ g N LCMS: Anal. Calcd.
J.13d @NF(N] for [M+H]"
" ool CoH33BN:O; 414.25;
From J.10 found: 414.28.
RT =2.1 (Cond.-D2)
QO LCMS: Anal. Calcd.
H god C»3H33BN3O4 426.29;
From J.10a found: 426.21.
RT = 2.46 (Cond.-D2)
)zi‘% O , LCMfS: Anal. (3alcd.
L13f N Boo or [(MPH]
h CisH37BN3O4 466.28;
Erom 1.9 found: 466.33.
Synthetic Route 7

Boc,
|\@[N N
—J
N

SEM

J.12

g

Nx
é\l.Boc

Pd(Phy),
_ AT sh
NaHCO,

J.13¢
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CIgH49NRO6:  713.3775; found:  713.3804. J.22a\-) 0 110NN U4 is H...r--NHOc" N- N 41 From
1.1 9a PT =1.65 min (Cond.-D2) LCMS: Anal. Calcd. for [M+11]+ C48H56N802: 777.46; found:
777.48. HAWO: 8i01833fcd. for [M+H] | PCT/US2010/044356

Examples J. 14 — J 14f 1

Boc

e

The benzimidazole J.12 (250 mg, 0.46 mmol), boronic ester J.13¢c (217 mg,
0.46 mmol), and NaHCOj3 (95 mg, 1.13 mmol) were dissolved in 1,2-

5  dimethoxyethane (4.5 mL) and water (1.1 mL) was added. The reaction mixture was
evacuated and flushed with nitrogen (3x), Pd(PhsP)4 ( 26 mg, 0.022 mmol) was
added, and the mixture heated (oil bath at 80°C) in a capped pressure vessel for 14 h.
After being cooled, the solution was partitioned into ethyl acetate/water and the
organic layer washed with sat’d NaHCOs, brine, and dried (Na,SO4). Concentration

10  gave a residue which was applied to a 25M Biotage SiO, column pre-equilibrated
with 25%B (300 mL). Gradient elution; Segment 1: 25% B (60 mL); Segment 2: 25-
100% B (1440 mL); Segment 3: Hold at 100% (600 mL). A = Hexanes; B = ethyl
acetate gave J.14, 101.1 mg (29%). 'H NMR (500 MHz, DMSO-d) & 8.10-8.09 (m,
1H), 7.96/7.91 (s, 1H), 7.65-7.47 (m, 4H), 5.85-5.70 (m, 2H), 5.12/5.14 (s, 1H),

15 4.83/4.73 (s, 1H), 3.62-3.54 (m, 4H), 3.48-3.26 (m, 2H), 2.90 (br. s, 4H), 2.37-1.84
(m, 10H), 1.42/1.08 (s, 9H), 1.37/1.06 (s, 9H), 0.92-0.83 (m, 2H), 0.06 (s, 9H). LC
(Cond.-D2): 2.8 min; LCMS: Anal. Calcd. for [M+H]" C4:HeNgOsSi 769.45;
found: 769.43. HRMS: Anal. Calcd. for [M+H]" Ci3HgNgOsSi: 769.4473; found
769.4484.

20

Boc RT = 2.71 min
N N
~ Cond.-D2); LCMS:
E\\\_<N O O ( on )
114 SEM 2 \H Anal. Calcd. for
14a -
N‘bBOC |:1\/[‘|‘H:|Jr CaoHs7NgO5S1
729.42; found: 729.43.

From J.12 and J.13
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C48H56Ns02: 777.4604; found: 777.4636. J.22b d 0'.--NHO IP NN O xH IS NHOH N- N * From J. 19a
0, 0 RT =1.99 min (Cond.-D2); LCMS: Anal. Calcd. for [M+H] | C44H45N806: 781.35; found: 781.37.
HAMS: AnaW@ada/0i$sIM+H] C44H45Ns06: 781.3462; found: 781.3483. JPAIE'S201P{04:3% H -11N.iN

00 Ilitc, --... H

HRMS: Anal. Calcd.
for [M+H]"
CaoHs7N6OsSi:
729.4160; found:
729.4188.

J.14b

Boc Boc
N N N N
L=< =]
N N N

SEM O H

From J.12 and J.13a

RT = 2.75 min
(Cond.-D2); LCMS:
Anal. Calcd. for
[M+H]" C40Hs7NsO5Si
729.42; found: 729.44.

HRMS: Anal. Calcd.
for [M+H]"
CaoHs7N6OsSi:
729.4160; found:
729.4191.

J.14¢

From J.13e and J.9

RT = 1.6 min (Cond.-
J1);

LCMS: Anal. Calcd.
for [M+H]"
C39Hu6N6O4 663.37;
found: 663.46.

HRMS: Anal. Calcd.
for [M+H]"
C30H46N6O4 663.3653;
found: 663.3648.

J.14d

Boc

L~

N
H

From J.13d and J.9a

RT =2.11 min,
(Cond.-D2); Calcd for
C16H4sNgO4 [M+H]"
625.35; found:
625.42.
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0 From J.19b RT =1.92 min (Cond.-D2); LCMS: Anal. Calcd. for [M+H] | C38H49N806: 713.38;
found: 713.40. HAMS: Anal. Calcd. for [M+H] CIgHtONRO6: 713.3804; found: 713.3798. .1.23a V,
110 rN Li o WO H0035281 NN a le O N From J. 19b PT = 1.72 min (Cond. ROZYUBOMG443A&x|. Calcd.

for

HRMS: Calcd for
C36HasNgO4 [M+H]
625.3497; found:
625.3486.

RT = 1.83 min,
Boc (Cond.-J1); Calcd for

E’i\\_(,N O CxHysBrNzO,
J.14e N @ [M+H]" 442.12;
Br

found: 442.20.

From J.13d and 1,4-dibromobenzene

RT = 2.40 min,
Br:
(Cond.-D2); Calcd for
O NH C26H29BI'N302
N= Boc
b [M+H]" 494.15;

found: 494.14.

J.14e.1

From J.13f and 1,4-dibromobenzene

Boc

[”\_«N ) RT = 1.66 min,
TN O (Cond.-J1); Calcd for
J.14f O CaoHu7NgO4 [M+H]
| nwh 675.36; found:
N,Boc
}) 675.52.

From J.14e and J.13

Boc

NN RT: 2.15 min, (Cond.-
<X
H O D1); Calcd for
J.14f.1 ‘ NH C42H49N604
ks

Boc
[M+H]" 701.38;
found: 701.35.

From J.13d and J.14e.1
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[M+H]C48LL56N802: 777.46; found: 777.48. HAMS: Anal. Calcd. for [M+FI]JE C481-156N802:
777.4604; found: 777.4579. 1.23b ci. 0';--NHO OH o' A, Li HN H Ois /> 40N From 1.19b PT =
2.02 min (CHHI2AD2PIBE2MS: Anal. Calcd. for [M+1-1]+ C44H45N806: 781. 35 HAip30t 0484337, HAMS:
Anal. Calcd. for [M+li] | C441-145Ns06: 781.3462; found: 781.3497. J.24 \o oANH

Synthetic Route 8

Boc
)
Ao e <X
NH SN O
N%EOC Mn02 H O
N

NQb,Boc
N
J.14d J.14g

Examples J. 14g—J.14g.1
Boc
N N

N= Boc
N
J.14g

Activated manganese dioxide (122 mg, 1.409 mmol) was added in one
portion to a stirred solution of J.14d (S)-tert-butyl 2-(7-(2-((S)-1-(tert-
butoxycarbonyl)pyrrolidin-2-yl)-1H-benzo[d]imidazol-5-yl1)-4,5-dihydro-1H-
naphtho[1,2-d]imidazol-2-yl)pyrrolidine-1-carboxylate (88 mg, 0.141 mmol) in dry

10  dichloromethane (2 mL). The suspension was stirred for 14 h and additional
manganese dioxide (1.5 g) was added. The suspension was stirred for 16 h and
manganese dioxide (1.5 g) was added again and allowed to continue stirring for 24h.
The reaction mixture was filtered through diatomaceous earth (Celite®™), concentrated,
and placed on high vacuum for 1 h. There was isolated J.14g (85.0 mg, 92 %) as a

15 yellowish-orange solid. LCMS: 2.14 min (Cond.-D2) Calcd. for Cs¢Ha3NeO4
[M+H]" 623.33; found: 623.46. HRMS: Calcd for C3¢H43NsO4 [M+H]™ 623.3340;
found: 623.3327.

Boc

N_ N RT: 2.20 min, (Cond.-
E\‘}_(N Q
H O D1); Calcd for

J. 14g.1 O iN NH 5 C42H47N604
= Boc
b [M+H]" 699.37;

found: 699.32.

From J.14f.1
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)"0 hli,N\ H \----'s N 40 HO. NNHO N H From J.19c H N o RT = 1.5 min (Coml.- J1); 87%, LCMS:
Calcd for C43H51N806 (M+H) 777.41; found: 777.49. HAMS: Calcd for C43H53N806 (M}-1)1
777.4083;foYS2022P1888K J.25 ---0 c)#--.NH NN --- i100 N H1000 NH- N FP&HUSIOW/PHH3TT = 1.83
min (Cond.-D2); LCMS: 95%, Calcd for

Synthetic Route 8a
Boc Boc Boc
N N I NN N Sodium NN N
0 —— I —a— DO
N N sulfite N
H " H H
JBA JB.2 JB.3

Examples JB.1 —JB.3

JBA
Glyoxal (2.0 mL of 40% in water) was added dropwise over 11 minutes to a
methanol solution of NH4OH (32 mL) and (S)-Boc-prolinal (8.56 g, 43.0mmol) and
stirred at ambient temperature for 19 hours. The volatile component was removed in

10 vacuo and the residue was purified by a flash chromatography (silica gel, EtOAc)
followed by a recrystallization (EtOAc, room temperature) to provide (S)-tert-butyl
2-(1H-imidazol-2-yl)pyrrolidine-1-carboxylate (4.43g) as a white fluffy solid. 'H
NMR (DMSO-ds, 400 MHz): 11.68/11.59 (brs, 1H), 6.94 (s, 1H), 6.76 (s, 1H), 4.76
(m, 1H), 3.48 (m, 1H), 3.35-3.29 (m, 1H), 2.23-1.73 (m, 4H), 1.39/1.15 (s, 9H).

15 RT=0.87 min (Cond.-JB.1) LC/MS: Anal. Calcd. for [M+H]" Ci,H20N:O;:
238.16; found 238.22. The compound shown to have a 98.9 ee% when analyzed
under the chiral HPLC conditions noted below. Column: Chiralpak AD, 10 um, 4.6 x
50 mm Solvent: 1.7% ethanol/heptane (isocratic) Flow rate: 1 mL/min Wavelength:
either 220 or 256 nm. Relative retention time: 3.25min (R), 5.78 minutes (S).

20

JB.2

Todine was (16.17 g, 63.7 mmol) was added to a solution of Example JB.1
(6.87 g, 29.0 mmol) and sodium carbonate (9.21 g, 87 mmol) in dioxane (72 mL) and
water (72 mL) at ambient temperature. The flask was covered with aluminum foil

25 and stirred for 16 hours. The reaction mixture was diluted with EtOAc and a
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C401-15iNs06(M+1-)+ 739.39; found: 739.59. HAMS: Calcd for C401-151N806 (M+H)I 739.3926;
found: 739.3916. J.25.a ) 0 1101N ----:' N N 40 HI" NHO From J.19d r" 4l/ RT = 1.58 min (Cond.-D2);
LCMS: Calcy ¢i0ex083289N802 (M+H) 803.47; found: 803.65. HAMS: Cal®§ 1oV 2edeR802
(M+H)+ 803.4755;found: 803.4749. J.26 0 0)inc o N csim L--_,..N11,

saturated aqueous solution of sodium thiosulfate. The mixture was stirred for 15
minutes and the phases were separated. The layers were separated and the aqueous
phase was extracted several times with ethyl acetate. The combined organic phases
were dried (NaySOy), filtered and concentrated in vacuo to afford (S)-tert-butyl 2-

5 (4,5-diiodo-1H-imidazol-2-yl)pyrrolidine-1-carboxylate (12.5 g) as a tan solid. 'H
NMR (500 MHz, MeOD) 8 ppm 4.72 - 4.84 (m, 1H), 3.58 - 3.70 (m, 1H), 3.43 - 3.54
(m, 1H), 2.36 (br s, 1H), 1.88 - 2.08 (m, 3H), 1.47 (brs, 3H), 1.27 (br s, 6H). RT =
1.40 min (Cond.-JB.1) LC/MS: Anal. Caled. for [M+H]" Cj,H;7I,N30,: 488.94
Found; 489.96.

10 JB.3
Sodium sulfite (10.31 g, 82 mmol) was added to a solution of Example JB.2

(4.0 g, 8.2 mmol) in ethanol (75 mL) and water (75 mL). The suspension was heated
with an oil bath at 100°C for 4 hours and at 90°C for 16h. The reaction was diluted
with EtOAc and water. The layers were separated and the aqueous layer was

15  extracted several times with EtOAc. The combined organic phases were dried (brine,
Na,S0,), filtered and concentrated in vacuo. The residue was purified by a flash
chromatography (sample was dry loaded on silica gel and eluted with, 0 to 40% ecthyl
acetate/CH,Cl,) to afford (S)-tert-butyl 2-(5-iodo-1H-imidazol-2-yl)pyrrolidine-1-
carboxylate (2.17 g) as a white solid. "H NMR (500 MHz, MeOD) & ppm 7.52-7.64

20 (m, 1H), 4.95-5.10 (m, 1H), 3.57 - 3.70 (m, 1H), 3.47 - 3.57 (m, 1H), 2.37 - 2.55 (m,
1H), 1.94 - 2.10 (m, 3H), 1.46 (s, 4H), 1.27 (s, SH). RT = 0.93 min (Cond.-JB.1)
LC/MS: Anal. Caled. for [M+H]" Ci,H;sIN3O, 363.04; Found: 364.06.

Synthetic Route 9.
~d
Boc ASi T Boc [ Boc
|\©:N\ N Pd(Ph3).Cl, NN K,CO, \C[N\ N
N>_O TMS-ethyne N>_O MeOH N>_O
H H H
J J15 J16

25
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H*al, WIN HN / From J. 19e 0 RT = 1.51 min (Cond.-JD; LCMS Calcd for C44H53N806 (M+H)
789.41; found: 789.55. RT =1.94 min (Cond.-D2); LCMS: -0 ce-NH 95%, Calcd for ----C
C401-149NB0BIN2ALBLSNN IN 01 737.38; found: J.27 H100 NH - OHn 737&8US2010/044356

Examples J.15—JB.4

A mixture of copper iodide (299.6 mg, 48.1 mmol) and Pd(PPh;),Cl, (1.29 g,
4.41 mmol) was added to a dimethylformamide (200 ml) solution of J.11 (16.0 g,

5 38.7 mmol), (trimethylsilyl)acetylene (6.8 ml, 48.1 mmol), and triethylamine (16 ml),
and the reaction mixture was stirred at ~25 °C for 19.5 h. The volatile component
was removed in vacuo and a silica gel mesh was prepared from the residue and
submitted to a flash chromatography (silica gel; eluting with 40% ethyl
acetate/hexanes) to provide alkyne J.15 as a tan foam (13.96 g). '"HNMR (DMSO-

10 dg, =2.5 ppm, 500 MHz): 12.52-12.38 (m, 1H), 7.62-7.41(m, 2H), 7.24-7.19 (m,
1H), 5.01-4.85 (m, 1H), 3.64-3.51 (m, 1H), 3.46-3.35 (m, 1H), 2.38-2.21 (m, 1H),
2.07-1.81 (m, 3H), 1.39 (s, 4H), 1.04 (s, SH), 0.23 (s, 9H). RT =2.09 min (Cond.-J1)
LC/MS: Anal. Caled. for [M+H]" CyH3oN30,Si: 384.21; found: 384.27.

RT = 1.89 min, (Cond.-

~d:
ASi S Boc
h NN J1); Calcd for
J.15a N>_O ’ . .
r H C21H29N30,S1 [M+H]

From J.10a 402.20; found: 402.26.

RT = 1.92 min, (Cond.-

N
S T Boc,
N Nl J1); Caled for
1.15b \@N*&}H
H

CxnH30N30,Si |:1\/['|‘H:|+
From J.10b 396.21; found: 396.22.

\Sli B RT = 2.2 min, (Cond.-
~ % OC‘ H
L1s \Q[“B_‘N} J1); Caled for
15¢ N H
F H CyoH29FN30,S1 |:1\/[‘|‘H:|Jr

From J.10c 414.20; found: 414.26.
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Nr
min

HAMS: Calcd for From J. 19f C40H49N806 (M+H)+ 737.3770;found:

737.3756. RT =1.67

(Cond.-D2); LCMS: o Calcd for C501-157N802 101 1 ,N,s:NN 00 (VEdi) 801.46; L27a
PCT/US2010/044356

WO 2012/018325

si .
AN RT = 1.70 min, (Cond.-
A NH J1); Calcd for
N\

Boc CosH36N30,S1 |:1\/[‘|‘H:|Jr

J.15d
N
438.26; found: 438.33.
From J.9d
\sl,' RT = 1.70 min, (Cond.-
- x Bog Me
N N J1); Calcd for
1.15d.1 \@hf_g ) ' .
H C2oH3N30,S81 [M+H]
From J.10.d 398.23; found: 398.19.
Ny
si
X .
RT = 2.43 min, (Cond.-
N D1); Calcd for
J.15¢ ™ . .
Boc’NQ- CrH34N30,S1 [M+H]
<
A | 448.24; found: 448.82.
From J.9b
si
LCMS: 2.51 min,
N (Cond.-D1); Calcd for
HN\S )
1.15f . Q C26H32N30281
Boc~ &
H (M+H)" 446.23; found:
From J.15¢e according to the 446.05.
procedure described for
J.14g.
\ LCMS: 1.5 min, (Cond.-
sy JB.1); Caled for
N4 .
IB.4 bBOC C7HgN305Si
(M+H)" 334.20; found:
From JB.3
334.14.
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H*0 Or found: 801.68. NH 0 HAMS: Calcd for C50H57N802 (M+H)+ From J. 19f  801.4599;

found: 801.4592. J.27b 0,, ,0 HN\ cni.;N 40
WO 2012/018325 PCT/US2010/044356

Examples J.16 —JB.5

Boc
N ]
\@N .
Y
N
H

J.16

Potassium carbonate (0.5526 g, 4 mmol) was added to solution of alkyne J.15
5 (13.9 g, 36 .2 mmol) in methanol (200 ml) and the mixture was stirred at room
temperature for 17 h. The volatile component was removed iz vacuo, and the residue
was partitioned between ethyl acetate and saturated ammonium chloride (aq)
solution, and the organic layer was separated and washed with brine, dried (MgSO,),
filtered, and concentrated in vacuo to provide alkyne J.16 as a tan foam (9.3 g). 'H
10 NMR (DMSO-ds, 6 =2.5 ppm, 500 MHz): 12.58-12.30 (br s, 1H), 7.72-7.36 (two
overlapping app br s, 2H), 7.23 (d, J = 8.1, 1H), 4.97-4.88 (m, 1H), 4.02 (s, 1H),
3.64-3.52 (m, 1H), 3.44-3.36 (m, 1H), 2.40-2.20 (m, 1H), 2.06-1.81 (m, 3H), 1.39 (s,
4H), 1.05 (s, SH). LC/MS: Anal. Calcd. for [M+Na]" CsH>1N3NaO»: 334.15;
found: 334.24.
15

S Bog RT = 1.69 min, (Cond.-
N N N
N\>_O Jl); Calcd for C18H20N302
J.16a N )
F [M+Na] 352.14; found:
From J.15a 352.15.
~ Boc RT = 1.40 min, (Cond.-
\\G["B—{'}H J1Y: Caled for CroHpNsO
3 ; Calcd for
1.16b N g ; 19H21N302

[M+Na]" 346.15; found:
From J.15b 346.19.

RT = 1.36 min, (Cond.-

% \ BOCN H
L J1); Caled for
J.16¢ i H H

Ci9H»0FN;0, [M+Na]"
From J.15¢ 364.14; found: 364.15.
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IP1 ISONH Ooto NH N- N From J.19f.1 PT = 1.94 min (Cond.-D1); LCMS: Calcd for C46H531\1-806
(M+H) 813.41; found: 813.46. J.270 oi ,0 HN O Q iIN N 411 Hl is "oto ONH Nc N * From J.19f.1 RT =
2.01 min (CHHI2D291882MS: Calcd for C52H49N806 (M+H) 881.38; found: G 2000084389 dh'IH --IN'
-NN O --$ H MB

xn
\Q\Q RT = 1.30 min, (Cond.-
N/‘ NH Jl); Calcd for C22H28N302
J.16d Boc B
N [M+H] 366.22; found:

From J.15d 366.25.

RT = 2.74 min, (Cond.-

\\\@NBOCN ) 2); Caled for C19H24N3O
7 12); H
J.16d.1 H>_g )7 alc I CioH24 N30

[M+H]" 326.19; found:

From J.15d.1 326.13.
x
LCMS: 1.88 min, (Cond.-
J.16¢ HNJ;‘” D1) Caled for
B°°’NQ"/H Cp3H4N305 (MHH)"
From J.15f 374.19; found: 374.04.
LCMS: 0.88 min, (Cond.-
\(\N/’N foc JB-1) Calcd for
IB.S —%)N C1oH| N30, (M+H; -
From JB.4 tBu)* 206.10; found:

206.05.

Synthetic Route 9a

x
S O
N
4N HCI N4
ont“
fo) NH
oA

J.16e

.‘,,
Q"’H

H

=
ol :
OH /
O

J.16f
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NHoL, HN-e 6 From J.20 RT = 1.46 min (Cond.-J1); LCMS Calcd for C40H491\1806 (M+H) 737.38;
found: 737.42. HRMS: Calcd for c40H49N806 (M+H)+ 737.3770;found: 737.3774. J.28a RT =1.30
min (Cond.-WO; 2088 3Icd for C50H571\1802 (M+H) 801.46; found: 801 BET/US208)/84435¢ |S From
J.20 NH 0( 10 HRMS: Calcd for C50H571\4802 (M+H)+ 801.4599;found: 801.4585. J.28a.1

Synthetic Route 9.1
<J
Si
Rse
N Pd(Ph),Cl N K,CO N
HNJg _PdPhICl2 HNJg e N HNJS
- TMS-ethyne aty MeOH anp
Boc’N\) Boc’N\) Boc’N\)
J.9g Me J.151.1 Me Jeer Me
Example J. 16e.1
N O
N
HN~4
il
Boc’N\)
Me
5 J.16e.1

Example J.16e.1 was obtained from Example J.9g according to the two step
procedure analogous to that of J.16 of synthetic route 9. Coupling with TMS-ethyne
as described in the preparation of J.15 for J.9¢ gave Example J.15f.1; RT = 3.95 min,
(Cond.-J2); Caled for CosH34N:0,Si [M+H]" 448.24; found: 448.14, which upon

10 desilylation gave Example J.16e.1; RT = 3.95 min, (Cond.-J4); Calcd for
Cr3Ha6N:0, [M+H]' 376.20; found: 376.10.

Synthetic Route 9a.1

x>
S 9@
4N HCI CO HN A
N HATU
J.16e.1 HN—4 ﬂ ’
ity O/ O, N
HN =
z HN)§o NH Me
Me = o 0
(J/\( 0™
OH /
o
J.16f.1
15
20
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\o ad,r1)"ocn,0H SO From 20.1 NH 0 ¢ HN1 O RT = 1.29 min (Cond.-J1); LCMS Calcd for
C42H5N606 (M+H) 765.41; found: 765.49. J.28a.2 0 "N H )" O r-N,N L--- SKiN W H .., 01 N From
20.2 NH 0 xWQ2Mp832#HNI 0 RT = 1.22 min (Cond.-J 1); LC M S Calcd f&CEABRAEONGTE (M+HY
776.39; found: 776.42. J.28b

Example J.16f.1
X
g,
l/
o

i NH Me

A
/
J.16f.1
Example J.16f.1 was obtained from Example J.16e.1 according to the two
step procedure analogous to that of J.16f of synthetic route 9a. Deprotection
5 described as in the preparation of J.19 on Example J.16¢.1 formed an HCI salt at
proline (RT = 1.63 min, (Cond.-J1); Caled for C;sHsNz [M+H]" 276.15; found:
276.10) and which, upon coupling with cap-170 by HATU according the preparation
of J.21 gave Example J.16f.1; RT = 1.73 min, (Cond.-J1); Calcd for Cy7H39N4O4
[M+H]" 475.24; found: 475.07.
10
Example J. 16f
X
“og
o
o
o 04{,32
/
J.16f
Example J.16f was obtained from Example J.16¢ according to the two step
procedure described below. Deprotection as in the preparation of J.19 to formed an
15 HCI salt which was coupled with cap-170 with HATU according the preparation of
J.21 below to give J.16f RT = 1.59 min, (Cond.-D1); Calcd for Cy7H2N,O4 [M+H]"
473.22; found: 473.06.

20
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\OON\I-INII-110N4H SINH 0" k...., --10- HNI HO H From J.20a

RT = 1.25 min (Cond.-J1); LCMS

Calcd for C42H49N806 (M+H) 761.38; found: 761.49. J.28c \o .'"NH Hi,N 1-1' Nis F IPNH 0’ --10-

HN-1 "0 H PMMULZOBRY = 1.44 min (Cond.-J1); 1 ); LCM S Calcd for

PCT/US2010/044356

Synthetic Route 9.1a
~d
_Si S
e
Pd(Ph,),Cl, N KoCO4 N N
" . HN Boc— —————* Boc
J.9g.a TMS-ethyne N MeOH N
J.156.2 J.16e.2

Examples J.16e.2 and J.16e.3

N

/
HN Boc

J.16e.2

Example J.16¢.2 was obtained from Example J.9ga

according to the two step

procedure analogous to that of J.16 of synthetic route 9. Coupling with TMS-ethyne

as described in the preparation of J.15 for J.9g gave Examp

le J.16£2; RT = 2.17 min,

(Cond.-J2); Caled for CosH34N:0,Si [M+H]" 448.24; found: 448.11, which upon

10
C23H26N302 |:1\/[‘|‘H:|Jr 37620, found: 376.40.

desilylation gave Example J.16e.2; RT = 1.93 min, (Cond.

-J4); Calcd for

{

/
HN Boc
N

From J.9g.b

J.16e.3

RT=1.84 min (Cond.-
J1); LCMS: Anal.
Calcd. for [M+H]"
Cr4H26BrN;O;:
388.20; found:
388.17.

15
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C42H.t8FN806 (M+H IF 779.37; found: 779.45. J.28d \o NH HN 1-1' N . 10 NH 0" N---L'ie--- N HN10_
HO H J.20c RT = 1.30 min (Cond.-J1); 1 ); LCMS Calcd for C42H-tsFN806 (M+H)+ 779.37; found:
779.45. --¥O2PPBI2E 2,02 min (Cond.-D2); 95%, Calcd for C42H51N8BEUSAI0/B4339; H J.28c

Synthetic Route 10

Br
e Lo
N % _N.
Mo S0,

CL NH,OH
CHO Piperazine HN~

n
iy
z E
z
o
3

Example J.17 - 17.a

Br

“Boc

HN—Z

J.A7

The ammonium hydroxide (4 mL) was added to a solution of (S)-prolinal

(650 mg, 3.26 mmol) in tetrahydrofuran (15 mL) and stirred for 6 hat48 °Cin a
sealed pressure vessel. a-tosyl-(3-bromobenzyl) isocyanide (974 mg, 2.77 mmol)
and piperazine (281 mg, 3.26 mmol) were added and the reaction mixture stirred 18 h

10  atat48°C. After being cooled, the reaction mixture was diluted with ethyl acetate
(200 mL) and washed with water and brine and concentrated. The crude product was
taken up in dichloromethane and charged to a 40 g Thomson silica gel cartridge.
Gradient elution was performed from 20-100% B over 750 mL gave J.17 (S)-tert-
butyl 2-(5-(3-bromophenyl)-1H-imidazol-4-yl)pyrrolidine-1-carboxylate 413 mg

15 (31%). '"HNMR (CDCls, 8 500 MHz): 10.36/9.90 (br s, 1H), 7.75 (br s, 1H), 7.53
(br. s, 2H), 7.38 (br. s, 1H), 7.24 (br. s, 1H), 5.11 (br. s, 1H), 3.54 (br. s, 2H),
2.32/2.19 (m, 1H), 1.95-1.85 (m, 2H), 1.74 (s, 1H), 1.45/1.18 (s, 9H). RT=1.7
(Cond.-J1) LC/MS: Anal. Calcd. for [M+H]" CisH2:BrN3;Os: 392.09; found: 392.13.

Br ﬂ\BOC RT = 1.7 min, (Cond.-
N J1); Calcd for
J.17a HN-7

C13H23BrN;O, |:1\/['|—H:|Jr
392.09; found: 392.13.

From a-tosyl-(4-

bromobenzyl) isocyanide

20
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SO' N110 found: 763.59. HN1 HAMS: Calcd for 0 C42H51N806 (M+1-)1 From J.20d 763.3926;
found: 763.391K di ,0 HN ipN N.. <i4:RT =1.97 min (Cond.-D1); LCMS: H Calcd for
C48H47N8KQ1 2084018325 PCT/US2010/044356

Synthetic Route 11.

eg
Br 2
N N & H cul - N X
0 Oy e H
NN N/ N Pd(Phs)s N &
Boc Boé \N/>_—\Nj
J16 J7 J.18 Bod

Examples J.18 —JB.6
Boc
NG
H =
Cly s
| N/)’\Nj
J.18 Bod
Copper iodide (9.8 mg, 0.051 mmol) and Pd(PPhs)4 (59.4 mg, 0.051 mmol)
were added to a nitrogen purged solution of J.16 (S)-tert-butyl 2-(5-ethynyl-1H-
benzo[d]imidazol-2-yl)pyrrolidine-1-carboxylate (160 mg, 0.514 mmol) and J.7 (S)-
tert-butyl 2-(4-(4-bromophenyl)-1H-imidazol-2-yl)pyrrolidine-1-carboxylate (171
10  mg, 0.437 mmol) containing Et;N (0.2 mL) in dimethylformamide (3 mL) and the
reaction mixture stirred at room temperature for 48 h. The volatile component was
removed in vacuo and the residue was applied (dichloromethane) to 20 g Thomson
column and eluted with 50-100 % B over 500 mL (A/B dichloromethane
/20%methanol in ethyl acetate) to provide J.18; 87 mg (26%). 'H NMR (CDCls, 8,
15 500 MHz): 10.97-10.51 (m, 2H), 7.9 (s, 0.41H), 7.75 (d, J = 8.2, 1.26H), 7.69-7.66
(m, 0.55H), 7.59 (s, 0.54H), 7.54-7.51 (m, 1.85H), 7.42-7.32 (m, 2H), 7.25 (s, 1H),
7.22 (br. s,0.32) (br.s, 1H), 4.99-4.94 (m, 1H), 3.31 (br.s, 3H), 3.04/2.92 (br. s, 2H),
2.19-2.15 (m, 3H), 2.03-1.95 (m, 2H), 1.62/1.50 (br s, 20H). LC (Cond-J1): 1.6 min;
LC/MS: Anal. Caled. for [M+H]" C3sHi:NgOs: 623.34; found: 623.52; HRMS:
20 Anal. Calcd. for [M+H]" C3¢Hy3NgOs: 623.3340; found: 623.3344.
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a(/ O. NHO -tic (M+H)- 831.43; N found: 831.36. 1101 From J.20d RT =2.10min ---0 (*NH O

(Cond.-D2); 95%, --T Calcd for C42H49N806 NN s 1 W (M+H) 761.38; 11

WO 2012/018325

PCT/US2010/044356

J.18.1

From J.10 and J.16d

RT = 1.4 min
(Cond.-J1);
LCMS: Anal.
Calcd. for
[M+H]"
C33H47N6O4
651.36; found:
651.46.

