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WD 2005/ 085242 PCT/ US2005/ 005924 NOVEL KETOAM DES W TH
CYCLIC P4'S AS | NHI BI TORS OF NS3 SERI NE PROTEASE OF
woRieA98E4S C VIRUS Field of the Invention The prBEESINS/005924
invention relates to novel hepatitis C virus ("HCV")

protease inhibitors, pharmaceutical conpositions
contalnlng one or nore such inhibitors, nmethods of

gflewemﬁmﬁme@ WF‘FFISCWPL ‘I*WA% INHIBITORS OF
ITHI .R R xo. F Sggﬁﬁ ers.

macr ocycl i ¢ conpounds as inhibitors of the HCV

NS3/ NS4a seri ne Pigitedf the lhverstion cation cl ai ns
priority fromU. ST provisional paten application

Serial Number 60/548,506 filed February 27, 2004.
Background of the Invention to Hepati

t
i s [Re(preserhiguertiony relates tg pve! b@wwsréénmﬁa( Hgﬁ(éi)g "
pro 868 I BALE bRl B ARoERUAE ELNEAAAGUnd b e fuon
inhitbitere dredisodts aft mépblﬁh@lsu(:BEﬂqmﬁd)ar(dsmihodmb’emﬁag isonhl

I A T
dlsc%'a@s nd%'i\'ﬁk'édrécﬁdﬁc Q%n’?ﬁbLmo%téé‘E\Wbﬁb‘Péj of fH&TH@t\F RI'SBVNB%

viral -induced |iver disease, such hepatitis
serlme pocteasaV) hisrapplications clBins pu@rl’(yt-fmm U&elptrawhkqmi patemt

e I s
di sease such as al coholismand primary biliar
cirrhosis. Recentl an HCV protease necessary for
Egl ypepti de pro&é‘iﬁﬂt@g_@ﬂ&_ﬁaﬂﬂﬂl_ﬂf I ;0 eplication has
0 BereER C hTE(HE V1A (AESerP S BOREratdRE RafA Vi prat

has mmmcdtepma/tbreahejdn catsatiee agent inarori-AgnamiBibepatitis

(NAE e AR 5 °X%9t'eé@58%@ﬁgﬁé“@&%§ﬁ§'sgevera|
Inteﬂ%@roﬁ%\f gﬁfézﬁt)%{p glﬂ &ﬁﬁa(t%e'jabg%ﬂ[?h Ngr\é\@el n, enco%'?(gll E?? %ean

Pat@nmpptllca’amelmlblleﬂfbmuol Ebt 381’b§16) NH&NBHG:\S gebene, and

distifgiishAo S8 LIS P CEk R ke INFTABSase. (HEn 56 hepatits
A viftsl @IV NepBti B méd‘ﬂlm?@?’%&ﬁ)&?%“%gﬁ PRI he

Cytoqu@\tbt@a(ﬁ\/ﬁ& apd ipsieinddara virgafEBVOS as well\as from other
forms 3T %/ %ISG se s%cﬁ%g éigghgl?‘s]f% a/n%i]p]rflrlh;al%/ Igiliélr cirrhosis.
Recently, an HCV protease necessary for polypeptide processing and
viral replication has been identified, cloned and expressed. (See, e.9., U.S.
Patent No. 5,712,145). This approximately 3000 amino acid polyprotein
contains, from the amino terminus to the carboxy terminus, a nucleocapsid
protein (C), envelope proteins (E1 and E2) and several non-structural proteins
(NS1, 2, 3, 4a, 5a and 5b). NS3 is an approximately 68 kda protein, encoded
by approximately 1893 nucleotides of the HCV genome, and has two distinct
domains: (a) a serine protease domain consisting of approximately 200 of the
N-terminal amino acids; and (b) an RNA-dependent ATPase domain at the C-
terminus of the protein. The NS3 protease is considered a member of the
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chynotrypsin famly because of simlarities in protein
sequence, overall three- dinensional structure and

worembasizem of catal ysis. Qper chynotrypsi n-| i R€I/US2005/005924

enzymes are el astase, factor Xa, thronbin, trypsin,
pl asm n, urokinase, tPA and PSA. The HCV NS3 serine

chyrﬂbﬁyﬁﬁﬁﬂ‘atrﬁlyftmaaﬁé lob kignifepitieB o pestels s6quéndd) @vekall three-

pol. ypeptl de (p protein) at the NS3/NS4a, NS4a/ NS4h,
dimegsipnals Renism aheatabysis. aﬁawerﬁwm@rypsm -like
enzy(/rlﬁ‘ég %Pe:’ 3%}3%‘? rfa@t%?%?amrﬁﬁﬁﬁ% ‘Qlﬁ 3& ﬁ@bﬂk@@ggg?gﬁ ;tPW

and [SA eThe KOV NB8setihe \peoteasgds réscpormtile\forr @loteol sts of the
chenot herapy. The inventive ccrnmnggun s can_ i nhi

polypartd (rrlvateinyaEheNes/Neda padY @4k, H&Sﬂap/&%‘é%an@
Nssg:f N88B3hA Jio?ﬁ%ﬁcfﬁ“thkﬁeéMblé%ﬁ’g&ﬁ’ér‘aﬂﬁgféﬂir\?Fﬁ? ch%fhs

ternine rotern n approxi ma
durikgl &iralpepjipatian. d€hisi rwmadeftiaemVﬂ\tEBB sbens @rmteese an
i V] | eavage of th

r.ot t t of NS Aut
attrelqie Kesgiet Folrantvig! EgePREIRaRY. a'@\éef e Gsmapepds can
inhitﬂf&&’éf?‘ ptdlbsgerot l%'cén(rho@ulatecih%) 5§g§u f i Paﬁfsc

_ eavage sites are processed 15 |n eanol
virug (Iﬂﬁv)pomp@lpjdd% of the natural cleavage sites for HCV

P e fires el pdeRindd et M RSB GuBlniBLan AbBraufinpldly § ke
polyﬁ@ﬁﬁ@é Mg ¢ fddier INp4ed Bsriie phbtdaddaeavianer NE§3a/ NS5b

junctions. The NS3/NS4a junction contains a threonine

Autcmlea:a@g@(@f the NP 3/NS4a Jupgtlon Wéhgmdwgd&ﬂrﬁwenne protease
occ@%@r‘?ﬂé%ﬁ écr%eng;n 'éssél%j%gﬁﬂé Hi E%lt@g G @?cla(;e;gsed

T equi proce

intertolebularly ynst trans).See, , Pi ZZI et aI (1994) Proc.
Nat|. Acad. Sci. (USAF 91:888-892, Failla et al

( 1é\geyysrso@fdﬁhﬁgwéuwgé§|e@wageﬁeaéor LY R@#mgevaa&%@e

oresEkE o Sypicho BLET afy SRR T PRt dl®

striclly cohseb@d b 2i5e REB3E/NBHbh NS 4b/N85Sbeerd N86aMNEBajunctions.
eS|d es in, .the ream of .t he

The S RS chMieuts tnge SPeh Srera Stitdsuey: The

Cys Sty st uEATRATS S ’H%%%Sé#ﬁé%t%dr t9a8unt forthe

requireemertteyi ars m:lhemthlandeansaprhcessudgratihlés;enctlon See, e.9.,

Pizzbh dle g4) Eooe: Bl poad e 086 g&,?%%«é 2nbPUGoet ke,
(19%63 |0 PRk na{ @,Bt4% API(% gﬁsﬁg/ et g!?nv&@ég s ésld\%s%\&%sre
tolerian af triutagéresis ﬂwn thelstbe) sittochem e 317, I8alythayset al.
(199'1I _.n@_SrQL 68:7525-7533. It has also been found that acidic residues in
the region upstream of the cleavage site are required for efficient cleavage.
See, e.q., Komoda et al. (1994) J. Virol. 68:7351-7357.

Inhibitors of HCV protease that have been reported include

antioxidants (see, International Patent Application Publication No. WO
98/14181), certain peptides and peptide analogs (see, International Patent
Application Publication No. WO 98/17679, Landro et al. (1997) Biochem.
36:9340-9348, Ingallinella et al. (1998) Biochem. 37:8906-8914, Llinas-
Brunet et al. (1998) Bioorg. Med. Chem. Lett. 8:1713-1718), inhibitors based
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Brunet et al. (1998) Bloorg. Med. Chem Lett.
8:1713-1718), inhibitors based WD 211115/085242 3
WEEDSB240115 /11115 9 2 4 gon the 70-am no ack@r/us2005/005924
pol ypeptide eglin c (Martin et al. (1998) Bi ochem
37:11459- 11468, inhibitors affinity selected from
bfypeptitieteflivt ¢ (Matlifigt al.(hBb8} Blochem.
on t? gg'rﬁ'ﬁ%;%(gﬁg % ni bod;tf@r‘ epe(lr'\"tl oi res (rl\(/Bl )) (D nasi
37:14y159- 1 14ds; jnhibitansraffinityrseleated- fmdiwm@/peacr@@tlc Secretory

e T T e

(199M)tJ, &/ipoloT 1 smsn n74e@;T PV(ED 1@ tddmelizeal” vatiaBR7dorhain
Hepat. 27:42-28). ri bozynme designed to sel ectively

antlum;y fragmleet%(Mam@ QE_Q# 1987 ) Ripteia £nde 48160 7y614eand o1-

oS OSSR A BB T, M Doty 40

nboﬂé’rﬁb'o‘é@tgﬂé@ﬁo MectiB)P88tFE 7 Repatitie ©wirlis FIeA hisrretedtly

(Vertex Pharmaceuticals Inc

. ted
vecosiionts! (span aeuckey mg‘)@%‘"a A 1998 Roc he

EReeRlgeR pRSAdE to LB B BRtiGERRAENG, Io deTFreTo,
A o e et s
08143400 RUBI okt MAY 28, 18 (RekoTmanTn e FHeGE 4G LR |
99/0%%4: pp'fghréHéH P&tg hE, 1968 B’ééﬁﬁrfgértln%&hbrne@aﬁaﬂmtd ).

ot het |t|s du tot I muni ty
or I—KBr‘rhasm@lenaa'mmamdem chirhdisis €Cthe tifaranidoin. induetiameof

nepglspUIBbER TP RoSE Rrodgnaser el oeihd s bV
mfeﬁe.drhs' QRF A GSbIT e FRCY AeBtion RPRLAS atﬁlculafo wésicthaa®her

five-year survival rate of 10-30% whereas 20
formshofiepdtitin dusciel thedacluaf issmunipperaisissiascasgagiated with

Ho et cHagn Bela it St Yo 2% BLPu a8, ot
yeafSSod tiehosiSaRIYHOREE  PANGES itdgndseangitia)odalided resectable
Publ i shed Cctober 12, 2000) which dlscloses

hepameuwar gainImataves five-xeargurvival raigof 19-30% pengew
those wﬁﬁ Ioc%ﬁzed uRfesectable hepatocelluiar carcinoma have a five-year
survival rate of less than 1%.

Reference is made to WO 00/59929 (US 6,608,027, Assignee:
Boehringer Ingelheim (Canada) Ltd.; Published October 12, 2000) which
discloses peptide derivatives of the formula:

) e)



25 WD 211115/ 1185242 4 PCT/US211115 /11115 9 2 4
Reference is made to A Marchetti eta!, Synlett, S1,

wA 0809002 (1999) describing the synthesis of BiTYE1005/005924
anal ogs of an inhibitor df Hov NS3 prot ease. A
compound di scl osed therein has the fornula: O 6\N

N v . 0,S e (o -0
dRelsind isghaagSar Marthsl Qhl SABR 81, oo 1BpgR96esP
describ#ROPk shdthesld of BRylinvkhalbge @s @i ihkibitbhef HIOXpNSSL i on of
certain a- ketoam des, a-ketoesters and a-di ket ones

proteasenfetainpound fisclosed therajn has iRe foroMdai ti es. Ref erence
is also made to WD 00/ 89555 (Assignee: Boehringer io
I ngel hei m Li m t ed; \Stad February 24, 2000) which
di scl oses peptide es of the formula:, ~R2

Z1 .0 0 Rg H3Q N\~ \A~NR3 HH ORg ORq
0O N H O where thd [ eenmre defi ned
therein. An AbdurStyetig 8o OFoH
O @] \
SH
COOH
5 Reference is also made to W. Han et al, Bioorganic & Medicinal Chem.

Lett, (2000) 10, 711-713, which describes the preparation of certain a-
ketoamides, a-ketoesters and a-diketones containing allyl and ethyl

functionalities.
Reference is also made to WO 00/09558 (Assignee: Boehringer

10 Ingelheim Limited; Published February 24, 2000) which discloses peptide
derivatives of the formula: |
R

/

Zy

’ (0] R4
H
H3C A N N
8 I~ R3
Aq N .
H L
H
(0] Rs (0] Ry
N
H
o]

where the various elements are defined therein. An illustrative compound of

o

that series is:



that series is: WD 211115/1185242 5 PCT/US211115
/111159 2 4 CHB3 CH3 0 H3 CH3 O H3C /HN N HIlul N
woh@@sass22 O OH O N H O Ref egence i s al so madeP¢DUY05/005924
00/ 09543 (Assi gnee: Boehringer IngelheimLimted;
Publ i shed February 24, 2000) which discloses peptide

derivatives of the formulaa~/ Rz A O RS R4 O R6~ N
NA3 gz H OH ON5O e the various el enments
are defined therein. An rative conpound of that
series is: WD 2005/ 085243 3)0Q5/ 085924

HaC HN
\”/ N >
H v
o (0]
O

Reference is also made to WO 00/09543 (Assignee: Boehringer
Ingelheim Limited; Published February 24, 2000) which discloses peptide

Iz

derivatives of the formula:

Az

Rs
O
Rs /“\
\A3 N

OH

o}
where the various elements are defined therein. An illustrative compound of

that series is:
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cH3orQ ¢\ ~~HCCHB ANHBC\HNOHOHHCH ON
Fi O Reference is also nmade to U. S. 6,608, 027

w( Boshsizmger | ngel hei m Car\qada) whi ch di scl osBsT/NS®05/005924
protease inhibitors of the type: RR2 R21 ~V O 1/
ONXXA O, RL R3/ RA D,. 5 wherein the various
noi eti es are defined tﬁ; ein. Current therapies for
hepatitis C include i ron-a (I NFa,) and
conmbi nation therapy w pavirin and |nterferon
See, e.g., Berenguer e ‘ ‘
Physi ci ans 110(2):98-112. The
a | ow sustai ned response rate equent S|de
effects. See, e.g.. io0 Hoof nagl Z(1997) N
Engl. J. Med. 336:347. Currently,| no vaccine is
avai l able for HCV infection. Refgrence is further made
to WD 01/ 74768 (Asistgnee:cHyerte Phar naceuti cal s | nc)
publi shed OcteabeR 11, h di scl oses certain
conpound%;gq tE;ﬂ;gllo | | fornmula (Ris
defined t jNe proteasg inhibitors
of Hepatftis € virul: wWolp1112%/ 085 / US2 0115
/11115 9 2 4 CHa CHa 1 o e

Reference is also made to U.S. 6,608,027 (Boehringer Ingelheim,
Canada) which discloses NS3 protease inhibitors of the type:

fgn

/

wherein the various moieties are deflned therein.

Current therapies for hepatitis C include interferon-c (INF,) and
combination therapy with ribavirin and interferon. See, e.g., Beremguer et al.
(1998) Proc. Assoc. Am. Physicians 110(2):98-112. These therapies suffer
from a low sustained response rate and frequent side effects. See, e.4.,
Hoofnagle et al. (1997) N. Engl. J. Med. 336:347. Currently, no vaccine is
available for HCV infection. A

Reference is further made to WO 01/74768 (Assignee: Vertex

Pharmaceuticals Inc) published October 11, 2001, which discloses certain

compounds of the following general formula (R is defined therein) as NS3-

serine protease inhibitors of Hepatitis C virus:
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, "1 OO0 =HOHCCHAH NHNR H O O:)NOA
speci fic conpound disclosed in the afore-nentioned WD
w®10034343% has the follow ng,fornula: CN Ha CHxC™MUSHd8s/005924

1 \/ HOOOOANGHR Ha CHAHOO HV O/ NO

5 PCT Publications WO 01/77113; WD 01/081325; WO

02/ 08198; wWQ,_ 02/ 08256; WBcQ2/ Q8187; WO Og/ 08244; WO

02/ 48172; éndi ng U. S. [patent

applicati S rlaIHI\Io 10/ 092, 386, filed January 18,
2002, disc ampd/ or ot her

applications are |ﬁcorporateo
thereto. There is a need for
t herapi es for '
compounds usefu

hepatitis C virus. 'I;he\dl sclo Ila _

&/t r'eat megt s and
There is a need for
e\t reat ment or prevention or
anmel i oration of T e nptons of hepatitis C.

15 There is a ne&d et hods of treatnent or
prevention or anelioration of one or nore synptons of
A dpegifid carspainddisclosed in the atbreenentiomedi¥V® @1/74768 has the

f”m)dul ﬁ%ﬂ&ﬁ the activity of serine proteases,
© 83’ 9 ?y the HCV NS3/ NS4a serine protease, using

HiC.
t he s CH, CH,

PCT Publications WO 01/77113; WO 01/081325; WO 02/08198; WO
02/08256; WO 02/08187; WO 02/08244; WO 02/48172; WO 02/08251; and
pending U.S. patent application, Serial No. 10/052,386, filed January 18,
2002, disclose various types of peptides and/or other compounds as NS-3
serine protease inhibitors of hepatitis C virus. The disclosures of those
applications are incorporated herein by reference thereto.

There is a need for new treatments and therapies for HCV infection.
There is a need for compounds useful in the treatment or prevention or
amelioration of one or more symptoms of hepatitis C.

There is a need for methods of treatment or prevention or amelioration
of one or more symptoms of hepatitis C.

There is a need for methods for modulating the activity of serine
proteases, particularly the HCV NS3/NS4a serine protease, using the
compounds provided herein.

There is a need for methods of modulating the processing of the HCV

polypeptide using the compounds provided herein.
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conmpounds provi ded herein. 20 There is a need for
nmet hods of nodul ati ng the processing of the HCV

w@adogpenei de using the corrpognds provi ded her ep@r/UY¥005/005924
2005/ 085242 8 PCT/ UsS2005/ 005924 Sunmmary of the

Invention In its many enbodi nents, the present

i nvention provi desuanﬁgwlofqhg:mveﬁfohnhl bitors of the
HCV protease, phainmaceuti cal conpositions containin

one loits rpary emblqdaneatﬁa&Lmr:@senttrwengom)r@wéeaeu nayel class

o BiMTRS R ShEEIC Y pieRbe iSSP Rl S boBiring

onelc\adtd enthef cdriiPonid s Medthed & of prerirenshardodutical
the synptons of hepatitis C using one or nore such

forpautptieifisomprising @e abmere sueh coamaungs; and metheds of
tre%'irﬂwxd%%rvén@ g \?ﬁr %Lﬁo?ét difof 85 bPFr%rr?%‘f yon of

I"ype ease

synmt@msrmenepedﬁs dedsing dmer @ more:smmoum@ouhas or Ebhelmrtmore
NS3/ NS4a serine protease actjvity are  prefe

smrhéormlé@ams i flperRTOYIKled arel me@déafﬁaewetlﬁwwt@n@@ﬂon of
t
artiE ¥ vegdei FIGV Hitcebes G ohRBHAs proflocy
hereinj sompeurds thaR inhibit ) CORES 3/NBIRL e rirey pratERedRd Activity are
in RS, d an be th
el s R
str%ﬂ?re%hb% iAfstidcn@akibrmu@d! 4enyl -, al kynyl -, aryl -

het er oal kyl -, heteroaryl - cycl oal kyl -
het erocyclyl -, ary al kyl - Aand het er oar yI al kyl; 20 A
and M can be the s or /di fferent, eacfb bei ng

i ndependently sele¢gted romR, (R NHR,
S2R, and hal o; or /A and\M are
ot her (in other words,
t hat

NRR SR,
to each
her)_Rlch

gonnect

Formula |

wherein:

R'is H, OR%, NR°R, or CHR®R', wherein R®, R? and R'® can be the
same or different, each being independently selected from the group
consisting of H, alkyl-, alkenyl-, alkynyl-, aryl-, heteroalkyl-, heteroaryl-,
cycloalkyl-, heterocyclyl-, arylalkyl-, and heteroarylalkyl;

A and M can be the same or different, each being independently
selected from R, OR, NHR, NRR’, SR, SO.,R, and halo; or A and M are
connected to each other (in other words, A-E-L-M taken together) such that

the moiety:

N

N
L,



the nmoiety: MA S WD 2005/085242 9 PCT/ US2005/ 005924

shown above in Formula | forns either a three, four,
WG R005/08R¥EN Or eight- rrerrbergd cycl oal kyl, a fePCr/Usm05/005924

ei ght - menbered heterocyclyly a six to ten- nenbered

aryl, or a five to ten-nmenbered heteroaryl; Eis C(H
shiffim S 1 FopiBielt Cme it 2 e, T, B, SRR gidf-
memebhergd dyctiebiande faurto sigltanerhberedrheterogyabylpa six to ten-

consisting of H alkyl-, alkenyl-, alkynyl-,
meEessaAYE of arfbiedPdainyeDered beisiganli . aryi -

het erig& ) or C cl oal kyl ) al kyl -,

(het e'roca;'3|°§| )(g)iw - aryl-alkyl -, and

5 het brig &(Hi),- Gy CH2C4R)i or @G(R)¥Hmtely R and R in NRR

are.canneet ed, teo each ot her such.t hat, NR forns a

FouR b Bt R 688 B RRarm S B Biiareht,RACK Dol of et ed
indebeRuEAty ek REMTAEYIrbES coldiltifg BLPI, AIKFL alkighyNG
n IS?SXN' gﬂ%/Rl&Q NI'\NG | 1?1'R1g7R18 R 7 918@12-0 R17yR18
alkgnyle, cyztpaikyky heteroglikyl-Ruetempcyaila aM-hateroawyls: 1G

S, 5 7
(o eBTRII Bletpaulivnatdi: A shd Folerii i
10 altéthatdh R Hid RRIRRRFD are connected to each other such that NRR’
forms a four to eight-membered heterocyclyl;

and Y is selected from the following moieties:

R19 O R o R"
R R15
17R18 17 ‘18 17 R18
Lis RI7R ILZOR R RleR
R19
o R® 0.0 RS j\ e
O ~
R1i S. G~ -~ G- R1S" N s
N ¥ R15 l,\| , ¥ ,k [ Rr18
R16 deo RITR r20 R17 R™ 2ok
19 O\\S//O R19
R15 N)]\N G?: R15/ \N G\ES
18 A _RI7R
R1/6 ||?15 R R R O R R
O\\S,/O E O\\S”O R19
R15” >N C R15\N/ N G
l’?zo R17 R18 k16 20/&0 R17 R18
R
15 wherein G is NH or O, and R™, R'®, R , R"8, R"® and R® can be the

same or different, each being independently selected from the group
consisting of H, C4-C+o alkyl, C4-C1q heteroalkyl, C2-C+q alkenyl, C2-Cqg
heteroalkenyl, C2>-C4g alkynyl, Co-C+o heteroalkynyl, C3-Cg cycloalkyl, C3-Cg
heterocyclyl, aryl, heteroaryl, or alternately: (i) either R' and R'® can be

20 connected to each other to form a four to eight-membered cycloalkyl or
heterocyclyl, or R'® and R'® are connected to each other to form a five to

eight-membered cycloalkyl or heterocyclyl, or R and R*® are connected to
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0 ~0 R19 00 Rl9 R15 N~ GR15 5N S~-NcG 120 R17 R18

116 A RL7 RI8 R20 Ois wherein Gis NH or 0, and R15,
wi®s5/08292 , R18, R19 and R2Q.can be the sanme BPCT/US2005/005924

di fferent, each being i ndeggndent ly selected fromthe

group consisting of H Cl1-Cl0 al kyl, Ci-C10

I

ea%gbggegqgh‘é}m a%e%%@gtlﬂﬁg bere kwl%@l@%?é%?erg&ryyi and (ii)
Ilkex/ylsépmldlepbndéﬁﬂm Iaadd?@(arelcxohnea’feﬂl to dewthesthar 10 foror a

thrg i SR b APV NIPIRCCBbur (o
o1 SWheRBHRARbISHR BRYKByIohetdiSA R A5 fdality o hefétBeiif

are connect Rer ¢ |ve
care bghmsmm)mtedi ot ppilcor&illbyyhdeperit&rﬁlyomhsttmjted wvithRirke enthore

R2t0 are connect to WD 211115/0 2 10 PCT/ US2 Oll?h,
mog §Ct§d rorﬂgg‘iﬁgfﬂ%?o'ﬂ%s Qﬂﬂﬁg g‘y ¥ ?E‘OX% aryloxy, thio,
alk?ﬁlSiBt aFRIRS RHINGY SRR, ka\nkylékhan dtﬁlgﬁﬁﬁbyélk enﬁon{é;}é' )

kew se, 1 ndependently, are co nect
arylmdﬂ@nwt iwifonanﬁd;cr ralla/lsulfmamldo, @nwaonenb@m dato, carboxy,
| oal k or h t eroc erei n, each [
R e R T
alk?l@i’elbg dﬂﬁm"éﬁd Mélcﬁ%y@hooé’rﬁd afad.l y i ndependently
substituted with one or nore nvieties selected from

t heThe @hoveoiyed statgment “Apaddyyare siokpggteddpyaashyother
su&mﬂ]%’t th@h@’é hio, arylthio, anino, anido, alkylanino,

am no, aPkyl sul fonyl, arylsulfonyl, sulfonam do,
al kyI sul fonam do, aryl le\f onapa'Ado, ket o, carboxy,
car bal koxy, carboxam do, ycar bonyl am no,

al koxycar bonyl oxy, io ahmzlur i do, arylureido, hal o,

cyano, and nitro. The abo e neted statenent "A and M

are onnec ch ot uch t hat . t he noi et M A
Sh Wiz abBVaITS LTI GOTHS RURRLEANTER G9ips Sbi SRLN & Elabo,
meﬁ%&red%yéloa‘ﬂ%ﬁ SRy 166 t-rﬁergi?@tgfﬁ ﬁ@té%éﬂ&yc@;ﬂ' 5%&)@ toaten

four to el ght-nmenbered heter a sl X

. menmmadan‘ylapya fIV@ﬂOEﬁemﬂWber&Cﬁhe’ﬂmf”mn@ élue’aa’geld ina

nom- rrw]mt?r?g Hatyesrtarsafgﬁows nI'hus for example, in the case where A and M

are connected such that the moiety:
"N

"

shown above in Formula | forms a six -membered cycloalkyl (cyclohexyl),
Formula | can be depicted as:
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15

20

25

30

non-limting matter as follows. Thus, for exanple, in

the case where A and M are connected such that the
womiengs24M A LE 20 shown abgve in Fornula | fRCTIESH05/005924

si x -menbered cycl oal kyl (cycl ohexyl), Formula | can

be depicted as: LEONYYR HIyNYNOR2O Y

)_1 O0 R3 WD 211115/1185242 11 PCT/US2 0115 /11115 9

24 One with ordinary skill in the art wll _
Ongpyite cirdinaryt #idll insthe adwilliappieciaie shatgimilapdepictions fem

Fofifud { 64780 B MnBA%\ P P Ko BER YR Ja I PO

connected to forma thrée, fourt seven or

ei ght - menbered cycl oal kyl ,.—a-Efour to ei ght-nenbered
heterocyclyl, a six to .yen- ered aryl, or a five
to ten-menbered heteroaryt. | g°the above-noted

~definitions of R, R, R2, and R3 preferred al kyl is
(i.avalel-B-Adaken irgethen A8 sanaeeied todern & theee dPKB Eaves or

cigfht Sfeibel ot ERICaIRY pHBur et LRI EITEN L, & gix to
et or peycLonl kvl hoa one torsta s Cevoenindt  ooen

o S ot o, B o8t
maé FBHBARh cdt¥oh BESRS! Mieferféd bfkegﬁpﬁf"élﬂgﬁy'llqg mdd'of two

one or nore other suitable agents scl os her el n,
to tearcarbon Btoms eprgiferfred cycloatkyhig rdade af #wesoleiglst, carbon

exanpl HCV, (HL V. Acqui red nun ficienc .
atcB e ertee bl pElPERY B neldTErioq&y §as 85 to six
oxy@éﬁa|rﬂthi)gé]1,tsfmﬁuﬁ}(6rlpﬁd|§|gr}@fush§t@ﬂi§.t is Cvirus (HCV)

pr ot ease, preventing : )

The compounds represented by Formula I, by themselves orin
combination with one or more other suitable agents disclosed herein, can be

useful for treating diseases such as, for example, HCV, HIV, AIDS (Acquired

. Immune Deficiency Syndrome), and related disorders, as well as for

modulating the activity of hepatitis C virus (HCV) protease, preventing HCV,
or ameliorating one or more symptoms of hepatitis C. Such modulation,
treatment, prevention or amelioration can be done with the inventive
compounds as well as with pharmaceutical compositions or formulations
comprising such compounds. Without being limited to theory, it is believed
that the HCV protease may be the NS3 or NS4a protease. The inventive
compounds can inhibit such protease. They can also modulate the processing

of hepatitis C virus (HCV) polypeptide.

Detailed Description

In an embodiment, the present invention discloses compounds which
are represented by structural Formula 1 or a pharmaceutically acceptable salt,
solvate or ester thereof, wherein the various moieties are as defined above.

In another embodiment, R' is NR°R'?, and R%is H, R0 is H, alkyl, aryl,
heteroalkyl, heteroaryl, cycloalkyl, alkyl-aryl, alkyl-heteroaryl, aryl-alkyl,
alkenyl, alkynyl or heteroaryl-alkyl.



or aneliorating one or nore synptons of hepatitis C
Such nodul ation, treatnent, prevention or
w@nmbigs2at i on can be done W|1 h the inventive 2BCT/US2005/005924
conmpounds as well as with pharmaceutical conpositions
or formulations conprising such conmpounds. Wt hout

In é}?dtﬁer éhmoﬁﬁﬂgﬁto g*f" %@ectba fiom 6e g?a&ﬁﬂcoﬁgiﬁsng je HCV

protease nay or N$4a proteap;

i nventive, conpounds s |nh|£h@¥§%ch ¢ They
can al &g nodul%gt e t he céssi ng, ,of *hepat |s C virus
(HCV) pol ypeptide. 25 Detail ed Descrlpt|on In an
enbodi ment, the present invention dlsclosechonpounds
which are repres \%gﬁ?ay stguct Fogﬂg#ﬁQJ or a
phar mac al ly bl e solvat or- ester
thereoféqvggfeln the‘ﬁ%rlous moiteti es are &8 defined
above. 30 In another enbodinent, Rl is NROR1O, and RO

is H, 0 is H al ky aryl, . heéteroal kyl; heteroaryl,
cycl oal & Eyl aI K er oa ryI al kyl ,
al kenyl , alikyinyl . or *het er oaryl -4 kyl,. 2005/ 085242

12 PCT/ US2016/ 005924 I n anot her enbodi meAt, RI10 is
sel ected fromthe group conS|st|ng o ¥ iHM / r , 1-5
1-4 1-4 FF R r E/iirg F FFF I~ \ 1-3
IF 1-4 1-4 OH/ //X\/x)l- o8, - Ove, F ~Ove F-
10H 1-3 -3 M Me M i i t NI i OH

i OH,  -OMe, ¢~y OMe gy oM
Me Me Me
s . Me
w%) | f‘\MgN/> i ﬁ“/K@.

In another embodiment, R? is selected from the group consisting of the

following moieties:



M\NN. v~-NIN ~~~MM F/ 1 NadVF131-3

1-3 5 I n another embodinment, R2 is selected fromthe
wa@emapseensi sting of the folgow ng noieties: PCT/US2003/605924

If HCH3 CH3 CH3 CH2F CHS CH3 WD 2005/ 085242 13

PCT/ US2005/ 005924 IF FF F~FJ CF3 F CH3 F3C' F

i J F~\’>II~Jr F- NC BE / F Fuk F3C
y'ZYZOKCL j)m 0 &M o0-2 O—|CHgH3
1S(0) 0-2 F$nFFFo rF:oCHo'éanx:

3

F

=
S /

NC ; F F F " FC

[Yatata¥s VWY v
7

F
e 5 % £ kS
IS
0-3
F OH
T ey N M oL
I\O \LO k(0)02
H CHy Zh, ' CHas i(l_(l))oz
Y 5 NORA Tﬁ%
S L L
F g O n=0-3 n=03 n=0-3
s A 5 & 8
g ’ %;F , EF , &F and &
S F

In another embodiment, R? is selected from the group consisting of:



6F F 4F and S F 5 In another enbodinent, R3is
sel ected fromthe group consisting of. W) 2005/ 085242
wd 200P085252005/ 005924 CH 3Q,CH CH3 CH3' CHCH3P@BS2005/005924
CH3-~SCH 3 Cl113 H3C 3 S Et CH3* 0-4 HBC OF F
CF3S F 0-SFF FH3CO0-3 OF3 SCOONO CH3-T] 0~CH3
CH3 dCOR31 COR31 CH3' CH3H3 Me Me R31 NHR32 CF3
/ 1\ = IND 2005/ %2 15 PEF/ US20115/ 0%54 CH3 F3BC H C
SBn l‘\KI)‘B 3 H\ CHB:lW\
CHg™ "CHs » CHy g TRy CHs SCH,

CHs ’ '’ HeC

s co Et
CH3 2
0-4 ’ H3C ,
F;CFS [ ]
0 b ? F

F
F
F
/J) _ ] l) r ’
'SI COOH
o
g O e
CHj COR31 COR31 CHg3 CHCH3 .



Q/ COOH, CH4HCH3 O NO O 3 OMe OH M Me O0-3 F3C

CF3 C a0 M M FF ' and H3C+CH3 R31 Fi 3C CH3 CH3
wEEBswseei n R31 is OH or O4al kyl; and 5 R32 i BCHUS2005/005924

C(OCH3, C(OOBu or CCONHtBu. In an additional

enbodi ment, R3 is selected fromthe group consisti ng

of the foMn@vvlng rm’r"’étles GHSCHACI—BC}—ﬁ

CH3 R31 CH3 1'04 % 'é@—\’\QOR

2005/ 085842 16 PCT/ US20115/ 0059214&(3 X,

CH3 C3H3 OH M= Me O CEPOH H CF3 2 CozH CI CIJ\,CH3

CF3 Me' CF3 and_,, v
oJ kCOOH , ﬁj : :

1

S
/
CHg CHC3:H3 g’ \b o)
? ;Me
OH Me”™ Me 0-3 FsC~ “CF;

wherein R*" is OH or O-alkyl; and
R%? is H, C(O)CHs, C(O)OtBu or C(O)N(H)tBu.
In an additional embodiment, R® is selected from the group consisting of the

following moieties:

wuwv

CH3)\CH3 , CH3/(’;\HCH3 CH3/{\CH3 H\CH‘* {}
3 ' CHs © Moy

' R31



Me 0,3 CCC"lII

is selected fromthe group consisting of:

wWQ 3m5M8¥38D -" N /

0-3 0-3 Y31 Ny3 Ny31 N

FF 8 FFJ5In another enbodinent, Y

Y30 N y3o0 N
Y3~ H 30 ¥}§ N Hy3a Y y30' \PC™MUSL085/005924
NH HY31 N- Y31 NHS Y31

Nom Y31 NY Y31\/ F-19 ~03)1-4 FFd d W

y3l1 -4 P H Y31
"} N az OF
sel ect fromt

0 OCBs Qs /)

2005/ 085242 17 PGK US2005/ Q05924 y31 N yat N-*§a, N yal
ly yai Ny Ya\/N VY3 Y37 Il -Y
ysz yhenein Y Y31 ar
e_group ca sting &gz \ S~ /25\ 12 S
OH Me~ Me . O/\o
’ CF3 CO,H H\COQH
ClI— ¢l
w I
%} M CFy and
’ 03 .
E F

In another embodiment, Y is selected from the group consisting of:

H
Y32 N
NN ?;

H
Yao’\/ N \e’j

Fﬁ\;

v X; (g >g(
% by
Ji foallox

H H H a1 N
YMZN\; Y31 N\C;‘ Y31 N\‘;’ Y N\f
) 1-4 ;
F . Cl Cl
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to NO2, SO2NH2, CF3, Me, Et, isopropyl, cycl opropyl,
t-butyl, phenyl. In another enbodinent, the noiety: WO
wWQRDSHhER5242 21 PCT/ US2005/ 85924 MA L-E N 151085005924

selected fromthe foll ow ng structures HO- M M Me
M OMOHMOMH HHHNU" 0" 0 C-~C F\, F Br
\--Br 000 MO, O OON'IOO M RROMEHH
HEHO NN j 5 000 CFR3 C 0 0 00 WO

1195/ 1185242 g2 /US211115 (11195 9 2 4

N h N N N

O O O O

HNYNME HNYN\/E Yaszm/N\/

O o} o) o}
Y12 AN
— 12
= /| l o m
~ N /NYN L
o . , 0 |
5 Y# is selected from the group consisting of:

Y
H}‘, Me}‘, \/K, Yﬁk >( V/ﬁk

% SN o o
O &% T e T

and Y'?is selected from H, COOH, COOMe, CONH,, OMe, OH, OCF3,
OCH(CHs)2, OC(CHs)s, F, Cl, Br, NHz, NHSO2CHs, NHC(O)CHjz, NHCO,CHs,
10 NO,, SO,NH,, CF3, Me, Et, isopropyl, cyclopropyl, {-butyl, phenyl.