J.18.2

Boc

N N
0
= N A N\\

From J.16 and J.9¢

RT = 1.34 min
(Cond.-J1);
LCMS: Anal.
Calcd. for
[M+H]"
C3sH44N704
662.35; found:
662.35.

J.18a

Boc

H//, N N
Lo~
W
H H %

U
N \\>
| nth I

!

Boc

From J.16b and J.7b

RT = 1.6 min
(Cond.-J1);
LCMS: Anal.
Calcd. for
[M+H]"
C33H43N6O4
647.33; found:
647.39.

J.18b

From J.16¢ and J.7b

RT = 1.57 min
(Cond.-J1);
LCMS: Anal.
Calcd. for
[M+H]"
CssHapFNgO4
665.33; found:
665.49.
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J.28f 10001\ N110 iLi'NI---1-1 HN1-- found: 761.55. HAMS: Calcd for 0 C42H49N806 (M+11)+
From J.20c 761.3770;found: 761.3765. J.28f.1 0/ ,0 HN 1101N N /*---... H 1100 NH O ,-tC NH- N
OP From J.%(2 2R12/81833% min (Cond.-D1); LCMS: Calcd for C48H45N806 RYHYR28DY 8556

J.18¢c

Boc
H// N

3 N
N

A

From J.16b and J.9¢

RT = 1.42 min
(Cond.-J1);
LCMS: Anal.
Calcd. for
[M+H]"
CssHapFNgO4
665.33; found:
665.49.

J.18d

Boc

0

From J.16 and J.9a

RT: 2.27 min,
(Cond.-D2);
Calcd for
C33H45N6O4
[M+H]" 649.35;
found: 649.49.

HRMS: Calcd for
C3sH4sNeO4
[M+H]"
649.3497;
found: 649.3484.

J.18e

From J.18d according to the procedure

described for J.14g.

RT: 2.31 min,
(Cond.-D2);
Calcd for
C33H43N6O4
[M+H]" 647.33;
found: 647.46.

HRMS: Calcd for
C33H43N6O4
[M+H]"
647.3340;
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found: 829.45. J.28g --.0 0,--Nfrio -IN rF _N_;<, a L---Ngill H 00 N NH 0' iLis-- N IHNIO- O From J.20f
RT = 1.46 min (Cond.-J1); LCMS Calcd for C42HSOFN806 (M+H)I 781.39; found: 781.49. J.2811 ---0
}--NH ---TF NR BO2MMBEHNI-- 0 From J.20g RT: 1.52 mm, (Cond.-J1); Cal&§ To¥ CAPOHASBNS06

[M+1-1] 1 779.37; found: 779.52.

found: 647.3328.
Boc F
QL«E O RT: 1.61 min,
H X (Cond.-J1); Caled
J18f O N for C33H44FNeO4
HN-L Boc ;
\%)N [M+H]" 667.34;
found: 667.46.
From J.16a and J.9a
Boc F
[N\_<; O < RT: 1.64 min,
O X (Cond.-J1); Calcd
J.18¢g HN-{ goc for C3sH4FN6O4
})N [M+H]" 665.33;
From J.18f according to the procedure found: 665.49.
described for J.14g.
Boc
:{\r\i%; O < RT: 1.44 min,
O (Cond.-J1); Caled
J.18h M oo for CaoHasNsO4
@,H [M+H]" 673.35;
H found: 673.43.
From J.16b and J.9b
Boc
HH{EZW; O S RT: 1.48 min,
O X (Cond.-J1); Caled
1 18i HN\’é\ifoc for CsoH43N6O4
9y [M+H]" 670.34;
H found: 670.46.
From J.18h according to the procedure
described for J.14g.
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Cl.'NH)?"0 HE 4 ikt> RT =1.83 min H (Cond.-D1); LCMS: J.28h. 1 *0 NHO L N Calcd for

C44H51N806 (M+H) 787.23; HN-r-' HO found: 787.40. From J.20g.1 o' HN,LO RT =1.92 min *o
WO 2012/018325 PCT/US2010/044356

B .
H{}/\N&N O RT: 2.03 min,
S (Cond.-D1);

x
J.18i.1 O N Calcd for
HN— N'CBZ CuzHa3N6O4
%&H [M+H]" 707.34;

: found: 707.28.
From J.16b and J.Of

Boc

H{]/\N}_QN O RT: 2.10 min,
N N
H O‘ (Cond.-D1);
: ZN Calcd for
J.181.2 N4 gy
N CuzH41N6O4
H
A [M+H]" 705.32;

From J.18i.1 according to the procedure found: 705.19.
described for J.14g.

RT =1.92 min
0 (Cond.-D1)
Ho N N ond.-D1);
L+
H N X LCMS: Calcd for

OO NH O OYOI CuaHasN-7Og

J.181.3 N= NH .
Q (M+H)" 770.37:
H found: 770.29.

N N
:{\T\g-(’N O RT: 1.62 min,
H X
(Cond.-J1); Caled
| QL

J 18] HN~Z Boc for C40H44FN604
#Q‘H [M+H]" 691.34;

H found: 691.46.

From J.16¢ and J.9b
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(Cond.-D1); LCMS: HilN aIN H* Calcd for C501-147N806 J.28h.2 --. (M+H)- 855.36; NHONH found:
From J.20g.1 NH NTO HE g 2*>_ (/NN 4 HRT:1.34 min, (CO11dA 1); Calcd for

855.21. Nti

.1.28i 010 NMQ202/A182691\1806 [M-1-H]

PCT/US2010/044356

J.18k

Boc F

Hi.—~N N
4
L~
H

H

4

From J.18j according to the procedure

described for J.14g.

RT: 1.66 min,
(Cond.-J1); Caled
for C40H4,FNgO4

[M+H]" 689.33;

found: 689.43.

J.18k.1

Boc

Me,' ,\i N
4
L~ X

RT: 3.44 min,
(Cond.-J2); Caled
for C40H47N6O4
[M+H]" 675.37;
found: 675.33

J.181

RT = 1.67 min,
(Cond.-J1); Calcd
for C36H43NgO4
[M+H]" 623.34;
found: 623.46.

J.18m

N=/

From J.16 and J.17a

RT = 1.67 min,
(Cond.-J1); Calcd
for C36H43NgO4
[M+H]" 623.34;
found: 623.46.

JB.6

Boc
N N
4
L~ 1
H
X

=

HN ’N
N,Boc

From J.14e and JB.5

RT = 1.33 min,
(Cond.-JB.1);
Calcd for
C36H43N6O4
[M+H]" 623.34;
found: 623.24.
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785.38; found: HN-1--- HO 785.55. From J.20h J.281.1 0, HO .o HINN * 11'--. SO0 ANH O t- NH
N 1111 From .1.2011 RT = 2.01 min (Cond.-D1); LCMS: Calcd for C501445N806 (M+H) 853.35;
found: 853.3%0 2H13{02832H) NH FF .C2to HiEg 0 *0 NH OF F PCT/US2010/044356

Synthetic Route 11.1

S Boc
4, N

b XD
N N \

Br. H “ N cul H N

S HN
o=, L, o O
N N7 o) Pd(Ph3)4

' N

Boc N\_) HN\%
J.10d 5 NH Ve o "
. o |

J.16f.1 J.18i.3a /O

Example J.181.3a
5 Example J.181.3a was obtained from Example J.16f.1 and Example J.10d
according to the procedure described for that of J.18 of synthetic route 11. Coupling
gave Example J.181.3a; RT = 1.88 min, (Cond.-J4); Calcd for C44Hs,N;Os [M+H]"
774.40; found: 774.50.

10 Synthetic Route 11.2

H
o <1
¢, N
Br. N\ N OO N Cul N N \\
@NF‘J\ HN-{ " goc  Pd(Phs) Boc OO
H N N

l/
HN Boc
J.10e J16e2 J.18n N

Example J.18n and J. 180
Example J.18n was obtained from Example J.16¢.2 and Example J.10e
15 according to the procedure described for that of J.18 of synthetic route 11. Coupling
gave Example J.18n; RT = 3.49 min, (Cond.-J5); Calcd for C40H4/N¢O4 [M+H]"
675.37; found: 675.80.
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N 0 From .1.2011 RT = 2.14 min (Cond.-D1); LCMS: Calcd for C50H55F2N806 (M+H) 937.40; found:
937.46. J.28i.3 0' uu-'0 ON,0 HI o<xIN 40 H' 1 *0 NH 0 t NH From J.20h RT = 2.83 min (Cond.-D1);
LCMS: Cal¥r3pi2a884s3N808 (M+H) 869.40; found: 869.35. J.281.4 o' i-IRENPBHYMFNRN . is "xH
OONH 0 OtL) NH RT = 1.81 min (Cond.-D1); LCMS: Calcd for C46H51N807 (M+H)- 827.39;

mﬁ O RT=3.49 min (Cond.-

N ‘ ‘
Boc A O O J4): LCMS: Anal.
J.18 N Calcd. for |:1\/['|—H:|Jr
. (6] /)
" N CpH47NgO4: 699.37;
found: 699.80.

From J.16e.3 and J.11a

Synthetic Route 12

Boc

£ H N
(< L~
SN O OQ i OQ

4N HCI
N NH N NH
&,Boc 6"_'
J.14 J.19
5 Examples J.19 — JB.7

H
N N

N NH
?L“”

Example J.14 (85 mg, 0.11 mmol) was dissolved in methanol (1 mL) and 4N

J.19

HCl/Dioxane (5 mL) was added and the reaction was stirred 16 hr. The solvents

10  were removed in vacuo, and the tetra HCI salt J.19 was exposed to high vacuum for
18 h. LC (Cond-D2): 1.4 min; LRMS: Anal. Calcd. for [M+H]" Cy7HzNe: 439.26;
found: 439.29. HRMS: Anal. Calcd. for [M+H]" Cy;H3Ng: 439.2610; found
439.2593.
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found: 827.26. From 1.2011.1 J.28] No O..,. NH NivOF 1-11\1__ (INa H"™'-'NIIIS ** NH 0\ )1---0- 1
HO From J.201 RT:1.49 min, (Cond. -J I); Calcd for C44HSOF1\406 [M+H1+ 805.39., found: 805.55.
J.28k No 1/3YNMRINSIE Etpi-N:"("l 4, H"--"' H O. NH 0\ )t-e--- HO From JPLO)¥SRO10/84438M
(Cond.-J1); Calcd for C441-148F1\1806 [M+H] | 803.37., found: 803.58.

J.19a

From J.14a

RT = 1.34 min
(Cond.-D2) LCMS:
Anal. Caled. for
[M+H]" CysHy7Ne:
399.23; found:
399.24.

HRMS: Anal.
Calcd. for [M+H]"
Ca4H27Ng: 399.2297;
found: 399.2316.

J.19b

S NN
SResBUL Se

From J.14b

RT = 1.46 min
(Cond.-D2) LCMS:
Anal. Caled. for
[M+H]" CasHy7Ne:
399.23; found:
399.24.

HRMS: Anal.
Calcd. for [M+H]"
Cy4H»7Ng: 399.2297;
found: 399.2298.

J.19¢

RN

Hits, ¢ O
O~ N
H

N NH

@H
ANH

From J.14¢

RT = 1.13 min
(Cond.-J1) LCMS:
Anal. Caled. for
[M+H]" CyoHzoNe:
463.26; found:
463.38.
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J.28k.1\0-40 NH o0 HI.'N 4 C\N'z'. H OS N HNCBz N. H From J.20h.2 RT: 2.01 min, (Cond.-D1); Calcd
for C45 Fi 44N 705 [M+Hr 762.34; found: 762.16. -ID c),--nifri --Tr-NN S L--N WHNn PT = 1.46 min
(Cond.-J 1 WO EE3Rd for C401-149N806 (M+H) 737.38; found: 737.5 OTASR@P/0335¢*NH N

HAMS: Calcd for

J.19d

From J.14d

RT =1.27 min,
(Cond.-D2) LCMS:
Calcd for CysH2oNs

[M+H]" 425.24;

found:425.28.

HRMS: Calcd for

C6H29Ne [M+H]"

425.2448; found:
425.2444,

J.19¢

From J.14f

RT =1.30 min,
(Cond.-J1) LCMS:
Calcd for Cs3oH3Ns

[M+H]" 475.26;

found: 475.25.

J.19f

From J.14¢g

RT = 1.46 min,
(Cond.-D2) LCMS:
Calcd for CysHy7Ns

[M+H]" 423.23;

found:423.31.

HRMS: Calcd for

CagHa7Ng [M+H]"

423.2292; found:
423.2287.

J.191.1

H
N N

From J.14g.1

RT: 1.73 min,
(Cond.-D1); Calcd
for C3>H31Ne
[M+H]" 499.26;
found: 499.22.
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C40F149N806 (M+1-)1 From J.20k 737.3770;found: 737.3760. RT =1.36 min (Cond.-J1);
LCMS (NJ Calcd for C501-157N802 10NN / a (M+H) 801.46;

N

WO 2012/018325

J.28m ,HNn 'N"™ II." r found: 801.62. *

PCT/US2010/044356

J.20

®

From J.18

zT
j”/
IZ\///

Zx

RT =1.18 min,
(Cond.-J1) LCMS:
Calcd for CysH27Ns

[M+H]" 423.23;
found:423.24.

J.20.1

H
N N
gy
O NtNH
o

FromJ.18.1

RT =0.99 min
(Cond.-J1); LCMS
Calcd for CysH31Ng

(M+H)" 451.25;

found: 451.28.

1.20.2

H
N N
r\\\‘. \ O N
N X N
NH
N=
NH

From J.18.2

RT =0.98 min
(Cond.-J1); LCMS
Calcd for CysHosNy

(M+H)" 462.24;

found: 462.24.

J.20a

H
<=0
e
H A
O H N oM
=z
NoONTTH

FromJ.18a

RT =1.21 min,
(Cond.-J1) LCMS:
Calcd for CysH27Ng

[M+H]" 447.23;

found: 447.18.

J.20b

| F
H//‘ N N
NS
H H AN

O H \\H
N R
(=1
N NTH
H

From J.18b

RT = 1.04 min,
(Cond.-J1) LCMS:
Calcd for CysHa6FNg
[M+H]" 465.21;
found: 465.28.

J.20c¢

H
H//, N N
L~ 1
RN
H ” %

RT =1.07 min,
(Cond.-J1) LCMS:
Calcd for CysHa6FNg
[M+H]" 465.21;
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40 HAMS: Calcd for C50H57N802 (M+H)I From J.20k 801.4599;found: 801.4597. RT =1.43 min
---0 (Cond.-J1); LCMS ce-INH Calcd for C401-149N806 ---f (M+H) 737.38; J.28n) 1-. Hr O ;"VNinii-i

found: not aY}j§bFeIYOIRE2S

PCT/US2010/044356

From J.18¢

found: 465.28.

J.20d

4

H
N N
4
L~ )
H

RT = 1.60 min,
(Cond.-D2) LCMS:
Calcd for CysH29Ng

[M+H]" 449.24;

found: 449.28.

J.20e

RT = 1.78 min,
(Cond.-D2) LCMS:
Calcd for CysH»7Ng

[M+H]" 447.23;

found: 447.25.

J.20f

H
N N
4
L~ I
H

RT =1.07 min,
(Cond.-J1) LCMS:
Calcd for CysHasFNg
[M+H]" 467.24;
found: 467.25.

J.20g

From J.18¢g

RT =1.17 min,
(Cond.-J1) LCMS:
Calcd for CysHa6FNg
[M+H]" 465.22;
found: 465.28.
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HN--9 HAMS: Calcd for C40H49N806 (M+H)I From J.20I

737.3770;found: 737.3759.

.1.280 0--.

N-4_lu 0 4.4ENN 400 1010Ho2 _NHNH O N From J.20j.1 RT:1.88 min, (Cond.-J2); Gilled for

CI4H53N80W M R0T18231; found: 789.36. J.28p 0- N4.0 0l o /4c_NN 40 R GINE410/044356

J.20g.1

H H N
Ip
7
§r\s <N Q

H X

)

From J.1&8h

RT = 1.43 min,
(Cond.-D1) LCMS:
Calcd for Cs3oH29Ng

[M+H]" 473.25;

found: 473.13.

J.20h

NN
o~ X
INaEN
H H %

RT = 1.09 min,
(Cond.-J1) LCMS:
Calcd for CsoH27Ng

[M+H]" 471.23;

found: 471.25.

J.20h.1

From J.181
HoN N
/.
Q\/\\\}_</N O
N o S IR
0
NH O YO
N= NH
H
H 0
From J.181.3

RT: 1.60 min,
(Cond.-D1); Caled
for C39H49N7O4
[M+H]" 670.32;
found: 670.24.

J.20h.2

NN
Lo
e
H H %

From J.181.2

RT: 1.77 min,
(Cond.-D1); Caled
for CssH33N6O»
[M+H]" 605.27;
found: 605.20.
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N From J.20j.1 RT: 1.76 mm, (Cond.-J2); Calcd for C4sH57N8Os [M+H] 873.43; found: 873.43. 13.8 a
Nlir 0 0801..N NO-- From 13.7 RT: 1.17 min, (Cond.-JB.1); Calcd for C40H49N805 [M+H] 737.38;
found: 737.3902818018328 a 111, ro N NH --(:- From 13.7 RT: 1.23 mm, (CIMdl/Y82939/¢::5¢ for

C40H49N805 [M+H] 737.38; found: 737.33. JB.9 ; iip a Nri Nft. ONN3/4-(...Me- cime ONN..i:

J.201

H

/.
4
L

F
e
H O‘

“N

HN-4
NH
H

H

From J.18j

RT = 1.09 min,
(Cond.-J1) LCMS:
Calcd for C3oH23FNe
[M+H]" 491.24;
found: 491.25.

1.20j

F
H H N
!
HY T e

N
H

e
“°N

HN~4
NH
H

H

From J.18k

RT =1.17 min,
(Cond.-J1) LCMS:
Calcd for C3oHa6FNg
[M+H]" 489.22;
found: 489.22.

1.20j.1

RT =2.73 min,
(Cond.-J2) LCMS:
Calcd for C30Hz1Ne

[M+H]" 475.26;

found: 475.17.

J.20k

RT = 1.0 min
(Cond.-J1)
LCMS: Caled for
Ca6Ha7Ng [M+H]
423.23; found:
423.24.

J.201

RT =1.01 min
(Cond.-J1)
LCMS: Caled for
Ca6H27Ne [M+H]"
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From 13.7 RT: 1.39 mm, (Cond.-JB.1); Calcd for C36F141N806 [M+H] | 681.32; found: 681.21.
JB.10 N Nsro NI g0\ From JB.7 N , 09. .)L1--0..... N--N--\( RT: 1.08 mm, (Cond.-J B.1); Calcd for

C401-149NB03 IM2/K1$3259.37; found: 769.31. JB.11 PCT/US2010/044356
From J.18m 423.23; found:
423.31.
BN RT = 1.0 min
E\\}_«” O O (Cond.-JB.1)
N LCMS: Caled for
JB.7 s .
\b\‘"‘ CasH2Ng [M+H]
423.23; found:
From JB.6 423.17.

Synthetic Route 12.1

4N Hcl OO
J.18i.3a

J.20h.1a o o

Example J.20h.1a
5 Example J.20h.1a was obtained from Example J.18i.3a according to the
procedure analogous to that of J.19 of synthetic route 12. Deprotection gave

Example J.20h.1a; RT = 1.71 min, (Cond.-J1); Caled for C30H44N70, [M+H]"
674.35; found: 674.30.

10 Synthetic Route 12.2

4N HCI OO

J.18n

J.20m
Example J.20m and J.20n
Example J.20m was obtained from Example J.18n according to the procedure
analogous to that of J.19 of synthetic route 12. Deprotection gave Example J.20m,;
15 RT = 1.64 min, (Cond.-J1); Calcd for C3oHzNg [M+H]" 475.26; found: 475.25.
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110 eh er FromJB.7 NN O .- N RT: 1.33 min, (Cond.-JB.1); Calcd for C46E145N800 [M+Fir 805.35;
found: 805.27. JB.12 10 a Wr From JB.7 N N . N RT: 1.35 mm, (Cond.-JB.1); Calcd for C52H56N802
[M+Fir 825.369 fA9u#01825 34. Synthetic Route 13.1 Examples 1.28i.4a-JPX1US2H10/04@358mple
J.28i.4a was obtained from Example J.20h.la according to the procedure analogous to that ofJ.21 of
synthetic route 13. Coupling with cap-51, N- WO 2012/018325PCT/US2010/044356
methoxycarbonyl-L-valine, gave Example J.28i.4a; RT = 1.81 min, (Cond.-J4); Cala] for C46H55N807

[M+H] 831.42; found: 831.60.
H
N
L3+

N
H

RT=2.65 min (Cond.-
J3); LCMS: Anal.
Calcd. for [M+H]"
Cs2H31Ng: 499.26;

found: 499.60.

V4

J.20n HN~4
%QH

From J.180

Synthetic Route 13.

~0

N

s 20 \\E(

NH

J.19

N 3;
NH HN %

H O
N N
\\\_<H

N, NH

g H
J.21 H
é\li ),/O\
o

5 Examples J.21 - JB.12

~0
o)‘\NH o
Y

—
e ”

Ny NH o
J.21 éiﬁwo\
0
HATU (60 mg, 0.16 mmol) was added to a rapidly stirred solution of example
J.19 (38.18 mg, 0.075 mmol), N-methoxycarbonyl-L-valine (26.2 mg, 0.15 mmol),
and Hunig’s base (0.095 mL, 0.54 mmol) in dimethylformamide (1.5 mL). The
10  reaction mixture was stirred for 2 h and the solvent was removed under purge of
nitrogen. The residue was diluted with methanol and subjected to prep. HPLC
(Phenomenex LUNA C18 (30 x 100 mm); 5% - 100% B over 40 min; Flow Rate =
40 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) to give the bis TFA salt
15 ofJ.21,17.6 mg (24%). "H NMR (500 MHz, DMSO-ds) & 7.91-7.84 (m, 1H), 7.72-
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Synthetic Route 13a. Pd(OH)2 J.28k.1 H2 0\04 NH 0 HATU J.28gFINK.N FI'N HN OH Examples
J28(1 - E.13 'b-40NH )11"Cr O N N >-(1 1-1'N HN NH J.28q 10A solution of Example .1.28k.1 (286.6
mg, 0.376 MYSOIPIA/MEDS (2 mL) was added to a stirred suspension of 2098 @EIEAN A OKEHOXIde on
carbon (52.8 mg, 0.376 mmol) and potassium carbonate (104 mg, 0.752 mmol) in MeOH (4 mL) under
an atmosphere of nitrogen. The flask was evacuated and charged with hydrogen (3x; balloon, 14 psi)
and stirred for 3 h. Note: Significant amounts of N-methylated product form if allowed to go over 3h.
The mixture was filtered over celite, and the celite pad washed with MeOH (100 ml:), methylene
chloride (50 mL), ahal NseG#d (1L.GBInEBageir(nT BE ilfrafeSwadsconcantttied. 2htplHded Uhder high

vacuum for 0.5 Rglore ryasakon i InMeOr srdieassacilynudivanuien sysingadiflo remove

traces of catalyst). Examplé, J.28q was obtained

02 mg, 85 % yie

as a yellow solid. RT: 1.62 min,

(Cond.-D1); Calcd¥dp: éé?ﬁﬁzm@é{mﬁj&%@s@%ﬁ& (f@eéz D: b8 B6Y Rz 13
10% Pd/C (50 mg c%&’ommwmasmm@a mwmmtqg syspausioneha TaREalsof Example
%% he C{e%%tlﬂbgmxture was purged with hydrogen and

JB.6 (100 mg, 0.1
stirred under & balh% ﬂé fg%\%ﬁ

61649 1

bvernig

J21a

NN

S

N

¢

N
L

N
H

O NH

N&j%/@
I

From J.19

RT= 2.1 min (Cond.-
D2); LCMS: Anal.
Calcd. for [M+H]"

Cs1H1NgO,: 817.49;

found: 817.63.

HRMS: Anal. Calcd.
for [M+H]"
Cs1He1NsOo:
817.4917; found:
817.4927.

J.22

From J.19a

RT = 1.88 min
(Cond.-D2) LCMS:
Anal. Calcd. for
[M+H]" C35H40NgOg:
713.38; found:
713.31.

HRMS: Anal. Calcd.
for [M+H]"
C3sH49N5Oe:

713.3775; found:
713.3804.
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15at P. The reaction mixture was filtered through Celite and concentrated. The residue was purified by
prep HPLC (Waters Sunfire C18 column 30 X 150 mm 5u eluted with a gradient of 10 to 1000/) AN
-Water + 0.V 200 1833Aeld a TFA salt of tertbutyl
(2S)-2-(4-(2-(4-(24(2S)-1-(tert-butoxycarbonyl)-2-pyrrolidiny1)-1Hbenzimidazol-5-y1)phenypethyl)-1H-
imidazol-2-y1)-1-pyrrolidinecarboxylate (70 mg) as a white solid.N M R (500 MHz, MeOD) Sppm 7.95
(d,1=9.5Hz,1H), 7.85(d, .7=9.2 Hz, 2H), 7.66 (br s, 2H), 7.31 -7.44 (m, 2H), 7.26 (s, 0.5H), 7.14 (s,
0.5H), 5.29 (br s, 1H), 5.04 (br s, 1H), 3.73 -3.82 (m, 1H), 3.64 (br s, 2H), 3.55 (br s, 1H), 3.02 -3.15

PCT/US2010/044356

(m, 4H), 2.56 - 2.70

1.49 (d, .7=7.9 Hz, 9
C36H46N604[M+H]

cr. HiiNN la cis, H'N

PT =1.78 min (Cong
HIN4  ,>- </ N c<N
RT = 1.67 min

m, 1H),
H), 1.26
627.37; f
Het0",',. |
.-D1); L(
HHOA

J.22a

.41 -2.55 (m, 1H), 2.24 (br s, 1H), 2.0B - 2RIB<(m,@H)ir2.03

brs, 4.5H), 1.22 (br s, 254.5H). RT: 1 16( '
pund: 627.31 [M +11]+. Examples ..2Br - .TB.

, NHOT

NH H From J.28q according t

EMS: &ajod for C44H531\1806 (M+H) |

i

\\\.\—<
N

HQ,

F J.28q according to t
HNH o (

From J.19a

(Sondg)

15J.28r0H
o tHepkotalidrefefesc

G

[ §944) fauind s K88 ,24.

e PIaefuTg dgper

777.48.

HRMS: Anal. Calcd.
for [M+H]"
CasHseNsOo:
777.4604; found:
777.4636.

(br s, 3H),
. Calcd for
N.-.L, -, Ny
ribed for J.21
or, HN,-,
ed for J.21

J.22b

From J.19a

RT =1.99 min
(Cond.-D2);
LCMS: Anal. Calcd.
for [M+H]"
C44H4sNgOg: 781.35;
found: 781.37.

HRMS: Anal. Calcd.
for [M+H]"
Ca4HasN3Og:

781.3462; found:
781.3483.

J.23

From J.19b

RT =1.92 min
(Cond.-D2); LCMS:
Anal. Calcd. for
[M+H]" CisHyoNgOs:
713.38; found:
713.40.

HRMS: Anal. Calcd.
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(Cond.-D1); LCMS: Calcd for C46H551\1807 (M+H)- 831.42; found: 831.26. J B.14 H c7,N op ililbH
NHN --, ,>Sl,...) N From JB.13 according to the procedure described for J.19 RT = 0.82 min
(Cond.-JB-WQ 8W¥8183%5alcd for C26H311\16 (M+H427.26; ) found: 427. 28 CTAIHH/PANBANS)- ONH r'
N gis41111r HN o N From J B.14 according to the procedure described for J.21 RT = 1.06 min
(COIld.-J13-1); LC MS: Calcd for C40H56N606  (M+H) 741.41; found: 741.39. Synthetic Route 13.2

for [M+H]"
C3sH49N5Oe:
713.3804; found:
713.3798.

RT =1.72 min
(Cond.-D2); LCMS:
Anal. Calcd. for
L ) [M+H]" C4sHs6NsO»:

777.46; found:

N
o o
123a N\_(/N O | kl;_zN/J\@ 777.48.
S O N
HRMS: Anal. Calcd.
From J.19b for [M+H]"
CasHseNsOo:
777.4604; found:
777.4579.

RT =2.02 min
(Cond.-D2); LCMS:
Anal. Calcd. for
, - [M+H]" C44H4sNgOe:

0
0
>~ HN)%O 781.35; found:

N N
1.23b ©)\N( N N T\Q 78137
RSP
HRMS: Anal. Calcd.

From J.19b for [M+H]"
Ca4HasN3Og:
781.3462; found:
781.3497.




Examples 128qg-J.28t Example J.28q was obtained from Example J.20m according to the
procedure analogous to that of J.21 of synthetic route 13. Coupling with cap-51,
NmethoxycaYSoifR0§akhe, gave Example J.28q; RT = 3.19 min, (Cond.-JBLTRiea1 44356
C141-151N806 [M+HI 789.41; found: 789.90. RT= 3.082 min (Cond.-J2); LCMS: Anal. Calcd. for
[M-1-fi] L4BH57N808: 873.43; found: 873.61. J.2851) ONH o N N H dat OS N HN 1 Il NH / From
J.20n RT=3.17 min (Cond.- J4); LCMS: Anal. Calcd. for [M-{-Hr C46H531\1806: 813.50; found:

833.90. J.28t 0\

1.24

;N N
"<
>0

N« NH

O
¥
N
o
e}
AVH

From J.19¢

RT = 1.5 min (Cond.-
J1); 87%, LCMS:
Calcd for C43Hs53NsOg
(M+H)™ 777.41;
found: 777.49.

HRMS: Calcd for
CysHssNsOg (M+H)"
777.4083; found:
777.4088.

J.25

~

O)\ NH

Y

H NH o H o
ISPS.

From J.19d

A

RT = 1.83 min
(Cond.-D2); LCMS:
95%, Calcd for
C40Hs51NgO6 (M+H)"
739.39; found:
739.59.