In another embodiment, the moiety:



~-M 000 M ~M O
~~ 1f~~ N (00O
wokooshes2ie \\ N 0 Oo &
NHI / C 10l O NO1 |~ and
enbodi nent, the noiety: WO 2005
M /A

PCT/ US2005/ 005924

0 0O M M M

0 O Or¢d/CH2005/005924
n an additi onal

2



MAL-E No Ois selected fromthe follow ng

structures: alkyl~0 aryl~-O 0O O M2 M M\--Me HO, O
woh00s5/0322 NN 0 OO d ) c f F Br t-Br O C/(520h005924
O-,kS O O~t1'YO 2OI\/levI\/leOOSSI\/leI\/leOS

Sy “N | 10 O
\/Me

A G /@Y
ey
B SR db

In an additional embodiment, the moiety:



O RS oPh-SSNHPh NH OO ANI~500 0 W

211115/ 1185242 24 PCT/US2 0115 /11115 9 2 4 CL ONDO
wob@sassat4N Il 0/ "Of\O ~%§ In a still addied¢DO8d005/005924

enbodi nent, the noiety: M L- ENO Ois selected

fromthe follow ng structures: C "Cl F,~F N11 N

x"'00 00 Br%oBr Il MMN OOA '0O0 and ~OO 5 In a

further additional enbdodimeht, RL is NHR10, where R10

is selected fromthe'{ro— consisting of: s ~( iH M,

1-5 1-4 1-4 FF Fv F

Me M
e
Me Me H Q.J(
N H \\O
Q /3 0 i (T
| /L , % :
’ N N
)/l\N I | |
0]

D
%D.
D
b
}

O
Me Me
M [
Me e)kg S S
Q/ o/ Ol@/ '
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N | ! /\
(0]
Q X
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Ph—SC P’ NH



FF 1-4 FF F~ F ~F1 \ 1-3 F 1-4 1-4 WO 2005/ 085242 25
PCT/ US20115/ 005924 -C]—I E- Owe, F-l,y' F~OH , 1-3 1-3

wo/koobmsdlz OH | 4z N | NZJ#\I ~N M C NPCT/GISmNE005924
1-3 1-3 1.3 R2 is selected romthe group consi sting
of the following noieties: | | fJ HCHs CH3 CH3 CH3
CH3/ FFFFFFJJ CHF CF3 , CH3 F3C 2 2
HFyl F F By 5 n=0-3 4\ F¥F em F f J NC' F F3C
&' F ()—Io 211115/0 2 26 PCTfUS2 0115 /11FE5 9 2 4

/l\%/ | /I\Loc') ,/I\ll\\oc') and /ﬁ/

In a still additional embodiment, the moiety:
M A

Q_E
Y

is selected from the following structures:

~ Ci_Cl Fe_F

V O Br Br
Q\/ O\/ D\/

In a further additional embodiment, R' is NHR1°, where R is selected

from the group consisting of:

o B i~
E/H,‘L{M,é‘s\%d}, \@1/4\ —~{1s |

E
1-4 -3

1-3

é”\gm/ e“\qj\ f\qk



"00 S(0)0-2 CHCH3 S(O0-2 3CHBCHB3FF FFOnN=0-3
n=0-3 FFZand SI ~(( v SFR3is selected from
wo bwsgsawp consi sting of th%5 ol | owi ng nDi et i eBCT/USAIB5/005924
CH3 CH33CHCH3 CH3+CH3 CH3 R CH3 0-4 OF 6F COR31
COR31 O CH3 CH3 CHsCI—BI—BO—II\/bI\/bOSI Q O CF3

CO2H 2H W S5C gF\M\QFﬁﬁand I\/E (9903 FF
CCC/ /| $FOH, Y issOQMd. ecte e group Camsi sting
of : WD 2005/ 085242 27 PCT/ U82016/ 005924 H Y30 N Y30 N
Y30 N Y30 Nis y30 y30 Y30 N Y31 N M 1-4

Me Me Me
Me \N N x_N
YN N N
s < Me
S0y an %\@
éf\ﬁqg) ;\MJL:SN ; 1-3 ;

R? is selected from the group consisting of the following moieties:

e H ’1(

S,
CHS /[ rk /ﬁ
CHs3
: H ’ F\Q FJ<F , *F F3C/] J
CHoF CF3 CHg ' CHF,
F D a%a%a"s
F ’ I \”)
F ENE =
n=0-3 |



0-3 0-3 y31 Ny31 M y31. NY31 N and 0-4 FF FF
wherein Y30 and Y31 can be the sane or different, each
wheiosgss2endependent |y sel ectgd from the group PCT/US2005/005924
consisting of: On ~NNN\S"N "gN\S/N~/ OS5~ 0\0 0\O

0\O0O00O YQ\I~~CN—A\N 50/\OOOOAOOO
O poO SNSML\N~/ NomM\OOSO\gr
N~ 1 NN SN WO 2005/0 2 28 PQI’/ U)SZOll f\ﬁ\5924 O O
\'S O [yl12 O |@\Nom SN o>
”y N dﬂ Z(l-lo; , 3(0)02

% % %, gﬁi FF“’a
W A 5 5 5

R? is selected from the group consisting of the following moieties:

vy s wann s

" CHs ’ 0-4

3 ! R31

© ’ i ~COR3! i
FF COR3!
-1 - - T _CH3
58 &0
o)
' 4 0-3
CHs CHa OH Me Me O// b
@ ' 9 " CR COH kLCOZH
cl Cl
e I
Me” | ~CF5; and
’ 03 -
F F F ;

Y is selected from the group consisting of:



ylz OY12 OO Nom | Nomi QNAomi S N~ OO0 O O 4N

OOO-N- Noml CNonml SI N~~S | N~ 1-2 000O0OO

WEROB086242 N~/ Y | N/ ITQN 1 ? OO 0 OO O _ Nem/uSiong/005924

Noml N~~ O OO OOOO%ZN,/"%;‘~,,A‘~,_/-

AN (AOOOO Y12 Y12 L NN-I X Nonl OO0 0 O4:ANO
N/ .\ y32~-N 4 S OF O 0 g WO 2005/ 088242 29

q
PCT/ U | 0059243 F Nom¥X NN Nk $2 R0 00
O 0Y32-N N¥/\ HN~§qié
H H
Y% H\ ; Y¥ N\é; Y30 'l:ll\rﬁ; Y& N\ef
Me Z
) 1.4
0-3 0-3
H H
H Y31 N Y31 N
Vel H\@S va! N\; \j \rj
i} and
0-4 FOF
F

wherein Y* and Y*! can be the same or different, each being

independently selected from the group consisting of:

0]
/\
C\N\/%& S/N\/'7"7_ (j\l\/‘z‘& >-N;//S\\;N\/‘I&L

S S
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N,,,\- ~~~/ OON O101FF NomAOO0O0O O~Ir O

W(mlmS/osﬂmw~ Y32-Ni \ N N, ~»gz O X12 /1 X12Pad/te005/005924
omM and 5 0 O wherein Y32 I's selected fromthe group
consi sting of: WD 2005/085242 30 PCT/ US2016/ 005924 H~
Me~4 Y, and and Y12 is selected fromH, CCL@

CI, Br,
55/, ,

, or

0
@A:ffqva 4809
0
0
N N
0o
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N
0
o) O 9 o)
Y12£/<N\/E N N N~
0 0 ©



M Br .Br C CF3 LM SC .0ONx" "1l a bO OFL

\ X ~FoQ\ A ONall O2121/ o O/\o or O110 O
wd2a5/0404Repr esent at i ve compgunds of the i nvenk@DUS2005/005924

whi ch exhibit excellent HCV protease inhibitory

activity are listed later in this Description in

Tablgs 1 and 2 algng With their bjological activit
ontlnuous aE ranges of values in

t, thi

. 20 V‘DZl"l% 85242 31
2 4 Table 3 VV Nom, NN 00 O O 111101111 T I~
~OY NON NO>, YNO NO~y ON

N O N m YN N K HN %
ﬁ T T T

O

O

o 0
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. o w s
N o N Y

wherein Y% is selected from the group consisting of:



NNN~O ( lil~l o OON ~o OO ONNNO QO4 y O
NNN I~00 001 OONOO4 / YQ9- YN ' NNOO ON
WO 20058240 ~N QNO N)"THhHhO Q04 0 VO~1('Pau/(8L005/005924
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211115/ 1185242 32 PCT/US211115 /11115 9 2 4 O/ olJd
" J .~/NNr /~l\%Nr NTIvJ({~I %,

-~

H Me/

“5_ L"g_ \/‘??z. O LL(?— O .z‘t.
O Y & T Tw 1T

and Y'is selected from H, COOH, COOMe, CONH,, OMe, OH, OCFs,
OCH(CHs)z, OC(CHa)s, F, Cl, Br, NHz, NHSO,CH3, NHC(O)CH3, NHCO,CH,
5 NO,, SO:NH,, CF3, Me, Et, isopropyl, cyclopropyl, t-butyl, or phenyl;

and the moiety:

L—'E

o
»Oj BY /k@/ Ay

«~CF3

Wr @J@« ge

10 Representative compounds of the invention which exhibit excellent
HCV protease inhibitory activity are listed later in this Description in Tables
1and 2 along with their biological activity in HCV continuous assay (ranges of
Ki* values in nanomolar, nM).

In an additional embodiment, this invention discloses the following

15 compounds in Table 3:

20
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we bmbklstae2 under st ood to hav

N~ S| As used above,
the foll ow ng terns,

and t
unl es

"Patient" includes both hu
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substituents which may be the sane or different, each

substituent being independently selected fromthe
w@emspseensi sti ng of hal o, %bkyl. aryl, 5 cyclpet/kyi095/005924

cyano, al koxy and -S(al kyl).” Non-limting exanpl es of

sui tabl e al kenyl groups include ethenyl, propenyl,

n=butenyl, 3- et Nyl but - 2-enyl, n- penteny]’,” octenyl

and deceXI . YAl kynyl" meang an aliphati& hydr qcar bon

group ¢ NP at. | east ope carbon-cérhony t mi E

bond i chomay be straight or bragchgd land ilo ~
corrpriosriNng about 2 to about| 15 carbo oms i nthe

chais. sPreferred al kynyl grou!sq-ﬁavé’ﬁarbout 2 to about

12 carlhn, atons in the chaip; d, preferably
i in

about about 4 carbon atons int chai n. Branched
I

nmeans th one or nore | ower alky roups such as
nmet hyl, ethyl or propyl, are attached to a |inear
| - Hoymyrk—means—abeout—2 -t o—about

6 carbon 15 atons in the chain which may be straight

or Rr |t i
ol Kooy B IR EHATBIE RS, U bRRRg toms,
unksg cdhemusdirdicatgdyshalllbe uhderstdaaits havethedfollbwingy | "

means that the al kynyl group may be substituted by
MGEHWGYT nore substituents which may be the same or

di f FeL ety iRACESHORIAUNMA BnB@intdaisndependent |y
sel ected fromthe group 20 consisting of alkyl, aryl

and “Mypoinall kyéans' miyens aedrghenmanunalia anrleycl i ¢ or

Ta. CAREméaris N o BhE huFOUBIHcH uBIibh fpdl p8 Sedlant or
brérfihearit 66mpriding #alt 1abeiHoLe 20 d2ebontemnalin the chain.
substituted with one or nbre "rin

: system , .
Prefiered aligd areupswepaiainrapoule’! thabg garbensatemsqn tha ghain.

r [ .
G o, 51 A8 SEERdh sl | 1508 XA Sy n e
chairle Beametad rheamsilattonaoomelré towemalkyldroapssuch as methyl,
mul ticyclic ring system conprising about 5 tq about
ethyl of prRpYk @RatiasherdPaineano coath, "eas Sy means a
e EvipbaRtt 9 tpayfe e Slorha i ehah i) e
straighjen boancheldt The tetrarfsulbstititedcadkyl? metansrthat theedliyl gsdup

mas shaattyfod B ne s T b fusnes e e fremame, BF
difFOBr?é : 'féf%\bﬁ %u%%ﬁﬁj%gi‘t BERRf ihdEsa dentNEdidctedmbonR thd Rupane

erent, and are as defined herein. The prefiXx
congiatingrfihaloy, atkyl,carple tyeleakklie chianer mydroky.rajisexih giteylthio,

amr}ﬁg,n-?\lIﬁ@ﬁ(tyl)?t-NLl?gféoaa]kﬂg,t-mglﬁﬁ)z, QI)\(I(aq&ﬂ)z, carboxy and
~C(0)O-alkyl. Non-limiting examples of suitable alkyl groups include methyl,
ethyl, n-propyl, isopropyl and t-butyl.

"Alkenyl" means an aliphatic hydrocarbon group containing at least one
carbon-carbon double bond and which may be straight or branched and
comprising about 2 to about 15 carbon atoms in the chain. Preferred alkenyl
groups have about 2 to about 12 carbon atoms in the chain; and more
preferably about 2 to about 6 carbon atoms in the chain. Branched means that
one or more lower alkyl groups such as methyl, ethyl or propyl, are attached

to a linear alkenyl chain. "Lower alkenyl" means about 2 to about 6 carbon
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WD 2005/ 085242 35 PCTI us2015/ 005924 or sul fur atom

respectively, is present as a ring atom A nitrogen
w@bmsne24n  het eroaryl can Bg optionally oxi di BE€HUS05/005924

t he correspondi ng N-oxide. Non- limting exanples of

sui tabl e heteroaryls include pyridyl, pyrazinyl,

atofﬁér r'f\rmle cha'imwaﬁ maWd dttAihRydr br@)ﬁbhé@ ”Bhé tete] uslivgtuted
N-substituted pyridones), Tsoxazol i sot hi azol yI

alkeny? mqans that tmaalixenyl e onay be ﬁu%aﬁwt@d by pyerasingdre

s Men MATREIH s Sr et 200 oss BB

lndbﬁbﬁ@érﬁ[ylséﬁeé%@bﬂdrﬁltﬁdbroum@@@@ﬂ]r?g &f halbhakgblayyl,
benzof urazanyl , azai ndol yl, benzi m dazol gi ,
e

cydiealledt ayaneslalkeps anﬂ rafalky 1). Nenglionting examplessiyuitadie
SRy ATE RS S AR YR s Sl s, o

peﬁteaymoth;fer@:zaﬁaldl,ecbaylzot hi azolyl and the like. The

t

hot Shlswml MGG a3 IR Rrocarge &é«'«é"p'exta?rﬁﬁé‘%ﬂeast
r

carbBheBHtih e B wofc B hay e QiR raRPred pd

comgpfisipgi abouti2cto daboeit 4 6ydarbor atarhkyn theer ehais Prafgired sikynyl

Gropp SRR 10 FHA 1 SEPRLETRR L3 pBRneAS) afs)
pr&érﬁéﬁlﬁqaq)&‘iﬂ ?ﬁ?aB@u”cZzV Earb%n@’t@ﬁﬁ’stlh)the @héln Branched means that

enyl methyl. The bond to the parent noiety is
on¢ lor mayk lowke atklykglrou psAluiehlasr pethyheethyl emprapyly reyatiached

to e ek Vhis i, Faek Al RYY pidens, A o, MK by,
atcﬁﬁ@iﬂpthe%n AhitH Mgy bwst%ﬁ%ﬁpbﬁbl@‘noheduNbﬁbinﬁtmg examples
group is tol he bond to the parent

of wtaéad@ arksmvhgr@w@ﬁ lw@d%emynyi @@Pwlk%butwéﬁﬁdé

e BV SRR B AR BBy grous
agr bﬁf %@éiguteﬂﬂ[ﬁ,ub?i oltr mnarbeubstiientawbio mtaymathe same or
referred cycloa bout 7
differen). egchsy t_.'tU!PHtef\)/%lpm"gcgég 0%03 gecg%é fSH*aﬁlesgr%Hp
"rin syst em
CO@%%@H @ﬁ@ﬁ?g%@%ﬁm e the sa?re o?/ different, and
ar e"Ayl"datansdn atbmatic mmmydmnr mwleaysuhplrm syfstem

co%@%@%@%%o%%ﬁ g)%yﬁce{rg (lyﬁglpg Cl s %ﬁ&y @lﬁ%ut‘ﬁ){goé%ut 10
caffo étbrFLyrFP\% ar??(ét'mb%?anoée éﬁtléﬁéﬂﬁsdﬁéﬂut@d Q\htrﬂone or more

cycl oa I's inClUde decalln% nor bor n
"nngiayaiaw:%ulzﬂ‘iltu@n‘te" whick may bedhe sasnear ti|fé|r$@t gad @reeed

cofB5S b5 Sn NS B PR uleBE M) roups nclude pheny
and naphthyl.

"Heteroaryl" means an aromatic monocyclic or multicyclic ring system
comprising about 5 to about 14 ring atoms, preferably about 5 to about 10 ring
atoms, in which one or more of the ring atoms is an element other than
carbon, for example nitrogen, oxygen or sulfur, alone or in combination.
Preferred heteroaryls contain about 5 to about 6 ring atoms. The "heteroaryl”
can be optionally substituted by one or more "ring system substituents" which
may be the same or different, and are as defined herein. The prefix aza, oxa

or thia before the heteroaryl root name means that at least a nitrogen, oxygen
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"Hal ogen" or "hal 0" means fluorine, chlorine, brom ne,
or iodine. Preferred are fluorine, chlorine and
W(bB.B)l)SBaM WD 211115/ 1185242 56 PCT/ US211115 /1Eﬂ:ﬂ1‘6s&052005924
4 "Ring system substituent™ means a substituent
attached to an aromatic or non-aromatic ring system

or g@rmtoﬁﬂfesgééﬂm% is PRES RS RFng\e@bmal trbyéh agsh @

e ring system system substituents nmay be the
hetezoarybean @efﬁréloeﬁﬂy Oé@mdaéu thg corigspendastNyxita. dared

SR SRR A i B, e

thidyel ep iy | pyrldw@qﬁmdnhﬁlNcenbéntutw Byrivonesy| |k@'>(azlo,lyl
al 'ky er oar hydr ox ydr oxyal kyl , al koxy

lsoéh@z@xy oxaz@v!\ﬁ 694920% WraZ&Myﬁu ramyé pwﬁrqulopy@;ahfb
PRt PSRN SR, ALIIZARGMIny oraezi
oxihebBA, dmiyd it Q@a]pymdlaykyhtdalzo[Z fam}ﬂmancﬂyl benzofurazanyl,
inclopi SRRy, hetiarggediyh ben gty dhpaIn. Sridgiony
LAt iy, AR
|sox;|arnellnyl tehzeazaindalykl 152, é-trlamdglp bedzothiazokd Iaéldttba hkeoﬁhe
terty e Saelarate prrialigsadfiaied briesondl Meoimins suptyas,
for%@@nmaa!ét@wunﬂé&qulﬁolyplt@ﬂrahy@l%qlmnslynuh@ e ks y

epl aces two avai l hydr ogens on two _ adj acent

car brallgd baks a(ryiﬁ&yH raﬁare‘aan acdralleyly geatnain wiigh $he eerhand

alkgr%{%’%ﬁé 0%%/339 8%6%3@3{?"%&%\( IL)E p?%éé g lower alkyl
grdtrpd %doﬁﬁﬁmmmbe fof ey iaipleeirall @@dps?elbdetb‘enzylogx )
an c means a n romati ¢ saturate
phaeibyland @aehtha.)(ﬁm%(m@yul i e Pﬁ@g 19 thepares q?%ﬁyda hrough
thea%&zf 3 to about 10 ring atonms, preferably about 5 to

t 10 ring atonms, in which one or nore of the atons
in t‘AIskyiarylg mmtmlkgl anyl-ejreoprin witittethet &layl ared Boyh are as

presiims mﬁggerfpenérrﬁéﬁﬂerﬁdea@%% Sompitied loet A8 gfoub. Non-
Ilmi?]th"lgf é&arﬁéﬁeat%foé@mpétﬁé% rgl él‘@)@l{)rlé RSl ﬁ%b%ﬁnd%echérﬂaﬁént

et'erocyclyl's contain out 6 ring atons.
moTeltg |slth!bughetlaaﬁlryixa or th| a before the het er ocycl yl

L by ORTE R0t B bpbrol AR mBnb! bF RRRRycfe ¥AG Sy Sfem
comprising about 3 to about 10 carbon atoms, preferably about 5 to about 10
carbon atoms. Preferred cycloalkyl rings contain about 5 to about 7 ring
atoms. The cycloalkyl can be optionally substituted with one or more "ring
system substituents" which may be the same or different, and are as defined
above. Non-limiting examples of suitable monocyclic cycloalkyls include
cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl and the like. Non-limiting
examples of suitable mutticyclic cycloalkyls include 1-decalinyl, norbornyl,
adamantyl and the like, as well as partially saturated species such as, for
example, indanyl, tetrahydronaphthyl and the like.

“Halogen” or “halo” means fluorine, chlorine, bromine, or iodine.

Preferred are fluorine, chlorine and bromine.
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present as a ring atom Any -NH in a heterocyclyl ring
may exist protected such as, for exanple, as an

wo MjoBogp42 - N(CBz), -N(Tos) géoup and the |ike; PGDUS200$1005924
protections are al so considered part of this
i nvention. The heterocyclyl can be optionally

S ub%h@ lé&@tén%u@@tﬁueht"nﬁéﬁqs Bisi®saeheBtssRsd id s BFGmatic
whi may be the same or different, and are as

or m@mmau\fe riag $ysteme wiiich, dgeexamplaorenlacas an gwailablg7

niioep SEyREIINLAtaR: Rito BBt o uia il lay pitne same or

dufféﬁérﬁeémsemg indegndishtlySehedtde fm ﬁ;égmmmnstmg of

Non-1limting exanples of suitable nonoc

aIleeﬁBﬁe@&y@"sMny} s heterpanb asalKl .a&wlawbii\qt@pamlhw

ne @Oy BRIk, oM BB iRy, hyarogyalk,
alkbgy, r@rEAMyoériailkuxyeayyl arayttram) hi&rof oymao a:awbdsx;e | i ke.
A O R L T
he@hSoRuRBn IR ERGIInG} SRRREIRASRar i, dialkdyf, aﬁ] aZ‘Zm
hetepomd%tl‘thio, ghelbeH(ghmnerﬁWclyli,, -CGFN-©NRNHe, -G(FNHY)eNH,, -
ClaPENHiglo: Yayatng e TaRe O Yk aiR8za rod -oe

SO}RItY‘Wz,t\}Oﬁéreirﬁvﬁ @ﬁa ﬁccérpbmhégahlea@r .diffefer@xagrre, the
noi eti es: and N CH is are consi dered

|nd@qandamfanselentede‘mrauthegﬁmpqawsgng)pf hydrogenyalityh afyl,

cyq Gl B8 i, RErs Ao PSRl Shby RN, GRS

preV|ou

mdrt§fvericie dinaditeraduglykidptacestval avallabeydrogeky onltwand a
| ower al kyl group. The bond to the parent npi et

adjeseplieaTbeR@tomsone Hen ﬂacmqarh@n)e%ﬁﬁlr@ssyére@u?éﬁampées of
sud@ O A8 YheBlRIBSHILRT ifife AuRk Y PB (@Y TE LAY the like which

form moieties such as, for example:

S oL

"Heterocyclyl" means a non-aromatic saturated monocyclic or
multicyclic ring system comprising about 3 to about 10 ring atoms, preferably
about 5 to about 10 ring atoms, in which one or more of the atoms in the ring
system is an element other than carbon, for example nitrogen, oxygen or
sulfur, alone or in combination. There are no adjacent oxygen and/or sulfur
atoms present in the ring system. Preferred heterocyclyls contain about 5 to
about 6 ring atoms. The prefix aza, oxa or thia before the heterocyclyl root
name means that at least a nitrogen, oxygen or sulfur atom respectively is
present as a ring atom. Any —NH in a heterocyclyl ring may exist protected
such as, for example, as an -N(Boc), -N(CBz), -N(Tos) group and the like;
such protections are also considered part of this invention. The heterocyclyl
can be optionally substituted by one or more "ring system substituents" which

may be the same or different, and are as defined herein. The nitrogen or
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"Het eroaral kyl" neans a heteroaryl-al kyl- group in

whi ch the heteroaryl and alkyl are as previously
walemsoserl. Preferred hetergaral kyls contain apCT/o8#05/005924

al kyl group. Non-limting exanples of suitable aralkyl

groups include pyridylnethyl, and

| QM &b di2etastthéel bigdi

S e N O P e M B ¥Ry feing
N-gidelsS-onidsnorch, Satlioxide. SNaslipiteg ewmples gésuij@lde monocyclic

netamra ond T ods Birsics BB D] SRTaPLYY drepholindups
thibmEHHIAN Y eigXEmiyA 4adiExanmhyiétaxyeidiytanyl\O
211115/ 1185242 38 PCT/US2 0115 /11115 9 24 "Acyl "

tetradwyd eothiopheaylolactam) lagtorg, end tbe likgel oal kyl - C(O) -,

destinpli b4 flishihat i helio-BieHRORENETRY SIS o s
invehGog ahbste n&helixyedroapglch carbbaiatoms| adjecertltéal N, O or
Non- limting exanples of suitable acyl gr s i nclude

S, apwalllas these yre BAN BF SpRHRBYS 9n§afh96@ﬂwaq%@§§§aaﬁthef
ryl.- - 0 ' ' .aryl group is as
he%rr%%"."gﬁ3“;‘36@253%"2“5%?&@&6@‘ d to the parent noiety is
through the carbonyl., Nof-limting exanples of
sui tabl e groups inclu yl and 1- napht hoyl .
"Al koxy" means an al kyl - O up in which the al kyl
group is as previou ribeg. Non-limting
exanpl es of suitable al Kobmy groups include io
met hoxy, ethoxy, n-propoxy, isopropoxy and n-butoxy.
3 n : [ ' he et her
thel 355 B Or] i aradh 1o TRk kel 2 &0 R he
ar ylt shioalghalse snotedehabastomees foririsesuchiNas,-for ekamplg, the
exanpl es of suitable aryl oxy groups include phenoxy
mMosglieSaapht hoxy. The bond to the parent noiety is

t hrough t he ether oxygen. "Aral kyl oxy" nmeans an
aral kyl - O group imh t he kyl group is as
previ ously descri bed- n-l1im mexanpl es of
sui tabl e aral kyl oxyjjgr oupgndi ncTnideppenzyl oxy and 1-
or 2-napht hal enenet hoxréi The bond to the parent

th

araroorsigeres edqiivalght inreertaimembexdjments ofghisAnkgntion. o

or oAy Bt casn bl RolI RV EabIg iRt MR oA
alkglaieadd prevididly Bescitset Prefarrual aldgnyralidyle ddritainan bwer

éthylthio. The bond to_the parent noiety is t_hrguguh
alkynyyaryhaﬂ@wer alkyl group. The bond to the parent'moiety is through the

alkyl. Non-limiting examples of suitable alkynylalkyl groups include

propargylmethyl.

"Heteroaralkyl" means a heteroaryl-alkyl- group in which the heteroaryl
and alkyl are as previously described. Preferred heteroaralkyls contain a
lower alkyl group. Non-limiting examples of suitable aralkyl groups include
pyridylmethyl, and quinolin-3-ylmethyl. The bond to the parent moiety is
through the alkyl.

"Hydroxyalkyl" means a HO-alkyi- group in which alkyl is as previously
defined. Preferred hydroxyalkyls contain lower alkyl. Non-limiting examples of

suitable hydroxyalkyl groups include hydroxymethyl and 2-hydroxyethyl.
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"Arylthio" means an aryl-S- group in which the aryl

group is as 25 previously described. Non-limting
wezxaspsrs? of suitable arylthgo groups i ncl udePCT/US2005/005924

phenyl t hi o and napht hyl t hi o. The bond to the parent

noiety is through the sulfur. "Aral kylthio" neans an

ar at A |§ea%%lHOHl(§’(O')h'eﬂkyllct‘(@)ababk?&’lba%P@K’O? gfsup in

previ ously described.” Non-lim'ting exarrip
whichi thabmloasegmyps Are)ag perMioysly descrleed:-ylhenbond ﬂm&eo@ar@nt

el BB, PR 5l RSP o Non-

limiWPia-&iathbles ©f supapleesyl gloupdiihelde fef ﬁxa@@wb@m bropanoyl
gro/g_@yl ncl ude net hoxgoar bonyl and car banyl .

The"Avext meansan@aylerOarediy in whtqlilrfbeg'a‘w greupds @ény|

pre%tﬁ%éé%é n;‘/lﬁ}eatgaorfaqy tHg?pa%frtSId gt%ﬁthg?%%@jche carbonyl.

means an 'ar
Nohdimitingiexangplex afrpliesble gfougs mahude Bendoyksedriboaphthoyl.

groups include phenoxycar bonyl n apht hoxycar,bonyl
The "Nbady'tHeans apalehOroepyn; &ﬁqb‘ga vt QUEdﬁﬁéﬁyl

I
o YN AR AL LS o enps nguae
meginayp eithmtye nnzgﬂoomymasd)mnpbxy ahd rebutbxyt dhe hengdodhe parent

noi et ou the car bonyl . "Al kyl sul fonyl" neans
moigty 43 3{“86‘? %ber Breferred groups are those in

whi C,erchS/“ Fhdtls & QPW OS%er}?ﬁﬁ V@HI&/ bche Eﬁﬁghﬁﬁﬁlste% the

parent noiety IS Hr ou

prevml;alysdBS@mi}ed Nm’&h@ltmﬁl @mplsw;f)swtgbl@@vloxmr@mIncblde

onb50858 e TL Kot okl G gyt 48 e

oxftgsi.gnated atomis replaced with a selection fromthe
I'ndi cated group, provided that the desi gnat ed atonm s

nor HralkdPRAdyeanian aralkyleRr srauRimwhiehit %l%@'hﬂ(ﬁ@upés as
eyt 885G et NEh-hi el aribles o litale 41881 drgs

incUafd bdhadoxy engdr ot deqil"ﬁhalenémeltlﬁom dhedmril toathe asent

result in stable conmpounds. By "stable conmpound' or
mm%tva%wogehabmﬂé@rC@gﬁaant a conpound that is

suf A GLR U' ¥néét?1%“?ﬁ§r afkgl-su mpe.n Whithahé afkyl grcﬁxp#%eééﬂ

degree o pur act| on m xture,
préviously desorib&i Ncmt-bmatmgeéiamplesmjssultabieaqihylthm BRI

inq-qut}fﬁ %%mﬂg\oc? %Qgrﬁ!iﬁﬁé\%'o re bond t(§e Set pgpe%t m0|ety is through the
sulfur.

"Arylthio" means an aryl-S- group in which the aryl group is as
previously described. Non-limiting examples of suitable arylthio groups
include phenylthio and naphthylthio. The bond to the parent moiety is through
the sulfur.

"Aralkylthio” means an aralkyl-S- group in which the aralkyl group is as
previously described. Non-limiting example of a suitable aralkylthio group is
benzylthio. The bond to the parent moiety is through the sulfur.

"Alkoxycarbonyl" means an alkyl-O-CO- group. Non-limiting examples
of suitable alkoxycarbonyl groups include methoxycarbonyl and

ethoxycarbonyl. The bond to the parent moiety is through the carbonyl.
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substituents, conmpounds, conbination agents and the

like, refers to at least one, and up to the maxi mum
waevbess2ef chenical |y and phgsical |y perm ssi bP@r/US2005/005924

substituents, conmpounds, conbi nation agents and the

i ke, that are present or 25 added, dependi ng on the

cont®xio xyééﬂfbrﬁ/ﬁ'%ééﬁélﬁﬁ APdOkO@Y- @‘#«g@p ANén- Y}ﬁhﬂm% KR&¥Ples

wthin the skil'l s of the concerned arti san. erm
of swighle agyloxycsuenyl grewrs inchlesplagnaxyearbasiybsedt ut i on

nalhihe (P RE o Bt W ere AP R heT s Al

r ef eAgilkaxychmongl mbass anlaralkgl-©- O(O)Eéyrdupqwmﬁﬁﬂtmg
after bei ngal solated froma synthetic process

exaraple of a suilakle %alk@mrhaﬂylcgfoun@ b@nzquxwa{rmmﬁrl ' The bond

to th%ur;érfehf "otu%g is FH?‘OB@ f thd ?grbofnggm for a conpound

reflers ate sai d conmpound after
bei wkylbuﬁgm'dnfera@mem alkyi—S(@gt gmuerremﬁedogroups are
processes  des rei
thclyei R MeRIcA 15 SUkH] STONP SIS Gkl SHei Rk § thg parent moiety is
le by WD 211115/ 085242 40 PCT/ US2 0115
thrﬁq%i\gé g{”; " standard anal ytical techniques described
heréAnylsnxlfongl"lmdxarmmn oy O Skgioupd Thahoingdn thé tparent
ted that any carbon or heteroatom

oyld al s
mQ)\?WHSgHQHQ lP?éH O ences in the text, schemes,

exanpkasinsutsiiales” H%ra?isr’thbﬁoﬁé ¥ metr@d% f B
hydrogen aton(s) to satisfy the val ences. en a

designatedoateim irreplnaded witle arastrationi fgoméherﬂwlcﬁedtgé@w@d

proyi R0 435 geBhalrCohrs Bontel RRIBREY Lpfier 8.
cir@irhstanaes is het agededdand thatthesubdtitution ré@tfﬂﬁst inCHlstabIe
Sui table protecti ng%%sou ps will be recognized by

compeyadwiombinations gf syibstifuents apd/ofvarighles argdermissito
onfy3f GG tbAS JBS Lo BROCmBGHE By sHibIE EBR nd
or S}ablb@rmtlﬂrbgﬁslmeaw lae:lyommlﬁmd fhat is suﬂleenﬂtylyobx.mt tablprive
. €, d. eterocycl e rs nore t
Isc%ﬁmh%usﬂfuéﬁ99r@&ﬁftmtrl§>éifrpnb@ rﬁﬁCﬁ)rfeﬂ Rtrey anﬂtfgfmupaf'on
|nt9%‘?1'e(!]‘fl{:é<98u§’ﬂwe‘°r§ SuRcsyénience 15 is independent of
Inition a ever ot her occurrence. As used
her &he,tetrhéohe onmiarehpo&ttleasi'ones, wheeinitidating the number of

s ERR ool mRAROh Sl AR BRSNS L tmatiape
ongLQnrgc:j‘ ﬁ"gﬁ%ﬂé ?é)ﬁﬁ’lUH BumBit 8F Eh¥mtallly 2idr ste/sically pePissible,
substituents, compounds, combination agents and the like, that are present or
added, depending on the context. Such techniques and knowledge are well
known within the skills of the concerned artisan.

The term “optionally substituted” means optional substitution with the
specified groups, radicals or moieties.

The term "isolated" or "in isolated form" for a compound refers to the
physical state of said compound after being isolated from a synthetic process
or natural source or combination thereof. The term "purified" or "in purified
form" for a compound refers to the physical state of said compound after
being obtained from a purification process or processes described herein or

well known to the skilled artisan, in sufficient purity to be characterizable by
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specified ingredients in the specified amounts. 20
Prodrugs and sol vates of the conpounds of the

wo poensszen are al so  contenpjpated herein. The PEI/I$2005/005924
"prodrug”, as enployed herein, denotes a conpound
that is a drug precursor mhlch upon adm nistration to

stahdardPbAblyticalltedrnignes d“e@@ﬁb@dihefémw Wl howh fethalsNiliedl
or chem cal processes to yield a conpound of Fornula

artisagr a salt and/or sol vate thereof. A discussion of 25

Pr o aHtRid BisBl hoR e doy ELlty Abtant §ih Bnsatisfied
valdnCeSin ﬁ}emalmﬁm“s eXa and Bableaviegreirbiseassumed to
Carriers in Desi gn, (1987) Edward B. Roche, ed.,

haygihe B&WOgPﬁaﬁtﬁ%%"ﬁ gadis N‘@o‘éﬁ'ﬁ@‘?% and Per ganon

P -

rer arnend ndlonth ol igs coRERLATISIGMAERLetter, this
meesisdbattheogroap is irc orgaifistifonm mmrecludemndeslred \widdn remﬁaons
o i RU S0 B i HER bR e T sdgpeion S
pr&%st a@gmua@%ﬁ cﬁ@&cegﬁ%gaqﬂ/ {pead] 'vﬂﬂr oﬂd“ha %‘kfiﬁh Rhe art as

[ es the sol vat be capabl e of ation,
welllas ik eatprancatiorstantarddextipooks suth ast forsxaoullesT Ahe

Gr95iS PR A FBtestie FRrpeiS sl tid Sybies (195, Wievaewy

Yorigol vat e" enconpasses both sol uti on- phase and
I sol atable solvates. Non-limti ngﬁ exanpl es of
sui Véhereanyvadekle (eri| a6 hataeeyr ;, elcaeRgr® Mmaredhan

o [18ab, Koo MY AL Pty 3 Oh AL MR & i Eocurronce

ecu e1s ectrve anDunt

is ihtBpeagenttafdial definttfdreat every atimerdccunenoeant to
descri be an amount of conpound or, a .conposition of the

pr eS8HSadRRRIN. dhe tm gampesiion’;is l'\ntﬁnfj?‘ﬁéo EARECIOPREI P
pr ttcB rfdf %' it%bcﬁf‘% AgRddigntst |H?ﬁé‘8ﬁé‘&f|& mounts, as well

amel i or t|v Itory~or preventat
aseEmyproddst wlﬁlcﬁcveauutsa directiy of mdmeeﬂytfsorVWomﬂnblaahorabéme
ope of.this |nvent| on. Reference to a

hin th
Speah%%mﬂfeglre“ IeaSPPOI'T@rde?'HOPQS under stood to include
ref e, stéhoeé’dﬂéte%'&rtﬁé’ﬁonﬂﬁ'uﬁa?x o@*cﬁbefn%ﬁﬁon are also

i ndi cat he term "sal , as enpl oyed hereln,
cod@mla‘eeddmrelm el uesmf"@rcvda*dgw ashemphxyegmrelradenotes a

cofoRBa At orERhtoet MEGE Ao A RmTATER 1 Sbiget
un@éf@ﬁ@é%egﬁlcﬁ%dﬁw:e@slén Qgﬁhétdb‘é)hé or kREMIcHI @a@¢%s§é@:t@tyxbld a
cogtl;)@uagsof Fol:rt'nu?aogl orlargatlée and/or sof\)/ate thlerr]gofo,rb\ (Iilgclzuéaszlgn gf
prodrugs is provided in T. Higuchi and V. Stella, Pro-drugs as Novel Delivery
Systems (1987) 14 of the A.C.S. Symposium Series, and in Bioreversible
Carriers in Drug Design, (1987) Edward B. Roche, ed., American
Pharmaceutical Association and Pergamon Press, both of which are
incorporated herein by reference thereto.