HRMS: Calcd for
CaoHs1NsOs (M+H)"
739.3926; found:
739.3916.

J25.a

From J.19d

RT =1.58 min
(Cond.-D2); LCMS:
Calcd for CsoHsoNsO»
(M+H)™ 803.47;
found: 803.65.

HRMS: Calcd for
CsoHsoNsO, (M+H)"
803.4755; found:
803.4749.
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ONHN.:0NOHI100NHNoNH1FromJ.20n .1 RT=2.93 mm(Cond.- J4); LCMS: Anal. Calcd. for

[M+1-1]1 C501-157N80s: 897.43; found: 898.00. Synthetic Route 14.

Examples A4.5 - A4.9 HON

_N.. N 0 0 NV 2012/&&hple M.5 was prepared from L-proline according taPHE WY& #éSEescribed in

Gudasheva, etal. Eur. J. Med. Chem. 1996, 31, 151. 10M.6

EDCPFIC1 (1.76 g, 9.22 mmol) was

added to a mixture of 4-bromobenzenel,2-diamine (1.50 g, 8.03 mmol), M.5 (1.88 g, 8.06 mmol) and
1- hydroxybenzotriazole (1.31 g, 9.70 mmol) in dichloromethane (30 mL), and stirred at ambient
conditions for 19 h. The mixture was then diluted with dichloromethane, 15washed with water (2x),

dried (brine; MgS0O4

, filtered
was added to the foam, and t

and\goncentrated in vacuo to provide
heomixture

aS5e

a brown foam. Acetid

RT =1.51 min
(Cond.-J1); LCMS
Calcd for C44H53Ngo6

J.26 H
> ) (M+H)" 789.41:
HN//N Q H_ ol found: 789.55.
lse s
From J.19¢e
RT =1.94 min
(Cond.-D2); LCMS:
OE\NH o 95%, Calcd for
\\\\\. CaoHoNsOs (M+H)"
N N
E\\H’” O OO 737.38; found:
1.27 N O H 737.56.
N= )1,\]\\(0\
N o)
HRMS: Calcd for
.
From J.19f CaoHaoNsOs (M+H)
737.3770; found:
737.3756.
RT =1.67 min
L) (Cond.-D2); LCMS:
Lo Caled for CsoHs7NgO,
N N + + .
e o 0161
H ound: .68.
J27a w o

From J.19f

HRMS: Calcd for
CsoHs7NgOy (M+H)"
801.4599; found:
801.4592.

acid (30 mL)




was heated at 65 C for 90 min. The volatile component was removed in vacuo, and the residue was
dissolved in ethyl acetate and washed carefully with saturated NaTICO1 solution (2x), and the organic
phase was d¥RaY1BHEMgS04), filtered, and concentrated in vacuo. The rBSEEEOEd&3Phaterial was
submitted to flash 5chromatography (silica gel; ethyl acetate) to provide Example M.6 as a tan foam
(1.67 g). 1H NMR (CDC13, 6=7.24 ppm, 500 MHz): 10.71/10.68 (overlapping br s, 1H), 7.85 (s,
0.48H), 7.56 (d, J = 8.6, 0.52H), 7.50 (s, 0.52H), 7.35-7.22 (m, 6.48H), 5.38 (app br d, J = 8.1, 1H),
3.73(d, J=15.7, 1H), 3.67 (d, J = 15.6, 1H), 3.64-3.51 (m, 2H), 3.12-3.04 (m, 1H), 2.41-2.28 (m, 1H),

Pd(P114P)2C12 (13{3 mg, O. 19,
4-ethynylaniline (69.6 mg, O.
reaction was heated|to 50 'C
was submitted to flagh EJ; mpatog
reverse phase HPL (met a othater/TFA) [

added to a mixture
0.15 mmol) and EELO
components were re

reverse phase HPLG

methanol wash; 2.0

methanoliethyl acetg
C34H34N503: 560.2
mmol) and Pd/C (10
hr. The suspension v
vacuo to afford M.10
564.30; found: 564.4

2.20-2.08 (m, 2H). LC/MS: Anal. H)Calcd for [M+H] C19H18BrN30; 386@4@@@%@86 10. H2N M.7
ol) was added to a mixture of M.6 152 9 mgd 0.40 mmol),
9{(\; 1’) and Et3N (2.20 mL) in 15dimet 0 m14) and the
or hrN volatile component was|remayed (LM(,\I‘&@Nmnd the residue
ethanolidichloromg =thaé}e)§§1 her purified on
e TFAsall of LC/MS: Anal.
Calcd. for [M+Hr C2YH25N4d: 421.2; Found 421.21720,_ BH D@ﬂnﬁo&iéﬂ*ﬁane (B.0 mL) was
f M.7 (57.0 mg, 0.14 mmol), (S)-1-acgtylpykrolidine-2-carboxylic acid|(23.3 mg,
Q (39.0 mg, 0.16 mmol) and stirred at’ambient|conditions for 16 hr. The volatile
moved in vacuo, and theamedidaelwas dissolved in methanol and subjected to a
o UII}Z;'LIIdIIUIIVVd.LUII T |:/-\), fottowed uy ||cc-ba>i||g (SEX<column;
M ammo 1|a/m§ﬂ1anol elution) and flash chromagtogr ?élflcatlon 5-15%
te) to afford M{8 gs a brown solid (38.0 mg). LG/MS: Ana d. for [M+H]I
7; found: @2 Examples MIO - MI | Mb 15A nifxeace-Bf MLE}24.0 mg, 0.04
%0, 14.1 g m&@ @ mL) was stirred ungefi@ ballegn gk, (L atm) for 3
vas filtered through'a pad g eous (eagth (Celltg% and concentrated in
ad-aff off-white foam (22.0 mg S: Anz}{H CalcBVf [I\ﬁ § *C34H38N501:
3.20 Synthetic Route 150 J.29 N%.SZ found: 881.37.
From J.19f.1
RT = 1.46 min
~0 (Cond.-J1); LCMS
O)\'TIH 0 Calcd for C40H49Ngo6
) N M+H)" 737.38;
Q\_(, O (M+H)" 737.38;
18 N A O found: 737.42.
g\
‘b\l > o HRMS: Caled for
HN
78 Ca0H4oNgOs (M+H)"
From J.20 737.3770; found:
737.3774.
RT =1.30 min
(Cond.-J1); LCMS
Calcd for C50H57N802
J.28a .
(M+H)" 801.46;
found: 801.62.
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1. HCI 2. HATU /(R)-2-(dimethylamino)-2-phenylacetic acid Examples 1.29 - J.32a H2N H2N CI
J.29 N-('4-(2-Chloroacetyl)-2-nitrophenyl)acetamide (25.7 g, 0.1 mol) was suspended in 250 mL
of 3N HC1 aKa HHA{E$RBE80 C in IL pressure vessel for 20 it After being coBel¥¥vdHidhtperature,
1-(4-amino-3-nitrophenyl)-2- inchloroethanoneFIC1 (23.2 g, 92%) was isolated by vacuum filtration as
a bright yellow solid. The salt (23.2 g, 0.092 mol) was suspended in methanol (600 mL) and tin
chloride dihydrate (65 g, 0.29 mol) was added in one portion. The mixture was heated at 70 C for 14 h
while being vigorously stirred. An additional 20 g of tin chloride dihydratc was added and the reaction

stirred 8 h. The solvq
acetate/NaHCO3 so
by filtration and the ¢
acetate) and the conj
to 1/4 volume. 2-Chl
filtration as a brick rq
J=2.0Hz, 1H), 6.51
0.65 mm; LC/MS: Ar
for [M+H] | C3H10C]
material. 15 J.30
solution of J.29 (17.(
101.3 mmol) in dime

rganic lay
bined orgamC fayexrs
3ro-l—(3,4-diaminop|’§enyl)
d solid. t

bmoved by rotory evaporation and the fresldiR®Sdsatekémr up in ethyl
oved by rotory evap y

aNseRarated. The aqueous layel was extracted twice more (ethyl

rietP{Na2%oradid concentrated
anQne, J.29, 10.08 g (59%6) wRs isolated by vacuum
DMS0O<4) 8: 8.17 (dd, J = 8.3, 2.3 Hz,

n (caution: m;l&h garbon dioxide evolution). Th @;rseog'g}{)ag&d(ﬁjrtﬁ)w re removed

@]- washed with brine,

HNMR 10(400 MHz,
0 Hz, 1H), 5.57 (br. s, 2Hj

85 (Sp2
for [M+H] | C8H10C1N20%.0' ; folind: 185.02. HRMS:
5.0482; found: 185.0480. There n|was repeated to sup

HATU (38.5 g, 101.3 mmol) was added portjon wise to a vigorous|ly stirred

nor), N-Boc-L-prolinc (19.82 g, 92 mmol), and Hunig's base|(17.6 mL,

thylformamide (200 mL)Fafter.Bh, the 20reactipn mixture was concentrated in

vacuo to remove sol
NaHCO3 solution, b
taken up in glacial aq
vacuo and the residd
(adjust with IN NaOH
concentration was p
successively eluting
2-(6-(2-chloroacety0O
a yellow foam. 1H N
J =8.0 Hz, 1H), 5.24
2.01-1.89 (m, 3H), 1
C18H23C1N103: 36

cetic acid
e was taken up th ethyl acetate, washed with saturdtdd N&IBHh 25splution
1 soln un
elddedrhed onto i
with 509
r1Hbenz 1
MR (400 MHz, DMSO-d6) 6: 8.20

4.14; fou

theesidue was takemupimethytacetate, washed withrsatdrated
dr(geﬁ (Na2S04). Concentration yielded a viscous brown oil which was
(10( L) and heated at 60 C for 20 h| The solvent was removed in

il ple"s 9, @ The-rgidug olboteised upon

uhjected tq flash chramatography
ST ey

late 2¥:37) g7(@7%) wds obtained as
(dd, J = 836243 Hz, 1H), 7.59 (d,
4.99/4.93 (s, 1H), 3.60 (br: 5-3.41 (m, 1H), 2.36-2.30 (m, 1H),
s, 9H). LC (Cond.-Dz‘ggl.SS min; LC/MS: Anal. Calcd. for [Mi+11]+

L=

A
w
3

found: 364.1427.

nd: 364.20. HARIZMARI. Calcd. for [MAI] C18H23C1N103: 864.1428;

o
0Pk
>‘““¥O RT = 1.22 min

ﬂHfN ¢ (Cond.-J1); LCMS

= N A N\\
H O Calcd for C42H50N906
e ‘\5\ (M+H)" 776.39;
b HN~( O~ found: 776.42.
O
From 20.2
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J.31 Sodium azide (1.79 g, 27.48 mmol) was added in one portion to a solution of 104.30 (S)-ten-butyl
2-(6-(2-chloroacetyl)-1H-benzo[d]imidazol-2-yl)pyrrolidine-1- carboxylate (10.0 g, 27.48 mmol) in
acetonitrile YOGM/98aPstirred at 60C for 16 h. The reaction mixture was ®&CEPRIAEH4E54 /5 volume,
diluted with ethyl acetate, and washed with water and brine prior to being dried (Na2S04).
Concentration gave 4.31 (S)-tert-butyl 2-(6-(2-azidoacety1)-1H-benzo[d]imidazol-2-yl)pyrrolidine-1 -
15carboxylate 6.8 g (48%) as a golden orange foam. 1H NMR (500 MHz, DMSO-d6) 6: 8.2218.03 (s,
1H), 7.80-7.75 (m, 1H), 7.6517.56 (d, J = 8.5 Hz, 1H), 4.99-4.93 (m, 3H), 3.60 (br. s, 1H), 3.46-3.41

(m, 1H), 2.38-2.27 (1
Anal. Calcd. for [M+}
C18H23N603: 9()37
mmol) in ethyl aceta
hr. The solvents wer
give (S)- 252-azido-]
HATTJ (1.94 g, 5.10
(pyrrolidin-2-y1)-1H-
(dimethylamino)-2-p
mmol) in dimethylfor
vacuo and the reside
(dichloromethane), g

h, 1H), 2
H] C18H2
1.1832; f

E remove

benzo[d]i
nenylace
mamide

> was palf

e (5mL)

I

-(%-
mmol) W

nd subje

3
d

plidin-2-y
[

cted to flash chomdtaggraphy on a 40 |

01-%£,89 (m, 3H), 1.4011.06 (s, 9H). Ld
N8Q3: 371.19; found: 371.32. HRMS

©@#(341.1825. 0 -NN N3 J 31a T
h's?ddﬁd Cl/dioxane (10 mL of 4N
d ivaedo (ad the HC1 salt was exp(
ﬁ)-lH {d]imidazol-6-yp4

midazol-6-yeethanone (&
ic acid HC1 salt (1.05 g, U

titioned into two lots and separately pr

N
b

. Anal. Calcd. for [M+

se@tmdridih;MaCMism 1

toanane 2HGL A sl

b

\ind Hyhig:s7bpge (3.4
.|The solvent was rem

p-absorbed onto Si02)
M Biotage silica gel cq

(Cond.-D2): 1.97 mi

0 a solution 0fJ.31 (4

), artithe realidn w

ol), Q¥ 761.38;

n; LC/MS:
HI

.80, 4.86

As stirred 4

or 18 hto
bw solid.

mL, 194
obved in

Dlumn

pre-equilibrated 2%
40 - 80% (600 mL). 4
)-1-((S )-2-(6-(2-azid
(dimethylamino)-2-p
DMSO-d6) 6: 8.16(s
5.51 (s, 1H), 5.22 (d
(br. s, 6H), 2.23-2.19
for [M+Hf C211-126]
432.2148; found 432
J.31(6.8g,18.08 m
6 li and concentrateq
2-(6-(2-aminoacetyl
salts. LC (Cond.-D2

B, and et
A\ = dichlq

pacetyl )
nenylethd
1H), 7.8
i, J = 8.2
(2851
N702: 43
.2127.

mol) diss
| and drig
-1H-ben

1,21 mi

D

te(;iowith 2% B (150 mML); Segment Z:

rouethane; B = 25% methanol/ dichlo
1N - Bnzo [d]i midazol-2-yl)pyrro li din
inone fcombined lots: 1.05 g (50%)) ag

H), 4.09-4.05 (m,

p.22; found: 431.93. H §
J 32 20TinaDdichloride dehydrate 412

2d under high vacuum to giVve the HCL
zo[d]imidazol-Z=yQpyspglidine-1- carbd

-A40% B (1200 mMLJ;
romethane to give J.3

5 ‘Ey?ellow foam. H N\
8.

S.OAn‘Q cal

plved in methanol (200 mLC ﬁ'g?%actron Mixtysg ywas heatsg

g
AN

-1-y)r2-1.44 min

ALy LR 7
1H), 307d.¢2 (m, 1H

SR e

24 o] BB25 fewndl) wa

salt 0fJ.32 (5)-telt-buf
xylate, 16.6 g which

begment 3:
la 10(R

IR (500 MHz,
56 (m, 5H),
1), 2.90/2.84
Anal. Calcd.
6N702:

s added to

d at 60 C for
yl
contained tin

;-LC/MS: 25Anal.Caledfor [M+H]IL C

The material was us

bd withol

J.28d

It pﬁiaification. J.32a NH2 Synthetic
o NH

7“"%0

Hi. N N
e

S <

N
H F

Z
N‘NH ?\\\A\
H ; 0

L 8H25N403:345.18;

Route 16

RT =1.30 min
(Cond.-J1); LCMS
Calcd for
CyHusFNsOg (M+H)"
779.37; found:
779.45.

J.20c¢

ound: 345.
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002MeCO2Me CO2MeCO2H J.33J.34 Examples 1.33 -1.34a Bac NN CO2Me J.33 Tin Ochloride
dihydrate (17.25 g, 76.5 mmol) was added in one portion to methyl 2-amino-3-nitrobenzoate (5.0 g, 25
5 mmol) in MERARIEIS mL) under nitrogen. The yellow mixture was vigoPSUSKS2W&d4a865 C for 16
h, and the solvent was removed by rotory evaporation to near dryness. The residue was taken 10up in
ethyl acetate and the solution was poured into a large beaker containing 1:1 ethyl acetate/NaHCOL1
soln. (300 mL) and stirred 15 min. The precipitates were removed by filtration and the organic layer
was separated. The aqueous layer was extracted twice with ethyl acetate, and the combined organic

layers were washed
methyl 152,3-diamin
added in one portion
N-Boc-L-prolinc (5.4
mL). The reaction m
with ethyl acetate, w
gave a reddish brow
for 16 h. The solvent
with sat'd NaHCO3 s
into two lots, and ea
column, and eluted K
(S)-methyl 2-(1-(tert
(83%) as a reddish ¢
7.28-7.24 (m, 1H), 5

with satu
pbenzoate
to a stirm
D g, 25.5
ixture wd
ashed wi
N MISQEUS
was rem
oln., brin
ch lot pre
y gradie
10butox
il. IHNM]
20-5.11

a deep red viscous oil 4.1 g (97%).

e@q@(
a

S Stll‘ i
ith 0.1 HCﬁl, ardN\ak
oil which was takenlyj

Q
i kylacial acet c acr@‘(%\i{) ﬁé)
oved in 5vacuo, and the
e, and dried (Na2S04). C

Né% iluted with ethyl acet
-adsorbed onto Si02 (dichlorometh

Nt 10% - 100% B (1440 nth); A = hexaneS:l=Ns@y{Mcstate

ycarbonyl)pyrrol d|n2%
R (500 MHz, D (?/ :7.86 (d,J =

m, 1H), 3.95 (s, 3H), 3.60-3.52 (m, 1H

HAJY @

ion of methyl 2,3-diaminobenz ate 4.1 g%
nd Hunlg s base (4.9 mL, 28.0 8o aikhatiio

6@5% 28

3 brine, and dried

7.9 Hz, 1H) 7,78 (1, J|=
), 3.4318%8 th, 1H),

rated NaHCO3 solution, brine, and dried (NBR2SQ43.r@oncer
4.7 mm(
solvent removed in vacugngm thesresidue

). Co
hd he

gayRREeRIiG fhat v
), appliedtoa 40 M B

)-1H-benzo[d]imigdez b/ -Garaaxyls

ntration gave
0 mmol) was
o)),

nnamide (50
was diluted
ncentration
pated at 60C
ate, washed
vas divided
iotage Si02
to give 133
ate 7.05 g
=5 Hz, 1H),
2.33-2.22 (m,

1H), 2.15-2.0 (m, 2H
Anal. Calcd. for [M+}
C18H24N304: 346.1
Anal. Calcd. for [M+}

), 1.91-1
1] 15C18
767; four

J.28e.1

H] CisH24 l@

86 (mg1H), 1.40/1.05 (s, 9H). LC (Cor
H24N3€)@ 346.18; found 346.26; HRM

d.-D2): RT =1.86 min;
S: Anal. Calcd. for [M

RT R¢.£2 ginyifrond
(Cond.-D1); LCMS:
Calcd for C4sH47N3gOsg
(M+H)" 831.43;
found: 831.36.

nd: 3 Q%G’?G J.33aBocr_N CO2Me

LI

From J.20d

LC/MS:
+H]
-J3); LC/MS:

J.28f

RT = 2.10 min
(Cond.-D2); 95%,
Calcd for C4pH19NgOsg
(M+H)" 761.38;
found: 761.55.

HRMS: Calcd for
C4HyoNgOs (M+H)"
761.3770; found:
761.3765.

From J.20e
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346.18; found: 346.

Example J34 Boc NN CO2H 20J 34 A solution of 5N sodium hydroxide (8 mL)
was added to methyl ester J.33 (7.0 g, 20.3 mmol) in methanol (80 mL) and stirred 8 h. An additional 4
mL was add¥@ and/81##fy continued stirring for 18 h, at which time the reaBfdnUiE9dEMe was
raised to 45 C for a final 8 h to complete the hydrolysis. Most of the methanol was removed by rotory
evaporation, and the basic aqueous solution was diluted with ethyl acetate. A precipitate formed and
was isolated by filtration. The organic layer was separated and washed with brine. Additional lots of
precipitate formed during partial concentration to 1/4 vol, and the combined lots of J.34 (S)-2-(1-(tert-

5butoxycarbonyl)pyr
(500 MHz, DMSO-d¢
(m, 1H), 2.44-2.36 (m,
1.68 min; LC/MS: An
[M+H] C17H22N304
(0.45 mL, 3 4 mmol)
N-methylmorpholine|(
the ice bath was ren
ml of base was addeg
mixture was stirred f
soln. A precipitate w
was taken up in met
796 mg (65%) were

rolidin-2-y1)-1H¢benzo[d]imidazole-7-carboxylic
) 6: 8.04-8.0 H), 7.58 (br. s, 1H), 5.32 (s, 1
n, 1H), 2|17- 23,1(% 1H), 2.05-1.93 (m, 2H), 1.
@ 22N304: 332.16; foun
QSynthetlc Route 1
was added dropW|s§ to a so

f%gifnll_ 10 mmol) in tetrahyd

AS remo

hanol ang
arried fd

ed by filtration and the 10 organlc pha
| filtered to proyidg, @ sgeond lot of prec

rward without further pnrifiratinn IHNN

H), 3.67-3.63 (m, 1H),

d: @33LD lblRMﬁSAn

ooIG(MétH) GAnifer ni
fas rpsgplesband

5e was concentrated.
cipitate. The combine

acid totaled 5.49 g (8
40/1 155 Ts- SHIL C (¢

314 BEIEE kG

an g
00 mg, 3.2 mmol). The
nyl acetate and sat'd ||

R (300 MHz, DMSO

2%) . NMR
3.47-3.43
,ond.-D2):
al. Calcd. for
oformatc

rogen, and
dditional 0.5
reaction
NaHCO3
The residue
lots of J.35,
45) 6: 10.5

(br. s, 1H), 8.73 (s, ]
= 7.7 Hz, 1H), 7.25 (
2.14-1.89 (m, 3H), 1
C25H28N506: 494.2

H), 8.52-
L, J=7.7
38/1.07
1; found:

8.49 (m, 1H), 7.88 (t, J = 8.0 Hz, 1H),
HZ 1H), 5.11-5.05 (m, 3H), 3.70- 153,
soé\ (Cond J1): 1.64 min; LRMS
497341 thetic Route 18

\

J.37 Exa

W’]
¢

J.28¢g

From J.20f

7.80 (d, J = 7.7 Hz, 1}
33 (MT2H) 48 3h2.31

ploe(’rj}sId JCJ:@;E\? g??ge[M
Calcd for
C4Hs0FNgOg (M+H)"
781.39; found:
781.49.

d), 7.65 (d, J
(m, 1H),
+H]

0

J.28h

From J.20g

RT: 1.52 min,
(Cond.-J1); Calcd for
CaHusFN3Og [M+H]

779.37; found:

779.52.
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J 36

N-(3-Dimethylaminopropy1)-N-ethylcarbodimide HC1 salt (3.1 g, 16 6 mmol) was added to a

suspension of 3-amino-2-methylbenzoic acid (2.5 g, 16.6 mmol) and N-Boc-L-prolinc (3.5 g, 16.6
mmol) in dicKRRAIMREHRAE (40 mL). The reaction mixture was stirred under REIGHEH 18104836, diluted
with solvent (1 vol) and washed 10 with IN HC1, brine, and dried (MgS0O4). Concentration gave a foam
with was applied to a 40 M Biotage SiO, column, and eluted by gradient 20% - 60% B (1000 mL); A =
1% acetic acid! hexanes; B = 1% acetic acid ethyl acetate to give J.36
yrrolidine-2-carboxamido)-2-methylbenzoic acid 2.6 g (45%).NMR (300

(S)-3-(1-(tert-butoxycarbonyl)

MHz, DMSO-d5) 6: 12.5 (br. {
7.29-7.24 (m, 1H), 4|{32-4.28
(m, 4H), 1.41/1.36 (8, 9H). LQ
349.18; found 349.38. J.364
[M+H]+ C17H231\1205: 335.]

found: 333.1440. J.36 H
S?é)élljlh%)

5 %9.52/9.46 (s, 1H), 7.57 15 (d, J

Qui O/ 50
Grpring gAs

M7 1), 3.47- 3.48 (m, 1H), 3.34-3.29
(GongkJ1): 1.55 min; LCMS: Anal. C4
RT = 2.12 min (Cond.
RMS: Anal. Calcd.
i Boc Me RT = 2.1 Cond.-D2); |

= 7.3 Hz, 1H), 7.44-7.
(m, 1H), 2.33 (s, 3H),{1.93-1.80
alcd. for [M+H] CisH2bN205:

D2) RICMS3ARA. Cdicd. for
fordvd a1, 1HdRAN205: 333.1450;
r [M+H]+

40 (m, 1H),

I Si @n%ga&gg fg
C18H25N205: 349.1 349.25. HRMS: Anall C& H%&M+H]I%\i{sl N ? A763; found:
349.1748. J.36¢c HODNI Boc ¢ RT = 2.09 min (Cond.-D2)s\¢ H’\] SoAnal. Caldd) o8 TRB: FIJE
C17H23N205: 2 ‘8 found: 787.40.
From J.20g.1
O/
NS0 RT =1.92 min
0 (Cond.-D1); LCMS:
NN
H|I_|<\]/\\\}_</H O S Calcd for C50H47Ngo6
J.28h.2 O‘ o . (M+H)" 855.36;
O
Ng}( NH found: 855.21.
N
H
H
From J.20g.1
~o
OANH
W O
" KNf N RT: 1.34 min,
H<E\\_<H O T (Cond.-J1); Calcd for
J.2%1 Oe NHo \\ CaH4oN5Os [M+H]+
NS 785.38; found:
\ HNO~
i b 785.55.
From J.20h
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335.16; found 335.25. HRMS: Anal. Calcd. for [M-H] C17H23N205: 333.1450; found: 333.1467. J.36d
ri HOBoc o (Obtain upon deprotection of the allyl ester via Pd(P104)- RT = 2.24 min (Cond.-D2);
LCMS: AnaWOG/ B +14]+ CHH22FN205: 353.15; found 353.22. HRMSTASAN 1084485 6for [M-HI

C17H20E-N205: 351.1356; found: 351.1369. J 37

HATU (462 mg, 1.22 mmol) was added in one

portion to a stirred solution of J.32 (450 mg, 1.22 mmol), J.36 (423 mg, 1.22 mmol), and Hunig's base
(2.0 mL) in 5dimethylformamide (10 mL) and the reaction mixture was stirred 18 h. The solvent was
removed in vacuo and the residue was applied to a 25 M Biotage Si02 column, and eluted by gradient

5% - 60% B (500 ml
(50%). THNMR (300

8.33/8.12 (s, 1H) 7.86 10 (d, |

(app br. s, 2H), 5.0-4
3.47-3.41(m, 2H), 3.
(Cond.-J1): 1.65 min
rNNOalS From J.3

); A = etl

35-3.29 (

2 and J.3

MHz, DN
)
92 (m, 1

UREnNS:

nyl acet)g?; B = 10% methanol/ethyl ad
NS

o)
A2, 1H), 7.66/7.56 (d, J = 8.4 H
H)7 479 (248 H, 2H), 4.33-4.30

Anal. Calcd. for [M+ L]E
B6a H7 Obac RT = 2.29

212.73-12.58 (m, 1H), 9.45/9

3K, 2.02:1.87 (m, 8H
CIGHA7NBQTS ¢

I\(ICO d\'NH]l
N
o,

H

)

etate to give J.37, 43
7, 1H), 7.40-7.36 (m,
m{GamL-Béb WeMs; 1

35 (g L8 50, (1 §

1@3@'%8@43&%@6 ]
75.35; found 675.30

L ?%%%\1?’ alcd

found: 853.25.

9.6 mg

, 1H),

1H), 7.25

),

18H). LC

15 J.37a Poc
for [M+H] |

From J.20h
\O
Y RT =2.14 min
" o (Cond.-D1); LCMS:
Hiy )
b U Calcd for
J.28i.2 OO NH?‘\/@FF CsoHssF2NgOg
NN (M+H)" 937.40:;
HN~°] found:
EH Y ound: 937.46.
From J.20h
O/
HNAO :
OWKI’O RT = 2.83 min
PN < (Cond.-D1); LCMS:
H H X Calcd for C48H53N808
J.281.3 OO od X
TN 9 TL (M+H)" 869.40;
Q)?j found: 869.35.
H
H o]
From J.20h
O/
HN/&O RT =1.81 min
\\"K?O
(Cond.-D1); LCMS:
Hiin—N N
<
7.28i.4 §/\\\ ” O S Calcd for C46H51N807

(M+H)" 827.39;
found: 827.26.
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C35H45N607: 661.34; found 661.42. 1--: J.37broc NN S 40 From J.32 and J.36b O N 13oc RT =
1.73 min (Cond.- J1); LCMS: Anal. Calcd. for [M+H]E C36H47N607: 675.37; found 675.31. J.37c Poc
r NN RT = 2¥G W (882d.- D2); LCMS: Anal. Calcd. for [M+FI]1 C351-145860¥S889/B843%6und

661.42. 0 41100!Eloc From J.32 and J.36¢c

From J.20h.1
~
0
OANH
W O F
n KNf N RT: 1.49 min,
Hﬂi\%” T (Cond.-J1); Calcd for
J28j O‘ NHo \\ CuaHs50FNgOg [M+H]+
N= N»\\'\\ o 805.39; found:
HN =
M RS 805.55.
From J.201
~o
OANH
W (¢]
H,,.KN]? N | RT: 1.54 min,
H\<-L\\}_<H [ (Cond.-J1); Calcd for
J.28k Oe NH o \\ CuaHusFNgOg [M+H]+
Nt@\:\\e‘ o 803.37; found:
HN =~
£ b 803.58.
From J.20j
N
OJ<NH RT: 2.01 min,
1L
H> §=o N (Cond.-D1); Calcd for
!
<\l/\\\<L<’ O C4sHuuN7Os
728k 1 H N D .
O‘ [M+H]" 762.34;
=
N found: 762.16.
%
o
H
From J.20h.2
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J.37d P" r NN O 1----. E4100!Es. From J.32 and J.36d RT = 2.33 min (Cond.- D2); LCMS: Anal. Calcd.
for [M+LI]1 CI5F114FN607: 679.33; found 679.42. J.37e \ W- I/0 NN 40 RT = 2.08 mm(Cond.- D2);
LCMS: AnaWOG/ BN +FIT1 C36H43N605: 639.33; found 639.67. H HROBAR20184H48330a and
3-(t-butoxycarbonyl- amino)-4-methylbenzoic acid Synthetic Route 19 Examples .T.38 0

RT = 1.46 min
-0 (Cond.-J1); LCMS
o)\NH o Caled for C40H49NgOg
N (M+H)" 737.38;
L~ S 0N Jago. | found: 73756

J.281 H O
HRMS: Calcd for

C40H4oNsOs (M+H)"
737.3770; found:
737.3760.

RT =1.36 min
(Cond.-J1); LCMS
(J Caled for CsgHs7NO,

@*ﬁ (M+H)" 801.46;

o)
N N
L\\*HN O HN— found: 801.62.
J.28m N X <N o (
0 N AN~
HRMS: Calcd for

CsoHs7NsOy (M+H)"
801.4599; found:
801.4597.

RT =1.43 min
(Cond.-J1); LCMS
Calcd for C4oH49N5Og
(M+H)" 737.38;

From J.20k

From J.20k

found: not apparent.
J.28n PP

HRMS: Calcd for
CaoH4oNsOs (M+H)"
737.3770; found:
737.3759.

From J.201
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J 38

Tin(Il)dichloride dihydrate (37 g, 168 mmol) was added to 4-methyl-3- nitroacetophenone (10

g, 56 mmol) dissolved in methanol (350 mL). The reaction mixture was heated at 60 C for 18 h,
concentrate® GHY HBd28nder high vacuum to give to 1-(3-amino-4-methylFdrySRIRA4HIE which
contained tin salts. LC (Cond.J1): 0.73 min; LC/MS: Anal. Calcd. for [M+H] COELHNO: 150.08; found:
150. The material was used without purification. HATU (10.6 g, 28 mmol) was added in one portion to
a stirred solution of 1-(3-amino-4-methylphenyl)ethanone (4.1 g, 28 10 mmol), N-Boc-L-proline (6 g, 28
mmol), and Hunig's base (25 mL) in DMF (225 mL) and the reaction mixture was stirred 18 h. The

solvent was remove(
applied to a flash Si(
1500 mL); A = hexar
conducted to give J.
1H), 7.70 (d, J=8.0
3H), 2.26 (s, 3H), 1.4
for [M+FITE CI9H27
dissolved in methang
18 hr. The solvents v
carboxamide HC1 s4
added in one portion
methylphenyl)pyrroli
(methoxycarbonylan
dimethylformamide (|
vacuo and the residdy
100% EI (500 mL); A
methylphenylcarbanm

MHz, DMSO-d6) 6: 9.

7.7 Hz, 1H), 4.49-4.4
(s, 3H), 1.99-1.83 (m,
438.20; found 438.2
20Benzyltrimethyldiq
mmol) in dichloromet
before being concen
washed with sodium
(Cond.-JO: 1.70 min
a-chloroketone was
[a-azidoketone: LC (
479.20.] J.26 LC (Cd
453. Synthetic Rout

1 in vacu
D2 colum
les; B = ¢
88,4.4 0
Hz,586),

)8-1.80 (1
N204: 34
pl (30 mL
vere rem
lt was e

b and th Sresidue was taken up in ethy
n. A}s p%lutlon by gradient 20%; 509
pthyl,a a,ge nd a final elution with;1(
(4696). IF¥ (300 MHz, DMSO-d6)
7.37(d,J&E7.7 33429(m
m, 4H), 1.41/1.36 ( : d -J
7.20; found 347.41. of J“ xam
and 4N HCLidioxane (5
pved in vacuo, and (@fg N-(5- acetyl 2 -1
posed to vaclif { iEond-J1): 0.9 1

| acetate/methanol (1
h; 75%t:108%xBn¢total

%echamgthaplgyl
8 9.51/9.45 (s, 1H),

1 F), Qutbd'se (m, 2
1): IMOHTIINSLRIMS:

pIeJ 38 7% % mm(
added an he reactlon
methylphenyl)pyrrolig
nin. HATU (1.4 g, 3.5

1) and
elution vol
acetate was
7.95-7.92 (m,
H), 2.50 (s,
Anal Calcd.
l) was

was stirred
ine-2-

mmol) was

to a stirn
dine-2-c3
ino)-2-pf
25 mL)

ed solutlorbef (S)-N-(5-acetyl-2-

rbO C1 (1.0 g, 3.5 mmol), (R)-R
ne Cetio aC|d (740 mg, 3.5 mmol), a
nd thé& & c pixture was stirred 18
: tage 10Si02 colgm

=Jspa es; B ethyl acetate @@ J.39

nyl (R)-2-
il ﬂatél\fﬁﬁé

nd H%nlg S base 2.9
h (Torel sEerrtlodeone

n, andcelp[tegl grad
S) 2 5-acq

o (87%). IH
3-7. 1840, 35BI35.50/

mL) in
moved in
ent 50% -
ptyl-2-

I NMR (300
5.40(d, J =

From JB.7

found: 681.21.

17 (m, 1H), 3.87-3.81 15(m, 1H), 3.58" 1H), 3.50 (s, 3H), 2.54|(s, 3H), 2.27
4H). L¢ (Cond.-J1): 1 65 m éu RMS: Anal. Calcd. for [M+H] C24H281\1305:
D. Reference Synthe5| (f@é 96 45. (Chlorination). o/ HN  J.40
: SOtUtipRr of (12579, 2.86
ion was heated for 3hat 75 C
trated by|roto The residue was také&noag-itPethyt dedtdte and
thiosulfatte solnydyine, and’dreu¢ig o aifordfaﬂ@omgw@getone LC
LAMS:| Arall"Calcd. for [M+HI C‘Zﬁi\)S ﬁ\z{;@nﬁj@% 71.  The
converted tothé a-aminoketone ed [
Cond.-J1): 1.70 mm; LA@/I I Calcd. for [I\/ +H] 0@4d123/MIB05: 479.20; found:
nd.-J1): 1.70 mm; LRM Rln Calcd for [M+H] C24H291\(405: 453.21; found:
» 20, HN | Example J.41 - J.42h O HN/L.O
RT: 1.23 min,
M () 9 (Cond.-JB.1); Calcd
N N =
0 Z /N O>§2~ for C40H49NgOs
JB81 O=<N N N O n
e HN‘(O [M+H]" 737.38;
From JB.7 found: 737.33.
O RT: 1.39 min,
O/( O = (Cond.-JB.1); Calcd
Me
JB.9 O=( {/: N)\‘/‘ for C36H41Ngo6
4 [M+H] 681.32;
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J4al The a-aminoketone J.40 was coupled with J.34a as described in example J.37 to give J.41:
LC (Cond.-J1): 1.90 min; LRMS: Anal. Calcd. for [M+Hr 10C41 FLIBN708: 766.36; found: 766.37. J
41 a Boc o WBHIYOIBRIH N a Ib H N-Boc-L-proline, enroute to J.38. RT =RCBAURAHWEAEFE J1);

LCMS: Anal. Calcd. for [M+HTr Ciii5H45N607: 661.34; found 661.30. 0 H From J.35a and prepared as
described J.41broc _-NN11)1 RT =1.82 mm(Cond.-

RT: 1.08 min,

30 |
N O (Cond.-JB.1); Calcd
NI ;to = N o O’/ for C40H49N808
JB.10 | o ). Y Y
t(o a VR [M+H]" 769.37;

found: 769.31.
From JB.7

RT: 1.33 min,
(Cond.-JB.1); Calcd
o S o for CaeHasNgO
B.11 N N—4 o or LyellgsiNgUg
. o
~ th N~ [M-+H]" 805.35:

fi : 27.
From JB.7 ound: 805.27

RT: 1.35 min,
(Cond.-JB.1); Calcd
= s N o
CN 0 N for C52H56N802
JB.12 N ¥ . '
Q [M+H]" 825.46;
found: 825.34.

From JB.7
Synthetic Route 13.1
\
o
o=
NH
>
o
. NN
L~
N x
HATU
o L,
Q HN—4
HN)§O o \g"”
\(’\(o OIN .
OH NH Me
J.28i4a © 04\/0
Examples J.281.4a-J.28i.4b
5 Example J.281.4a was obtained from Example J.20h.1a according to the

procedure analogous to that of J.21 of synthetic route 13. Coupling with cap-51, N-
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J1); LCMS: Anal. Calcd. for [M+H] Ciii5SH45N607: 661.34; found 661.32. Boc-- 0 ONH 0110 N H o
enroute to J.38. From J.35 and N-Boc-L-prolinc, H prepared as described HN- J 42 A solution of
J.41 (237 myQ2812/H%8H, triphenylphosphine (162 mg, 0.62 mmol), and triBERYIERHMHEEIZ ML, 1.74
mmol) in dichloromethane (3 mL) was stirred about 5 min under nitrogen atmosphere before addition
of hexachloroethane (146 mg, 0.62 mmol) in one portion. The reaction mixture was stirred 18 h,
partially concentrated, and applied to a 12 M Biotage silica gel column and eluted by gradient 40% -
100% B. A = hexanes; B = ethyl acetate to give J.42, 95 mg (41%). LC (Cond.-J1): 1.95 min; LRMS:
Anal. Calcd. for [Mméth{rCabdnyhENTDTe, 24838 afoplad: 280748329~ 1.8RTin, ZGhdndd)DCBaind. 2);

LC/IMS: Anal. Calcgl 181 11,,N,0, [M+H]" 831.42; found: 831.60.

0
OJ\NH
F e
,:70/ %O RT=1.92 min (Cond.-
% N N
[ O J1); LCMS: Anal.
N x>
Calcd. for [M+H]"
J.2%1.4b OO N
HNJg C49H57N8073 90743,
Oi,N g found: 907.43.
NH Me
0 Wy

From J.20h.1a

5 Synthetic Route 13a.

o)
Pd(OH), HATU H/.-N N
J.28k.1 128 _— ¢ O
- 28 = L,
H
O—
Huko N O HN%

J.28q H

10 A solution of Example J.28k.1 (286.6 mg, 0.376 mmol) in MeOH (2 mL) was
added to a stirred suspension of 20% palladium hydroxide on carbon (52.8 mg, 0.376
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BocO \ [M+14]+ C351-143N606: N 643.32; found: BOG i HNH J.42a _-NN 40 643.35. [j\Ollk V

HRMS: Anal. Calcd. N From J.4l1a for [M+11] C35E143N605: 643.3244; found 643.3242.
WO 2012/018325 PCT/US2010/044356

mmol) and potassium carbonate (104 mg, 0.752 mmol) in MeOH (4 mL) under an
atmosphere of nitrogen. The flask was evacuated and charged with hydrogen (3x;
balloon, 14 psi) and stirred for 3 h. Note: Significant amounts of N-methylated
product form if allowed to go over 3h. The mixture was filtered over celite, and the

5  celite pad washed with MeOH (100 mL), methylene chloride (50 mL), and MeOH
(100 mL) again. The filtrate was concentrated and placed under high vacuum for 0.5
h before it was taken up in MeOH and passed through a nylon syringe frit (to remove
traces of catalyst). Example, J.28q was obtained (202 mg, 85 % yield) as a yellow
solid. RT: 1.62 min, (Cond.-D1); Calcd for C37H4N70, [M+H]" 632.34; found:

10 632.21.

Boc

Raee
GG
| ,\?"O
JB.13
10% Pd/C (50 mg, 0.470 mmol) was added in one portion to a suspension of a
TFA salt of Example JB.6 (100 mg, 0.118 mmol) in MeOH (10 mL). The reaction
mixture was purged with hydrogen and stirred under a balloon of hydrogen overnight
15 atrt. The reaction mixture was filtered through Celite and concentrated. The residue
was purified by prep HPLC (Waters Sunfire C18 column 30 X 150 mm 5u eluted
with a gradient of 10 to 100 % ACN -Water + 0.1 % TFA) to yield a TFA salt of tert-
butyl (2S)-2-(4-(2-(4-(2-((2S)- 1 -(tert-butoxycarbonyl)-2-pyrrolidinyl)- 1 H-
benzimidazol-5-yl)phenyl)ethyl)- 1H-imidazol-2-yl)- 1-pyrrolidinecarboxylate (70
20  mg) as a white solid. "H NMR (500 MHz, MeOD) 8ppm 7.95 (d, J/=9.5 Hz, 1H), 7.85
(d, /=9.2 Hz, 2H), 7.66 (br s, 2H), 7.31 - 7.44 (m, 2H), 7.26 (s, 0.5H), 7.14 (s, 0.5H),
5.29 (brs, 1H), 5.04 (brs, 1H), 3.73 - 3.82 (m, 1H), 3.64 (br s, 2H), 3.55 (br s, 1H),
3.02 - 3.15 (m, 4H), 2.56 - 2.70 (m, 1H), 2.41 - 2.55 (m, 1H), 2.24 (br s, 1H), 2.08 -
2.18 (m, 2H), 2.03 (brs, 3H), 1.49 (d, J=7.9 Hz, 9H), 1.26 (br s, 4.5H), 1.22 (br s,
25 4.5H).RT: 1.16 min, (Cond.-JB-1); Calcd for C3¢H4sNsO4 [M+H]" 627.37; found:
627.31[M+H]".
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RT =2.97 mm (D- Cond. 2); LC/MS: Anal. Calcd. for BOG 01 \ [\ 4+1-1]C351443N606: N NH
643.32; found: 10 0 00 643.37. J.42b HN Boc,' HRMS: Anal. Calcd. N for [M+H]- From J.41b

C35H43N6O 2012/018325 PCT/US2010/044356
Examples J.28r — JB.15
o/
HNAO '
W“"KFO RT = 1.78 min
N N _ . .
Hﬁ\\}_«,ﬂ O (Cond.-D1); LCMS:
H OO ° OYA Calcd for C44H53Ngo6
1.28r N )*j\NH (M+H)" 789.41;
N
éfm found: 789.24.
H
From J.28q according to the procedure
described for J.21
£z
HNKK © RT = 1.67 min
wN_ 0O
" N\_«N O (Cond.-D1); LCMS:
K~ N OO | Calced for C4gHssNgO4
1.08s AUICE (M+H)' 831.42;
Q‘% found: 831.26.
H
H o)
From J.28q according to the procedure
described for J.21
H )
N N RT =0.82 min
=1
N O H (Cond.-JB-1); LC MS:
N HN
JB.14 \ fo&] Caled for CaeHziN
+ .
From JB.13 according to the procedure (M+H)" 427.26;
described for J.19 found: 427.28.
O/
HNAO )
w\wkfo ~o RT =1.06 min
PR . .
N N NH Cond.-JB-1); LC MS:
E\H/ O Ooﬁ ( )
JB.15 N Q H Caled for CyoHseNeOs
N N
\ h;*J\] (M+H)" 741.41;
From JB.14 according to the procedure found: 741.39.
described for J.21
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643.3244; found 643.3265. RT = 2.51 min (D- oBoc i Cond. 2); LC/MS: HHNN iBoc Anal. Calcd.
for J.42c NN \tMe [M+H] C36E145N605: C: NN 410Eh 657.34; found: N From J.37 657.36.

WO 2012/018325

Synthetic Route 13.2

J.20m

PCT/US2010/044356
\
(@]
o=
NH
>""%0
N N
o N H %
HATU
O/ /N
e Y
z o N\)"///
\(\(OH NH
J.28q o%\o

Examples J.28q-J.28t

Example J.28q was obtained from Example J.20m according to the procedure

5 analogous to that of ].21 of synthetic route 13. Coupling with cap-51, N-

methoxycarbonyl-L-valine, gave Example J.28q; RT = 3.19 min, (Cond.-J5); Calcd
for C44Hs3sNgOg [M+H]™ 789.41; found: 789.90.

J.28r

From J.20m

RT= 3.082 min
(Cond.-J2); LCMS:
Anal. Calcd. for
[M+H]" C4sHs7NgOs:
873.43; found:
873.61.
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HRMS: Anal. Calcd. for [M+FH- C361-145N606: 657.3401; found 657.3407. J.42d OBoo ) BocHNN
"..-Nikii 1-)' 401040 RT = 2.61 mm(D- Cond. 2); LC/MS: Anal. Calcd. for [M+FH+ C35H4.3N606:
643.32; fouNt© 8424183 N From J.37a J.42e Boc- ,BocHNH NN Me 40 RT RBLASHHPF+Sond. 2);
LC/MS: Anal. Calcd. for [M+Hr C36114.5N606: 657.34; found: 657.73. HRMS: Anal. Calcd. for [M+I-1]
C361-145N606:

<
0
o=
> NH
e
RT=3.17 min (Cond.-
NN
Lo~ 1 _ 14); LCMS: Anal.
N X
18 " Oe Calcd. for [M+H]"
285
HN\/é\l C46H53Ngo6i 81350,
NI found: 833.90.
oy
oA
/
From J.20n
\
0
oANH
o )"
o RT=2.93 min (Cond.-
NN
<L g - J4); LCMS: Anal.
W A
18 " OO Calcd. for [M+H]"
28t
HN\{l C50H57N8083 89743,
OOjN N found: 898.00.
3 NH
oA,
/
From J.20n

10
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657.3401; found 657.3397. \0 \1/1 From J.371) J.42f Boc NiHNO L)CO o eeN, Boc /N N From
J.37¢ RT = 1.59 mm(D- Conti. 2); LC/MS: Anal. Calcd. for [M+FI]JE C 351-T4:N606 : 643.32; found:
643.41. J.ABUIFHNERFIH C NO 4.40 ,,, Boc /N RT = 2.64 mm(D- Cond. POT{USZNEOHE. Calcd. for

Synthetic Route 14.

HO.C—
A H
Br. N
~NY o T
Y,
O G o,
NH; M.5 o

H
%N H,N
/&o © i \ l [
= (L=
N N N N

o Ph

M.8 M.7 Ph

Examples M.5 — M.9

Ho_ T\
TN
o )\/Ph
o

M.5

Example M.5 was prepared from L-proline according to the procedure

described in Gudasheva, et al. Eur. J. Med. Chem. 1996, 31, 151.

H
Br N S
=y
N N

© Ph
10 M.6
EDCI*HCI (1.76 g, 9.22 mmol) was added to a mixture of 4-bromobenzene-
1,2-diamine (1.50 g, 8.03 mmol), M.5 (1.88 g, 8.06 mmol) and 1-
hydroxybenzotriazole (1.31 g, 9.70 mmol) in dichloromethane (30 mL), and stirred at
ambient conditions for 19 h. The mixture was then diluted with dichloromethane,
15 washed with water (2x), dried (brine; MgSQOy), filtered, and concentrated in vacuo to

provide a brown foam. Acetic acid (30 mL) was added to the foam, and the mixture
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From J.37d [M+Hr C35H42FN606: 661.32; found: 661.40. J.42h \ N-- .0, HNniO o \/Boos NH .

RT =2.41 min (D- Cond. 2); LC/MS: Anal. Calcd. for [M+Hr C36HUN604: 621.32; found: 621.21.
From J.37e WO 2012/018325 PCT/US2010/044356

10

15

20

was heated at 65 °C for 90 min. The volatile component was removed in vacuo, and
the residue was dissolved in ethyl acetate and washed carefully with saturated
NaHCOjs solution (2x), and the organic phase was dried (brine; MgSQy,), filtered, and
concentrated in vacuo. The resultant crude material was submitted to flash
chromatography (silica gel; ethyl acetate) to provide Example M.6 as a tan foam
(1.67 g). 'H NMR (CDCls, 8= 7.24 ppm, 500 MHz): 10.71/10.68 (overlapping br s,
1H), 7.85 (s, 0.48H), 7.56 (d, J = 8.6, 0.52H), 7.50 (s, 0.52H), 7.35-7.22 (m, 6.48H),
538 (app brd, J=8.1, 1H), 3.73 (d, ] = 15.7, 1H), 3.67 (d, ] = 15.6, 1H), 3.64-3.51
(m, 2H), 3.12-3.04 (m, 1H), 2.41-2.28 (m, 1H), 2.20-2.08 (m, 2H). LC/MS: Anal.
Calcd. for [M+H] " C19HsBrN;O: 386.07; found: 386.10.

™ H
L=
N N
o Ph
M.7

Pd(Phs;P),Cl, (13.3 mg, 0.019 mmol) was added to a mixture of M.6 (152.9
mg, 0.40 mmol), 4-ethynylaniline (69.6 mg, 0.59 mmol), and Et;N (2.20 mL) in
dimethylformamide (2.0 mL) and the reaction was heated to 50 °C for 8.5 hr. The
volatile component was removed in vacuo and the residue was submitted to flash
chromatography (0-30% methanol/dichloromethane), then further purified on reverse
phase HPLC (methanol/water/TFA) to afford the TFA salt of M.7 (50 mg). LC/MS:
Anal. Caled. for [M+H]" Cy7H,5N40: 421.2; Found 421.21.

o)
o [ H
(L=
N N
o Ph
M.8
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Examples J.43 -14.1 The pyrrolidines examples J.42 - J.42h were treated with NCI as described in
example J.39 to give examples J.43 - J.43j as NClI salts. J.43 V I-INO Po HHNH N 400t$me 0 V RT =
1.80 min (CHHU2UBOLERES: Anal. Calcd. for [M+H] | C36H3sN705: 648.29; R&(IESEU8/04M3Feom J.42
J.43at,s _JoHH(1'NH CNCRT=1.69 min (D- Cond. 2); LC/MS: Anal. Calcd. for
[M+FiJC25H27N602: 443.22; found: 443.23. )

Dichloromethane (3.0 mL) was added to a mixture of M.7 (57.0 mg, 0.14
mmol), (S)-1-acetylpyrrolidine-2-carboxylic acid (23.3 mg, 0.15 mmol) and EEDQ
(39.0 mg, 0.16 mmol) and stirred at ambient conditions for 16 hr. The volatile
components were removed in vacuo, and the residue was dissolved in methanol and

5  subjected to a reverse phase HPLC purification (methanol/water/TFA), followed by
free-basing (SCX column; methanol wash; 2.0 M ammonia/methanol elution) and
flash chromatography purification (5-15% methanol/ethyl acetate) to afford M.8 as a
brown solid (38.0 mg). LC/MS: Anal. Caled. for [M+H]" C34H34N505: 560.27;
found: 560.28.
10

LC/MS: Anal. Calcd.

= Ho
O N/>—\\Nj for [M+H]" C4oH37N505:
= 636.30; found: 636.29.

M.9 °

O

From M.5 and M.7

Examples M 10 - M. 11

0 Ph

M.10

15 A mixture of M.8 (24.0 mg, 0.04 mmol) and Pd/C (10%, 14.1 mg) in
methanol (3.0 mL) was stirred under a balloon of H; (1 atm) for 3 hr. The suspension
was filtered through a pad of diatomaceous earth (Celite™) and concentrated in vacuo
to afford M. 10 as an off-white foam (22.0 mg). LC/MS: Anal. Calcd. for [M+H]+
C34H3gN505: 564.30; found: 564.43.

20
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COO0IbNFromJ.42a J.43b RT =1.86 min (D- Cond. 2); LC/MS: il0 HN o Anal. Calcd. for [M+H]
C25H27N602: 443.22; found: 443.07. HRMS: Anal. Calcd. for [M+H] C251-12711602: 443.2195;
found 443.290320N/MR8From J.42b  J.43c HH NMe N 400 PCT/US2010/044356

M1 NP O , LC/MS: Anal. Calcd.
| ° (L= for [M+H]'

= on CaoHpNsO5: 640.33:
From M.9 found: 640.35.

Synthetic Route 15
OY

HN 1. HCI H2N 1. HATU / Boc-L-Proline
2. SnClyH,0
O,N ol 22 HN ¢l 2. AcOH

o} o}
J.29
IBoc IBoc Boc
NN NaN NN SnClyH,0 I
\_</ 3 \ </ o Hy N N
E\\" K\ ] E —
H Cl H N3 N N NH
o) o) H ! 2
J:30 J.31 J.32
1. HCl

2. HATU /(R)-2-(dimethylamino)-2-phenylacetic acid

\ —

N \N/

o (e}

E“\ ’iN SnCl,H,0 N N

\\\A N N E\‘\\_«

H 3 H NH,
o (e}
J31a J.32a
5 Examples J.29 — J.32a
HoN
o)
J.29

N-(4-(2-Chloroacetyl)-2-nitrophenyl)acetamide (25.7 g, 0.1 mol) was
suspended in 250 mL of 3N HCI and heated at 80 °C in 1L pressure vessel for 20 h.
After being cooled to room temperature, 1-(4-amino-3-nitrophenyl)-2-
10 chloroethanoneeHCI (23.2 g, 92%) was isolated by vacuum filtration as a bright
yellow solid. The salt (23.2 g, 0.092 mol) was suspended in methanol (600 mL) and
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C(N\NHNIb OHRT =151 min (D- Conti. 2); LC/MS: Anal. Calcd. for [M+1-1]+ C261-129N602:
457.24; found: 457.19. From J.42c J.43d NN N 00 HN 0111 0o RT =1.64 min (D- Cond. 2);
LC/MS: AnWECHEH183M+1-1]+ C25H27N602: 443.22; found: 443.31. HRMSURHHIV/ 4RSS, for [M+H]
C25H27N602:

tin chloride dihydrate (65 g, 0.29 mol) was added in one portion. The mixture was
heated at 70 °C for 14 h while being vigorously stirred. An additional 20 g of tin
chloride dihydrate was added and the reaction stirred 8 h. The solvent was removed
by rotory evaporation and the residue was taken up in ethyl acetate/NaHCO; soln
5 (caution: much carbon dioxide evolution). The precipitated salts were removed by

filtration and the organic layer was separated. The aqueous layer was extracted twice
more (ethyl acetate) and the combined organic layers were washed with brine, dried
(NaySQO,4) and concentrated to ¥4 volume. 2-Chloro-1-(3,4-diaminophenyl) ethanone,
J.29, 10.03 g (59%) was isolated by vacuum filtration as a brick red solid. "H NMR

10 (400 MHz, DMSO-de) 8: 8.17 (dd, ] =8.3,2.3 Hz, 1H), 7.14 (d, ] =2.0 Hz, 1H), 6.51
(d, J=8.0 Hz, 1H), 5.57 (br. s, 2H), 4.85 (s, 2H), 4.78 (br. s, 2H). LC (Cond.-D2):
0.65 min; LC/MS: Anal. Calcd. for [M+H] CgH;(CIN,O: 185.05; found: 185.02.
HRMS: Anal. Calcd. for [M+H]" CgH;oCIN,O: 185.0482; found: 185.0480. The
reaction was repeated to supply more material.

15

Boc

!
N N
|/\ N
N
N
N (o]
O
J.30

HATU (38.5 g, 101.3 mmol) was added portion wise to a vigorously stirred
solution of J.29 (17.0 g, 92 mmol), N-Boc-L-proline (19.82 g, 92 mmol), and
Hunig’s base (17.6 mL, 101.3 mmol) in dimethylformamide (200 mL). After 6 h, the

20  reaction mixture was concentrated in vacuo to remove solvent and the residue was
taken up in ethyl acetate, washed with saturated NaHCOj solution, brine, and dried
(Na,S0,4). Concentration yielded a viscous brown oil which was taken up in glacial
acetic acid (100 mL) and heated at 60 °C for 20 h. The solvent was removed in
vacuo and the residue was taken up in ethyl acetate, washed with saturated NaHCO3

25 solution (adjust with IN NaOH soln until pH = 9), brine, and dried (Na;SO4). The
residue obtained upon concentration was pre-adsorbed onto SiO, (dichloromethane)
and subjected to flash chromatography successively eluting with 50%, 75%, 100%
ethyl acetate/hexanes to give J.30 (S)-tert-Butyl 2-(6-(2-chloroacetyl)-1H-
benzo[d]imidazol-2-yl)pyrrolidine-1-carboxylate 22.37 g (67%) was obtained as a
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443.2195; found 443.2205. \/ N From J.42d RT = 1.70 min (D- Cond. 2); LC/MS: Anal. Calcd.

for HN [M+1-1]+ C261-129N602: 457.24; found: oN H HH 457.29. J.43e N Me O
WO 2012/018325 PCT/US2010/044356

yellow foam. "H NMR (400 MHz, DMSO-dg) 8: 8.20 (s, 1H), 7.81 (dd, J=8.3, 2.3
Hz, 1H), 7.59 (d, J = 8.0 Hz, 1H), 5.24 (s, 2H), 4.99/4.93 (s, 1H), 3.60 (br. s, 1H),
3.46-3.41 (m, 1H), 2.36-2.30 (m, 1H), 2.01-1.89 (m, 3H), 1.39/1.06 (s, 9H). LC
(Cond.-D2): 1.85 min; LC/MS: Anal. Calcd. for [M+H]" CisH»:CIN:Os: 364.14;

5 found: 364.20. HRMS: Anal. Caled. for [M+H]" C;sH,3CIN;Os: 364.1428; found:
364.1427.

Boc
7

N N
E\,_q
N
N Ny

o)
J.31
Sodium azide (1.79 g, 27.48 mmol) was added in one portion to a solution of

10 J.30 (S)-tert-butyl 2-(6-(2-chloroacetyl)-1H-benzo[d]imidazol-2-yl)pyrrolidine-1-
carboxylate (10.0 g, 27.48 mmol) in acetonitrile (200 mL) and stirred at 60 °C for 16
h. The reaction mixture was concentrated to 1/5 volume, diluted with ecthyl acetate,
and washed with water and brine prior to being dried (Na,SO4). Concentration gave
J.31 (S)-tert-butyl 2-(6-(2-azidoacetyl)-1H-benzo[d]imidazol-2-yl)pyrrolidine-1-

15 carboxylate 6.8 g (48%) as a golden orange foam. "H NMR (500 MHz, DMSO-de) &:
8.22/8.03 (s, 1H), 7.80-7.75 (m, 1H), 7.65/7.56 (d, J = 8.5 Hz, 1H), 4.99-4.93 (m,
3H), 3.60 (br. s, 1H), 3.46-3.41 (m, 1H), 2.38-2.27 (m, 1H), 2.01-1.89 (m, 3H),
1.40/1.06 (s, 9H). LC (Cond.-D2): 1.97 min; LC/MS: Anal. Calcd. for [M+H]"
CisH23NgOs: 371.19; found: 371.32. HRMS: Anal. Calcd. for [M+H]" C;sH:NgOs:

20 371.1832; found: 371.1825.

J31a
To a solution of .31 (1.8 g, 4.86 mmol) in ethyl acetate (5 mL) was added
HCl/dioxane (10 mL of 4N), and the reaction was stirred 4 hr. The solvents were

removed in vacuo, and the HCI salt was exposed to high vacuum for 18 h to give (S)-

2

W

2-azido-1-(2-(pyrrolidin-2-yl)-1H-benzo[d]imidazol-6-yl)ethanone 2HCI a yellow
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Ci\40 /HRMS: Anal. Calcd. for [M+11] N From J.42e C26H29N602: 457.2352; found

457.2332. RT =159 mm (D- Cond. 2); LC/MS: Anal. Calcd. for
WO 2012/018325 PCT/US2010/044356

10

15

20

25

solid. HATU (1.94 g, 5.10 mmol) was added to the HCl salt of (S)-2-azido-1-(2-
(pyrrolidin-2-yl)-1H-benzo[d]imidazol-6-yl)ethanone (1.8 g, 4.86 mmol), (R)-2-
(dimethylamino)-2-phenylacetic acid HCl salt (1.05 g, 4.86 mmol), and Hunig’s base
(3.4 mL, 19.4 mmol) in dimethylformamide (50 mL) while being rapidly stirred 6 h.
The solvent was removed in vacuo and the reside was partitioned into two lots and
separately pre-absorbed onto SiO, (dichloromethane), and subjected to flash
chromatography on a 40 M Biotage silica gel column pre-equilibrated 2% B, and
eluted with 2% B (150 mL); Segment 2: 2-40% B (1200 mL); Segment 3: 40 — 80%
(600 mL). A = dichloromethane; B = 25% methanol/ dichloromethane to give J.31a
(R)-1-((S)-2-(6-(2-azidoacetyl)- 1H-benzo[d]imidazol-2-yl)pyrrolidin-1-yl)-2-
(dimethylamino)-2-phenylethanone (combined lots: 1.05 g (50%)) as a yellow foam.
'H NMR (500 MHz, DMSO-d) 8: 8.16 (s, 1H), 7.82 (dd, ] = 8.8, 1.5 Hz, 1H), 7.65
(d, J=8.5Hz, 1H), 7.60-7.56 (m, 5H), 5.51 (s, 1H), 5.22 (dd, J=8.2, 2.8, 1H), 4.95
(m, 2H), 4.09-4.05 (m, 1H), 3.17-3.12 (m, 1H), 2.90/2.84 (br. s, 6H), 2.23-2.19 (m,
1H), 2.21-1.89 (m, 3H). LC (D-Cond. 1): RT =1.5 min; LC/MS: Anal. Calcd. for
[M+H]" Cy3Ha6N;05: 432.22; found: 431.93. HRMS: Anal. Caled. for [M+H]"
Ca3HoeN705: 432.2148; found: 432.2127.