"Solvate" means a physical association of a compound of this invention
with one or more solvent molecules. This physical association involves
varying degrees of ionic and covalent bonding, including hydrogen bonding. In
certain instances the solvate will be capable of isolation, for example when

one or more solvent molecules are incorporated in the crystal lattice of the
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acidic noiety, such as, but not limted to a
carboxylic acid, zwitterions ("inner salts") nmay be
WO eoosmss2and are included wighin the term "sal tEG)/USAB5/005924
used herein. Pharmaceutically acceptable (i.e.,
non-toxi c, physiologically acceptable) salts are

cryBlirRy sSiid. "SoivAR EhcohpRisseslboth @bmnahqmas\,&eéndi isofabie
of 20 the conpounds of the Formnula be forned,

solyaieseNaninailing gxpewies ﬂ@swtabi@ﬁeb/atﬁs lﬂﬁmld@re‘ibﬁﬁdﬁ’f% th

e RRAE 5 BRSPS hendtt b

mofdctle [ HaDes or | n an aqueous medi um f ol | owed by

| yophilization. aci dltlon salts include

acetl%{f@wemrﬁ pést e iga )ge egtg/e amount" is meant to
de&t?{%e{wamcmaﬁ Bbﬁbl”ofr%t ?ﬁ%?thebH:t Gt fention

clitra canp ora carrp onat es unrara es,

effdutivedn limtoibitidgthe I@DK@;&) raowh thas ,prcb(yuinng the desired therapeutlc
I eat e n!tqil nes Ifonat es,

| act at es,
amgfiokativer Giiory ohateye oxal at es,
IOhO?HB 2bRSpouri8RIf FoRieia 1%,%' @Yhaéa% WHISE &kdals®Swithin the

ates, tartarates, thiocyanates, toluenesulfonates
scqe sithieniowantion. tR@‘yf&i’tC@st,O)a anapobiad 36 Formala 1 herein is

Add [ d whj ch | i.
undgiRldas @ nblpREre endiar P BrePt  Alesy sinaRiss iifleater.
Thé & "éengg)" bas emm&wdm@r%m | detlotes a KIS faf@ed with

di scusse for exa by P. Stahl et al, Camlle G

inoreanic pndieiugadik ass rgjﬁ?@érVM@lbéﬁhaém saiis| foEmepmitheinerganic

e
bothlél ba6icqRo6i2HY séigh %@Tbhﬁﬁdﬂllrﬂlﬁed 1d alyriding dr lrrﬁﬂéjc)le and an

-19; P. Gould, Inter nal of Pharmaceyti.cs .
am@@@@)etwmlas,zwt nota{fmgﬁ & aeqaraoxy"n?&'%r% eighgf"inner

" k;
sol B AP (A 350t e o et M
hel’*dml“l-?m’@nmceuﬁcﬂly acceptable (vxebsumetpmephymol@gmallysur es
acqBRAIRL 1o 4 Brefared. AMSRoR SHRL R ARS L6l galts of
thé@drﬁboﬁﬁaé &f $eFbrnifia Slqw.ayrne ﬁolrmeuumr eXBF ML IRB fddélihg a

alkaline earth nmetal salts such as calci um and
comlpgned iofi nosmbitas Wathl ars amiaumt of geidi @ hassesuch as an

o ARy EehlrfE < mefERRL HEoh i RhRHGhS SR ElRERs or
in & 06065 medRimdodied b Iydpieizaton ¢

n|trogen cont ai nla'g groups may uarternlzed w th
agehxemplay agid pe pnﬁalzcwncﬂade aégta(@ @scrEgies, benzoates,

be@%&ﬁgﬁﬁsﬂg e%aﬁa?’éhlf%@sobbpaﬁés RPFEtES Sciffis! ehPRdIates,

camphorsulfonates, fumarates, hydrochlorides, hydrobromides, hydroiodides,
lactates, maleates, methanesulfonates, naphthalenesulfonates, nitrates,
oxalates, phosphates, propionates, salicylates, succinates, sulfates,
tartarates, thiocyanates, toluenesulfonates (also known as tosylates,) and the
like. Additionally, acids which are generally considered suitable for the
formation of pharmaceutically useful salts from basic pharmaceutical
compounds are discussed, for example, by P. Stahl et al, Camille G. (eds.)
Handbook of Pharmaceutical Salts. Properties, Selection and Use. (2002)
Zurich: Wiley-VCH; S. Berge et al, Journal of Pharmaceutical Sciences (1977)
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dimethyl, diethyl, and dibutyl sulfates), long chain
hal i des (e.g. decyl, lauryl, and stearyl chlorides,

whemsogs2 and i odi des), aralgoyl halides (e.g. PENEyi005/005924
and is phenethyl brom des), and others. Al such acid
salts and base salts are intended to be

66Phar-necPUG R | IMteragica il abbﬁ‘Pifiéirrhécé/lm‘lfcb'("I‘98d31)9f:‘»§QQI@’BZWr
the invention and all acid and base salts are

Angdgrsardet @ld Tegqutrastiemer MedfaiealiGhamisty ($996), isademic Press,

NeFEYBR BRI R ERok (Bood EBRRE RIS BGIn s of
Wééhin@tbm@n@ on tipsitwebsite): Mhdee disttodurbs ané copporasd
carboxylic acid esters obtained by esterification

(1)
heEﬁ'” bNHEfQ@BP%f@e"QFQ)upS in which the non-carbonyl

{
or obpEniPiaty adie i ol dinhoriainl St Blcalitfetb8ks such
aS&bkﬁUm Ithim eammbiassmmesallts, atkglinepsarth mébaltaellt,s such as

calgiugh %ﬂ)mﬁgbggﬁéﬁ%g SHlsS 9 TR isaps (1 SrBple, Sidainic

anfirfé a@H%g%@$|Qy|Aes Qfﬁ(hyl(dcnﬁ‘ihegxé‘r%’%ﬁﬁs iethino

opt i onal y substitu for exanpl e, hal ogen
acids staehlad argnnlneluambmwtf@rllk@rrﬂae)c nifrayeswohtaiaing groups

eSS el AL otk pIEn B5fouh AV sl raetylr

etk aamd Butyl—cNI@hMés %rohndé@ badGydides), Halldi @eFa
esters and ( nono- I - or triphosphate es ers.

dirreilayh M@buh@éd@%@ybswwe@)e lgng ¢hain halides(e.Bi dacyylauryl,
anf e 37 ERbfegd e hogk), SEARITEPEEE P bbkE and

phéaswyLbesmidksemiubtaeds. and salts, sol vates, esters
and prodrugs thereof, may exist in their tautonerig

f or MgUsh asid palte and basek %‘Fﬁ@ée dtended o ve mgmsgﬁq@ly
acé%)tggl-g éﬁ?so\gﬁllnﬂ%?%%o EFeid inveht loﬁ ?B e*llaé’(%@'éﬁﬁ' Hase salts

are cont enpr aten: herer n as resent
are ooesitersd e@lhWalehiatoekbuesfoemfcrm(s‘an‘rthemwplspongmgrmimpmnds
i soners, P tical jsomers and the like) of the present

foroQH’fB%%%lQ SJEVEREMNY those of the salts, solvates, s
est Wr%n%%@e@ﬁ@ﬂ gL o?fe{ﬂlé‘%sf&%@ﬂ@?r&%n’l"@bﬂnp@ﬁn&@%clude

salts and sol va he prodrugs such hose
the/\muowlngagrcmpssm )onaarbomylhmnmresters obtaibeth bycastewfmattlon of
enant,i oneric for

el fEes, in U eEn S eB oG] eyt e ARG I o
poftRiredethiCestéY dgfoupiiy 8 RicheiiBd fronRBaight 86 bRITRAEEIdHain alkyl

fornms, are contenplated within the scope of this i
(for ﬁx@mle)race&g n-propyl, t-butyl, or n-butyl), alkoxyalkyl (for example
methoxymethyl), aralkyl (for example, benzyl), aryloxyalkyl (for example,
phenoxymethyl), aryl (for example, phenyl optionally substituted with, for
example, halogen, C4.4alkyl, or Cq4alkoxy or amino); (2) suifonate esters,
such as alkyl- or aralkylsulfonyl (for example, methanesulfonyl); (3) amino
acid esters (for example, L-valyl or L-isoleucyl); (4) phosphonate esters and
(5) mono-, di- or triphosphate esters. The phosphate esters may be further
esterified by, for example, a C1.59 alcohol or reactive derivative thereof, or by a
2,3-di (Cs.24)acyl glycerol.

Compounds of Formula 1, and salts, solvates, esters and prodrugs

thereof, may exist in their tautomeric form (for example, as an amide or imino
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io are positional isonmers (such as, for exanple,

4-pyridyl and 3-pyridyl). Individual stereoisoners of
wo bwspgsmpounds of the invenggon may, for exanpPEr/usies/05924

substantially free of other isonmers, or may be

adm xed, for exanple, as racemates or with all other,

ether) NI@%‘bh%&ut‘%ﬁ{eﬁ%foﬁhgraﬁ?@'céﬂtﬁiﬁﬁlaté@ﬁefé% 'é§| arCefther s
the present invention can have the S Ig

preeenfnnganmn on as defined is by the IUPAC 1974

R0 Srereisb s b Bt lasd el if8ne RE Shiieal ipgmers and
theqfikedbf theapisnt orhpeunds (incisdingpihesand the &9@@ ts@hmftes

enanti oners, stereoisonmers, rotaners, tauto

estpesand ar@drugss obther @mPQB@%ﬁééNQUra?)’Ff@ﬁQl@sa@ seiates of the
prog%%t éﬁ' lér\ﬁ ich rﬂég'%grs%h% th %rsgﬁ}rﬁétrlg %rb ns.on

he ’s es,

var&ﬁisestﬂasam;bm ddCludmgOénaﬂthmmmmmq\nmﬁchmayLémtlevearla
intended to be included . in the present |nvent|on

thej absescof asyeinetys FarpRns) ﬁgamﬁﬂp.fwn%fa FARISQIBRTSD @nes
dlagfergé’ﬁ@ﬁsq%ﬂmg Yre cbh‘t’erﬁp @cgﬁlghlncth"é%o' %%f'tﬁi%ﬁgvenbtlon, as

I scusse eréinis a to each conpoun y
arel p@sﬂhcﬁnad lisdretshigsuclo @isi fmtemmrde émybdyiaanobafpyaﬂybne or
re c ounds of .25 Formul a | |lIus rat ed
IndBR EereRis oS et e PRimRR s Bins, ieBHOR FiY. falample,
be %Ugﬂaﬁiléﬂﬂfréé o@bﬁ’%r%bﬁeﬁ dr‘?nzﬁﬁh BE RENEH GBl example, as
conmposition(s onpri sing such conpound or conpounds

racamites oh edths! @ihet,rcmth@hselepwostﬂrﬂglsgmﬂﬁs compsebirl or

co PR yr A ARG PSS I S Mg s btnea

by B H/RACAI974 Recsrariundationef The uselof the taamsialt”, "solvate"
inhibitors of HCV protease, each compound by itself

"predrugi@nsk thedike, @dﬁﬁ%@ﬁdstoﬁqLﬁJJV APl 19 thea%@ltbéolaat?o@fﬂféd
t
ol f B sSOBBRLASs AR o tong
isoiié?rsal%@?mlaﬂe@ oapgﬁrogs () ﬁ‘imirwegthﬁombbund$Al DS,
cqui red | nmmune i Ci
00 BPbesphiiaTeP s Genionbes FanayRieAB0 ddiesps
SOI?éE{?;) st Hhé?r&@ru@@%ﬁﬁé 'cBH@bu?lﬁshﬁ Einuls |, @rdiiftdAded to

pr ot ea eventing HCV, or amel| orating one
bemelumwlrsﬁmnreeenhhvelel}m itis C. The conpounds of

roals ke ered ety SHBE PR RGR o Horthuies) for

thePther &5 fic émcaﬁdfmiseuséétﬁha@m flassliERbicSio@ad tdrapoand
Into intimate contact a conpound of

by itself or to the combination or combinations of one or more compounds of

Formula 1 as illustrated, for example, in the next immediate paragraph. The

same understanding also applies to pharmaceutical composition(s)

comprising such compound or compounds and method(s) of treatment

involving such compound or compounds.

The compounds according to the invention can have pharmacological
properties; in particular, the compounds of Formula 1 can be inhibitors of HCV
protease, each compound by itself or one or more compounds of Formula 1
can be combined with one or more compounds selected from within Formula
1. The compound(s) can be useful for treating diseases such as, for example,

HCV, HIV, (AIDS, Acquired Immune Deficiency Syndrome), and related
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Formula | and a pharmaceutically acceptable carrier.

I n anot her enbodi nent, this invention provides
wQbasogeeut i cal conp03|t|ogg conpri sing the i MUBUS1008005924
conmpound or conpounds as an active io0 ingredient. The

pharmaceutical conpositions generally additionally

disSRIBRE, a%ew@n ak 888 At RRAEBIEVI) 6RhbYattRCENiRB! (BICV)
carrier diluent, excipient or carrier (collectively

protediss;, psevantingen 6Vn onemeliorating ere 6F MeIre symmiemsse hepatitis
C. their HCV inhibitory activity, such pharnmaceutical
conpositions possess utility in treating hepatitis C

andThe ahfidudds Of Fairmuld $ rhaly Betusaddbhtife mapaftiot®@etof a
t he present invention discloses nmethods for preparing

megmm@ﬁégﬂre@aﬂlm@@sa&smme@ witprtheibigV trietaaseefdri ve

ex%ﬁgféﬁaﬂggﬁh Tos 801?1 Hﬁﬁtl%)rg}%ﬁg'irggtmtlrbﬁto%t?ctt%compound of

Forpheiaenand @\Mﬁrmwutlwlmdoepﬁableg:amhrent s wll
typi cal | adm ni stered in adm xture with suj.table

car i apot f@mbszﬂ@m@m i'aauryvegﬁ'padqrewdﬁﬁmaﬁ@apﬁe t to

co PSRRI nFEHR SSfpauRTor oot o an e
ingtedierd T;tne yihaqmaxteﬁtltalemb)'npcpmhm gerarally additionatly oomprise
dis nul

ot Qi 3hoE pEar B AR bl b AL e SR 3r carer
(cogaeemw F&TBAE RO PSR Esfibr ﬁfaee@ﬁa@)esecagse@faﬁmr BICV

or oral admnistration in the formof tablets or
inhilzitesy Betivity, sucaphauwadeuticat cappesitionsHasspss utiblyrin tieating

wi t.h any oral LC pharmaceutically acceptable
he?%tétfsté%‘grrrefaé?d %éslﬁ)(fﬁéass | act ose, starch, sucrose,

cel lmy&%otﬁagém@bdmémteafeapx@senﬂmehMmjmmhaemods

calciumsulfate, talc, mannitol, ethyl alcohol (liquid

forfasep@yngplaimrReautical coumpesiliens camarishesinedavVaRtiieeded,
co@#&h@@% Pbc{nng&fv%l el&?éﬁtcﬁp P%rﬁid&%ﬁﬂ&é\tdd?ﬂ%ggﬁcmssﬁnd

ing agen I ncor por at ed
me‘mddslbﬁtheﬁﬂbdemtsna@ntldr&hhetastwmmgned|entmmllst9p|caﬂy beom

about 5 to about 95 percent inventjive co ﬁ
A IBlEE MbAcHIBRTe: Wi SHBSGI HAETIET BEISTAI SUBaRY sgfected with
res}%ﬁf&theclﬂféhdeﬂ%%%?%rﬁmnl%ﬂ’a%ﬁ" i. A FiEBiciS! dfH U

as acacl a i um al gl nat
(enttmrlsok@-rﬁﬂdadi%emﬂ-d;oﬂmmd qeuiquid fijédnpoyHersofor soustiities.

he | ts WD, 2005/ 085242 45
ordbGA SIS SRS IIE SrRITASSRy iR, sURPFBsiess 2R [hsslie, and
coﬁél@t%‘ﬁt %ﬁ%v&ﬁf dS'ﬁ’aI ﬂHHrm%\céthébl p?Q&idé@ Fbﬁéiéﬁip% for oral

sodli um acetate, sodiumchloride, and the lik
admiisistration inthe formlafdeblets o eapsulas, e a@tl\rmﬁwecorgganent

ma%/ube %(r)]rorllbtmhe% \Mtrlm(%ny oral non-toxic pharmaceutically acceptable inert
carrier, such as lactose, starch, sucrose, cellulose, magnesium stearate,
dicalcium phosphate, calcium sulfate, talc, mannitol, ethyl alcohol (liquid
forms) and the like. Moreover, when desired or needed, suitable binders,
lubricants, disintegrating agents and coloring agents may also be incorporated
in the mixture. Powders and tablets may be comprised of from about 5 to
about 95 percent inventive composition.

Suitable binders include starch, gelatin, natural sugars, corn
sweeteners, natural and synthetic gums such as acacia, sodium alginate,

carboxymethylcellulose, polyethylene glycol and waxes. Among the lubricants



10

15

20

25

30

Sweet eni ng and flavoring agents and preservati ves may
al so be 5 included where appropriate. Sone of the
wo ensmsset ed above, namely ,gisintegrants, di | PENUS2005/005924
| ubricants, binders and the |like, are discussed in
nore detail below Additionally, the conpositions of

theF@ﬁwag/r @éﬁi@ntubﬁé&%r‘ @Sk [FRthebs dobapavdmiE bhdrie $i8! HdNGH

formto provide the rate controll ed rel ease of

benzmam;)so@lmmacetﬁmesmluﬂh@l@mmm like. &¥sintegrants include

staigriV P RapSe aiana ] RRInbARE Ko, | Sul abl e tosage

f or SpebRIniy 8hAITBRTNG Iag@ﬁt% ambmr\mmseﬂay altoethes
contai ning layers of var di sintegration rat es or
includetvdigred@ppspedate. Somaetth ﬁﬁf‘$ |n9&°ga PayR. dpmaelkd

d|$|61|teq'§n£§a 8@18%?\’(%%@9@88&6 Byl %na qﬁ@ﬂge eg;ﬂgé@gsequﬁ "Mhore

€S’ contal nfng suc npregna
det@N®@Rsyll at ed porous pol yneri c mat rices. Li qw d form
rmRar ations include soluti ensi ons and
e

ddiganally, ke spmposiions lg,e Bée mv ignBaY% Peor
forﬁ?@}aecé B OnMthiRe d%’lé’efs? forfiltd e \Peé\ﬂae tlflé"’rat%‘flf&ﬁlto%@release of

I ONS or a eteners and pacifiers for
anyponaé o? fnarel oftthe Knsmpnmmtsnelr activedngrestientsito rmsptlrrllZ@tl‘iaJI

ther R RS EC i MY TRPUAY ARtV Es 86 S5EKe STa8 tosage
forﬁn%'fbf"@uﬁafn‘é’d He@h@efﬁhbmaeﬂ@yerba bel@ﬁs SEMtHIniNy FayeRslof

sol1ds 1 n powder form which may be in conbination
varyingdising¢gratien sateiscal doptroied @Jeaw eobyamenemadiieas as

d
B 5 e 9 .S R
caﬂﬂﬂéé’ catathifd ¥aen irdpredhatéd @Seﬁmmléte‘dtwrow pblynsdric :

nmelted, and the active ingredient is dispersed
malfrdﬁﬁfﬁgeneousl y therein by stirring or simlar mXxing.

Th
conbBRI<LFEnCERAPARRITnEREp ot STt enEbBsions.
As 30l éxdirhple M8y Besnentichettedterror veatbr-gromienaglypal mmm

whi ch are intended to be _converted, short f
for pagentegal inigatiens ef Additiep f sves %Pr@ i fgfa?gf g%,f

solgﬁﬁ%]itsgfsgbngﬁgbpe@r@ %rﬂglsﬂfhs §% idﬁb%ﬁa%f@né ey ¢iso
incRILelIAI RF TR ivttariSH 68200SIradaR24 The conpounds of

t heAlepoVs%rI]tplrggargEgns su?atgg fglre inha anugﬁlrﬁayt/ firoliy eeggl'ﬂl(iloﬁfs' and
solids in powder form, which may be in combination with a pharmaceutically
acceptable carrier such as inert compressed gas, e.g. nitrogen.

For preparing suppositories, a low melting wax such as a mixture of
fatty acid glycerides such as cocoa butter is first melted, and the active
ingredient is dispersed homogeneously therein by stirring or similar mixing.
The molten homogeneous mixture is then poured into convenient sized
molds, allowed to cool and thereby solidify.

Also included are solid form preparations which are intended to be
converted, shortly before use, to liquid form preparations for either oral or
parenteral administration. Such liquid forms include solutions, suspensions

and emulsions.
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The transdermal conpositions may take the form of

creans, |otions, aerosols and/or enulsions and can be
Wo pbogked i n a transdernal patch of the matri XPOI/US2005/005924

reservoir type as are conventional in the art for this

purpose. s The conmpounds of the invention may al so be

admMAedahssLIrtisPb the invdHtioRMRBY Widd/be dBliVaBARArANsdrmally.
subcut aneously. The compounds of the invention nay

The|teansglenpeal eempesifansmayniakarhe forna péciaanas, leliens] eesegsols

o P S4B TR SAE HL o

respidit tyipeess afe tbvevattionykin thecpiiopigiBtpgirp@sd. , an
effective anount to achieve the desired purpose. The
quanfeteprapourkis offhedpyantioadnay alsohp gdministered osalbni t

; [ rally varied or
mt%&éﬁgpély, Fﬁ%?‘ngggfbﬁgpil@%gﬁ?l grlg'm to about 1,000
mi : Fihgrwmomcm‘@ﬁthbli?vémﬁbrn m?palsd%@nbdsalpceﬁarﬁg&s which
mlligrans, re preferably fromabout 1.0 to, ut
are; Hﬁlﬁc{%aaﬁg&%@ Uepi TR gherwrsﬁ?&ajf%alﬁubﬁw%ﬁmt
. I a . o a .
Uy Bt i PaGe e R I gL BhabRibest inp actite o
cothppeardisn@.qipan effestiyatimennt o agrieve sles desised burpose.