Boc

7
N N
L\_</
N
N NH,

)
J.32

Tin(IT)dichloride dehydrate (12.24 g, 54.26 mmol) was added to J.31 (6.8 g,
18.08 mmol) dissolved in methanol (200 mL). The reaction mixture was heated at 60
°C for 6 h and concentrated and dried under high vacuum to give the HCL salt of J.32
(S)-tert-butyl 2-(6-(2-aminoacetyl)-1H-benzo[d]imidazol-2-yl)pyrrolidine-1-
carboxylate, 16.6 g which contained tin salts. LC (Cond.-D2): 1.21 min; LC/MS:
Anal. Calcd. for [M+H]™ CisHasN4Os: 345.18; found: 345. The material was used

without purification.
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[M+H] ' C25H27N602: HH NNH QN 00 . 443.22; found: J.43f /N 443.31. HRMS: Anal. Calcd.

From J.42f for [M+H]- C25H27N602: 443.2195; found 443.2206. RT =1.61 min (D- Cond. 2);
LC/MS: WO 2012/018325 PCT/US2010/044356

J.32a N N
[
~ N NH,

Synthetic Route 16

0N
2 snc,H,0 PN 1. HATU / Boc-L-Proline
—_— —
o o 2. AcOH
CO,Me CO,Me
Poc ,BOC
NN NaOH NN
o w1
SN MeOH ST
H H
CO,Me CO,H
.33 J.34

Examples J.33 —J.34a

Boc
NN
o=
Y
H
COMe
J.33
Tin(IT)chloride dihydrate (17.25 g, 76.5 mmol) was added in one portion to
methyl 2-amino-3-nitrobenzoate (5.0 g, 25.5 mmol) in methanol (100 mL) under
nitrogen. The yellow mixture was vigorously stirred at 65 °C for 16 h, and the
solvent was removed by rotory evaporation to near dryness. The residue was taken
10 up in ethyl acetate and the solution was poured into a large beaker containing 1:1
ethyl acetate/NaHCOs soln. (300 mL) and stirred 15 min. The precipitates were
removed by filtration and the organic layer was separated. The aqueous layer was
extracted twice with ethyl acetate, and the combined organic layers were washed with
saturated NaHCOj solution, brine, and dried (Na,SO,). Concentration gave methyl
15 2,3-diaminobenzoate as a deep red viscous oil 4.1 g (97%).
HATU (10.66 g, 28.0 mmol) was added in one portion to a stirred solution of
methyl 2,3-diaminobenzoate (4.1 g, 24.7 mmol), N-Boc-L-proline (5.49 g, 25.5
mmol), and Hunig’s base (4.9 mL, 28.0 mmol) in dimethylformamide (50 mL). The
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F HH N O NO Anal. Calcd. for N 40 [M+H] J.43g/OH"AT,",A,,n1 L25r126r IN OM: .401 .L1;

From J.42¢g found: 461.31. HRMS: Anal. Calcd. for [WWI C25H26FN602: 461.2101; found
461.2101. WO 2012/018325 PCT/US2010/044356

10

15

20

reaction mixture was stirred 3 h and solvent removed in vacuo, and the residue was
diluted with ethyl acetate, washed with 0.1N HCI, sat’d NaHCOs, brine, and dried
(NaySO,). Concentration gave a reddish brown viscous oil which was taken up in
glacial acetic acid (60 mL) and heated at 60 °C for 16 h. The solvent was removed in
vacuo, and the residue was diluted with ethyl acetate, washed with sat’d NaHCO;
soln., brine, and dried (Na,SO,). Concentration gave a residue that was divided into
two lots, and each lot pre-adsorbed onto SiO» (dichloromethane), applied to a 40 M
Biotage SiO; column, and eluted by gradient 10% - 100% B (1440 mL); A =
hexanes; B = ethyl acetate to give J.33 (S)-methyl 2-(1-(tert-
butoxycarbonyl)pyrrolidin-2-yl)-1H-benzo[d]imidazole-7-carboxylate 7.05 g (83%)
as a reddish oil. 'H NMR (500 MHz, DMSO-de) 8: 7.86 (d, ] = 7.9 Hz, 1H), 7.78 (t,
J=35Hz, 1H), 7.28-7.24 (m, 1H), 5.20-5.11 (m, 1H), 3.95 (s, 3H), 3.60-3.52 (m, 1H),
3.43-3.38 (m, 1H), 2.33-2.22 (m, 1H), 2.15-2.0 (m, 2H), 1.91-1.86 (m, 1H), 1.40/1.05
(s, 9H). LC (Cond.-D2): RT =1.86 min; LC/MS: Anal. Calcd. for [M+H]"
CisHxuN3O4: 346.18; found 346.26; HRMS: Anal. Calcd. for [M+H]" CigH»4N3Oq:
346.1767; found: 346.1776.

B RT =0.72 min
oC
ENI N Kj\ (Cond.-J3); LC/MS:
\_<~ /4
J.33a = H CO,Me Anal. Calced. for
[M+H]" C1sH24N304:

346.18; found: 346.

Example J.34

IBoc
N N
L N
N N
H
CO,H
J.34

A solution of 5N sodium hydroxide (8 mL) was added to methyl ester J.33
(7.0 g, 20.3 mmol) in methanol (80 mL) and stirred 8 h. An additional 4 mL was
added and stirring continued stirring for 18 h, at which time the reaction temperature

was raised to 45 °C for a final 8 h to complete the hydrolysis. Most of the methanol
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RT =1.70 min (D-

Cond. 2); LC/MS:

WO 2012/018325

10

Anal. Calcd. for \ N---

PCT/US2010/044356

was removed by rotory evaporation, and the basic aqueous solution was diluted with

ethyl acetate. A precipitate formed and was isolated by filtration. The organic layer

was separated and washed with brine. Additional lots of precipitate formed during

partial concentration to ¥4 vol, and the combined lots of J.34 (S)-2-(1-(tert-

butoxycarbonyl)pyrrolidin-2-y1)-1H-benzo[d]Jimidazole-7-carboxylic acid totaled
5.49 g (82%) . 'H NMR (500 MHz, DMSO-de) &: 8.04-8.0 (m, 2H), 7.58 (br. s, 1H),

5.32 (s, 1H), 3.67-3.63 (m,

1H), 3.47-3.43 (m, 1H), 2.44-2.36 (m, 1H), 2.17-2.11 (m,

1H), 2.05-1.93 (m, 2H), 1.40/1.06 (s, 9H). LC (Cond.-D2): 1.68 min; LC/MS: Anal.
Calcd. for [M+H]" C17H»N304: 332.16; found: 332.25. HRMS: Anal. Caled. for
[M+H]" C17H2N304: 322.1610; found: 322.1625.

J.34a

RT = 1.64 min (Cond.-
D2); LC/MS: Anal.
Caled. for [M+H]"

poc C17H»N:04: 332.16;

found: 332.14.

HRMS: Anal. Calcd.
for [M+H]"
C17H2N304: 322.1605;
found: 322.1603.

Synthetic Route 17.

15

N N
-BuOCOCI E\";«
~ N
NO, H
) N NO,
H
O
NH, HCI 135
I .
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E [M+H]C31H33N602: fa 0 H NH2 521.27; found: Me 521.48.3.43h :000

WO 2012/018325 PCT/US2010/044356

10

15

20

Examples J.35-J.35a

SN

J.35

e

Iso-butyl chloroformate (0.45 mL, 3.4 mmol) was added dropwise to a
solution of acid J.34 (1.0 g, 3.02 mmol) and N-methylmorpholine (1.2 mL, 10 mmol)
in tetrahydrofuran (50 mL) cooled at 0 °C under nitrogen, and the ice bath was
removed the reaction stirred 30 min. The solution was recooled and an additional 0.5
ml of base was added followed by of 2-nitrophenacylamine HCI (700 mg, 3.2 mmol).
The reaction mixture was stirred for 18 h at room temperature and diluted with ethyl
acetate and sat’d NaHCOs soln. A precipitate was removed by filtration and the
organic phase was concentrated. The residue was taken up in methanol and filtered
to provide a second lot of precipitate. The combine lots of .35, 796 mg (65%) were
carried forward without further purification. "H NMR (300 MHz, DMSO-de) &: 10.5
(br. s, 1H), 8.73 (s, 1H), 8.52-8.49 (m, 1H), 7.88 (t, ] = 8.0 Hz, 1H), 7.80 (d, J = 7.7
Hz, 1H), 7.65 (d, J = 7.7 Hz, 1H), 7.25 (t, ] = 7.7 Hz, 1H), 5.11-5.05 (m, 3H), 3.70-
3.33 (m, 2H), 2.39-2.31 (m, 1H), 2.14-1.89 (m, 3H), 1.38/1.07 (s, 9H). LC (Cond.-
J1): 1.64 min; LRMS: Anal. Calcd. for [M+H]" CysHysNsOg: 494.21; found: 494.17.

RT = 1.5 min (Cond.-

Boc NO,
N N
[ I1); LCMS: Anal.
A N NH o
)

1358 Calcd. for [M+H]"
From J.34a and 2-amino-1-(3- CasHosNsOg: 494.20;
nitrophenyl)ethanone found 494.
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From J.42h N HRMS: Anal. Calcd. for [MAI]

WO 2012/018325

Synthetic Route 18

NH;

Me EDC
—_—
OH n-Boc-L-proline

O
J.36

Boc

Boc o)

PCT/US2010/044356
J.32
Me
OH HATU
(e}

N-(3-Dimethylaminopropyl)-N-ethylcarbodimide HCl salt (3.1 g, 16.6 mmol)

was added to a suspension of 3-amino-2-methylbenzoic acid (2.5 g, 16.6 mmol) and

N-Boc-L-proline (3.5 g, 16.6 mmol) in dichloromethane (40 mL). The reaction

mixture was stirred under nitrogen for 18 h, diluted with solvent (1 vol) and washed

10 with 1IN HCI, brine, and dried (MgSO,). Concentration gave a foam with was
applied to a 40 M Biotage SiO, column, and eluted by gradient 20% - 60% B (1000

mL); A =1% acetic acid / hexanes; B = 1% acetic acid / ethyl acetate to give J.36

(S)-3-(1-(tert-butoxycarbonyl)pyrrolidine-2-carboxamido)-2-methylbenzoic acid 2.6
g (45%). 'H NMR (300 MHz, DMSO-de) 8: 12.5 (br. s, 1H), 9.52/9.46 (s, 1H), 7.57
15 (d,J=7.3 Hz, 1H), 7.44-7.40 (m, 1H), 7.29-7.24 (m, 1H), 4.32-4.28 (m, 1H), 3.47-
3.48 (m, 1H), 3.34-3.29 (m, 1H), 2.33 (s, 3H), 1.93-1.80 (m, 4H), 1.41/1.36 (s, 9H).
LC (Cond.-J1): 1.55 min; LCMS: Anal. Caled. for [M+H]™ CigsHasN,Os: 349.18;

found 349.33.
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CmH33N602: 521.2665; found 521.2673. RT =2.33 mm (D- Cond. 2); LC/MS: Anal. Calcd.
for [M+F] C41 H481\1705: 718.37; found: 718.19. HRMS: Anal. Calcd. for [M+11]- C4J-148N705:
718.3717; fOVAAE22818882. From 1.43i as described in example J.39 PT PLHEYRMYDLE6N. 2);
LC/MS: Anal. Calcd. for

RT =2.12 min (Cond.-D2);
LCMS: Anal. Caled. for
[M+H]" C17H23N,0s:

. i noF ) 335.16; found 335.26.
.36a HO N
Ty

HRMS: Anal. Calcd. for
[M-H] Cy7H21N,Os:
333.1450; found: 333.1440.
RT =2.14 min (Cond.-D2);
LCMS: Anal. Calcd. for
[M+H]" Ci15Ha5N,0s:

) _/> 349.18; found 349.25.

H 3
1366 Ho*@”wm
fo) Boc
Me

HRMS: Anal. Calcd. for
[M+H]™ C15HpsN»0s:
349.1763; found: 349.1748.

RT =2.09 min (Cond.-D2);
LCMS: Anal. Caled. for
|:1\/[‘|‘H:|Jr C17H23N»Os:

H T
N\n/\/N> 335.16; found 335.25.
J.36¢ HO\”/©/ o ‘Boc

HRMS: Anal. Calcd. for
[M-H] C17H23N»0s:
333.1450; found: 333.1467.
RT =2.24 min (Cond.-D2);

Lo i LCMS: Anal. Caled. for
N
HO\'(©/ \[cl/\éoc [M+H]" C17H5,FN,Os:
1.36d 353.15; found 353.22.

(Obtain upon deprotection of the

allyl ester via Pd(Ph3)4). HRMS: Anal. Calcd. for
[M-H] C17H20FN,Os:
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[M+1-1]+ C361-140N701: 618.32; found: 618.38. Examples J.44 -J.53a Examples J.44 -153a were

prepared as described in example J.21. o0z ,,,,_, O'HNta RT = 1.91 min (Cond.- ii) LRMS: Anal. Calcd.
for [M+H]E W€ABRABBF20g: 839.35; EiN"Loo'o found 839.29. J.44 N_NHP&IWS200 OEKIS6 | HRMS:

Anal. Calcd. N for [M+H] From J.43

351.1356; found: 351.1369.

Boc
Y Hk@ T
J.37
HATU (462 mg, 1.22 mmol) was added in one portion to a stirred solution of
J.32 (450 mg, 1.22 mmol), J.36 (423 mg, 1.22 mmol), and Hunig’s base (1.0 mL) in
5 dimethylformamide (10 mL) and the reaction mixture was stirred 18 h. The solvent
was removed in vacuo and the residue was applied to a 25 M Biotage SiO, column,
and eluted by gradient 5% - 60% B (500 mL); A = cthyl acetate; B = 10%
methanol/ethyl acetate to give J.37, 439.6 mg (50%). "H NMR (300 MHz, DMSO-
de) 8: 12.73-12.58 (m, 1H), 9.45/9.35 (s, 1H), 8.59 (br s, 1H), 8.33/8.12 (s, 1H) 7.86
10 (d,J=8.4Hz 1H), 7.66/7.56 (d, J = 8.4 Hz, 1H), 7.40-7.36 (m, 1H), 7.25 (app br. s,
2H), 5.0-4.92 (m, 1H), 4.79 (d, ] =4.8 H, 2H), 4.33-4.30 (m, 1H), 3.60 (br. s, 1H),
3.47-3.41(m, 2H), 3.35-3.29 (m, 1H), 2.24 (s, 3H), 2.02-1.87 (m, 8H), 1.42-1.37/1.05
(m, 18H). LC (Cond.-J1): 1.65 min; LRMS: Anal. Calcd. for [M+H]" C3¢Ha7NsO7:
675.35; found 675.30.
15

Boc RT =2.29 min (Cond.-
E’LL«N@\”A 0 " :/> J1); LCMS: Anal.
J.37a i u)K@( N Caled. for [M+H]
° ° C3sH4sNO7: 661.34;
found 661.42.
Boc RT =1.73 min (Cond.-
1.37b EN\_«N@}p o q £ | JD: oS Anl
TN ] HJ\GL WO]AN\BOC Caled. for [M+H]
Cs6H47N6O7: 675.37;
found 675.31.

From J.32 and J.36a

From J.32 and J.36b
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C46H47N808: 839.3517; found 839.3492. RT = 1.80 min (Cond.- ii) LRMS: Anal. 07 Calcd. for
[M+H] RN- 0 C461-149N806: 809.38; -..N70 010 found 809.29. J.44a, ,NH asNz.N Me 00 Ollll

HAMS: Anav@afda/018325 PCT/US2010/044356

RT =2.25 min (Cond.-

N N
[ :@Y i D2); LCMS: Anal.
= N N (o] oc

J.37¢ H o HJ\Q\NJ\(\N’; Caled. for [M+H]"
" CasHusNgO-: 661.34;

From J.32 and J.36¢ found 661.42.
RT =2.33 min (Cond.-

N N
[ @WA P D2); LCMS: Anal.
= N N o oc

1.37d H o HJ\@N )kf\:) Caled. for [M+H]"
i C3sHuFNGO7: 679.33;

From J.32 and J.36d found 679.42.

AN
N—

O/S@ RT =2.08 min (Cond.-
J.37e EN\,; /:N ) " D2); LCMS: Anal.
~ N N)K@ “Boc Calcd. for |:1\/[‘|‘H:|Jr
H
(o]
C36H43N6053 63933,
From J.32a and 3-(t-butoxycarbonyl- found 639.67.

amino)-4-methylbenzoic acid

Synthetic Route 19

NO, NH
Me 1. SnCly 2H,0 </= e 1.HCI
2. HATU 2. HATU
n-Boc-L-proline O/
o] o)
/go

Me =
3. SnCly2H,0 Me

P
[e]
d\( i 1. BiNMesICl ° o
N - 3 2
</\5)LNH 2. NaN, <N/\:.)J\NH
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J.43 or [M+H] for C46H49N806: 809.3775; found 809.3768. .6 _ciz,..100\04",z.,\ RT=2.42

min (D- Cond. 2); LC/MS: Anal. Calcd. for [M+11]+ C45H45N808: 825.34; found: 825.40. 145
WO 2012/018325 PCT/US2010/044356

Examples J.38 —J.40

A

J.38

Tin(IT)dichloride dihydrate (37 g, 168 mmol) was added to 4-methyl-3-
nitroacetophenone (10 g, 56 mmol) dissolved in methanol (350 mL). The reaction
5 mixture was heated at 60 °C for 18 h, concentrated, and dried under high vacuum to
give to 1-(3-amino-4-methylphenyl)ethanone which contained tin salts. LC (Cond.-
J1): 0.73 min; LC/MS: Anal. Caled. for [M+H]" CoH;NO: 150.08; found: 150. The
material was used without purification. HATU (10.6 g, 28 mmol) was added in one
portion to a stirred solution of 1-(3-amino-4-methylphenyl)ethanone (4.1 g, 28

10 mmol), N-Boc-L-proline (6 g, 28 mmol), and Hunig’s base (25 mL) in DMF (225
mL) and the reaction mixture was stirred 18 h. The solvent was removed in vacuo
and the residue was taken up in ethyl acetate/methanol (1:1) and applied to a flash
Si0, column. A step clution by gradient 20%; 50%; 75%; 100% B (total elution vol
1500 mL); A =hexanes; B = cthyl acetate; and a final elution with;10%

15 methanol/ethyl acetate was conducted to give J.38, 4.4 g (46%). "H NMR (300 MHz,
DMSO-de) 8: 9.51/9.45 (s, 1H), 7.95-7.92 (m, 1H), 7.70 (d, J = 8.0 Hz, 1H), 7.37 (d,
J=7.7Hz, 1H), 4.33-4.29 (m, 1H), 3.48-3.29 (m, 2H), 2.50 (s, 3H), 2.26 (s, 3H),
1.98-1.80 (m, 4H), 1.41/1.36 (m, 9H). LC (Cond.-J1): 1.70 min; LRMS: Anal.
Caled. for [M+H]" Ci9H»7N,O4: 347.20; found 347.41.

20

Me
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HAMS: Anal. Calcd. for [M+FI] I C45H45N808: 825.3360; found 825.3366. RT = 2.27 min (D-

Cond. 2); LC/MS: ',... N.." Anal. Calcd. for ....N," 0 0 [M+1-1]+ C45H49N804: OIS NH 765.39;
found: 765.360 2012/018325 PCT/US2010/044356

Example J.38 (3 g, 83 mmol) was dissolved in methanol (30 mL) and 4N
HCl/dioxane (50 mL) was added and the reaction was stirred 18 hr. The solvents
were removed in vacuo, and (S)-N-(5-acetyl-2-methylphenyl)pyrrolidine-2-
carboxamide HCI salt was exposed to vacuum. LC (Cond-J1): 0.9 min. HATU (1.4

5 g, 3.5 mmol) was added in one portion to a stirred solution of (S)-N-(5-acetyl-2-
methylphenyl)pyrrolidine-2-carboxamide HCI (1.0 g, 3.5 mmol), (R)-2-
(methoxycarbonylamino)-2-phenylacetic acid (740 mg, 3.5 mmol), and Hunig’s base
(2.9 mL) in dimethylformamide (25 mL) and the reaction mixture was stirred 18 h.
The solvent was removed in vacuo and the residue was applied to a 40 M Biotage

10 SiO; column, and eluted by gradient 50% - 100% B (500 mL); A =hexanes; B =
ethyl acetate to give J.39, methyl (R)-2-((S)-2-(5-acetyl-2-
methylphenylcarbamoyl)pyrrolidin-1-yl)-2-oxo-1-phenylethylcarbamate 1.25 g
(87%). "H NMR (300 MHz, DMSO-d) 8: 9.42 (s, 1H), 7.95 (s, 1H), 7.75-7.69 (m,
2H), 7.43-7.19 (m, 6H), 5.50/5.40 (d, ] = 7.7 Hz, 1H), 4.49-4.47 (m, 1H), 3.87-3.81

15 (m, 1H), 3.58-3.54 (m, 1H), 3.50 (s, 3H), 2.54 (s, 3H), 2.27 (s, 3H), 1.99-1.83 (m,
4H). LC (Cond.-J1): 1.65 min; LRMS: Anal. Calcd. for [M+H]" Ca4HsN30s:
438.20; found 438.20.
Reference: Synthesis (1988) p 545. (Chlorination).

Me

HoN
o)
J.40

20 Benzyltrimethyldichloroiodate (2.0 g, 5.72 mmol) was added to a solution of
J.39 (1.25 g, 2.86 mmol) in dichloromethane (65 mL) and methanol (20 mL). The
reaction was heated for 3 h at 75 °C before being concentrated by rotory evaporation.
The residue was taken up in ethyl acetate and washed with sodium thiosulfate soln,
brine, and dried (MgSOy) to afford an a-chloroketone. LC (Cond.-J1): 1.70 min;

25 LC/MS: Anal. Calcd. for [M+H]" Cp4H,7CIN3Os: 471.16; found: 471.

The a-chloroketone was converted to the a-aminoketone J.40 as described in

example J.31. [a-azidoketone: LC (Cond.-J1): 1.70 min; LRMS: Anal. Calcd. for
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J.45a*N.c.0o . FromJ.43aN HAMS: Anal. Calcd. for [M+FI] I =~ C45H49N804: 765.3877; found

765.3879. RT =2.48 min (D- Cond. 2); LC/MS:
WO 2012/018325 PCT/US2010/044356

[M+H]" Cp4H27NgOs: 479.20; found: 479.20.] J.26 LC (Cond.-J1): 1.70 min;
LRMS: Anal. Calcd. for [M+H]" Ca4HN4Os: 453.21; found: 453.

Synthetic Route 20.
/
)&
/
L HN %
(0] (o]
HN
Boc
o]
. O SRS
/4 =
N |/\\\- HATU Me
</\i)j\NH + AN H coH T IBoc ¢}
= Me N N N
J.34a r\\—(/ Hol
N
HN N
(¢]
J41
J.40 o
HN/&O

¢]
PPh,, CCl;CCly o
- (Nv’(
Boc = NH
/ H =
N N Me
I/\\\" <\N 0
\
\_/

5 J.42

Example J.41 - J.42h

O/
HN/\§O
O

IBoc:
N N
sSeon
~ N
H

J41

The a-aminoketone J.40 was coupled with J.34a as described in example J.37
to give J.41: LC (Cond.-J1): 1.90 min; LRMS: Anal. Calcd. for [M+H]"
10 C41H4sN;Og: 766.36; found: 766.37.
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Anal. Calcd. for Oal.

N

WO 2012/018325

10

0 [M+1-1] 1 C411-139N604: 413 .45 N lip\ 40 0 is 679.30; found: 679.37.

PCT/US2010/044356

J41a

=z

IBoc
N N
[ i
>
N N
H

From J.35a and N-Boc-L-proline,

prepared as described enroute to J.38.

RT = 1.64 min (Cond.-
J1); LCMS: Anal.
Calcd. for [M+H]"

C35H4sNgO7: 661.34;
found 661.30.

J.41b

~N

Boc
IBoc
N N
E \_</ (0] NH

N N
H

(0] N

H

(0]

From J.35 and N-Boc-L-proline,

prepared as described enroute to J.38.

RT = 1.82 min (Cond.-
J1); LCMS: Anal.
Caled. for [M+H]"

C35H4sNgO7: 661.34;
found 661.32.

o L

N\/[L
Boc A NH
NI H - Me
I/\\\‘" § :©\(O
N
\
N

J.42

A solution of J.41 (237 mg, 0.31 mmol), triphenylphosphine (162 mg, 0.62

mmol), and triethylamine (0.2 mL, 1.74 mmol) in dichloromethane (3 mL) was

stirred about 5 min under nitrogen atmosphere before addition of hexachloroethane

(146 mg, 0.62 mmol) in one portion. The reaction mixture was stirred 18 h, partially

concentrated, and applied to a 12 M Biotage silica gel column and eluted by gradient
40% - 100% B. A =hexanes; B = ethyl acetate to give J.42, 95 mg (41%). LC
(Cond.-J1): 1.95 min; LRMS: Anal. Calcd. for [M+H]" C4Hi¢N,O7: 748.36; found:

748.29.
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HRMS: Anal. Calcd. From J.43a

for [M+H] |

C411439N604: 679.3033; found 679.3037. J.46
,..NV 0040z /H100-N41L) From J.43b NH. RT = 2.10 min (D- COnd. 2); LC/MS: Anal. Calcd. for
[M+1-1]+ CAVOI20/AMN8ZY.: 765.39; found: 765.72. HAMS: Anal. Calcd.

PCT/US2010/044356

J.42a

Boc
\

o)

N
,\iBOC H <‘§/Z(NH
E\\‘\’_<\ :©Y0J/©
N ’}l /

FromJ.41a

RT =2.64 min (D-
Cond. 2); LC/MS:
Anal. Calcd. for
[M+H]" C35H43NgOe:
643.32; found:
643.35.

HRMS: Anal. Calcd.
for [M+H]"
Cs5Ha3NgOg:

643.3244; found
643.3242.

J.42b

From J.41b

RT =2.97 min (D-
Cond. 2); LC/MS:
Anal. Calcd. for
[M+H]" C35H43N¢Og:
643.32; found:
643.37.

HRMS: Anal. Calcd.
for [M+H]"
Cs5Ha3NgOg:

643.3244; found
643.3265.

J.42¢

Boc HN
NN Me
I/\\\*' <\N:©\C
)
\ N

From J.37

O Boc

i

RT =2.51 min (D-
Cond. 2); LC/MS:
Anal. Calcd. for
[M+H]" C36H45N¢Os:
657.34; found:
657.36.
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for [M+H] ' C45H49N804: 765.3877; found 765.3899. J.47 . \NN 40 O N o H NMe H From J.43c 0o RT
= 1.77 mm(Cond.- D2); LC/MS: Anal. Calcd. for [M+H]+ C46H5IN804: 779.40; found: 779.49. HAMS.:
Anal. Calcd WerINRMPB32546H51N804: 779.4033; found: 779.4042. J.47a 4PVTETRINIYOHLISH 0 00 o
NMe From J.43c la o RT =2.28 mm(Cond.- D2); LC/MS: Anal. Calcd. for [M+H] ' C46H47N808:
839.35; found: 839.43. HAMS: Anal. Calcd. For [M+H] '

HRMS: Anal. Calcd.
for [M+H]"
C36H4sN6Oe:

657.3401; found
657.3407.
0 oo RT =2.61 min (D-
Boo HNJ{LN’> Cond. 2); LC/MS:
N N Anal. Calcd. for
J.42d L\v\_(\N:@\{z/é [M+H]" CasHasNeOg:
643.32; found:
643.41.

RT =2.63 min (D-

Cond. 2); LC/MS:

Anal. Calcd. for

[M+H]" C36H45N¢Os:
Boc—
657.34; found:

From J.37a

0
Boc NH 657.73.
J.42¢ EN N Me
S <\N o
\ ,{l HRMS: Anal. Calcd.
From J.37b for [M+H]"
C36H4sNgOs:
657.3401; found
657.3397.

RT =1.59 min (D-

Boc Cond. 2); LC/MS:

N N H

[ N Anal. Caled. for
J.42f SR ° _Boc )
. N [M+H]" C3sHasN¢Og:

From J.37¢ 643.32; found:
643.41.

Boc 4 - RT = 2.64 min (D-
N N
142 l/\\—<\ o Np?© Cond. 2): LC/MS:
~ N ) _Boc
\ K N Anal. Calcd. for
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C46H47N80s: 839.3517; found: 839.3519. .1.48 RT = 2.21 min (Cond.- D2); LC/MS: Anal. 0 Ofli
HO'0 --N,NS.- 1c040,0H ---:"N H From J.43d Calcd. for [M+H] C41 1119N 606: 711.29; found: 711.46.
HAMS: AnaW@ada/048f3% [M+H] C411-139N606: 711.2931; found: 711.294PCH/182010/034386--NHo---
HN-ADb *----Co -NN -,,,0 400 HNQ From J.43d

From J.37d [M+H]"
C35H42FN6063 66132,
found: 661.40.

\N/ RT =2.41 min (D-
Cond. 2); LC/MS:
H Anal. Calcd. for
1.42h \ N
N [M+H]" Cs6H41NgO4:
621.32; found:
From J.37¢ 621.21.

Examples J.43 — J.43j

The pyrrolidines examples J.42 — J.42h were treated with HCI as described in
5 example J.39 to give examples J.43 — J.43j as HCl salts.

o/
HN g RT = 1.80 min
o (Cond.-J1) LCMS:
143 P (3w Anal. Caled. for
N N
— :©\(° Me [M+H]" C36H3sN7Os:
N \ 648.29: found 643.
From J.42
o RT =1.69 min (D-

H

N ) )
’ ’ <—$ NH Cond. 2); LC/MS:
N N Anal. Caled. for

J.43a |/\\—<\ o i
S~ N 9 [M+H]" Cy5H27N6Oo:
N 443.22; found:
443.23.