* conp it 8 thedRYentBactis RroReha in 357 dosret
préffdratiéi® Aflyahé YenbRflyRarRe Arfjusies #een BBHM ¢ YhAligtaRtto
the active 20 ingredients can be adm nistered | or 2

abeuib§O0PdilligagmsTReefarably froanaboutrled deabpub9Se mlligrams,
o BgRlerb oA bl 1 it 43k 3R oA, BBy om

aboecvrabded25@iligemes gecoeding®o the partieudr application. The
adm nistration may range fromabout 1.0 mlli (fziramto

achigbdesagoenrloyed ngyhesvariad depending §ipegitee paliants age

seggﬁgiéfwt 4nd §8?Bri i cBﬁEIfﬁﬁn%e‘?nogﬂﬁ%ﬁfécp%ch%eﬁ\ﬁigues are
psdl e - refer 0 a specral contarner or enclosure

weltdahewor tonthbbg Iskilledlih thevaet, pol yvi nyl al cohol s, or

e Biher” BBl U 1 R e e
ing(;g&%ﬁfﬁ &N Be a'd‘f‘r'iiﬁis?é}%PH %P@ﬁﬁ%seéesrﬂ@hg‘%f% %@bhﬁt amdle

ends of relatively high gel ne and 30

fregoekcis&f thegadrainisisationheill depegtated setordimy tathet judgment of
tn ReniBer0aar A SN PESrenoB SR sishpfa sedis for
ordlelopifistatiod nieys ARy e 6 sBULk al O iligrdri €o adbLiv €,000

ingredients with suitable diluents. The tablet can be
miljgesyas par ggy, in single or divided doses.

Some useful terms are described below:

Capsule - refers to a special container or enclosure made of methyl
cellulose, polyvinyl alcohols, or denatured gelatins or starch for holding or
containing compositions comprising the active ingredients. Hard shell
capsules are typically made of blends of relatively high gel strength bone and
pork skin gelatins. The capsule itself may contain small amounts of dyes,
opaquing agents, plasticizers and preservatives.

Tablet- refers to a compressed or molded solid dosage form containing

the active ingredients with suitable diluents. The tablet can be prepared by
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WO 211115/ 085242 47 PCT/US211115 /11115 9 2 4
conpression of m xtures or granul ati ons obtai ned by
wowdosgsaml ation, dry granghation or by conpaetT/o$2005/005924
Oral gel- refers to the active ingredients dispersed
or solubilized in a hydrophillic sem-solid matrix. 5
[ n
e e R i R
gradulaﬂ@ﬂt@' bvm«:@hpa@tmrbe suspended in water or JUI ces.

theOrjes (ve 88 Ve R Bals Fond R Bietfin o

hycﬁébhiﬂm éérﬁi SolRMmatrixacl ude sugars such as | actose,
sucrose, mannitol and sorbitol; starches derived from

wheBewdenfar, constitutiopaetars tp spwder biandscantainisstheative

BN 51101 S 380 LSRRl N .

90%Dhyented reffdrs tosubbiantces ahatamupdlg inhakeup piie fretjebbpartion of
from about 25 to about 750/ more preferably from
thezgsuaposition 1 dpsrAe BUN. RHitRbigAluents iiClude sUBaLS YIRS,

Iac{drs%ms akut n?a%nHSI &p@gb%b@t%%st%hgb Hehives rfﬁﬂ'fn whéa?f&frﬁ

PEP°ar Sadded 1o the Conposition to
rlcebaadeoaaiar and «teEhuInSwsad:he}asamdrcmyﬁaﬁleetdwulose The amount

bl di
of diisng Tt sorsBpeilis e consangs Dore paput1d BE bRt B0ALE MRt
of m@rtepa%aﬁ{daéhuo‘ht ﬁFéTBraW?rBhﬁéb@u@@ ¥ hB6t T5YURARré Uch

'ocust * bean, karaya uar, tragacanth and agar;
precfenabdy from aleout\ait tovalzous GOR6 By vm)ghtmenyn ceore preferablydrom

d car thyl cel l ul ose; microcrystalline
ab%‘&1%{go§té%&g$%ross linked mcrocrystalline
cel b@éu@t@gsamuqefm 16 Attitoials Yoeeeabthé lcontbositia toaelp it
such as alginic acid and sodi um al gi nate;_ cl aY such

bregk apart 611$lnte;grat@ﬁ angireleasedhe medicaments Suitableympunt

dlsﬁﬁgg a%%@[rg:ﬂ[oﬁe étgh{haq;: heIG Wmﬁlséélwéﬁ‘fﬁ%ﬁ@@gﬁaréﬁ%uch as

sodifrecéabekemetiy starom mi:ta rHl athdtsynalbetm gu:a%slmxch\w Igbaist
Bi nder - refers to substances that bind or
beaasAYa { GRS Haga%ﬁrmh angk0arhe L&%Q?U\@w&%@%

me?ﬁﬂ@é’l’tﬁ?sse EHH 'cQEb éﬁﬁylcéﬂﬁ@&é Vrﬁlcrc?]&gft‘ahﬁl

I on. ers a €si| ve strengt rea

celhlosesnbhe crasst-llnkedl mmmn:rysiralllrbutdﬂult@eagﬂmh a&mdlam e
bi nderiol ncl yde sugars s ch as se: st :f
crogeprelrss AlgInRESSUC A AN AgRET padigm Q{'l??%lc%s

sucH 5§ ggmé}g@gbg ggﬁg\%ﬁcgpgﬂ%%@ gtfg@:ﬂélj@nouﬁheéﬂ dsintegrant in
the composition can range from about 2 to about 15% by weight of the
composition, more preferably from about 4 to about 10% by weight.

Binder - refers to substances that bind or "glue" powders together and
make them cohesive by forming granules, thus serving as the "adhesive" in
the formulation. Binders add cohesive strength already available in the diluent
or bulking agent. Suitable binders include sugars such as sucrose; starches
derived from wheat, corn rice and potato; natural gums such as acacia,
gelatin and tragacanth; derivatives of seaweed such as alginic acid, sodium
alginate and ammonium calcium alginate; cellulosic materials such as
methylcellulose and sodium carboxymethylcellulose and

hydroxypropylmethylcellulose; polyvinylpyrrolidone; and inorganics such as
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al gi nate and ammoni um cal ci um al gi nate; cellul osic
materials such as nethylcellul ose and sodi um

w@e a00bos32uet hyl cel | ul ose and48 PCT/US2005/005924
hydr oxypr opyl net hyl cel | ul ose; pol yvi nyl pyrrol i done;
and inorganics such as WO 211115/ 085242 48

m S%(F\-E/ W%Wéumélﬁéétengnedammrlﬁ%m’dﬁrﬂh WR& BBfposition can

I cate. The anpunt of binder in the conposition can
rangenfyemf akout 2olabait 26 % by weiglobetipewentpasitian, here

prefBeatny ot g UL i, B R uo BB R fhort b8R8, om

ab8lieto BbbhewahBRbight. Lubricant - refers to a
substance added to the dosage formto enable

tab t_ebrw@ﬂarrefefg to @rstibsianaer addedutsvsthsémﬁa@@rf@réﬁ &fable
thd (L&) SRR A LHer (TP QEn BbfoNsdefIS 1d18add Fiohl £

ubricants I nc

mdid endas Bg redudh@mdtr@gnﬂsmean Sudtabletlebricaritsiintiudd esstallie
or potassium stearate; stearic, acid; {eSh mel ti n;gna
stassaies SHeRes: maaaewaﬂbﬁte@@t@b%lcn%ﬁte@aﬁ Of; RPtaRIHM, s

S F0 g A DT s RIS ubriants
sutlubsisodiuns chlogides sadiuyn bddmlatat smmermme;tatel aotiugn ofpate,
POk iR SOl AT e Lo oY ERed A thegery
Ias%[épsbéﬁcoré BSmippddFdn, I@“%éthe?‘tﬁusﬂﬂ@?%sé?ﬂ ohlthé's@l?fabes i
he ‘conposi tion can range from abou to about_5%

thelgramyaleseaMtn between thenpasd the partpoéthe tahlst gresss B ut

eyl P AR Ao TR oodti G 867 P L A5HR 217 b8y

by &RigtGofaRe compazitior, peefierayly fohtabeted Sstbiatue?%, more
ranul ations, so that flowi1s smoth and uni form

pr erat&tofr@m aPoutdhB o jakeutidd % byiweightii oxi de and tal c.

The range
froma out n%ft?l'%%t rte(\)/gpfsg@%%@g vveggﬂ?l'%\}feq{ﬁﬁgmt%t al )
champers : tk:scmﬁgramtﬂémmlsxo thabfiowli®emoditband uniforrh. Seitdtyle

wei ght . r|n nts - ex ients t _
oianEaingR sigon AodaBR tekco B amens ot ldBRtaht,
f
coiieRih et 2ho8 1) aboft 02t (S AReL ST PRI tho Rt

conipagition, pteferabiynfrasm alould).5 Thabaob@dt by veidhd. col ori ng
age can vary fromabout, 0.1 tp ut .5% wei ght ...
RlolSi i 368ts RO Rt RS aaiatir e e £5hhosition
or @he/eios VORI, @kh'é)&:ﬁ)lent%@aw ifcludetfb8d grade aPes il ¢odd
the active i ngredi ent or therapeutic

gradﬂ dye;s bdserbed ande aj smlt@ syrbeahsuchcas eldy=arawminiam
oxide. The amount of the coloring agent can vary from about 0.1 to about 5%
by weight of the composition, preferably from about 0.1 to about 1%.
Bioavailability - refers to the rate and extent fo which the active drug
ingredient or therapeutic moiety is absorbed into the systemic circulation from
an administered dosage form as compared to a standard or control.
Conventional methods for preparing tablets are known. Such methods
include dry methods such as direct compression and compression of
granulation produced by compaction, or wet methods or other special

procedures. Conventional methods for making other forms for administration
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an adm ni stered dosage formas conpared to a standard
or control. 30 Conventional nethods for preparing
wo absesr4ar e known. Such net,gods i nclude dry peEt/bsmss/005924
such as direct conpression and conpression of
granul ati on produced by conpaction, or wet nethods or

suéﬂ §rfo?82§ﬂn%ie cﬁb@@%@uéﬁé o%‘ﬂ’éggﬁm%lllk@%@%ﬂ@o%
I'ng other forns for admnistration WO 21)1)5/ 085242

kn@&nPCT/ US2005/ 005924 such as, for exanple, capsules,

sup tories and | ike ar Kk o .

SUPRRBIACE 5o TR P55 Aot the YR8 Mg ypive

comfpohh@s bRpRAfrhiceutaMBempasitiehs @Iwmfammfor treatment of
conposi tions disclosed above for treatnent o

disgpseaseeh sacler gxanie, hepatite & and fae like.sThe a}ﬁﬂhg%e

oot BURIAEPP0. PRGOS BRI S B g e

copanaAd od phérmbeém ebhpalsitiopnpas pafient Havirg sla(ch arailsease
havi ng such a dlsease or diseases and in need of such
or disepges ABddn nead pEsugh & tFeatmafbodi nent, the conpounds

Elfcvirfﬁeqjé}%’cﬁﬂéﬂ SRbBRN tHeoc&ﬁnggum oﬂmws r%ffﬁ{aa

UMans 1 n nono In a
uséd éorethg tfeatment dﬂHC\bmﬂMmans unmomotrpérepy, a)mdzdmat incan

compHiAiondneranY G- ek EBRURLDe: JPleGaRPRaTED £16) Hodh
suél"t‘%g R e |ﬁ%@ﬁﬂlnémﬂﬂﬁ%ﬁbﬁél%ﬁ6/@9m§nbﬁﬁﬂdﬁfbﬂory

R bavirin (from Scherll@% Pl ough Corporation, Madison,
agbbly. Fxanplgs afnsuctsamteu andmmmmurmmdmatory agents include

RGN On sy -+ PReD PP et MRt e dorsrlRny

Le{/&uﬁ‘m‘mgm M:Nf F’Iﬁ’éﬁmée‘éiu‘ﬁc%a Ud%t‘eeMes@at}ahfdﬁmel) swR&k0406™
California), HeptazyneTM (from Ri b

(fremafirphenmae mcs)rpg@@@die&xtomoﬁ’@m@%\)anlwlﬁtﬁﬁﬂ/ﬁ%

B T
Phifrihaeeuticalls, (Bouliien, Covbraalt),NeX Moy MAxirom Vertex

Phar maceuti cal s, San Di ego, Cal.ifqrni opheno ate
Phagmageytiqals, &ambﬂ?ﬂ@ﬂdwaﬁméﬂsnﬁﬁhy@gsm@ lone

B EHSSR gt CooR ey < o
Phianhacéleliczms eﬁq)hllegm iCajirai), myeophemlhtﬂ oofetil mfnam
HofmareL pRoFTE. e, Mok defisy dNATieTB A Uighendor FHaril
lntéﬁéfd’nf QbHQ PE@m‘c@ﬁerbﬁoélﬁlﬁé? _dMughtayndref theamel ePEaC he,
mterferon alpha conjugates" are interferon alpha molecules covalently
attached to a PEG molecule. lllustrative PEG-interferon alpha conjugates
include interferon alpha-2a (Roferon™, from Hoffman La-Roche, Nutley, New
Jersey) in the form of pegylated interferon alpha-2a (e.g., as sold under the
trade name Pegasys™™), interferon alpha-2b (Intron™, from Schering-Plough
Corporation) in the form of pegylated interferon alpha-2b (e.g., as sold under
the trade name PEG-Intron™), interferon alpha-2¢ (Berofor Alpha™, from
Boehringer Ingelheim, Ingelheim, Germany) or consensus interferon as
defined by determination of a consensus sequence of naturally occurring

interferon alphas (Infergen™, from Amgen, Thousand Oaks, California).
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Jersey) in the formof pegylated interferon al pha-2a
(e.g., as sold under the trade nane PegasysTM,

wo miosogeepn al pha-2b (I nt ro?gﬁM from Scheri ng- REDU§H005/005924
Corporation) in the formof pegylated interferon
al pha-2b (e.g., as sold under 30 the trade nane

PEGA'snétét@@lTéérhei rﬂﬁ@m\@rnqan %d?ur@e@fétﬁ&%’é?é %ta‘?h@ﬂ%a ™
from Boehringer Ingelheim Ingel heim Gernany

eneoticrapsudnd ﬁtf@rfséermnweraefﬁth@mwwewmﬁ Scaisaafﬂws

oo GBS ST BB LBl AL BRCHLER % g BbBLRES By
ex@@id §@itabl@isonViblik> 5080 24RafionPerd biSAteRiplatottd bESwRhin

As stated earlier, the invention includes
thQ ammfrt@e iPWeRliRt s, enantioners and ot her

st efﬁ%‘trf‘ r%?f\ﬁomnér{i%f )54 Ehﬁ(?n ﬁm&dﬁ' rr?étﬁ&? ofﬁtﬁ(ing the

as one S appr ecliates, sone

coiripoRnts \désotmsgebliendsn. rﬂme canrpstndsinty beprepared iyrseveral
forns. Such yarlatlo s are contenpl ated to, be W|th|n

teahiniquesskgyd Bt therart Iyt |V§@r°%%¥rﬁ§rar§|ﬂiﬁlm%ﬁ‘t 8f
folfgg\ﬁn% é}’fﬂo‘gl sg'l@ose e Il@stFQ[ﬁ?\%%h%fuldTﬁgf o) cBHEtbued to limit

elrn conmpounds ma
thqnsmmar eﬁthleynwvtmwmdhes hleﬁqexdem thmappemdetdwelaams

Illystratiyve oce ures arge ined . in the .follow n
AltemativesRediani 3R TG TIPS Stribhuras wil g, aBPartht
to fORBtIKHRA ,hqhélarnt o the scope of the invention which

is defined in the a ﬁended clains. Alternative

mec Hds i@ bedinsier sinag hainuhiletedigowing Hustrativesseligmespe

B SR mab BRI 7 v 1 EpbPrlF Bantiyb olpr .
suitgible sebstitdieion 'of R@ytdTeomt eranaturgaref umndtaral amino acids will
repr esentative inventive conpounds, 15 suitable

resiiygthe feretiost ofthe desinedemnrsinedst krsad amaueh substitytion.
Suggé)iéﬁggc%gﬁr%bﬁten{ §fé tolHd Jvﬁﬁinftﬂés o Pg'?)f%e rhvgr}’g%n

unds ase on such uti on

var Fat tmprcmedumdewltmﬂd@élow e follbWing aiblereviztipas afe
the invention. For the procedures described bel ow, the
usedi | owi ng abbreviations are used: 20 Abbreviations

Abbrevi ations whi ch argppiffafiOnghe descriptions of
t he schenes, preparati e exanpl es that
foll ow are THF: Tetrahydrofuran 25 DVF:
%I Ql M or mamn de

Abbtevia ons which are used in the descriptions of the schemes, preparations

and the examples that follow are:

THF: Tetrahydrofuran

DMF: N,N-Dimethylformamide

EtOAc: Ethyl acetate

AcOH: Acetic acid

HOOBt: 3-Hydroxy-1,2,3-benzotriazin-4(3H)-one

EDCI: 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride

NMM: N-Methylmorpholine

ADDP: 1,1'-(Azodicarbobyl)dipiperidine

DEAD: Diethylazodicarboxylate

DIAD: Diisopropylazodicarboxylate

MeOH: Methanol
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Et OAc: Ethyl acetate AcOH Acetic acid HOOBt:
3- Hydroxy-1, 2, 3-benzotri azi n-4(3H) - one EDCI :
wd 2q034e82met hyl am nopr opyl ) - 3yet hyl car bodi i m dePCT/US2005/005924
hydrochl oride 30 NWM N Met hyl nor phol i ne ADDP:
- (Azodi car bobyl ) di pi peri di ne DEAD:

Et@-{eEh-)@l,ﬁﬁodl car boxyl at e DI AD:
Di i sopropyl azodi car boxyl ate MeOH Methanol WO

Etond¥ethgberdrersl PCT/ US2005/ 005924 Et OH  Et hanol Et 20:

Dh&%@?@;%&i@f&( ?d E gewéL alEIJ f oxi de HOBt:

CﬂtONDHydﬂ@(ybyhz@thaﬂd)leophosphon| um hexaf | uor ophosphat e
DCM Di chl oronet hane DCC: -Di cycl ohexyl car bodi i m de

Pyﬁ%@ﬁoBrczng-tesmyrr@dlﬁ@mﬁwhqmmd@exaf ORgRInaphalsh g
Chg: Cycl ohexyl gl ycine Bn: Benzyl

D("@Weﬁ%h%rgﬁ&%ﬁé)ah |  Ph: Phenyl 15 i Boc:

DO(BOhBIDmydahbmyérbodmldé sopropyl tBu or But:

TE&ED:éyEé;%gaF%g?Wﬁt Butgr"&)%gg}rﬂggtn z: di ggil Ts:
PhB: pﬂgma%mg onyl Me: Methyl

Chg: Cyclohexylglycine

Bn: Benzyl

Bz: Benzyl

Et: Ethyl

Ph: Phenyl

iBoc: isobutoxycarbonyl

iPr: isopropyl

‘Bu or Bu®; tert-Butyl

Boc: tert-Butyloxycarbonyl

Cbz: Benzyloxycarbonyl

Cp: Cylcopentyldienyl

Ts: p-toluenesulfonyl

Me: Methyl

Ms or Mesyl: Methane sulfonyl

HATU: O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate

DMAP: 4-N,N-Dimethylaminopyridine

Bop: Benzotriazol-1-yl-oxy-tris(dimethylamino)hexafluorophosphate
PCC: Pyridiniumchlorochromate

DIBAL-H: diisopropyl aluminum hydride

rt or RT: Room temperature

guant.: Quantitative yield

h or hr: hour

min: minute

TFA: Trifluoroacetic acid
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Ms or Mesyl: Methane sul fonyl HATU:

O (7-azabenzotriazol -1-yl)-1,1, 3, 3-tetranet hyl uroni um
w@2oobesaii uor ophosphat e DVAR), PCT/US2005/005924

4- N, N- Di net hyl am nopyri di ne Bop:

Benzotri azol -1-yl -oxy-tris(di met hyl am no) hexaf | uor opho

sphate PCC. Pyridini unchl orochromate DI BAL-H:

di i sopropyl alum num hydride 30 it or RT: Room
t enpeGaneral Schemes fqnémaem!mm[emet Gompaundsour
mn: mnute TFA: Trifluoroacetic acid WD 211115/085242
52 PCT/US2 0115 /11115 9 2 4 Ceneral Schenmes for
Pr e pindbdiftisodt the pueserfanishtistswERDINgsized usitg the
present invention were synthesized using the 5

gegerat saheer dMsthqgdseftoldeseribpdedewi bed bel ow. Met hod
A:. Deprotection of the N-Boc functionality of 1.01
under acidic conditions provided the hydrochloride

MeRbd AL. 02 whi ch was subsequently coupled with N 10

Boc-tert-1| eucine under, peptide coupling nethodology to

Degroteetion ofthe Netig funetipaality. of Jr0t Bnderetidcondiiantent
profaet RO REPAERg SR EPE W AW Ee s eRY colibied wib M-

BoBapttiidacine wpidengeptide thepling thethddology to afierd 1.03. N-Boc
appropriate P1-P  primary .amde moiety afforded t
depliipefin follanad by e snProRgRIeSeoG e Bavedhe urea
o . v PR r .
1B OBRADIEToF A} ook LA P, Fapicicouping
of #E589id r1e@ Withdhie rapprepriate dat P aeimeonamideogoiety affordacHthe

hydraxy! gr'n%)ez%. '\bgda{\l“'ono (&A'B%f'égor/ relafed p%c]e'sgl- T%T%&eﬁ’?
Synthesis, 1990, 857; or Dess-Martin’s periodinane (J. Org. Chem., 1983, 48,
4155) resulted in the target compound 1.08.-

v
Y V
£ 3 . OCHj
OCH; ____, COCH; . H
XQ\Q "o SOy o
oo H.HCl IO
1.02 T~ 103
1.01
v v
OCHj OCH,3
H H N
HOLHN. A, © Cap/N\[va&o 0
I
A 0



OCH3 OCH3 HCI.H2N~O 0 CaP '"NyN Lo 0 Om 1.04 11.05

WD 20051085242 53 PCTI us2015/ 015924 V V CH /OH NHZ
wE2p5/08d¢ . 0 O Cap' NUN-O | k OO0l O O »C1/U%2005005924

1.06 VO NNNH Ca ' NUN~ %OOPI 0 1.08 Method B

Peptide coupling of the acid 1.06 with the appropriate

P1-P' secondary\/am de noiety afforded the hydroxyl

am de 1. 09. O(i. ition (Moffatt or Dess- 5 Martln s)

resulted in th rget conpound 1.10. V V
NCapNUN N Oﬁ'l\lyl\lyooomloe
—N—=, pNYN. O O O
ﬁa N\/N%O

p” \n/ Cap
0]
A

1.06 \/

e

N
H N

Cap/N\n/N\_:/go o 0
A
1.08

Method B
Peptide coupling of the acid 1.06 with the appropriate P4+-P’ secondary
amide moiety afforded the hydroxyl amide 1.09. Oxidation (Moffatt or Dess-
5  Martin’s) resulted in the target compound 1.10.

M Y
S S 4 OH
%/OH N N N
H H - H H
Cap,N\[orN\:/&O o) Cap/N\g/Névl\\o o) o)
~T> 106 \/ AT 1.09

1.10
Method C
In another variation, peptide coupling of the N-Boc-P2-Ps-acid 1.17 with
the appropriate P4-P’ amide moiety afforded the hydroxyl amide 1.11.
10  Oxidation (Moffatt or Dess-Martin’s) resulted in the keto amide 1.12.
Deprotection of the N-Boc functionality gave the hydrochloride salt 1.13.
Treatment with a suitable isocyanate (or isocyanate equivalent) resulted in the

target compound 1.14.
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1.10 Method C In another variation, peptide coupling

of the N-Boc-P2-P3-acid 1.17 with the appropriate
welsoRossamd de noi ety af fordegythe hydroxyl anm dectudzbos005924

io Oxidation (Mdffatt or Dess-Martin's) resulted in

the keto am de 1.12. Deprotection of the N Boc

functional \yy gave the hydrochlorige salt 1.13.

Tr eat nment .th a suitable isocyan (or bsocyanate
equalent Ited in the target
21111 / 4 54 PCT/ uszollséﬁv%

oyN~Q0 ' OQUN&QOO 17 SIT 1a Vv
111VO\/ﬁO\ ~\17O V N_P1 NONIO uNlv 00 O
HCl . 2N Ol 1.12 1.13 VnHOH111Cp-|\ICO"NMN
NP, or Nu NJ }S/O equi val ent cap' Il m¥Y 0 1.14
Met hod D I n yet/—anoyhe® variation, the hydraoghlforjde
salt-1.13 was Nop the 4-nitropire N-pr
car bamat oegct bon wi-th-4-wtibnQphewyl /5 O
chl or of of matle. ISub uent treatnment wtih an ine (or
anmi ne hydrocht®ride~ salt) of choice ptlovided the
target conpound 1.124. 113

or N
equivalent Cap
Method D

In yet another variation, the hydrochloride salt 1.13 was converted to

VIHOH H oH

\

the 4-nitrophenyl carbamate 1.15 by reaction with 4-nitrophenyl
chloroformate. Subsequent treatment with an amine (or amine hydrochloride

salt) of choice provided the target compound 1.14.

N Y
.: “ O o
N i ¥ N._
N P Y P
Hel HzN\:_/&O 0 0 /©/o\n/N\/&o 0 0
= O =
A on A
1.13 \/ 1.15
:‘ '.. H O H
"cap-NH2" %N N\P
cp e H H
Cap/N\n/N\i/gO o o
O =
A

Method E

In yet another variation, the dipeptide hydrochloride salt 1.03 was
converted to the 4-nitrophenyl carbamate as described above. Treatment with
an amine (or amine hydrochloride salt) of choice provided the urea derivative
1.05. Hydrolysis and further elaboration as described in Methods A/B

provided the target compounds 1.14.
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VV 00 NII NNP, NP1 HO.HZNNOO Ot OyNw ~ OO0

O mm ON/ 0 1.13\ 1.15 V HHN NP, "cap-NH2" N
w@E2005A882 O OO P O 1. .14 thod E I n yet anoediBUS2005/005924

vari ation, the di peptide hydrochloride salt 1.03 was

io converted to the 4-nitrophenyl carbamate as

descri bed abo\\//e Treatment with an amne {or am ne

hydrochl ori de aIt) of choice provided thesyrea
derivative . otiydr ol ysi s and further df;ngkﬁhgon

as descri thods A B~ provi ded_t he tlar et
conpouna%g%\ﬁ 21) 1) 5/ 085242 / 005924
IV~ V yOCH3 0aHCl . H2N--)--@ O@ 4QZJ\|/||O

1.16 V. V. "rap- NH2" NOCHSasa’boveNP HH
(Method A) O O ap' NY N~O O Cap' NYN\b 0 1.14
(@]
H
"cap-NH2" v QYOCHs as above N N
Cap/N\[rN\s/&o o) (Method A) \/go o) o)
O =

Preparation of Intermediates

Preparation of Intermediates 10.11 and 10.12:
Step 1:

10.01 10.02

A stirred solution of ketimine 10.01 (50 g, 187.1 mmol) under Nz in dry
THF (400 mL) was cooled to —78 °C and treated with 1 M solution of K-'BuO
(220 mL, 1.15 equiv.) in THF. The reaction mixture was warmed to 0 °C and
stirred for 1 h and treated with bromomethyl cyclobutane (28 mL, 249 mmol).
The reaction mixture was stirred at room temperature for 48 h and
concentrated in vacuo. The residue was dissolved in Et;O (300 mL) and
treated with aq. HCI (2 M, 300 mL) The resulting solution was stirred at room
temperature for 5 h and extracted with Et,O (1 L). The aqueous layer was
made basic to pH ~12-14 with NaOH (50 % aq.) and extracted with CH2Cl»>
(3x300 mL). The combined organic layers were dried (MgSO.), filtered, and

concentrated to give the pure amine (10.02, 18 g) as a colorless oil.

Step 2
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1.05 Preparation of Internediates 5 Preparation of

I nternmedi ates 10.11 and 10.12: Step 1. OO H2N N
w@EuRsHsLE2+HS 10. 01 10.02 A §§I rred sol uti on of PKBUSIVIFIENS924

10.01 (50 g, 187.1 mmol) u N2 in dry THE (400

m-) was cooled to -78 C and treated with 1 M sol ution

of K-tBuO 10 (220 nmL, 1.15 equiv.) in THE The reaction

m xture wasywprned to 0 C and st pned flor I h and

treated with bronmdPettsyl —eyctobutane (8 @H, 249

mol ). The reagtion m xture was stirred at room

tenperature for h and concentrated vacuo. The

resi due was diss ed in Et20 (300 m-) d treated

with aq. HC (2404, 300 nL) The resul tiyggszsol uti on was

stirred at room 1s tenperature for 5 h and extracted

Wi t A sBIDN(df thi.anTine £0502 ¢180,| EFe2 mmsl) atBPE ina€HeCtd350

B A BT e P e

rt. 1118, (Mﬁb?(mé comglét‘?drﬁgg th@r\@acﬁé’rﬁ‘?ﬂmf @ﬁ@%é&logl' ME(tL!iﬂée

pure am ne as a colorless oil. Ste
wag mmazsmmmgmz vasuPanduse re&IdleN\la_Sld_ISS@'VQd 4n THRIH0 (200

mt“&“ﬁ%@rea?eefw&b%b@%ﬁ . 15688 B 4beftbeq 3Egpom

ni?y%ra%é &F ? At ethavddetidh rh&ﬂire%é’ tEh st R bAd (RS basic
and stirred at rt. for 12 h. After the

aqmmqﬂ |eyeowaefextnaetaobwdh ﬁtzO(TrIne:)aquems leyee wasragidiied véth

coy 183 GRS A Ak LA PRl 5 5 Bipapifver

weké ng@@? 9n|te158 andrehderarded ih vaamb mylemom 03asa

tenperature for . The reaction m xture
coledase Miscaue il a\fmcft W@Smdcfor Htﬁje%tsst%%hh%gny further

ted wwth Et20. The aqueous | ayer was acidified
puma{]%ﬁt:onc. HCIl to pH 1-2 and extracted with CH2Cl 2.
Stefh® conbi ned organic | ayers

O O

BocHN .OMe
BocHN \g)}\ OH E)kl}l
N . Me

10.03 10.04

A solution of the acid 10.03 (15.0 g, 62 mmol) in CH.Cl, (250 mL) was
treated with BOP reagent (41.1 g, 93 mmol), N-methyl morpholine (27 mL),
N,O-dimethyl hydroxylamine hydrochioride (9.07 g, 93 mmol) and stirred
overnight at rt. The reaction mixture was diluted with 1 N ag. HCI (250 mL),
and the layers were separated and the aqueous layer was extracted with
CH2Cl (3x300 ml). The combined organic layers were dried (MgSO,), filtered
and concentrated in vacuo and purified by chromatography (SiO2, EtOAc/Hex
2:3) to yield the amide 10.04 (15.0 g) as a colorless solid.

Step 4
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1o were dried (MgSOH4), filtered, and concentrated in
vacuo to yield 10.03 as a colorless viscous oil which
wowmsasea f or t he next stepgf;ithout any furt hepPCT/US2005/005924
purification. Step 3 0 0 BocHN OH BocHN N.Owe i M
10.03 10.04 15 A solution of the acid 10.03 (15.0 g,
62 mol) in CH2CI 2 (250 nL) was treated Wth BOP
reagent (4XoLHE nowk) . N-net hylsogaNpholi ne (27
m), N, O di met hyl ﬁ‘ydroxyi—am—ae—»hydroch oride (9.07
g, 93 mmol) and sti Meed overnight at it\Jhe reaction
m xture was dil ut with I Nag. HCl (250 ), and
the | ayers were s rated and the aqueous Tayer was:
extracted with 1392) CH2Cl 2 (3x300 nl). Thﬁ) nbi ned
organic layers ¥ dried (MgS™), filtered and

congesvluadeaf tHe Aimideo10004 (an%I , 152etl ninytol i qmaTng(aprnL)
(Si 02, EtOAc/ Hex d the am de 10.04 g15

welpregid chopgisPaNEh géc%tanonsvfégAwmw 5 7%, S8pmENat 0 °C.
THE gt g Mk Strtdatipofh Britr it Gl nad Barduhy
1 00 M i e
Thedgagtioh "?H(t%f% W@%ﬁa@l %({" wﬂﬁ @&WQC' iaﬂl‘? é‘ﬁﬁﬂ«)ﬁnﬂ extragied
WI{Q'_E%%C%% ) aqth)iin%l %Bﬁmsﬂeﬁ og%n% I\él'ybps @eﬁé’bv‘é%h@& vith aq.

and stirre reaction
HGHi (s tM), satwratet] NaH&O vibrineagnd Id@led((Mg&Oﬂ)sﬂihMmb(tLHe avas

flltggqjg%ﬁ g&agpgpgﬁﬁ V%%@a%ﬁfq ﬂa bg as @?M%%gﬁs I%)Florless oil (14

g)sat urat ed NaHCGB, brine, and dried (MySO4). The
m xture was filtered and concentrated in vacuo to
Stgp &l d 10.05 as a viscous colorless oil (14 10 g).

OH

0
BocHNgj\H BocHN E)\CN
—_—

10.05 10.06

A solution of the aldehyde 10.05 (14 g, 61.6 mmol) in CHxCl, (50 mL),
was treated with EtsN (10.73 mL, 74.4 mmol), and acetone cyanohydrin
(10.86 g, 127.57 mmol) and stirred at room temperature for 24 hrs. The
reaction mixture was concentrated in vacuo and diluted with aq. HCI (1 M, 200
mL) and extracted into CHCl, (3x200 mL). The combined organic layer were
washed with H,O, brine, dried (MgSOQ.,), filtered, concentrated in vacuo and
purified by chromatography (SiO2, EtOAc/Hex 1:4) to yield 10.06 (10.3 g) as a

colorless liquid

Step 6
OH OH

- 4
CIH3N OCH
BocHN E)\CN 3 E/Kn/ 3
hn 0

10.06 10.07
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Step 5 O OH BocHNY, -H BocHNICN 10.05 10.06 A

sol ution of the al dehyde 10.05 (14 g, 61.6 mmol) in
WERDSNE2450 L), was treat wi th Et 3N (10. 73remyys20ds/én5924

nmol ), and acetone cyanohydrin 15 (10.86 g, 127.57

mml) and stirred at roomtenperature for 24 hrs. The

r eagAdtRANAI Qﬁtha@e&\@ﬁthqq’@ﬁeﬁﬁép@ﬁ'@@ by TbutfiHg HOG S thed

wi th aqg. HCltr(& M n{-) and extracted i nto CH2Cl
CHs@t2 6000 a echﬁﬁutfe@ded)M@térth@ ayapehydit 80.0§antkbeated

0 ed
to G 1EF2H P pedieBdvas Bt kg PRS00,
whighOoRes ldeedlin4he h@xt/$teb0l'wﬂ{bt@©uﬁﬁ@at&rg) as a 20

colorlesslllgwd Ste OH + OH BocHN CN Cl H3 . OCH3
* Allernagively &l mpﬂqq fosm@lﬁmofa%cww cwsszn@tmsd gan glso
be%% 4 Methanol saturated wth HCl*, prepared by
grlng HClI gas through CH3OH (700 m) at 0 C, was
Stép gated with the cyanohydrin 10.06 and heated to
reflux for 24 BH The reacti on was concengy at ed in

vacuo ta yitel d] 10. whi ch was |n he next step
wi t hout '0&%43 s * Alterna P%’@?’

prepared by &addigion of AcCl tg dry netthangl can al so
be used. Step OH OH C H3N / OCH3 Bo%lm Ff O
O 10.07 10.08 solution of the am ne h ochl ori de
10.07 in CH2CI 2 (200 nmL) was to treated with Et3N
(45.0 ni, 31%0.emol) and Boc20 (45.7g, @18 nmol) at -78

A solution of the amine hydrochloride 10.07 in CH2Cl, (200 mL) was
treated with EtsN (45.0 mL, 315 mmol) and Boc,O (45.7g, 209 mmol) at —78
°C. The reaction mixture was then stirred at room temperature overnight and
diluted with HCI (2 M, 200 mL) and extracted into CHxCl,, The combined .
organic layer were dried (MgSQO,) filtered, concentrated in vacuo and purified
by chromatography (EtOAc/Hex 1:4) fo yield hydroxy ester 10.08.

Step 8.

OH OH
BocHN OCH3 BocHN OH
—————
O o)
10.08 10.09

A solution of methyl ester 10.08 (3g, 10.5 mmol ) in THF/HO (1:1) was
treated with LiOHeH,O (645 mg, 15.75 mmol) and stirred at rt. for 2 h. The
reaction mixture was acidified with aq HCI (1 M, 15 mL) and concentrated in
vacuo. The residue was dried in vacuum to afford 10.09 in quantitative yield.

Step 9

OH OH
BocHN OH BocHN NH»

0 O

10.09 10.10
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C. The reaction m xture was then stirred at room

tenperature overnight and diluted with HC (2 M 200
workgosasst4ext racted i nto CH2gh2. The conbi ned .PCDUSANS/@05924

| ayer were dried (MyS04) filtered, concentrated in

vacuo and purified by chromatography (EtOAc/ Hex 1:4)

to wi \ I

o By PR DS ] apave DT el S50 L) S DMF
(25esﬂ_emasotr@med3¢gth meuel (2v8# o), S50 mMEINIEDCL (3L 5\l 6. 5

s SAB s AR SRR 2 B e ption

mn%l‘réw@% difefed(dk rbmleniferature 6108 @eﬂfhé%bﬁﬁérité‘ w%@e Yégiv9ed

he residue was dried in vacuumto afford 10.09 in

undaram¢ttcaand/§1q/ie§lcﬂie wgs gijutpdomtioga. B&d KRP@OmLBand\exirgcted

wit Gidgle; Dite SPmbnetibhhid Ry ot Resitd et
Na(—ﬁmmdne’@l‘l@/l fﬂtér@&bon@énﬁﬁtgdgﬁd?mm o Bk {IOle(Qg\éhlch
wag us1asi'a§ msyn taﬂaﬁplmwmg @tezpsg (Aliarnatyely’ 10711%0% q be
ob{&ﬁ(édjﬂﬁelémbfmrer re%@t.gﬁ g’rgg;ﬁer B uaw ﬁwﬁcﬂwhdaohﬂ;@z (10

Sol o and t resi
mL&@HJH&@@B% iy, 20.8 hohol§ ab0 °CLih Z0hlLeoftCldeDEidor %5 h.)
Cl 2. The conbi ned organic |ayers were washed with
Stem10Sat' d.  NaHOCB, dried (MyS04) filtered
concentrated in yacuo to obtain 10.10, wghich was used
as it was |r]_"\§)he ol | owi ng steps.cGAlt ennatyyel y 10. 10
can al so B&° directly by t eXfeation of
10.06 (4.5 g, k7. 7ommol ) with aq. H20XA (10 10 ni),
Li OHH20 (820 ng, .8 mol) at 0 Cin 5 of CH3COH
for 0.5 h.) Ste 0 OH OH BocHNNH2 Cl NH2

10.10 10.11
A solution of 10.10 obtained in the previous step was dissolved in 4 N
HCI in dioxane and stirred at rt. for 2 h. The reaction mixture was
concentrated in vacuo to give the intermediate 10.11 as a solid, which was

used without further purification.