RT = 1.86 min (D-
Cond. 2); LC/MS:

From J.42a

J.43b
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RT = 2.37 min (Cond.- D2); LC/MS: Anal. Calcd. for [M+H]+ C39H49N808: 757.37; found: 757.37.
HAMS: Anal. Calcd. for [M+H] | C39H49N808: 757.3673; found: 757.3705. J.4813 1110le .0 \NN
E--)1400408VO M2 1I833SRT = 1.92 min (Cond.- D2); LC/MS: Anal. Calcd. fBETKVSRW0Q#SF4ONS04:
765.39; found: 765.59. HAMS: Anal. Calcd. or [M+H] | f C45H49N804: 765.3877; found: 765.3841.
J.48c IP INo/H NN 40 00 RT = 2.26 min (Cond.- D2); LC/MS: Anal. Calcd. for [M+H]l C4A5H45N806:
793.35;

0 Anal. Calcd. for

H
N
<’\:/[(NH [M+H]" C2sH27NeOx:

443.22; found:
o
B/ r§1 ) 443.07.

=N
T HRMS: Anal. Calcd.
for [M+H]"
From J.42b
CasH27N6O1:
443.2195; found
443.2213.

RT =1.51 min (D-
Cond. 2); LC/MS:

i H
I/\HL<H Me: /\/LHNJ% Anal. Calcd. for
J.43c N \Njg\{'{l [M+H]" C6H9N6O»:
457.24; found:
457.19.
RT = 1.64 min (D-
Cond. 2); LC/MS:
Anal. Calcd. for
[M+H]" C2sH7N6Ox:
443.22; found:

O
N
44331,
1.43d E\\HN 0 7/©
¥

HRMS: Anal. Calcd.
for [M+H]"
CasHa7N6O:

443.2195; found
443.2205.

From J.42¢

From J.42d
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From J.43d found: 793.52. HAMS: Anal. Calcd. for [M+li]+ C45H45N806: 793.3462; found: 793.3452.
J.48d CI CI N ON O NNashoN te i)lip From J.43d RT = 2.88 min (Cond.- D2); LC/MS: Anal. Calcd. for
[M+H] C471WQ 20129MR%36: 881.24; found: 881.50. HAMS: Anal. Calcd. for RAHY204PHES€C 12N806:
881.2370; found: 881.2347. J.49 0ik 00- ¢ 1,_(,N1 is0410e NHO N From J.43e RT = 2.41 min (Cond.-
D2); LC/MS: Anal. Calcd. for [M+li]+ C46H47N808: 839.35; found: 839.27.

RT =1.70 min (D-
Cond. 2); LC/MS:
Anal. Calced. for

HN |:M-|-H:|Jr Cr6H29NgO5:
457.24; found:
@)

H H A 457.29.
J43e E\l N Me
N <\N 0
\ Kl HRMS: Anal. Calcd.
From J.42¢ for [M+H]!
Ca6H290N6O1:
457.2352; found
457.2332.

RT = 1.59 min (D-

Cond. 2); LC/MS:

Anal. Calcd. for
[M+H]" CpsHyNeO»:

H H H
N N N__O 443.22; found:
l/\\\" <\N 07/©/ 44331
J.43f \ I{l " o

HRMS: Anal. Calcd.
for [MJrH]+
CasH27N6O1:

443.2195; found
443 .2206.
RT =1.61 min (D-
Cond. 2); LC/MS:
H H 7 H Anal. Calcd. for
N__O
E\ \ 0 [M+H]"
1.43g N \ NH
N C25H26FN6022 461.21;
found: 461.31.

From J.42f

From J.42¢g

HRMS: Anal. Calcd.
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HAMS: Anal. Calcd. for [M+H] | C46H47N80s: 839.3517; found: 839.3535. J.49a 111 0 "-NI'0 \ --NN N-
tipOOPNMe --...:/ alb HN RT = 2.07 min (Cond.- D2); LC/MS: Anal. Calcd. for [M+H] C46H51N804:

779.40: , fodHA2AYHSpAYent.  From J.43e HRMS: Anal. Calcd. for [M+R{H 45144881
779.4033; found: 779.4014. J.50 110 HO'NN CJNH

for [M+H]"
CasHa6FN6O2:
461.2101; found
461.2101.
RT =1.70 min (D-
Cond. 2); LC/MS:
Anal. Calcd. for
N— [M+H]" C3;H33NgO»:

@#0 NH 521.27; found:
H 2
N N
Me 521.48.
1.43h l/\\\c%\N 07/©/
¢

HRMS: Anal. Calcd.

N
From J.42h for [M-+H]
C31H33N6O2:
521.2665; found
521.2673.

RT =2.33 min (D
Cond. 2); LC/MS:

© NH
Me

H
N 718.37; found:
8 <\ o
N N 718.19.
\

From J.43h and N-Boc-L-proline as

Anal. Calcd. for
o 3|
mo Cy1HasN7Os:
N
1431 L

HRMS: Anal.
Calcd. for [M+H]"
Ca1HasN7Os:
718.3717; found
718.3692.

described in example J.38.
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siFrom J.43f 1-'N\OH 0 0 RT = 2.26 min (Cond.- D2); LC/MS: Anal. Calcd. for [M+H] C41H39N606:
711.29; found: 711.39. HAMS: Anal. Calcd. for [M+FI]JE C41H39N606: 711.2931; found: 711.2958.
J.50a 1101 WQ 20YN33LN s | From .1.431' 0 0 RT = 1.92 mm(Cond.- D2); IRCVIS2NQAH43¥cd. for
[M+FI]E C45H49N804: 765.39; found: 765.53. HAMS: Anal. Calcd. for [M+H] | C45H49N804:
765.3877; found:

RT = 1.69 min (D-
N— ”N;P Cond. 2); LC/MS:
wo 0PNy Anal. Calcd. for
H
1.43] ‘/\N N Me [M+H]"
-~ N \O/ Ci6H40N70Os:
N

618.32; found:
From J.43i as described in example J.39 618.38.

Examples J.44 —J.53a

Examples J.44 — J.53a were prepared as described in example J.21.

RT =1.91 min (Cond.-
J1) LRMS: Anal.

Caled. for [M+H]"
P X [M+H]
/K 0o Ci6H47NgOg: 839.35;
HN o 0o
o N\/[( found 839.29.
J.44 H <__5 NH
N N Mo
E\\H o
N W HRMS: Anal. Calcd.
N
for [M+H]"
From J.43
C46H47N8083 839.35 17;
found 839.3492.
RT = 1.80 min (Cond.-
J1) LRMS: Anal.
o

Calcd. for [M+H]"
C46H49N8063 809.38;
\/1( found 809.29.
J.44a H
o£0 m
N HRMS: Anal. Calcd.

for [M+H]"
C46H49Ngo6i 8093775,
found 809.3768.

From J.43
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765.3843. J.50b 1101 HNN C-:/*000, 0 From J.43f RT = 2.29 min (Cond.- D2); LC/MS: Anal.
Calcd. for [M+FI|E C45H45N806: 793.35; found: 793.49. HAMS: Anal. Calcd. for [M+H] |
C45H45N80¥O2982848325found: 793.3442. J.50c CI N 10 o t iNN isOisOis N 2F¥aiH20148#4L336= 2.99
mm(Cond.- D2); LC/MS: Anal. Calcd. for [M+FI]E C47H39C12N806: 881.24; found: 883.41. HAMS:
Anal. Calcd. for [M+H] | C47H39C12N806:

RT =2.42 min (D-
Cond. 2); LC/MS:

O/
Anal. Calcd. for
o HN” o n
/K o) [M+H]" C4sH4sNgOs:
HN O o
o N A 825.34; found: 825.40.
1.45 7 (3w
L=
h J HRMS: Anal. Calcd.
+
From J.43a for [M+H]
C45H45N8083 825.3360;
found 825.3366.
RT =2.27 min (D-
Cond. 2); LC/MS:
~\ Anal. Calced. for
~ ° % [M+H]" C4sHioNgOy:
o N\/I(
145 ©)\f b 3 N 765.39; found: 765.36.
45a
EQHN@\(OJ/G
\
N HRMS: Anal. Calcd.
From J.43a for [M+H]"

CysHuoN3Oy: 765.3877;
found 765.3879.
RT =2.48 min (D-
Cond. 2); LC/MS:

o Anal. Calcd. for

o m\/lz [M+H]" C41H3oNgOs:
N = 679.30; found: 679.37.
E\H\]@Y
N < /
N

HRMS: Anal. Calcd.
for [M+H]"
C41H390NgO4: 679.3033;
found 679.3037.

!

J.45b

From J.43a
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881.2370; found: 881.2349. J.51 1.1 o HO\F NI> <,1 a di " 0 9 lipOgippH 0 0 From J.43g RT = 2.29
mm(Cond.- D2); LC/MS: Anal. Calcd. for [M+H] ' C41H38FN606: 729.28; found: 729.36. HAMS: Anal.

Calcd. for [WH0EA418$28FNGO6: 729.2837; found:  729.2847. J.51a IP' RPATAUS2010t 376,
)<#tkpu0400 ----- >N H From J.43g N\ -,

RT =2.10 min (D-
~y Cond. 2); LC/MS:

©)\(° o Anal. Caled. for
N

(__EAN“ [M+H]" C4sHyoNsO4:
oj/© 765.39; found: 765.72.
/

HRMS: Anal. Calcd.
for [M+H]"
From J.43b CasHaoNsO4: 765.3877;
found 765.3899.
RT =1.77 min (Cond.-
D2); LC/MS: Anal.
Calcd. for [M+H]"
Ci6Hs1NgO4: 779.40;

v 0
N N N~ ‘
147 [\\}—«N@\G Y@ JO\(NJ / found: 779.49.
: N Sy
e

HRMS: Anal. Calcd.

J.46

——N/ (o} }N kl
N
L/

~

From J.43c for [M+H]"
Ca6Hs1N3O4: 779.4033;
found: 779.4042.
RT =2.28 min (Cond.-
D2); LC/MS: Anal.

Calcd. for [M+H]"
Q § C46H47NgOg: 839.35;
\O»\H\‘ 0 07?0 46H47NgOg ;
NN o) N o~ found: 839.43.
R H
pare | GO, 0 S0

HRMS: Anal. Calcd.
From J.43c For [M+H]"
Cu6Ha7N3Og: 839.3517;
found: 839.3519.
RT =2.21 min (Cond.-
D2); LC/MS: Anal.

J.48
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0 IS RT =1.93 min (Cond.- D2); LC/MS: Anal. Calcd. for [M+F] C45H48FN804: 783.38; found: 783.52.
HRMS: Anal. Calcd. for [M+H] C45H48FN804: 783.3783; found: 783.3764. J.51b CI N %0 Fry Il NN
iS00 From JYM8GUMA/NEIRT = 2.89 min (Cond.D2); LRMS: Anal. Calcd. forfME$28HA4EBCIFNSO6:
899.23; found: 897.19. HRMS: Anal. Calcd. for [M+FITH C47H38C1FN806: 899.2275; found:
899.2287. J.52 IS Me NNcawO0diO )4.,p H, is N NH From J.43;

{ E\ Caled. for [M+H]"
| (0] C41H39N6O63 71 1.29;

HO N_ N o © OH found: 711.46.
L\H”@\@F@”J\{Nj

HRMS: Anal. Calcd.
for [M+H]"

From J.43d
C41H39N6063 711.293 1;
found: 711.2942.
RT =2.37 min (Cond.-
D2); LC/MS: Anal.
~o _| Caled. for [M+H]"
)\NH %

-S| CaoHaoNsOg: 757.37;

o)
\\\k( o
J.48 \\EN /N]i)\ﬁﬁ/@ i z/ﬁ/ found: 757.37.
rod R o
i L ﬁJ\(J

HRMS: Anal. Calcd.
From J.43d for [M+H]"
C39H4oNgOs: 757.3673;
found: 757.3705.
RT =1.92 min (Cond.-
D2); LC/MS: Anal.
Calcd. for [M+H]"
C45H49NgOy4: 765.39;

. \GH’N@\C@ o) N N found: 765.59.
: SN L) MJ\{J

HRMS: Anal. Calcd.

From J.43d for [M+H]"
CasHaoNgO4: 765.3877;
found: 765.3841.
RT =2.26 min (Cond.-

7? D2); LC/MS: Anal.
)jo\:N_7 ﬁ’go Calcd. for [M+H]"

C45H45N8063 793.35;

J.48c O)\

N
H

N 0
N N
L j@\@/@
H \ l<l H
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. RT =2.23 min (Cond.- D2); LC/MS: Anal. Calcd. for [M+FI|H C44H46N704: 736.36; found: 737.00.
HAMS: Anal. Calcd. for [M+H] | C44H46N704: 736.3611; found: 736.3622. J.52a all o \N * Me N
ah, N tip 0 O¥PROEGKE3243) N RT = 1.75 min (Cond.- D2); LC/MS: Anal. CB{CAURBPTVOHEFSE
C40H47N804: 703.37; found: 703.81. HRMS: Anal. Calcd.

found: 793.52.
From J.43d
HRMS: Anal. Calcd.
for [M+H]"
C4sHasNgOg: 793.3462;
found: 793.3452.
RT =2.88 min (Cond.-
D2); LC/MS: Anal.
Calcd. for [M+H]"

4 o Ca7H3sChNsO6:

7z N
/06)\(0 o I, | 881.24; found: 881.50.
G\*NIQ\C)YQ L )
J.48d SN < R

HRMS: Anal. Calcd.

From J.43d for [M+H]"
C47H39CLNgOg:
881.2370; found:

881.2347.
RT =2.41 min (Cond.-
D2); LC/MS: Anal.
Calcd. for [M+H]"

o C46H47N8083 83935,
(e
~ N T . Z:\O’ found: 839.27.
149 EQHN:©\<S>/©1 7 N H’Qo
OO
HRMS: Anal. Calcd.
for [M+H]"
C46H47N8083 8393517,
found: 839.3535.

From J.43e

RT =2.07 min (Cond.-

o D2); LC/MS: Anal.
\N\
J.49a \r\N\_</N Y@Meo R | Caled. for [M+H]"
N (0]
”KJ\H ukﬂ? " | C46H51N8O4: 779.40;

found: not apparent.
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for [M+H] C40H47N804: 703.3720; found: 703.3748. J.52b *0\N a e Nisi N From J.43j0*0 0 RT =
2.22 min (Cond.- D2); LC/MS: Anal. Calcd. for [M+H] C46H49N806: 809.38; found: 809.57. HAMS:
Anal. Calcd WerIN3B2E 46H49N806: 809.3775; found: 809.3803. J.52¢ 1ACTAFAYIYAM3S6--:: N H
ass, RIPO40 N NH

From J.43e
HRMS: Anal. Calcd.
for [M+H]"
C46HSINBO4:
779.4033; found:
779.4014.

RT =2.26 min (Cond.-
D2); LC/MS: Anal.
Caled. for [M+H]"
C41H39N606: 711.29;
found: 711.39.

HRMS: Anal. Calcd.
for [M+H]"
C41H39N606:
711.2931; found:
711.2958.

RT =1.92 min (Cond.-
D2); LC/MS: Anal.
Calcd. for [M+H]"
C45H49N8O4: 765.39;

\ Jeo)
HO H =
N N <
¢ TN
J.50 E\“ N O)/©/ S OH
H ] Y

From J.43f

[ ¥e)
~N H 5 found: 765.53.
\ENHN g \
J.50a S © © N~
H ] s
HRMS: Anal. Calcd.
for [M+H]"
From J.43f C45H49NBO4:
765.3877; found:
765.3843.
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From J.43] o NHc/RT = 2.27 min (Cond.- D2); LC/MS: Anal. Calcd. for [M+li]+ C43H51N806: 775.39;
found: 775.39. HAMS: Anal. Calcd. for [M+H] | C43H51N806: 775.3932; found: 775.3921. J.52d
IP o\ ,--N NVO1 20181832540 N NH From J.43j e N 'NJ? HO PCT/US2010/044356

RT =2.29 min (Cond.-
D2); LC/MS: Anal.
Calcd. for [M+H]"

C45H45NBO6: 793.35;

found: 793.49.

Iy
O H

O
N H =
N N N ’_>
1.50b E\fﬁ,]@\CY@ Ty,
A& >E <

From J.43f

HRMS: Anal. Calcd.
for [M+H]"
C45HASNBO6:
793.3462; found:
793.3442.

RT =2.99 min (Cond.-
D2); LC/MS: Anal.
Calcd. for [M+H]"
C47H39CI2N8O6:

T © . e 881.24; found: 883.41.
1.50¢ EL(H@\QY@ \‘O:N Lo

N\Cl HRMS: Anal. Calcd.

From J.43f for [M+H]"

C47H39CI2N8O6:
881.2370; found:
881.2349.

RT =2.29 min (Cond.-

D2); LC/MS: Anal.

Calcd. for [M+H]"
PR S C41H38FN6OG:
= . Y@“%N 729.28; found: 729.36.
J.51 SN L o 5 OH

HRMS: Anal. Calcd.

.
From J.43g for [M+H]
C41H38FN606:

729.2837; found:
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/ RT = 2.09 min (Cond.- D2); LC/MS: Anal. Calcd. for [M+F]+ C41H47N806: 747.36; found: 747.34.
HRMS: Anal. Calcd. for [M+H] C41H47N806: 747.3619; found: 747.3610. J.53 N From J.43d N tip O *
00 RT = 2.99MR(@8#4.- D2); LC/MS: Anal. Calcd. for [M+H] C35H39N6F£THO2B0/¥dhel: 607.71.
HAMS: Anal. Calcd. for [M+H] | C35H39N604: 607.3033; found: 607.3015. J.53a crisNaWI0S00
From J.43a RT = 2.28 min (Cond.- D2); LC/MS: Anal. Calcd. for [M+H] C35H39N604: 607.30;

729.2847.

RT =1.93 min (Cond.-

D2); LC/MS: Anal.

Calcd. for [M+H]"
C45H48FNBO04:

O
~N Y Fon s 783.38: found: 783.52.
\EN.L«N N\H/\D \
J.51a S N o % N
H \ ,Q I

HRMS: Anal. Calcd.
for [M+H]"
C45H48FNBO04:
783.3783; found:
783.3764.

RT =2.89 min (Cond.-
D2); LRMS: Anal.
Calcd. for [M+H]"

From J.43¢g

cl C47H38CIFNRQO6:
7 N
oY Foy o 899.23; found: 897.19.
7 NN N\I\/\’N>
J51b [Q}_(N:@\C) lo) O/
H \ ] o7
N\Cl HRMS: Anal. Calcd.
From J.43¢g for [M+H]"
C47H38CIFNRQO6:
899.2275; found:
899.2287.
RT =2.23 min (Cond.-
D2); LC/MS: Anal.

Calcd. for [M+H]"

o C44H46N704: 736.36;
152 | ~\ o
VoNGON Me found: 737.00.
e, X
SN NN
DOt RS BV
From J.43j HRMS: Anal. Calcd.
for [M+H]"
C44H46N704:
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found: 607.34. BIOLOGICAL ACTIVITY

An HCV Replicon assay was utilized in the present

disclosure, and was prepared, conducted and validated as described in commonly owned
PCDUS2008/02015%1813§ in O'Boyle et. al. Antimierob Agents Chemother. POAB/AIN HO4435¢346-53.
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 10cells containing mutations than wild-type cells. Thus, the
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[ ((1 S)- |

-4(2S)-2-(544424(29
1H-imidazol-4-yl)phg
J.22a D (I R)-24(2S

phenylacetyl)-2-pyr

1H-imidazol-2-y1)-14

b)-14(29
2Ny 1)-1H
b)-24444
rolidiny
pyrrolid

J.52b

)-2- ({(methoxyearbonypamino)-3-methy
1-benzimidazol-2-y1)-1- pyrrolidinyl)carl
1-(24(2S)-1 4(2R)-2-(diethylamino)-2-
)-1H-benzimidazol-5-yl)phenyl)-

iny@;-al\;,N-diethyl-Z-oxo-l- pheny lethar
O> Z 0
o N
NGoHP

0
\N\
\ _N N Me
E\\\*—«N@\CY@
SO
From J.43j

'Rq{%@?zf)’z‘-)ﬁﬁ;l@f%gﬂ!g'
-2 met

PO R PY
Caled. for [M+H]"

PNAED6: 809.38:

found: 809.57.

HRMS: Anal. Calcd.
for [M+H]"
C46H49NBO6:
809.3775; found:
809.3803.

nyl1)-
)earbamate

J.52¢

RT =2.27 min (Cond.-
D2); LC/MS: Anal.
Calcd. for [M+H]"

0
~N 0 C43HSINBO6: 775.39;
\ _N N Meo 5 J(O
[ KJ\CY@ v N o found: 775.39.
N W NJ\Q /
N H

F J.43j

rom .23 HRMS: Anal. Calcd.

for [M+H]"
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D methyl ((t R)-24(2S)-24444424(2S)-14(2R)-2-
((methoxycarbonyl)amino)-2-phenylacety1)-2-pyrrolidiny1)- 111benzimidazol-5-yl)pheny1)-1
H-imidazol-2{13012883fdiny1)-2- oxo-1-phenylethyl)earbamate J.23 D mEfHl/US2010/044356
((19)-1-(((2S)-2-(5-(3-(24(2S)-14(2S)-2- ((methoxyearbonyl)amino)-3-methylbutanoy 0-2-pyrrolidiny1)-
1H-imidazol-4-yOpheny1)-1H-benzimidazol-2-y1)-1- pyrrolidinyl)carbony1)-2-methylpropyl)carbamate
J.23a D (1R )-24(2S)-244434242S)-14(2R )-2-(di ethy lamino)-2- pheny lacety

0-2-pyrrolidiny1)-1H-

benzitnidazol-5-y1)phenyl)-

1H-imidazol-2-y1)-14
R)-2-((2S)-2-(4-(342
Hbenzimidazol-5-yl)
0 PM D methyl ((I' S

pyrrolidiny1)-N,N-diethyl-2-oxo-1- phenylethan
H((2S)-1H((2R)-2- ((methoxyearbonyl)amino)-2-f
phenyl)- | H-imidazol-2-y1)-1 -pyrrolidiny1)-2- ¢
-1 -((1R,3S,5R)-348424(11t,3S,5R)-24(2S)-2-

aMmin€4BASbNBOGethy
henyjageisl y-aipyrrol

775.3921.

xo-I-phenylethyl)carb:

(«
diny1)- |
amate J.24 |

((methoxyearbonypg
[3.1.0]hex-3-y1)-1H-
,2-d]imidazol-2-y1)-2
methyl ((1 S)-1-(((29
((methoxycarbonyl)g
,2-d]imidazol-7-y 0-1
pM D methyl ((1S)-1}
0-2-pyrrolidiny1)- 1H

pyrrolidinyl)carbonyl

Imino)-3-methylbutanoyl)-2- azabicyclo

benzimidazol-5-y1)-1,4,5,6- tetrahydrobenzo [3]
- azabig¢ye lo [3.1.0] h ex-2-y Dearbony 0-2-meth
)-2-(5-(R-( (25)-1-((25)-2-

mino)- -m hylbutanoyl) -2- pyrrolldlnyl) 4,

-(((2S)-2-(5-14.42- ((28) 1 -((29)-2- ((methoxyea
-ipgelazpl- 43 I

From J.43j

RT =2.09 min (Cond -

4] eyeloh &ﬁ
bah
C%l/lcc%ﬁ?or [M+H

POl PYERQed, £-ar
-Z2-methylpropyl)carb

rbonyauiniAdR8-met
-2-y1)-1-

HRMS: Anal. Calcd.
for [M+H]"
C41HA47NBO6:
747.3619; found:

747.3610.

Lte
I

J.25 D

ho[1
mate J.26 5
nylbutanoy

J.53

O
N 0
\\_«N@\C)Y@ o >’F

From J.43d

RT =2.22 min (Cond.-
D2); LC/MS: Anal.
Calcd. for [M+H]"

C35H39NgO4: 607.30;
found: 607.71.

HRMS: Anal. Calcd.
for [M+H]"
C35H39NO4: 607.3033;
found: 607.3015.

(0]
N
1.53 %KJYC)J/@ 0 o>_)>
=~ N
H l\\l / HJ/\LN)

From J.43a

RT =2.28 min (Cond.-
D2); LC/MS: Anal.
Calcd. for [M+H]"

C35H39NgO4: 607.30;
found: 607.34.
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methyl ((1 S)-1 #(2S)-2-(5-(2-02S)-1 42S)-2- ((methoxyearbony | Jamino)-3-methylbutanoy
0-2-pyrrolidinyl)- 3H-naphtho [1,2-d] imidazol-7-y1)-1H-benzimidazol-2-y1)-1-

pyrrolidthyl) ¥R8m3/21832Methylpropyl)earbamate J .27a D (1R)-242R)-2-(7RLAP2Y19/03pr 2-(diethy
lamino)-2-
phenylacetyl)-2-pyrrolidiny1)-1H-benzimidazol-5-y1)-1Hnaphtho[1,2-d]imidazol-2-y1)-1-pyrrolidiny1)-N
,N-diethyl-2- oxo-1-phenylethanamine J.27b D methyl ((IS)-1-(((2S)-2-(5-(4-(2-((2S)-1-((2S)-2-
((methoxyearbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-
1H-naphtho[1,2-d]imidazol-7-yl)pheny1)-1H-B&NAtaidaddod 2 T3 T

-pyrrolidinyl)carbony0-2- WEE@&WQQM%WQ@E?%&%&@H MR G Lure, and was
R)-24(2S)-2-(744-(2-42S)-1-42R)-2-

((methoxycarbonyDERAFS) @%’éﬁ’)ﬁé&@fiﬁ}@‘ﬁ?%ﬂﬁ?ﬁﬂ}h@iﬂﬁéﬁ%%i@i%‘l% -yl)phenyl)-1 H-naphtho

E% 2)d]Ir(rzl(da§o 1( @Wfﬂ;szzmmmugw enam@z@@k@aylaéhxbﬁﬂrma%@nls%hﬁ%g@myioos
15)-1-(((2S)-2-(54(4 -1-((2 thoxyearbon amino)-3-met utano
0-2-pyrrolidiny)- éﬁ’ Z@ %§%61g ?%é’n%/ng yIr}{y W%al—}xgel)ﬁczlr%ﬁ azdi2= Live il been
pyrrolldlnyl)carbom}@}lmrdah}bpddﬁyiadmbmbnate J.28a D

(1R)-24(25)-2-(4-(4-((2- (S &0 7pAn AW R A AR AGRY Rt GHAHEA R

H-benzimidazol-5-

ypethynyl)pheny 1S MeFE AR 1551 e FHETRIMY S5 SRERRASHRI 226 %0mnsMBdy Idtanamine J.28a.1 D

g];‘thyl ((IISJ 1- (()(25&%6%%44}461@5&&%2&)%%4@ﬁﬂo%tﬁ(a[ﬁ'@Uﬁﬂﬁw@sl@gﬁﬂl‘b1|tammmt§dﬂethy|bUtanoy
pyrrolidinyl)- 1H-imidazol-5 et 1 0

pyrrolidinyl)c ﬂ)on 555%%% gbz;? énl}é/ljg' 1(l-jglfhy ﬁé %nds of the present

-(02S)-2-(4- (cyanodmetbgdbe&dﬂh@dﬁ@&)vt in 1nh@(>2®g2h€(1ﬁuemoxyxfa]nbtbﬂyﬂall$ﬁmpr6t¢nmh@/lbutanoyl) -2-

pyrrolidinyl)-1H- b%%%@%?o%ﬁo‘/’ﬂé%%&l@hﬁ@X&ﬁﬁ&&%%e%lé!&s?r}a@’é{‘%g'ﬂy 1)carbonyl)-2-

methylpropyl)carbamate J
apphcatlon PCT/U S2006/022197 and commonly owned WO/04014852. Further, the

compounds of the present disclosure can be effective against the HCV 1b genotype.
15 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 1la, 1b, 2a, 2b, 3a, 4a, and 5a genotypes. ECs, values against HCV
20  1bare as follows A (1-10 uM); B (100-999 nM); C (4.57-99 nM); D (0.5 pM-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
present disclosure inhibit HCV replicon and in another embodiment the compounds

25  of the present disclosure inhibit NSSA.

Table 2
Example | EC50 | Range Name
methyl ((1S)-1-(((25)-2-(8-(4-(2-((25)-1-((2S)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-
121 D 1H-imidazol-4-yl)phenyl)-1,4,5,6-
tetrahydrobenzo[3,4]cyclohepta[1,2-d]imidazol-2-y1)-1-

pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate
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D methyl ((1S)-1-((1R,3S,5R)-3-(54(4-(2-41R,3S,5R)-2-(2S)-2-
((methoxycarbonyHamino)-3-methylbutanoyl)-2- azabicyclo
[3.1.0]hex-3WA RARAKAZ0l-4-yl)phenyl)ethyny1)- PCT/US2010/044356
1H-benzimidazol-2-y1)-2-azabicyclo[3.1.0]hex-2-yl)carbony1)-2- met hy Ipropy Ocarbamate i .28c D
methyl 01 S)-1-( 01R,3S,5R)-3-(4-(44(4-fluoro-2-01R,3S,5R)- 2-02S
)-2-((methoxycarbonyl)amino)-3-methylbutanoy1)-2- azabicyc lo [3.1.0] hcx-3-y1)-1H-benzimidazol-6-
yDethynyl)phenyl)-1H-imidazol-2-y1)-2-azabicyclo[3.1.0]hex-2-
yl)carbonyl)-2-methylpropyl)carbamate| JI1R3A-(BIn2ByR (2B 1R (2 R8EyER)u8)(%4-(2-fl uorp-4-((2-((1
R,f)S,SR)- OI2-((2|S ﬁ;zgem?)xyﬁ arb];)ny "ﬁﬁﬂﬂ@&e@:ﬁgeﬁpﬁfmmﬁﬁpYﬁ)b@ﬁzﬁﬁﬁ@iﬁyﬂﬁﬁ 415@]hbex -3- 3)/12)-1
H-benzimidazol-3- ylfethynyl)pheny?)-1 icyclo -2- Yy Hcarbony [)-2-tn
ethy Ipropy Hcarbamate J|28e D methyl ‘(‘Lm%@ F@@% ézﬁ? éé) n&d&% %)Y

((methoxycarbon ,/l)aminc)-3-methylbutﬁ)‘ﬂﬂ}ﬁh@l]@;}\I PyJrp-oxo-1-phenylethanamine
4,5-dihydro-3H-naphtho[1 2-d]imidazol-?ﬁﬂgﬂhyrmh){a(bﬂg%mmmslﬁ =§2s)-1-pyrrolidiny Ocarbony
D-2- methylpropyll)carbamate J.28e.1 D %’iﬂ%&@é‘r&@yg‘}n@ﬁ)ﬁngﬁ % ?)%} éﬁldﬁwl)

((tncthoxycarbonyl)armino)-2-phcnylacctyl oldin benzimidazo hyny 1)-4}5-di

hydro-1 H -naphthol[ 1 ,2- d]imidazol-2-y f 1"?3‘%??8]“6‘}‘@1??)“’2/16)%5[ -pepieibretiyedrbamate 7.28f D
methyl ((1 S)-14(RS)-2454(24(2$)-1-02 apyzrotlﬁmemwoymdmemwy)@mmb)a@am@mylbutanoy
0-2-pyrrolidiny0- BHR-naphtno {1, 2-dj imid A3 S0 s_ )8Rl g Tamino)-2-
é]j?zj:ozysr;?gfj(?z/(l; 4g§§aq¥'géé)g‘jth§pr( B I (}:1 arc%%rg%tpyrro 1d1ny1) IPrITLeEleml(cgazol 5-yDphenyl)-
((methoxycarbonyHamino)-2-phenylacety)pigazaiclisliny Py i¢ibanbibhiddrtiys-3ethynyl)- 1H-naphtho
[1,2-d] imidazol-2-y1)-1- | pyrralidinyl)-3nexaet-phenylethyl)carbamate J.28g

methyl ((1R)-2-((2S)-2-(4-(4-(2-((2S)-1-((2R)-2-
((methoxycarbonyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-

1.22b D
benzimidazol-5-yl)phenyl)-1H-imidazol-2-yl)-1-pyrrolidinyl)-2-

oxo-1-phenylethyl)carbamate
methyl ((1S)-1-(((25)-2-(5-(3-(2-((25)-1-((2S)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-

123 D
1H-imidazol-4-yl)phenyl)-1H-benzimidazol-2-yl)-1-

pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate
(1R)-2-((25)-2-(4-(3-(2-((25)-1-((2R)-2-(diethylamino)-2-

phenylacetyl)-2-pyrrolidinyl)-1H-benzimidazol-5-yl)phenyl)-
1H-imidazol-2-yl)-1-pyrrolidinyl)-N,N-diethyl-2-oxo0-1-

J.23a D

phenylethanamine
methyl ((1R)-2-((2S)-2-(4-(3-(2-((25)-1-((2R)-2-
((methoxycarbonyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-

1.23b D
benzimidazol-5-yl)phenyl)-1H-imidazol-2-yl)-1-pyrrolidinyl)-2-

oxo-1-phenylethyl)carbamate
methyl ((1S)-1-(((1R,3S,5R)-3-(8-(2-((1R,3S,5R)-2-((25)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-

10
124 D azabicyclo[3.1.0]hex-3-yl)-1H-benzimidazol-5-y1)-1,4,5,6-

pM tetrahydrobenzo[3,4]cyclohepta[1,2-d]imidazol-2-yl)-2-
azabicyclo[3.1.0]Thex-2-yl)carbonyl)-2-methylpropyl)carbamate
methyl ((1S)-1-(((25)-2-(5-(2-((2S)-1-((2S)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-

J.25 D
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D methyl ((1 S)-1-(((2S)-2-(4-fluoro-64 (24(2S )-14(2S)-2- ((methoxycarbonyl)amino)-3
-methylbutanoyl)-2-pyrrolidinyl1)- 4,5-di hydro-1 H -naphtho[1,2-d]imidazol-7-y Dethyny1)-1 H -
benzimidaz®¥23M¥ 13 olidinyl)carbonyl)-2- methylpropyl)carbamate J.2SHCTAGSHNOD4#Eehy| ((1 S)-1
#(2S)-2-(4-fluoro-64(24(2S)-1-02S)-2- ((methoxycarbonyl)amino)-3-methylbutanoy 0-2-pyrrolidiny1)-
1H-naphtho [1,2-d] imidazol-7-ypethyny1)-1H-benzimidazol-2-
y1)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate .1.28h.1 D methy! ((I
S)-1-(((1R,3S,5R)-3-(5-02-(0 R,3S,5R)-2-R2S )-2- ((methoxyearbonyl)amino)-3 -methylbutanoy1)-2-
azabicyclo [3.1.0]hex-3-y1)-4,5-dihydro: #-tiaphthadhaphtho[ 1,2-d]imidazol-7-y1)-1H-benzimidazol-
g]i2midazholl-7-ype|thynxl)-1H-berr)lzliqmqidaz ol ﬂ);dlayan@czap;%d@y[?zzL&lﬂm%&ch&am@nyo .2
-2-methylpropyljearbamate 3-28k-2Dm methyl :3S;5R)2{(2R)-2-
((methoxycarbonyl)amino |)-2-phenylacety ?1 -(Qgéb&(/% 0 [ﬂéIf h(z:ag é )(If;\)l H -benzimidazol-5-y
Dethyny1)-4,5- dihyd %1H-Faﬁfhthodl ziémﬁﬂiembznymnzn@z%mwmwwl) -2-pyrrolidinyl)-
Olhex-2-y1)-2-oxp-1-pheny et ypearbamatend2adl-4B ety i 13)-1H(0ch Rudez6R) y3-(5-02-(0
R,3S,5R)-2-R2S)t2- ((methoxycarbonyl ?9?1—91%%15“&5‘3 Jl?%t%n@l?@o%yl ahicyelo [3.1.0]hex{3-y1)-1

H-naphtho [1,2-d]imidazo|-7- ypethyny1)-1H-benzimidazol-2-y1)-2-aza rvrln [3.1.0]hex-2-
yl)carbony1)-2-methylpropyl)carbbamate f?ﬁlfli(l@mé(ﬂ%§ 8((?(}-22«(2(%13(@%-3 -(7- 42 -((1
R,3S,5R)-2-((2R)F2- ((methoxyearbonyl)amutie)ydphen)iacatydjsritakaBioycle-pyrrolidiny)-
[3.1.0]hex-3-y1)-1H-behzimidazal-5%/1)q tbg%ggﬂyﬁnﬁg]m%dlﬂﬁ)hm@g@ﬂﬂgzyl H=gyazabicyc lo
[3.1.0] hex-2-yl)-2- oxo-1-phenylethypearbamate ,J.28i

S)-1-(4,4-difluorogyclohexiyl)-2-41R,3 S|SKY: % %‘ﬁ W&%@E‘yﬁ qﬁ%%fﬁ% difl uomcyc|ohexy 1
)-2- ((methoxycarbonyl)amino)agety 1)-2 @B&Br@(}?@]@{@ :2OI2ReX-@RHR-(diethylamino)-2-
1H'ben2im.ida20|'5'ypethy nyl)'lH'napthI{}]lageg'lmlgﬁi&lda‘[yl) 1H-benzimidazol-5-yl)-1H-
y1)-2-azabicyclo[B.¥:8]hex-2-y1) -2-&<oeth%lﬁﬁlafp§ ite daZO]Z?% | pyrroliding1)-N.N-diethyl-2-

oxo-1-phenylethanamine

methyl ((1S)-1-(((25)-2-(5-(4-(2-((25)-1-((2S)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-
1H-naphtho[1,2-d]Jimidazol-7-yl)phenyl)-1H-benzimidazol-2-

1.27b D

yD)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate
methyl ((1R)-2-((2S)-2-(7-(4-(2-((2S)-1-((2R)-2-
3.0 ((methoxycarbonyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-

J.27¢ D
pM benzimidazol-5-yl)phenyl)-1H-naphtho[1,2-d]imidazol-2-yl)-1-

pyrrolidinyl)-2-oxo-1-phenylethyl)carbamate
methyl ((1S)-1-(((2S)-2-(5-((4-(2-((2S)-1-((25)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-

1.28 D
1H-imidazol-4-yl)phenyl)ethynyl)-1H-benzimidazol-2-yl)-1-

pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate
(1R)-2-((25)-2-(4-(4-((2-((2S)-1-((2R)-2-(diethylamino)-2-

128 D phenylacetyl)-2-pyrrolidinyl)- 1 H-benzimidazol-5-
yDethynyl)phenyl)-1H-imidazol-2-yl)-1-pyrrolidinyl)-N,N-
diethyl-2-oxo-1-phenylethanamine

methyl ((1S)-1-(((2S)-2-(5-((4-(4-ethyl-2-((2S)-1-((2S)-2-

((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-

J28a.1 D
1H-imidazol-5-yl)phenyl)ethynyl)-1H-benzimidazol-2-yl)-1-

pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate
J.28a.2 D methyl ((1S)-1-(((2S)-2-(4-(cyanomethyl)-5-(4-((2-((2S)-1-
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D methyl ((1 S)-2-((1 R,3S,5R)-3-(74(2-((2 R,3S,5R)-2-((2S)-2-
((methoxyearbonyl)amino)-2-(tetrahydro-2H-pyran-4-yl)acety1)-

2-azabieyc B2 12[HER23-y1)-1H-benzhnMazol-5-yl)ethynyl)-

PCT/US2010/044356

1H-naphtho[1,2-d]imidazo1-2-y1)-2-azabicycl0[3.1.0]hex-2-y1)-
2-0x0-1-(tetrahyclro-2H-pyran-4-yl)ethyl)carbamate 1281.4 D methyl ((1 S)-2-((IR,3S,5R)-3-(7-((2-4
1R,3S,5R)-2-42S)-2- ((methoxycarbonyl)amino)-3-methylbutanoyl)-2- azabicye lo [3.1.0] hex-3-y | )-1
H-benzimidazol-5-ypethyny1)-1 H-nap htholl ,2-d]imidazo 1-2-y1)-2-azabieye lo [3.1 .0] hex-2-yl)-2-

oxo-1-(tetrahydro-2H-pyran-4-ypethyl)cafBanratendtiR8,jcdbonglthmpli(¢) B Blethy(p@thnoyl)-2-
R,3S,510-3-(4-fluoro-64(2-(( 1R,8S,5R)t %ylg(g@)f}a)((mgmgpﬁy&%h@r}y)g@my}%)ﬁ-ﬁmt,hyIbutanoyl)-2-
azabicyel0[3.1.Q]hex-3-y[1)-4,5-dihydrg 1H n ohtho ) mhdm Dearbonyl)-2-
dJimidazol-7-y1)ethyny1)-1H-benzimidaz 61 5" & Y Y
azabicyc1o[3.1.9]hex-2-yl)carbony1)-2- Wfé‘%ﬁ&?rﬁpesbgﬁﬂé@ﬁﬁﬁamate J.28 k D methyl ((1 S)-1 -(((1
R,3S,5R)-3-(4-fluoro-6-((Z-((1 R,BS,5R)-zre (2%t 21{(MEtesyeamD ey annR S srethylsptanpyl)-2-
azabicyclo[3.1.0]hex-3-y1)-1H-naphtho[l.2-c Q@;%n] EEQWX&& bgnzimidazo I-24y
[)-2-azabi ey e 10([3.1.0] hex-2- yl)earbgn Hm? 2-rn eth I romél%earbarnate ?;Sk 1 D benzyl (|1 R,3
S,5R)-3-(7-((2-((IR,33%8R)-2-(N(melhoxyEaPSHY ) 11 WM‘Y%%H&WBF &y hpheyetnymyly
[3.1.0]hex-3-y1)-1Hbenzinmidazo |1-5-yl)ethybypididdznbbhthd {AhRyd]idid &fext 224 8RengPebicyelo
[3.1.0]hexane-2-garboxylate J.281 7 nM Qemyqyp()ﬂﬂ%r@n;&(((ZS) -2-(5-(34(2-((2S)-1-42R)-2-
((methoxyearbony-Haminp)-3-methy-toy ano 1” m'"?"d'é“g'R“ (- Tluoro (1R3BSR
H-benzimidazol-§-ypethyryl)phehy1)-1 I—]ime Péé@é’?i%)“? (4-(4-({4-fluoro-2-(( >
pyrrolidinyl)carbony1)-2-methylpropyl)caloédhate (moBenyss pmihai(Q)-R W 8YM¢EA3-((2-02S)-1 -((2
R)-2-(diethy lamino)r23plumy lagetyi)-2-pysigliginy L)ikekbanzimicazalidzol-6-
ypethynyl)pheny1)-1H-inajdazol-44-y1)-1- oI|d 1) Hgletgx %zox1 Al E)rﬂ)engf gﬁta mine 4.2 8n D
methyl (1 S)-1 #(2S)-2-(56(444-((2S)-1- gg Y5y DAY 23557 ARDUSE PO
((methoxyearbonypamino)-3-methylbutaibsH o2 yhyAra Ry Ry carbamate
1H-imidazol-5-y1)phenyl)ethynyl)-1H-benaiyidagpl-2qy R)3$;5R)-3-(4-(2-fluoro-4-((2-((1R,3S,5R)-
2-((25)-2-((methoxycarbonyl)amino)-3-methylbutanoyl)-2-
1.28d D azabicyclo[3.1.0]hex-3-yl)-1H-benzimidazol-5-
yDethynyl)phenyl)-1H-imidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-
ylcarbonyl)-2-methylpropyl)carbamate
methyl ((1S)-1-(((2S)-2-(5-((2-((2S)-1-((2S)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-
J.28e D 4,5-dihydro-3H-naphtho[1,2-d]imidazol-7-yl)ethynyl)-1H-
benzimidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate
methyl (1R)-2-((2S)-2-(7-((2-((2S)-1-((2R)-2-
1281 D ((methoxycarbonyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
o benzimidazol-5-yl)ethynyl)-4,5-dihydro-1H-naphtho[1,2-
dJimidazol-2-yl)-1-pyrrolidinyl)-2-oxo-1-phenylethyl)carbamate
methyl ((1S)-1-(((2S)-2-(5-((2-((2S)-1-((2S)-2-
108f D ((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-
' 3H-naphtho[1,2-d]imidazol-7-yl)ethynyl)-1H-benzimidazol-2-
yD)-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate
methyl (1R)-2-((2S)-2-(7-((2-((2S)-1-((2R)-2-
J.281.1 D ((methoxycarbonyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
benzimidazol-5-yl)ethynyl)-1H-naphtho[1,2-d]imidazol-2-yl)-1-
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pyrrolidiny Bearbony1)-2-methy Ipropy Bearbamate J.280 D methyl
((1S)-1-(((2S,5S9)-2-(5-((2-((2S,5S)-1-((2S)-2-

((methoxycaVSoH 2i§20)-3-methylbutanoyl)-5-methyl-2-

PCT/US2010/044356

pyrrolidinyl)-1H-naphtho[1,2-d]imidazol-7-yl)ethynyl)-1Hbenzimidazol-2-yl)-5-methyl-1-pyrrolidinyl)earb
onyl)-2- methylpropyl)carbamate J.28p D methyl ((1 S)-2-((2S,5S)-2-(7-((2-((2S,5S)-1-((2S)-2-

((methoxyearbonyl)amino)-2-(tetrahydro-2H-pyran-4-yl)aeetyl)-
5-methyl-2-pyrrolidinyl)-1H-benzimidazol-5-yl)ethynyl)-1Hnaphtho[1,2-d]imidazol-2-yl)-5-methyl-1-pyrro

lidinyl)-2-oxo-1- (tetrahydro-2H-pyran-4gphettiyi)earsarnabend By Carprthiyl
E(l(132]-1-((1(2*33')-‘11)%2%-(H(Zb -hl*iit))(é“>)nérhly1 (1S)-1- (l((zs) 2 (4-fluoro-6-((2-((2S)-1-((2S)-2-
methoxyearbonyl)amino)-3-methylbutan -pyrroli
1H-benzimidazoli5-yl)phenyBethyny1)-1L n%i Qéﬂ qi Xiglo) 3-methyloutanoyl)-2-pyrrolidinyl)-
pyrrolidinyBearbgny1)-2-methylpropyBe dv@*éth?&t@ JJB UBPIthB[ Medhiytidgrol-7-yDethynyl)-1H-
R)-1-(1((2S)-2-(i4-((4-(2-((2S)-1-((2R)-2- benzimidazol-2-y1)-1-pyrrolidinyl)carbonyl)-2-
((methoxycarbony1)aming)-3-methylbutan i]p)m% frelidiny1)- 1 H -benzimidazol-5-y Oph ¢
Bethyny1)-1 H -imidazol-2-y1)-1- pyrrolid! -2
((1S)-24(25)-2-(5-(48F4(25) 2 -(N-(FhethBsRAB Sy A§2S)-2-(4-fludro-6-((Z-((28)-1-((28)-2-
L-alany1)-2-pyrralidiny1)-1Hpithidazol-41 yBethyxyhphenyiisbid3-methylbutanoyl)-2-pyrrolidinyl)-
benzimidazol-2-y[L)-1-pyrrplidiny l)-1-me=thyglgp-hg%c?p§km%@ggq1m@t)@thy}§l)1g{ peg%;mg((@
S,2R)-2-methoxy-14(28)-2-(5-(442#28)-1 (N- )} !%")n rbon %1 ) ethpyl1 reotnyl) -2-
pyrrolidiny1)-1H-imidazol--yOethyny)phehy DT HBA |m|8naYz)o § Tf yDearbamate
pyrrolidinyl)carbonyl3ghdpyl)earbamBte | kByl (5 methiR.8.FR)2-(FAHORBI ERI2-((2B121-((2
((methoxyearbonyl)amino)-2-phe nyIaeety&amyywwﬁmaﬁﬂp@%mm%yj)phenyBethyn
dazol-2-y1)-1- pyfrolidiny1)-2-ox 3-1-phe Il% rlbﬂén 141 %?%% é %ﬁllz(
S)-1-42R)-2-phenyl-2-(1-piperid nyBac % @/rro nyl?’ (542 X ﬁ 2-pheny1+
mldazol 7-yDethynyl)-1H-benzimidazol-2- y
azabicyclo[3.1.0]Thex-2-yl)carbonyl)-2-methylpropyl)carbamate
J.28h.2 D methyl ((1R)-2-((1R,3S,5R)-3-(7-((2-((1R,38,5R)-2-((2R)-2-
((methoxycarbonyl)amino)-2-phenylacetyl)-2-
azabicyclo[3.1.0]hex-3-yl)-1H-benzimidazol-5-yl)ethynyl)-4,5-
dihydro-1H-naphtho[1,2-d]imidazol-2-yl)-2-
azabicyclo[3.1.0]Thex-2-y])-2-0x0-1-phenylethyl)carbamate
1.28i D methyl ((1S)-1-(((1R,3S,5R)-3-(5-((2-((1R,3S,5R)-2-((2S)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-
azabicyclo[3.1.0]Thex-3-yl)-1H-naphtho[1,2-d]imidazol-7-
yDethynyl)-1H-benzimidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-
ylcarbonyl)-2-methylpropyl)carbamate
1.28i.1 D methyl ((1R)-2-((1R,3S,5R)-3-(7-((2-((1R,38,5R)-2-((2R)-2-
((methoxycarbonyl)amino)-2-phenylacetyl)-2-
azabicyclo[3.1.0]Thex-3-yl)-1H-benzimidazol-5-yl)ethynyl)-1H-
naphtho[1,2-d]imidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-yl)-2-
oxo-1-phenylethyl)carbamate
1.281.2 0.51 D methyl ((1S8)-1-(4,4-difluorocyclohexyl)-2-((1R,3S,5R)-3-(7-((2-
pM ((1R,3S,5R)-2-((25)-2-(4,4-difluorocyclohexyl)-2-
((methoxycarbonyl)amino)acetyl)-2-azabicyclo[3.1.0]hex-3-yl)-
1H-benzimidazol-5-yl)ethynyl)-1 H-naphtho[1,2-d]imidazol-2-
yl)-2-azabicyclo[3.1.0Thex-2-yl)-2-oxoethyl)carbamate
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R)-2-

y1)-1H-imi

2-(1-



pipesidinyl)acetyl)-2-pyn-olidinyl)-1H-imidazol-4- yDethynyl)pheny1)-1H-benzimidazole J.28r 15 .5 plYI
D methyl (1 S)-1-((( 1R,3S,512)-3-(7-(2-(24(1R,3S,5R)-24(2S)-2- ((methoxycarbony | Jamino)-3-methy

Ibutanoyl)-N@28138Y883Y3.1 .0Jhex-3-y1)-1 H-benzimidazol-5-yHethyl)-1HR&FER]10/044356

,2-d]imidazol-2-y1)-2-azabicyclo [3.1.0]hex-2- yl)carbonyl)-2-methylpropyl)carbamate J.28s D methyl
((1 8)-2-((1 R,3S,5R)-3-(7-(2-(2-((1 R,3S,5R)-24(2S)-2-
((methoxycarbonyHamino)-3-methylbutanoy1)-2-

hex-3-y1)-1H-benzimidazol-5-yi)ethy1l)-1Hnaphtho[1,2-d]imidazol-2-yl)-2-azabicyclo

azabicyclo[3.1.0

[3.1.0]hex-2-yl)-2¢
S)-1-W2S)-2-(4-(R-

H-benzimidazol-5
Ocarbatnate M.8
[d]imidazo I-6-y [
(S)-1-(2-phenyladg

D

36i3-(]
(4-(2-(

-y Oph €
46.4 nlV|
ethyny (
etyl)-N-

etrahy
2S)-1-
ny Def

(S)-1
Dp hen
44(24

drd?2H-
A2S)-21 (;
hyl)-1

-acetyl

y)pyrro
S)-1-(4

pytayi-dL§heiin)eaafarh it (IBIEFE3 15 MEHAS(I 1

ﬂrﬁ@@h(&éﬂ)@j{aﬁlﬁﬂ% 3y Dg2-azabicyclo[3.1.0Thex-2-yl)-

f &H&@l&g&%ﬁb@%ﬁ@ﬂ@%ﬁﬁ@%@a@xwﬁk&%r
mi SL- 1din e
&I fiﬁ{’i%zl Xi ex'ﬁ&% acet Z}Ipyrrok[)g'r’fY y\ir)y Hy

K

’Z{dﬂemjﬁdﬁiﬂeﬁy(ﬁmyﬁyﬁﬂldm}ﬁﬂwmchbﬁnh&nZO [d]ltn|d<

olidinyl)- 1

Ipropy
DEeNnzo

azol -6-y

1)ethyny 1)phem
S)-1-(2-phenylact
carboxamide M.1|

yt

YRt

otyl)pyrrg

1

L Pa
Iric=2=

lidin-2

allijux

ryl)-1

Ry L S R IS T it R i)
e e
((methoxycar onyl)amino)- 3—methylbutan0y1 -2-
azabicyclo[3.1.0]Thex-3-yl)-1H-benzimidazol-5-yl)ethynyl)-1H-
naphtho[1,2-d]imidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-yl)-2-

oxo-1-(tetrahydro-2H-pyran-4-yl)ethyl)carbamate

phem T;pyr idinc-2

1.28]

methyl ((1S)-1-(((1R,3S,5R)-3-(4-fluoro-6-((2-((1R,3S,5R)-2-
((2S)-2-((methoxycarbonyl)amino)-3-methylbutanoyl)-2-
azabicyclo[3.1.0]hex-3-yl)-4,5-dihydro- 1H-naphtho[1,2-
dJimidazol-7-yl)ethynyl)-1H-benzimidazol-2-y1)-2-
azabicyclo[3.1.0]Thex-2-yl)carbonyl)-2-methylpropyl)carbamate

J.28k

methyl ((1S)-1-(((1R,3S,5R)-3-(4-fluoro-6-((2-((1R,3S,5R)-2-
((2S)-2-((methoxycarbonyl)amino)-3-methylbutanoyl)-2-
azabicyclo[3.1.0]Thex-3-yl)-1H-naphtho[1,2-d]imidazol-7-
yDethynyl)-1H-benzimidazol-2-yl)-2-azabicyclo[3.1.0Thex-2-
ylcarbonyl)-2-methylpropyl)carbamate

J.28k.1

benzyl (1R,3S,5R)-3-(7-((2-((1R,3S,5R)-2-(N-
(methoxycarbonyl)-L-valyl)-2-azabicyclo[3.1.0]Thex-3-yl)-1H-
benzimidazol-5-yl)ethynyl)-1H-naphtho[1,2-d]imidazol-2-y1)-2-

azabicyclo[3.1.0]Thexane-2-carboxylate

J.281

7nM

methyl ((1S)-1-(((25)-2-(5-(3-((2-((2S)-1-((2R)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-
1H-benzimidazol-5-yl)ethynyl)phenyl)-1H-imidazol-4-y1)-1-
pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate

J.28m

55.7
nM

(1R)-2-((25)-2-(5-(3-((2-((2S)-1-((2R)-2-(diethylamino)-2-
phenylacetyl)-2-pyrrolidinyl)- 1 H-benzimidazol-5-
yDethynyl)phenyl)-1H-imidazol-4-yl)-1-pyrrolidinyl)-N,N-
diethyl-2-oxo-1-phenylethanamine

J.28n

methyl ((1S)-1-(((2S)-2-(5-((4-(4-((2S)-1-((25)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-
1H-imidazol-5-yl)phenyl)ethynyl)-1H-benzimidazol-2-yl)-1-
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C (S)-1-(2-phenylacety1)-N-(4-(2-(24(S)-1-(2- phenylacetyl)pyn-olidin-2-y1)-1H-benzo[d]imidazol-6-
yhethyl)phenyOpyn-olidine-2-carboxatnide J.44 D methyl ((112)-24(2S)-24(5-(2-(24(2S)-14(2R)-2-
((methoxycaMSoH\BAREHS)-2-phenylacetyl)-2-pyrrolidinyl)-111- benzimidaz8CE4/$30108 64846 0l-5-y1)-2-
methylphenyl)carbamoyl)-1-pyrrolidiny1)-2-oxo-1- phenylethyl)carbamate J.44a D methyl
(R)-2-((S)-2-(5-(2-(2-((S)-1-((R)-2-(ditnethylatnino)-2- phcny lacety Opyn-o lidin-2-yl)-1 H-benzo

[d]itnidazol -5-y poxazol -

5-y1)-2-In ethy Iphenylcarbamoy Hpyrro lidin-l-y1)-2-oxo-1-
phenylethylcarbamate J. 45 D methyl((1R)-2-( (2S)-24(3-(2-(24(2S)-14(2R)-2-

((tnethoxycarbonyl)amino)-2-pheny lacq W@E@}Mﬁ)@rhmymmmrowl)Carbamate
benzimidazol-5-yI)-1,3-0Kkazo1l-5-yl)phen gmqy SSW[ QI phenytethyljcarbamate
J .4_5a D 1-H2R);2-(ditne hylami_nc_))-Z ¢ 2 Lacetg/I 42 42t i Iﬁif Lmle hy _
Iam|no)-2-phenylacctyl)-ﬂ-pyrrol|d|ny1) i 1n?f a%o 5. y )-L-prolinamide
J.456 D (S)-1-(2{pHery lacety1)rN-{342 R?T@Si)nll)(zbﬁpﬁ@i‘ﬁy lagatyrpsm-ovimvey)idi H -benzo
[d]itnidazol -5-y ppxazol5-yl)phenyl)pyrroligingidzaarboxanicteyd Beyridlidinyl)carbonyl)-2-
Opy110 i 2y L1 - brofmicarbl s A A G B oo ovrroling.2. casboxamic 1.47 b
1-H2R)-2-(ditnetHylamino)-2-phenylacely fEN {3352 ¢ 25 8):2-7-((2-(28.,59)-1-(25)-2-
42R)-2-(dimethylamino)-2tphenylacety 1){@:gyoroligipi)bikdenzimithazo28-yipid Bydxano)-2-y1)-2-me
thylpheny1)-L-pralingsgide D | 5-methyl-2-pyrrolidiny1)-1H-benzimidazol-5-yl)ethyny1)-1H-
naphtho[1,2-d]imidazol-2-yl)-5-methyl-1-pyrrolidinyl)-2-oxo-1-
(tetrahydro-2H-pyran-4-yl)ethyl)carbamate
methyl ((1S)-1-(((2S)-2-(4-((4-(2-((2S)-1-((2S)-2-

B8 D ((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-
1H-benzimidazol-5-yl)phenyl)ethynyl)-1H-imidazol-2-y1)-1-
pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate
methyl ((1R)-1-(((2S)-2-(4-((4-(2-((2S)-1-((2R)-2-

B B ((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-
1H-benzimidazol-5-yl)phenyl)ethynyl)-1H-imidazol-2-y1)-1-
pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate
methyl ((1S)-2-((25)-2-(5-(4-((2-((2S)-1-(N-(methoxycarbonyl)-

B9 D L-alanyl)-2-pyrrolidinyl)-1H-imidazol-4-yl)ethynyl)phenyl)-1H-
benzimidazol-2-yl)-1-pyrrolidinyl)-1-methyl-2-
oxoethyl)carbamate
methyl ((1S,2R)-2-methoxy-1-(((2S)-2-(5-(4-((2-((2S)-1-
(N-(methoxycarbonyl)-O-methyl-L-threonyl)-2-

IB.1O b pyrrolidinyl)-1H-imidazol-4-yl)ethynyl)phenyl)-1H-
benzimidazol-2-yl)-1-
pyrrolidinyl)carbonyl)propyl)carbamate
methyl ((1R)-2-((2S)-2-(4-((4-(2-((2S)-1-((2R)-2-

B11 D ((methoxycarbonyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
benzimidazol-5-yl)phenyl)ethynyl)-1H-imidazol-2-yl)-1-
pyrrolidinyl)-2-oxo-1-phenylethyl)carbamate

B.12 65.2 D 2-((25)-1-((2R)-2-phenyl-2-(1-piperidinyl)acetyl)-2-

pM pyrrolidinyl)-5-(4-((2-((2S)-1-((2R)-2-phenyl-2-(1-
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J.47a D methyl ((I R)-2-(1(2S)-2-(0-(15-(2-((2S)-1-42R)-2-
((methoxycarbonyHamino)-2-phenylacety1)-2-pyrrolidiny1)-1Hbenzimidazol-5-y1)-1,3-oxazol-2-y1)-2-
met by IpheMQ 2d2iH8#3dy 1)-1-pyrrolidiny1)-2-oxo-1- pheny lethypearbatnB¢d J481p/044356
14(2R)-2-hydroxy-2-phenylacety1)-N-(3-(5-(2-((2S )-14(2R)-2-
hydroxy-2-phenylacetyl1)-2-pyrrolidiny1)-1H-benzimidazol-5-y1)-
1,3-oxazol-2-ypphenyl)-L-prolinamide J .48a D methyl ((1S)-1-(((2S)-2-(5-(2-(3-((((2S)-24(2S)-2-
((methoxyearbonyHamino)-3-methylbutanoyl)-1- pyrrolidinyl)carbonyl)amino)phenyl)-1

,3-0xazo1-5-yl)-1
(2R)-2-(ditnethylg
benzimidazol-5-y

(2R)-2-acetamidg
2-acetamido-2-ph
mide J.48d 147 n
((2S)-1-((3-ehlorg
pyrrolidiny1)-1H-I

(2S)-24(5-(5-(2-(1

benzimidazol-5-y
phenylethyl)earba

Hbenzimidazol{2-yl)-1} pinvodidivadycarBonybldeyméthimidrepyl carbamate 7.4 8b C
mino)-N1(3-(5-(24(2S)-142RnditdipethysinaiZorhenylacety1)-2-pyn-olidiny1)-1H-
h-13-oxazel-2ryhphepyh)-2-p-heny-lacetarmi-de-48c—P-1

S rempacenn i E A ST B AR o

enyl acetyjf%; -pyrrolid ﬁ@l%ﬂwwmﬁﬁm?@@%ﬂ%@lm@d:zyom enyl)tL-prolina
M B24r((B-ehlono-5smethaxietidsoquire! pyiBearhanydifbbi3-Be(@1)-1H-

-5- methoxyl\i-i 50quing 'HQMDL qr E?{&l&azol -2-yl)-2-azabicyclo[3.1.0]hex
penzirnidpzol-51y1)-1,3-o0xazo 1 prolinarnide J.49 D methyl ((112)-2-(

4 (2R)-2- ((rethoxyearDSHINAHi |?|6‘)e§‘yﬂﬁ‘f8??§ffé@&f%§ 2-pyn-o lidiny1)-1H
1)-1,3-0Xazol -2-y1)-21 metiyy{pisenyBearBARI Oy} 1Py IBLEHIRYR 2 (2eR-1 -

amate .1,49a ((methoxycarbonyl)amino)-3-methylbutanoyl)-2-

J.28s D azabicyclo[3.1.0]hex-3-yl)-1H-benzimidazol-5-yl)ethyl)-1H-
naphtho[1,2-d]imidazol-2-yl)-2-azabicyclo[3.1.0]hex-2-yl)-2-
oxo-1-(tetrahydro-2H-pyran-4-yl)ethyl)carbamate
methyl ((1S)-1-(((2S)-2-(4-(2-(4-(2-((25)-1-((25)-2-

IBLS D ((methoxycarbonyl)amino)-3-methylbutanoyl)-2-pyrrolidinyl)-
1H-benzimidazol-5-yl)phenyl)ethyl)-1 H-imidazol-2-y1)-1-
pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate

164 (S)-1-acetyl-N-(4-((2-((S)-1-(2-phenylacetyDpyrrolidin-2-y1)-
M.8 M C 1H-benzo[d]imidazol-6-yl)ethynyl)phenyl)pyrrolidine-2-
carboxamide
(S)-1-(2-phenylacetyl)-N-(4-((2-((S)-1-(2-

M.9 C phenylacetyl)pyrrolidin-2-yl)-1H-benzo[d ]Jimidazol-6-

yDethynyl)phenyl)pyrrolidine-2-carboxamide
00 (S)-1-acetyl-N-(4-(2-(2-((S)-1-(2-phenylacetyl)pyrrolidin-2-y1)-

M.10 M B 1H-benzo[d]imidazol-6-yl)ethyl)phenyl)pyrrolidine-2-
carboxamide
(S)-1-(2-phenylacetyl)-N-(4-(2-(2-((S)-1-(2-

M.11 C phenylacetyl)pyrrolidin-2-yl)-1H-benzo[d ]Jimidazol-6-
yDethyDphenyl)pyrrolidine-2-carboxamide
methyl ((1R)-2-((2S)-2-((5-(2-(2-((2S)-1-((2R)-2-
((methoxycarbonyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-

144 D benzimidazol-5-yl)-1,3-0xazol-5-yl)-2-
methylphenyl)carbamoyl)-1-pyrrolidinyl)-2-oxo-1-
phenylethyl)carbamate

I 44a D methyl (R)-2-((S)-2-(5-(2-(2-((S)-1-((R)-2-(dimethylamino)-2-
phenylacetyl)pyrrolidin-2-yl)-1H-benzo[d]imidazol-5-yl)oxazol-
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D (S)-14(2)-2-(dimethy lamino)-2-pheny Indy 0-N-(545424S)-
14(R)-2-(dimethylamino)-2-phenylacetyl)pyrrolidin-2-y1)-1Hbenzo[d]imidazol-6-ypoxazol-2-y1)-2-meth
ylphenyBpyW&ligihg918&Hoxamide J.50 C 1-((2R)-2-hydroxy-2-phenylacety OS2 ¢/ 0419
S)-1-((2R)-2- hydroxy-2-phenylacety1)-2-pyrrolidiny1)-1H-benzimidazol-5-y1)-
1,3-oxazol-2-y1)pheny1l)-L-prolinamide J.50a D
1-42R)-2-(dimethylamino)-2-phenylacetyl1)-N-(4-(5-(24(2S)-1-
((2R)-2-(dimethylamino)-2-phenylaeetyl1)-2-pyrrolidinyB-IHbenzimidazol-5-yl)-1,3-oxazol-2-yl)phenyl)-L
-prolinamide J.50b D 1-((2R)-2-acetamjda-2-hnethylplcetydisn(@d(sy(DI4RE)-1)(2xRY-1 -
2-acetamido-2-phenylacetyl1)-2-pyrrolidinyds fkisranzinidazol5-y1)-1,3-oxazol-2-y1)phenyl)-L-prolina

mide .1.50e >10 HM-A-IH{(3-ehlgro-5-methoxy-HseguingtnyBearboryb-N-(4A5-(2—(2
S)-1-((3-ehloro-5{methoxy}-l-isoquinoliny @5??@6%51')2}5@gj'ﬁ'((g)'\(x(x\(&éﬂ (CR)-2
pyrrolidiny1)-1 H-berbzig idazol-5-y1)-1,3-8RaerpaitpHEnyI)-Loveimtieaide Frro@linyD-1H-
N-(2-fluoro-4-(5-(R-42 S)-14(2R)12-hydrppatranpdnecybagetyih@zol-5-yl)phenyl)carbamoyl)-1-
pyrrolidiny1)-1H-benzimid azol-57y1)-1,3 ‘8?@&%E'r%g}i%)&!a?lﬂyﬂe)ﬁ%é&@@f&mat .
-hydroxy-2-phenylacety1):l -prolinamide 1.51a
1-42R)-2-(dimethylamino){2-phenylacety I} RR(Z-{goly s giq)-2-phenylacetyl)-N-(3-(2-(2-((25)-1-
42R)-2-(dimethylamird®)-2:phenylacety 1) 2Ryr@lidetylaaidd)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
benzimidazol-5-y[1)-1,3-o0xazol-2ty1)-2-{l hdg{ggltﬂggyljs);ﬁp qgjmﬁ)&gglﬁ_pmhnmﬂe
(S)-1-(2-phenylacetyl)-N-(3-(2-(2-((S)-1-(2-

J.45b D phenylacetyl)pyrrolidin-2-yl)-1H-benzo[d]imidazol-5-yl)oxazol-
5-yDphenyl)pyrrolidine-2-carboxamide
(S)-1-((R)-2-(dimethylamino)-2-phenylacetyl)-N-(3-(2-(2-((S)-

146 D 1-((R)-2-(dimethylamino)-2-phenylacety)pyrrolidin-2-y1)-1H-
benzo[d]imidazol-4-yl)oxazol-5-yl)phenyl)pyrrolidine-2-
carboxamide
1-((2R)-2-(dimethylamino)-2-phenylacetyl)-N-(3-(5-(2-((2S)-1-

147 D ((2R)-2-(dimethylamino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
benzimidazol-5-yl)-1,3-0xazol-2-yl)-2-methylphenyl)-L-
prolinamide
methyl ((1R)-2-((2S)-2-((3-(5-(2-((2S)-1-((2R)-2-
((methoxycarbonyl)amino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-

J47a D benzimidazol-5-yl)-1,3-0xazol-2-yl)-2-
methylphenyl)carbamoyl)-1-pyrrolidinyl)-2-oxo-1-
phenylethyl)carbamate
1-((2R)-2-hydroxy-2-phenylacetyl)-N-(3-(5-(2-((2S)-1-((2R)-2-

148 D hydroxy-2-phenylacetyl)-2-pyrrolidinyl)- 1H-benzimidazol-5-y1)-
1,3-oxazol-2-yl)phenyl)-L-prolinamide
methyl ((1S)-1-(((25)-2-(5-(2-(3-((((2S)-2-((2S)-2-
((methoxycarbonyl)amino)-3-methylbutanoyl)-1-

J.48a D pyrrolidinyl)carbonyl)amino)phenyl)-1,3-oxazol-5-yl)-1H-
benzimidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-
methylpropyl)carbamate

1.48b c (2R)-2-(dimethylamino)-N-(3-(5-(2-((2S)-1-((2R)-2-
(dimethylamino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
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14(3-chloro-5-methoxy-1-isoquinolinyBearbony1)-N-(4-(5-(2- ((2S)-1-03-eh loro-5-methoxy-I-isog
utholiny Bearbony1)-2- pyrrolidiny1)-1H-benzimidazol-5-y1)-1,3-oxazol-2-y1)-2-
fluorophenyWoL2hdiHBgafide J.52 D N-(5-(5-(2-02S)-1 42R)-2-(climethy lankiBU328HEMAIaCety1)-2-
pyrrolidiny 0-1 H -benximidazol-5-y1)-1 ,3-oxazol-2-y1)-2-
methylpheny1)-1-(phenylacetyl)-L-prolinamide J.52a C N,N-dimethylglycyl-N-(5-(5-(2-02S)-1 42R)-2-
(dimethylamino)-2-phenylacely1)-2-pyn-olidiny1)-1

Hbenzimida.zol-5-y1)-1,3-oxazol-2-y1)-2-inethylphenyl)-Lprolinamide 7.52b D methyl ((1

R)-2-02S)-245-(5

(dimethylamino)-
methylphenyBea
N-(methoxycarbo
(dimethylamino)-

Elbenzimidazol-5
N-(methoxycarbg
(dimethylamino)-
Hbenzimidazol-51
cyclopropylacety

,3-0xazol-2-y Opl
cyclopropylacety
,3-0xazol-5-yl)phg

fl uoroeye lohexy|)-

H-benzimidazol-§

(242S)-14(2R)}2- benzimidazol-5-yl1)-1,3-oxazol-2-yl)phenyl)-2-phenylacetamide
£-phenylacetyl)-2- IO_YWO! 1gL- deﬁ%ﬂélmfﬁ@ié%o?fﬁd}h%d(ﬁ@@s#ﬂ(méf
Eﬁ?ﬁ({i S;|:)L/IPNy r fg II ! nél %) (§(§O§(ﬂ?1q5£ ﬁfn%;!gg] —Bzggrtr)o { 1%5% ff?g nzimidazol-
2-phenylacety1)-2-pyntélidinydyxqzol-2-yDphenyl)-L-prolinamide
ry1)-1,3-pxazol2-y1)-2inetyiiphanyanbpraliRarnidan Raehoky1)-N-(3-(5-(2-
;_%;yiic e)f _(25_;;; %{5&%%) §34<§}% z—g—methoxy 1-isoquinolinyl)carbonyl)-2-
)13 BBbl12-y 1.3 PHESREHI T RO S kg s nens 1
1)-N-(3-(%-(24(2S)-1-(gyeldiproidacetyl)-2- pyrrolidiny 0-1 H -benximidazol;
enyl)-Cprofimarmide 31338 Ix)2- ((23) GG RO
1)-N-(3-(2-(24(2S)-1-(gyelopropylacetyl rrolidiny 0-1 H -benzimidazol
2ny1)-Lprolinarnide .1. z(é?iﬁ%"%aﬁh%?ﬁ 5)2)‘(39 %@Ylic‘(‘ﬁ(ﬂ’ VFEISEY YA s
2L43nethoxyeardany Bamindyzectyl)15-omey2tyd-2pyrrolidiny1)-1
-yBethyny1)-1 H- methylphenyl)carbamoyl)-1-pyrrolidiny1)-2-oxo-1-
phenylethyl)carbamate
(S)-1-((R)-2-(dimethylamino)-2-phenylacetyl)-N-(5-(5-(2-((S)-
149 D 1-((R)-2-(dimethylamino)-2-phenylacety)pyrrolidin-2-y1)-1H-
benzo[d]imidazol-6-yl)oxazol-2-y1)-2-methylphenyl)pyrrolidine-
2-carboxamide
1-((2R)-2-hydroxy-2-phenylacetyl)-N-(4-(5-(2-((2S)-1-((2R)-2-
J.50 C hydroxy-2-phenylacetyl)-2-pyrrolidinyl)- 1H-benzimidazol-5-y1)-
1,3-oxazol-2-yl)phenyl)-L-prolinamide
1-((2R)-2-(dimethylamino)-2-phenylacetyl)-N-(4-(5-(2-((2S)-1-
J.50a D ((2R)-2-(dimethylamino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
benzimidazol-5-yl)-1,3-oxazol-2-yl)phenyl)-L-prolinamide
1-((2R)-2-acetamido-2-phenylacetyl)-N-(4-(5-(2-((2S)-1-((2R)-
J.50b D 2-acetamido-2-phenylacetyl)-2-pyrrolidinyl)-1 H-benzimidazol-
5-yl)-1,3-oxazol-2-yl)phenyl)-L-prolinamide
1-((3-chloro-5-methoxy-1-isoquinolinyl)carbony!)-N-(4-(5-(2-
1.50c >10 A ((2S)-1-((3-chloro-5-methoxy-1-isoquinolinyl)carbonyl)-2-
uM pyrrolidinyl)-1H-benzimidazol-5-y1)-1,3-oxazol-2-yl)phenyl)-L-
prolinamide
N-(2-fluoro-4-(5-(2-((2S)-1-((2R)-2-hydroxy-2-phenylacetyl)-2-
I51 C pyrrolidinyl)-1H-benzimidazol-5-yl)-1,3-oxazol-2-yl)phenyl)-1-
((2R)-2-hydroxy-2-phenylacetyl)-L-prolinamide
I5la D 1-((2R)-2-(dimethylamino)-2-phenylacetyl)-N-(4-(5-(2-((2S)-1-
((2R)-2-(dimethylamino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-
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5-y1)-1

5-y1)-1
-2-(4,4- di



nap htho[1,2-d]imidazol-2-y1)-5-tnethyl-1-pyrro lidiny1)-2-oxo-1-
(tetrahydro-2H-pyran-4-yHethyl)carbamate 28i 4a 3.8 rilvl D methyl ((1 S)-1-(((2S,5S)-2-(5-(
(2-((2S,5S) WO p¥d3dfcarbonyl)amino)(tetrahydro-2H-pyran-4-yl)accty ) BCHSHIDOH3rolidiny 1)- |
H-naphtho [1,2-d] imidazol-7- yHethyny1)- | H-benzimidazol-2-y1)-5-methyl1-1-
pyrrolidinyHcarbony1)-2-methylpropyHcarbamate J.28q D methyl ((1
S)-1-(((2S,4S)-2-(5-((2-((2S,4S)-1-((2S)-2- ((methoxycarbonyl)amino)-3-methylbutanoyl)-4-methyl-2-
pyrrolidiny1)-1H-naphtho

[1,2-d]imidazol-7{yHethyny1)-1Hbenzimitkazoh@aydl)sd-mbdngiate p3ybitdityidplartydrid)-2- met
hylpropyl)carbamiate .1.28r 9.4 pIVI D m%ﬁbﬁ(ﬁaﬁ(ﬂd@ 24(28 4S) -2- (74(2((28 4S)-1- 428) 2-

benzimidaro Ly Deypy1)-1 - el § RS S A g S ohaRy 1y -oxo- 1 -
(tetrahydro-2H-pyrapz4-yHethyl)¢car amatéS):Des-dlerethptfary-1- 150quln011nyl)cafb0nyl) 2-

S)-1-(((3S,5R)-3-(5- (fé -((3S,5R)12-((2S)-gyrtgmiathipx ycasbanyhamsng)-33rectiylbytanoy 1)-5-methyl-2-
azabicyclo [3. | .]hex-3-yl)-1 H-naphth%Lgo%ggld%lq%ginjamlde

yl)ethyny1)-1H-benzimidagal-2-yi1)-5-met azabicyclo
[3.1.O]hex-2-yHce1rb9@y1)-2-methylpropy]ﬂr&%1 it ] $8RB- (RBtAYY nino)-2-phenylacetyl)-2-
S)-2-((3S,5R)-3-(7-((2-((3%,5R)-2-((RS)1yrrolidinyl)-1H-benzimidazol-5-y1)-1,3-oxazol-2-y1)-2-
((methoxycarbonyl)amino)-2-(tetrahydro Igglﬁwﬁg%—ﬂ-y@%§%gfyl) L-prolinamide

5_methy|_2_azab| cvelol3 1101hext3-vN)-1H-henzimidazol-5- vilethvnv1)-1 H n::\nh tho [1 2-aimidazol

PAAAA A EE S A LEAZATIA =N Ar oy | TO T35

-2-y1)-5-tnethy1-2- azabicyclo [3| | .0]he yﬁlﬂﬁ‘fﬂ%]ﬁg% ]de(f, ésn%l%giﬁ %%/%r?i 4- yDethyl)carbamate
It will be evident fo qne skilled in|the art| tlan¢thelpresedtdisclestyd-Sspuotlidnirddl t& the foregoing

illustrative examples, ahd fthat it ‘ancbe esnbagieddnsgtherspaciiio Wm&&ﬂymﬁ}dgparting from the

essential attributes thereof. It is therefore rc(j) u?a!{%g that the examples be considered in all respects as

illustrative and nat restrictjve, reference @elno made to the appended claims, rather than to the
foregoing examples, and all changes whiepEbHIRWHAT R EaRiHgANd Pide of equivalerlcy of the
claims are therefore intengled to be embracedhhernain)-2-phehliecenmpowielsingthedpresent disclosure

may inhibit HCV by mechanismsin ﬁddnggzggllg{nge}yl)tq% ;}gt}@ Wﬁbltlon In one embodiment the

compounds of the present disclosure inhibit H rep icon and in another embodiment the compounds

of the present disclosure ihhibit NS5A. CBRHBGUREY T PRB PR LENTISELdr& Mty inhibit multiple
genotypes of HCY. CLAIMS WHAT IS QhaiwERi@rbanate compound selected from methyl

(2-((25,55)-2-(7-({2-((25,55)-1-((25)-2-(4 &= Qﬁ%%&%a&fﬁ!ﬂ%&)ﬂ)a‘lém-(s-(5-(2-((23) 1-((2R)-2-

((methoxycarbonyeamino)acety1)-5-meth rrolidi 1 midazol-5- % thyny1l)-

1H-naphtho[1,2-d]imigiezol-2-y1)r5-meth ﬁ/ QXrgﬁa ﬁcet{ﬁ?e??’ %Fgllg]%:[f pyran-4-

y1)ethyl)carbamdte; benzimidazol-5 yl) l 3 oxazol 2 yl) 2 methylphenyl) L-
prolinamide

N-(methoxycarbonyl)-L-alanyl-N-(5-(5-(2-((2S)-1-((2R)-2-
2 (dimethylamino)-2-phenylacetyl)-2-pyrrolidinyl)-1H-

15 D
benzimidazol-5-yl)-1,3-0xazol-2-yl)-2-methylphenyl)-L-

prolinamide

1-(cyclopropylacetyl)-N-(3-(5-(2-((2S)-1-(cyclopropylacetyl)-2-
153 B pyrrolidinyl)-1H-benzimidazol-5-y1)-1,3-oxazol-2-y)phenyl)-L-

prolinamide

1-(cyclopropylacetyl)-N-(3-(2-(2-((2S)-1-(cyclopropylacetyl)-2-
J.53a A pyrrolidinyl)-1H-benzimidazol-5-y1)-1,3-oxazol-5-yl)phenyl)-L-
prolinamide

D methyl (2-((2S,55)-2-(7-((2-((28,55)-1-((2S)-2-(4,4-

T.28i.4b difluorocyclohexyl)-2-((methoxycarbonyl)amino)acetyl)-5-

methyl-2-pyrrolidinyl)-1H-benzimidazol-5-yl)ethynyl)-1H-
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methyl ((is)- 1- (((25,55)-2- (5-((2-((25,55)- 1-
(((methoxycarbonyeamino)(tetrahydro2H-pyran-4-yOacety1)-5-methyl-2-pyrrolidiny1)-1H-naphtho[1,2-
d]imidazol- AX@WIH$335 PCT/US2010/044356
1H-benzimidazol-2-y1)-5-methyl-1-pyrrolidinyecarbonyl)-2-methylpropyl)carbamate; methyl ((I1S)-
1- (((2S,4S)-2- (5-((2-((2S,4S)- 1- ((25)-2-((methoxycarbonyeamino)-3-
methylbutanoy1)-4-methy1-2-pyrrolidiny1)-1H-naphtho[1,2-d]imidazol-7-yOethyny1)-1Hbenzimidazol-2
-y1)-4-methyl-l-pyrrolidinyecarbonyl)-2-methylpropyl)carbamate; methyl
((1S)-2-((25,45)-21(7-((2-((25,45)-1-((25) 2apirhethdxjoadooiyhd rdime)kg - 1 -pyrrolidiny1)-2-0xo-1-
(tetrahydro-2H-py ran- -4-y acetyl) 4-metbﬁélr&ﬁﬂ&@ﬁ%%é%h%eb@[}@dfmﬁﬁ@| -5- yeethynyl)

1H-naphtho[1,2-0 2-yD-4-methy v < ro-2H-pyran4
yl)ethyl)carbamate; methyl b ﬁefhyﬁ ((1§j‘f(({2‘s’5‘s) 2,\('5 J((Z\(&Suésy)ul

((15)-1-(((35,5R){3-(5-((2-{(35,5R)-2- (25 2 imens e arBamN G y-3H-pyran-4-ylacetyl)-5-
methylbutanoy1){5-methyl-2-azapicyclo| :di3)mepxydoydimliHt Aapbiio[l,2djimidarel-7-
yOethyny1)-1H-benzimidgzd®-y1)-5- m%Iﬂéék%{ﬁf-?ﬁEBXQ%L%QZ'()Q]?—%SI;}X&%@0nyl)'z'
methylpropyl)carthamate; and methyl o

((1S)-2-((3S,5R)-3-(7-((2-((3S,5R)-2-((2 S P2 PtIHB XY CR b GHY Ry RTIBY sarbamate
(tetrahydro-2H-pyran-4-yeacety1)Eb-metimddRAadati cyc ks, 35)-D]h€-8A81)siHEnZimidazol5-yOethyny 1
)-1H-naphthof1, 2 djimidagol-2-1)-5-me i dazabicys| g@nqummman%yl) byl
0xo0-1-(tetrahydro-2H-pyran-4-y1)ethyl)¢carba ate1 ap h%rrg gutl%a gc salt thereof. 2. A
composition compfidifg acompaund of| i _dLm% Wi Aedent % athhereof and a
pharmaceutically|acceptalle carfier. 3. Th@l@@ﬁh@j@grﬁbrﬂeﬁ@mﬁrwmﬂtﬁeﬂb@m@rﬁg one or two
additional compopnds haying anfi-HCV aﬁétumroﬁl)&mlﬁgmposmon of claim 3 wherein at least one of
the additional corppetndstis-anin .fcr(;.. v A O im4-wherein the
interferon is selegted from| interfe rtgn alpha %% gjt%ilg(tkesdzflsr%tert?ekl(' n(('gF’ﬂ'S cgﬂge%sus interferon,
interferon alpha 2A, and lymphoblastiog (RsHeRyTR Yl%“%é%ﬁ?ﬁﬁﬁ%&ﬁdﬁ&élﬁ@%é}em at least
one of the additionglggompounds is selgctestfirpr-pyteddinkin 2]-inteileidkiol 6, héerleylkirHl2,

compound that ehhances th&8"4e \/elopmer%ﬁ)[flghtyép(ﬂlﬂu %ezrﬁ)qellllmrﬁ§ppg§le0ﬂ@1t8r§ep&g) RNA,

anti-sense RNA, |migimod, ribavirin, an|inosine 5'-monophospate dehydrogenase inhibitor,

amantadine, and rimantadine. 7. The colBoRIISH Jrefatit 3 Wﬂe%‘"’ff?aéﬁ@ast one of the addjtional
compounds is effective to |inhibitthe functiehybf(@SargesSeRoeted b 3 HBV hie@ibprotease,|HCV

serine protease, HCV polymerase, HC\ @g@g@%amglylwg, @rgw@bﬁg&gm%t@@y assembly,

HCV egress, HCY NS5A protein; and IMP Hf rl§1e Lﬁee tgniﬂt“gf i] njler:nclt on 78 Use of a
compound of claif: $Bsor 4 pharmaceuti ‘a;fﬁ/ atce 8e Sait'thereor, int anufacture of a

medicament for tfeating an HCV infectl0Hl?ﬁt@?yéhgﬁfoelglmﬁezﬂs’ey&%rﬁﬁhyé%rther comprisipg a step
of administering ¢ne or twp additional comm@lamgshamfagamjchi@\{yamméy@mpmm&eﬁaw

simultaneously withthe-cgmpound of 10. The
use of claim 9 wherein at |least o . 11. The
use of claim 10 wherein the intern on alpha,
consensus interferon, intefferon claim 9

wherein at least gde%f the additional c( rﬂp@%gjg 'lsﬂsﬁmﬁgg ﬁrgmnilnage(g[%ipszmgmﬁ@eukin 6

interleukin 12, a gompound that anhanes de el%%l §f a tanzi?etlt hlel er "[{cell response,

interfering RNA, anti-sense RNA, Imiqi o VATIN, an inos e %apﬁospa e’}gerhydrogenase

inhibitor, amantagline, and rimantadine. ]}Qleﬂhé)we@@ﬂélalm 9 Whereln at least one of the additional

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

serine protease, HCV poh/m rgse. HCV hellcgg. ICYh a{[gg}tem H OS 1}?GHCV assembly,
or

t
HCV egress, HCV NS5A protein, egnd M(IB%]H rea me h HSV inrecton:
limited to the foregomg illustrative examples and that it can be embodied in other

specific forms without departing from the essential attributes thereof. It is therefore
5  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
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of the claims are therefore intended to be embraced therein.

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

5 of the present disclosure inhibit NSSA. Compounds of the present disclosure may

inhibit multiple genotypes of HCV.
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CLAIMS

WHAT IS CLAIMED IS:

1. A compound selected from

methyl (2-((2S,5S)-2-(7-((2-((2S,5S)-1-((25)-2-(4,4-difluorocyclohexyl)-2-
((methoxycarbonyl)amino)acetyl)-5-methyl-2-pyrrolidinyl)- 1H-benzimidazol-5-yl)ethynyl)-
1H-naphtho[1,2-d]Jimidazol-2-yl)-5-methyl-1-pyrrolidinyl)-2-oxo-1-(tetrahydro-2H-pyran-4-
yl)ethyl)carbamate;

methyl ((1S)-1-(((2S,5S)-2-(5-((2-((2S,5S)-1-(((methoxycarbonyl)amino)(tetrahydro-
2H-pyran-4-yl)acetyl)-5-methyl-2-pyrrolidinyl)- 1 H-naphtho[ 1,2-d]imidazol-7-yl)ethynyl)-
1H-benzimidazol-2-yl)-5-methyl-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

methyl ((1S)-1-(((2S,4S)-2-(5-((2-((2S,4S)-1-((2S)-2-((methoxycarbonyl)amino)-3-
methylbutanoyl)-4-methyl-2-pyrrolidinyl)- 1H-naphtho[1,2-d]imidazol-7-yl)ethynyl)-1H-
benzimidazol-2-yl)-4-methyl-1-pyrrolidinyl)carbonyl)-2-methylpropyl)carbamate;

methyl ((1S)-2-((2S,4S)-2-(7-((2-((2S,4S)-1-((2S)-2-((methoxycarbonyl)amino)-2-
(tetrahydro-2H-pyran-4-yl)acetyl)-4-methyl-2-pyrrolidinyl)- 1 H-benzimidazol-5-yl)ethynyl)-
1H-naphtho[1,2-d]Jimidazol-2-yl)-4-methyl-1-pyrrolidinyl)-2-oxo-1-(tetrahydro-2H-pyran-4-
yl)ethyl)carbamate;

methyl ((1S)-1-(((3S,5R)-3-(5-((2-((3S,5R)-2-((2S)-2-((methoxycarbonyl)amino)-3-
methylbutanoyl)-5-methyl-2-azabicyclo[3.1.0]hex-3-yl)-1H-naphtho[1,2-d]imidazol-7-
yl)ethynyl)-1H-benzimidazol-2-yl)-5-methyl-2-azabicyclo[3.1.0]hex-2-yl)carbonyl)-2-
methylpropyl)carbamate; and

methyl ((1S)-2-((3S,5R)-3-(7-((2-((3S,5R)-2-((2S)-2-((methoxycarbonyl)amino)-2-
(tetrahydro-2H-pyran-4-yl)acetyl)-5-methyl-2-azabicyclo[3.1.0]hex-3-yl)-1H-benzimidazol-
5-ylethynyl)-1H-naphtho[1,2-d]imidazol-2-yl)-5-methyl-2-azabicyclo[3.1.0]hex-2-yl)-2-
oxo-1-(tetrahydro-2H-pyran-4-yl)ethyl)carbamate;

or a pharmaceutically acceptable salt thereof.

2. A composition comprising a compound of claim 1, or a pharmaceutically acceptable

salt thereof, and a pharmaceutically acceptable carrier.

3. The composition of claim 2 further comprising one or two additional compounds

having anti-HCV activity.
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4. The composition of claim 3 wherein at least one of the additional compounds is an

interferon or a ribavirin.

5. The composition of claim 4 wherein the interferon is selected from interferon alpha
2B, pegylated interferon alpha, consensus interferon, interferon alpha 2A, and

lymphoblastiod interferon tau.

6. The composition of claim 3 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, Imiqimod,

ribavirin, an inosine 5'-monophospate dehydrogenase inhibitor, amantadine, and rimantadine.

7. The composition of claim 3 wherein at least one of the additional compounds is
effective to inhibit the function of a target selected from HCV metalloprotease, HCV serine
protease, HCV polymerase, HCV helicase, HCV NS4B protein, HCV entry, HCV assembly,
HCV egress, HCV NS5A protein, and IMPDH for the treatment of an HCV infection.

8. Use of a compound of claim 1, or a pharmaceutically acceptable salt thereof, in the

manufacture of a medicament for treating an HCV infection in a patient.

9. The use of claim 8 further comprising a step of administering one or two additional
compounds having anti-HCV activity prior to, after or simultaneously with the compound of

claim 1, or a pharmaceutically acceptable salt thereof.

10.  The use of claim 9 wherein at least one of the additional compounds is an interferon

or a ribavirin.

11. The use of claim 10 wherein the interferon is selected from interferon alpha 2B,
pegylated interferon alpha, consensus interferon, interferon alpha 2A, and lymphoblastiod

interferon tau.

12. The use of claim 9 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
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type 1 helper T cell response, interfering RNA, anti-sense RNA, Imiqimod, ribavirin, an

inosine 5'-monophospate dehydrogenase inhibitor, amantadine, and rimantadine.

13.  The use of claim 9 wherein at least one of the additional compounds is effective to
inhibit the function of a target selected from HCV metalloprotease, HCV serine protease,
HCYV polymerase, HCV helicase, HCV NS4B portein, HCV entry, HCV assembly, HCV
egress, HCV NS5A protein, and IMPDH for the treatment of an HCV infection.
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