Step 11

10.09 10.12
The required intermediate 10.12 was obtained from compound 10.09
using essentially the procedures described above in Steps 9, 10 with

appropriate reagents.

Preparation of Intermediate 11.01

Step 1




10

15

20

-~Y" 10.10 10.11 A solution of 10.10 obtained in the

previ ous step was dissolved in 4 N HC in dioxane and
weriosngd4nt rt. for 2 h. Thgyreacti on m Xxture REBUSB05/005924

concentrated in vacuo to give the internediate 10.11

as a solid, which was wused w thout further

purification. St8 11 OH + OH BocHN CBOgBH3IN N O to

10.09 10.12 The required internediate|10.12 was

obt ai ned from gonpound 10.09 20 usi essentially the

procedur es ri bed above in Steps P, 10 wth

appropri at e| reagent s—Preparstion of) I nternedi ate

11.01 Sted||l WD 211115/085242 60| PCT/US2 0115 /11115

924 ™ tBu Il Il 11.02 113403 To a solution of

4-pentyn-1-pf ., 11.02 (4.15g; Aldrfjch) Wh83 added Dess

Martin Periodi'hane (30.25g; Aldrich) and the resulting

m XTo Besolatiorsbi 4-pedtyiet -ol 4Bh08 (4 Hébp Aldridng weddhddeshDess-

B o e T
45rﬁH fbre?cgeqnsraau 1 Fj(géﬁ."t ed with Et CAc), washed with
. I e.

I'um sul aq. NaHCO3, water, brine and
Butdxxye@kboﬁylme/tbylehel)tephemﬁpbosrdmmed (26.d50; AlsttigbedThe

R Rk iy o AP el v
aq eéddﬁu% dufrite ¥4, bHerHm'Wﬁl‘érWéﬁﬁ@ driéd: PRe (IR -

Sone I npure fractions were also obtained but set
weessiataovad uhder reidused gregsure and the residue was purified by silica

gel column chromatography using 1% EtOAc in hexanes as eluent to give the

desired compound, 11.03 (3.92g). Some impure fractions were also obtained
but set aside at this time.

Step 2
CO,tBu CO,tBu

‘/H CBZNHﬁ/’
11.03 11.04

Using the alkene 11.03 (1.9g) in n-propanol (20ml; Aldrich)), benzyl
carbamate (4.95g; Aldrich) in n-propanol (40ml), NaOH (1.29g) in water
(79mt), tert-butyl hypochlorite (3.7ml), (DHQ)2PHAL (0.423g; Aldrich)) in n-
propanol (37.5ml), and potassium osmate:dehydrate (0.1544g; Aldrich) and
the procedure set forth in Angew. Chem. Int. Ed. Engl (1998), 35, (23/24), pp.

2813-7.gave a crude product which was purified by silica gel column

chromatography using EtOAc:Hexanes (1:5) to give the desired amino alcohol
11.04 (1.379g, 37%) as a white solid.

Step 3



G2tBu CO2tBu CBZNH. "OH 11 11.03 Il 11.04 Using the

al kene 11.03 (1.9q9g) in n-propanol (20nl; Al drich)),
whenzyss2415 carbamate (4. 95¢4 Al drich) in n-prepEBEDS1005/005924

(40nl), NaCH (1.299) in water (79ml), tert-butyl

hypochlorite (3.7m ), (DHQ 2PHAL (0.423g; Aldrich)) in

n- propanol (37.60LBu and potassi um osmat e: §@kydr at e

(0.1544qg; Al driclh) and the procedure set forth in

Angew. GHEMH-Lpt-~<Ed. Engl (1998), BN 491 PP.

2813-7.gave a frude product which was purjfied by

silica gel ¢ m 20 chr omat ogr aphy usi

Et OAc: Hexanes (1:5) to give the desire

/

am no al cohol

11.04 (1.37y, 37% as a white solid. ep 3 WO
211115/ 085232 61 PCT/US2 0115 /11115 2 4 CQO2tBu
CO2H CBZNH, CBINg4 'OH 'OH 11.04 | | 11.0@%.050 the
ester 11.04 (0. 700 <)? was added 4M HCl i n di oxane
(2010:the &St Khi4 A3d00as was et AMAGH D dioxare @0raked
r )
Alfer o8 ing reS AR RIS iy SlouRAITLER ot fobm{Shfieratilp

ovérhi@l. Tbhe 62ldjesawere mnbecd ahder red8teg ple£XiE to QRE-HKe
[ ' N%-~]1 11.01 11.05 BOP reagent (3.65g;

am%hﬁﬁ@g%m@a ab\yhﬁ?ﬁeﬁq‘m am ne (3.45ml) were added

stdp4a di chl oronet hane (20nmi) solution of the carboxylic

acid 11.05 1o (2.00g) and ally) am ne (0.616ml) at
room t enper at Hand the resulting nixt urg was
{ H

stirreadNer The reaction m
partitioned|bet \g\l)/‘iéren Et OAc and 10%%3@ Yhex

organi ¢ phase was separat ed, washed vvit‘}/l s;'ﬂ.

I 1i0s |
BOP reagent (3.65g; Sigma) followed by triethylamine (3.45ml) were

11.01

added to a dichloromethane (20ml) solution of the carboxylic acid 11.05
(2.009g) and allyl amine (0.616ml) at room temperature and the resulting
mixture was stirred overnight. The reaction mixture was partitioned between
EtOAc and 10% aq. HCI. The organic phase was separated, washed with sat.
ag. sodium bicarbonate, water, dried (magnesium sulfate). The crude reaction
product was purified by silica gel column chromatography using
(EtOAc:Hexanes; 70:30) as eluent to provide the desired amide 11.01 (1.73g)

as a viscous yellow oil.

Preparation of Intermediates 12.03 and 12.04
Step 1

o OH

BocHN OH
BocHN OH

12.01 12.02
Compound 12.01 was converted to the required material 12.02 using

essentially the procedures described for Intermediate 10.11, Steps 3-8.
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agq. sodi um bi carbonate, water, dried (nmagnesium

sul fate). The crude reaction product was purified by
wG dososs2gel  col unm chr omat og?aphy usi ng 15 PCT/US2005/005924

(Et OAc: Hexanes; 70:30) as eluent to provide the

desired amde 11.01 (1.73g) as a viscous yellow oil.
Stengpar ation of Internediates 12.03 and 12.04 Step | O

BocHN BocHN.OH OH O 20 12.01 12.02 Conpound

12.01 was conveyfed to the required mat eQhl 12, 02

usi ng eBeakiit Qrhe procedur es'Gibshy iy

Internedi ate 10.2Y9, Steps 3-8. WD 211115/ 085242 62

PCT/ US211115 / 5924 Step 2 OH OH»BocHN CH

HCl . H2N NH2 O42.02 12.03 Conpound 12. was

converted t1@.obhe required interned af2p3l2. 03 usi ng

essentially the procedures described for Internediate

10. Commusisk12,02 was gonvesiaghtothemearired inteappdiefe 12.03

oo B e A PNy 38 151 St o

10essentially the procedures described for Internedi ate
10,12, Step 11. 1o Preparation of Internediate 13.01
p 1 OH
OH OH H
BocHN OH HCI.HoN N

O O

12.02 12.04
Compound 12.02 was converted to the required intermediate 12.03
using essentially the procedures described for Intermediate 10.12, Step 11.

Preparation of Intermediate 13.01

Step 1
OH
OQN/\/\ 02N OH
13.02 o
13.03

To a stirred solution of 1-nitrobutane, 13.02 (16.5 g, 0.16 mol) and
glyoxylic acid in H20 (28.1 g, 0.305 mol) and MeOH (122 mL) at 0°C-5°C,
was added dropwise triethylamine (93 mL, 0.667 mol) over 2 hrs. The solution
was warmed to room temperature, stirred overnight and concentrated to
dryness to give an oil. The oil was then dissolved in H2O and acidified to pH
=1 with 10% HCI, followed by extraction with EtOAc. The combined organic
solution was washed with brine, dried over Na2S04, filtered and concentrated

to dryness to give the product 13.03 (28.1 g, 99% vield).
Step 2



10

15

20

02N /\ 2N OH 13.02 0 13.03 To a stirred solution of

1-nitrobutane, 13.02 (16.5 g, 0.16 nol) and gl yoxylic
wa@eiodoss24H20 (28.1 g, O. 3056gol) and MeOH ( 122raiySsmns/005924

0C-5C, is was added dropw se triethylam ne (93 ni,

0.667 nol) over 2 hrs. The solution was warned to

room tenperatureoHstirred overni ght an@Hconcentrat ed

to drynesso di ssol ved

in H2O and aci dtopH =1 wth 10% fol | owed

by extraction wit{ M Et OAc. The conbin d? gani c

sol ution was wasped with brine, dried

filtered and concentrated 20 to dryness to give the

product 13.03 {281 g, 99%yvyield). &8 2 wo

21)

G A e AP o op oot acid
(1.20hp swasdaddRd B0 P Rd/Cy(3719 )85 heoepulting sodution wasd (1. 25

o R AP R0 0 78 U0, Tl

wa@&he@é@é?bn@a'ﬂéd and@zaefbped actirfles withetsludnen tresrapiniatadiwith
azeot r oped times with tol uene, then triturated

MefH rannleezﬂnerar'f@ee&qh@mon wiss then fittewe aied azeirored fdee aith

4 as
toltz%g%fcfgﬁé]rﬁqf?@ %ﬁ" C?ﬁ (Iwmte |§igﬁ gﬁﬁt ?. %ée’ﬁ %:Hoqi 56?637
@HZNWBOCHNW 0013 04 13.05 10 Toastlrred
30 utlon(og ths ﬂhno acid 13.04 (2.0 gy 13.6 nmmol) in
i oxane (10 nL n O (5n ed 1N
NaOH sol ut i ‘&N~ Oﬁ ( )m‘rb% uItlng
sol ution was stjrred for 10 m nut es, oI owed by
addi tion of di-t}butyldicarbonate (O 110 g, 14.0 nmol)
and stirred at 0€C for 15

13.04 13.05

To a stirred solution of the amino acid 13.04 (2.0 g, 13.6 mmol) in
dioxane (10 mL) and H20 (5mL) at 0°C, was added 1N NaOH solution (4.3

mL, 14.0 mmol). The resulting solution was stirred for 10 minutes, followed by
addition of di-t-butyldicarbonate (0.110 g, 14.0 mmol) and stirred at 0°C for 15
minutes. The solution was then warmed to room temperature, stirred for 45
minutes and kept at refrigerator overnight and concentrated to dryness to give
a crude material. To the solution of this crude material in EtOAc (100 mL) and
ice, was added KHSO4 (3.36 g) and H20 (32 mL) and stirred for 4-6 minutes.
The organic layer was then separated and the aqueous layer was extracted
twice with EtOAc and the combined organic layer was washed with water,

brine, dried over Na2S04, filtered and concentrated to dryness to give the
product 13.05 as a clear gum (3.0 g, 89% vyield).

Step 4
OH OH H
BocHN OH HCIL.HN N~

0] O

13.05 13.01
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m nutes. The solution was then warnmed to room
tenperature, stirred for 45 15 m nutes and kept at

wo efosiogresnt or overni ght andggoncentrated to drBCIEES2009005924
give a crude material. To the solution of this crude
material in EtOAc (100 m-) and ice, was added KHSO4
(3. BBnthouRit ﬂg)véé’ezcgﬁﬂ)er%bdtosthbrréaglréd’ intérrRediafdil $94

The organic |ayer was then separated and the aqueous
usingyassentiallyetherpiocedureswiaserippd rfprﬂnmm@l’@tet ‘Hb1 Zoﬁtﬂm‘e‘d
organi c | ayer was washed with water, 20 brine, dried
over Na2S™4, filtered and concentrat ed to dryness to

P@e\tﬁtlérﬁlwlrﬂé@ﬂé@ibté%@ﬁ as a clear gum (3.0 g, 89%
yi tep 4 N OHHCI.HZN N O O 13.05
S_gmlm VD 20051085242 64 PCTI us2015/ 005924 Conpound
13. 05 was converted to the required i nteyredi ate 13. 01
using essentially the proceduresgdasg¢ri bed gr
I nternmedi &8 10712 " Step 11.  Prepar af) onjfof
Internmediate 14.01 5 Step 1 OH O2NW
14. 02 14.03 @406Round 14.02 was convertad to the
required material 14.03 using essential t he
procedures described for I|nternedi 52(9 313. 01, St eps

1- 3condimd1 402 Whs EomididdtoHke. réglmréﬂ nfatetid14.63 @8ing
14. 01 Conpound 14.03 was converted to the required

essentiallydle arecetyres desgibry tos driermadiaje B0 hiberedrdes
g icrlbed for Internediate 10.12, Step 11.

OH OH |,
BocHN OH HCI.H,N N

O 6]

14.03 14.01
Compound 14.03 was converted to the required intermediate 14.01

using essentially the procedures described for Intermediate 10.12, Step 11.

Preparation of Intermediate 15.01

Step 1

I/\/\CFg R OQN/\/\CF3

15.02 15.03
To a suspension of silver nitrite (9 g, 58.5 mmol) in diethyl ether (25
mL) at 0°C was added a solution of 4-iodo-1,1,1-trifluorobutane, 15.02 (10 g,
42.0 mmol) in diethyl ether (25 mL) slowly through an addition funnel (approx.
15 min). The resulting mixture was vigorously stirred at 0°C and warmed to rt.
After 50 h, the solid material was filtered off through a celite pad. The resulting
diethyl ether solution was concentrated in vacuo to give 15.03 as colorless oil,

which was used without further purification.

Step 2
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Preparation of Internmediate 15.01 15 Step 1 |I*~CF3 2N
" CF3 15.02 15.03 To a suspension of silver nitrite
w@ 20908888 5 Mol ) in diethygsether (25 nl) at PQO/usm05/005924
added a solution of 4-iodo- ? 1,1-trifluorobutane,
15.02 (10 g, 42.0 mmol) in diethyl ether (25 niL)
slowy through an addition funnel (ap@tx. 20 15
mn). The r@gNVt\i\ng\m: t te—MaBoeHROr ousl pHstirred at
OC and warnmed to rt. Arter 50 h, the[sollfid materi al
was filtered of fzphrough a celite pach, The resulting
di et hyl et her so?uti on was concentratef in vacuo to
give 15.03 as colorless oil, whijglgawas 3used wi t hout
further purification. Step 2 WO 21)1)511) 85242 65
PCTCOSEILBIA0S 03 avasOspiErted todths requiFpd arateral tB0dusing

CF3. 15.04 Co 15.03
oo STl 1 B Ut SRR SRR i) s 1
Stﬁigcedures descri bed for Internediate 13.01, Steps

- Step 3 OH BocHN OH HCl . H2N N,-,-,,, O O CF3

CF3. 5 15.04 15'b1 Conpound 15. 04 was I&)m\/erted to
t he reqordi REdi ate—15. d1CIIEN Mntiakly the

procedures described for Internediate 1@ 12, Step 11.
Preparation ofylnternmedi ate 16.01 O ocHN) OH
HCl . H2ZM O  CF; CF3

15.04 15.01
Compound 15.04 was converted to the required intermediate 15.01
using essentially the procedures described for Intermediate 10.12, Step 11.

Preparation of Intermediate 16.01

0 OH |,
BocHNj)J\OH HCI.HZNJ/K”/N\/\
FsC e’ ©
16.02 16.01

The acid 16.02 (Winkler, D.; Burger, K., Synthesis, 1996, 1419) is
processed as described above (preparation of Intermediate 10.12) to give the
expected intermediate 16.01.

Preparation of Intermediate 20.01
HsC

CH
Ntk

~

<_>,COZCH3
N
H.HCI
20.01
The amino ester 20.01 was prepared following the method of R. Zhang
and J. S. Madalengoitia (J. Org. Chem. 1999, 64, 330), with the exception that
the Boc group was cleaved by the reaction of the Boc-protected amino acid
with methanolic HCI (4M HCI in dioxane was also employed for the



F2C F2C 10 16.02 16.01 The acid 16.02 (Wnkler, D.;

Burger, K., Synthesis, 1996, 1419) is processed as
waolemsnsfaerd above (preparati g@ of | nternedi at e BOT/I003/a5924

give the expected internmedrate 16.01. 1s Preparation

of Internediate 20.01 H3CVCH3 O CO2CH3 N H. HC

ion). 1 4 Steda@ynthic8iza fIRA i i
e et O e o e sl R e was
repRiqed il the ¢O9espdtiing pbpspheniam Yisleexcept i on t hat
the Boc group was cleaved by the reaction of the
Boc-protected anmino acid 20 with nethanolic HC (4M

Pr%raﬁdh 8 Mieneedia® 20.68 enpl oyed for the WO
2 0115 /11115 9 2 4
Stateprotection). In a variation of the reported
synthesis, the sulfoniumylide was repl am@\%@% t he

correspaonding p ph@qi umylide. Preparation ©6f
I nter meffi ate 20.04~/5 Step 1 CH3, ,CH3 O )

Bo ApnT OH + NO _ BocHNO C-"L\N 3
20. 02 520.81 Or20. @3, \A g i on of commerci al janido
aci d-Bos- Chg- OH, 282 Senn cheni cal §°¢8Ys 24.1
mol ) apd ami ne hydt5tH® ori de 20.01 (4.5 g, 322

20.03
20.02 20.01

A solution of commercial amino acid Boc-Chg-OH, 20.02 (Senn
chemicals, 6.64 g, 24.1 mmol) and amine hydrochloride 20.01 (4.5 g, 22
mmol) in CH2Cl, (100 mL) at 0 °C was treated with BOP reagent and stirred at
rt. for 15 h. The reaction mixture was concentrated in vacuo, then it was
diluted with aq. 1 M HCl and extracted into EtOAc (3x200 mL). The combined
organic layers were washed with sat'd. NaHCOs3 (200 mL), dried (MgSOa,),
filtered and concentrated in vacuo, and chromatographed (SiO», EtOAc/Hex
3:7) to obtain 20.03 (6.0 g) as a colorless solid.

Step 2
CHa_-CH3 CHz~_CHj3
<—>\WOCH3 OH
N N
BocHN\./§O O —> BocHN o 0
20.03 20.04

A solution of methyl ester 20.03 (4.0 g, 9.79 mmol) in THF/H20 (1:1)
was treated with LiOHeH,0O (401 mg, 9.79 mmol) and stirred at rt. for 3 h. The
reaction mixture was acidified with ag. HCI and concentrated in vacuo to

obtain the required intermediate, free acid 20.04.

Preparation of intermediate 20.08

Step 1




mmol) in CH2CI 2 (100 nL) at 0 C was treated with BOP

reagent and stirred at to rt. for 15 h. The reaction
WOrR0osasR42vas concent r at ed iré7vacuo, then it wWaBCT/US2005/005924

diluted with ag. 1 MHCl and extracted into Et OAc

(3x200 nL). The conbined organic |ayers were washed

with sat'd. NaHCC3 (200 niL), dried (MgSH), ~Li1tered

and congentr at ed i\Q/vacuo, and chromat ogr aphed: (Si 02,

BbPAE/ Htx  3:7) toggbtain 20.03 (6.0 g) as iél\onr/be%

sol1dY i O$tep 2 / OCH3

BocHNALO O BocHN~

.03 20.04 Ao ution @f
met hyll ester 20.03H,& & g, 9.79 mmol) in THE (1: 1)
was treated with Li CHH20 (401 ng, 9.79 mmoly~and 5406
stirrg@sat rt. for 3, The reaction nmixture was
acidified with aqg. - HCI and concentrated in vacuo to 20

obt & solutien ebac-terd-Liout 20.08 (Flaks, 50r@ 214 min@dirodry

CHCTRRAFRDRE, 4 LRaRRoht 100 1§ 2t Fatbd Pt he amjgecpalt
2001988 g\ @Cidhol Bomii @.5 %@4.@5 AndlPand BOB r@é)%é}'ét (M.6g,

sol uti on of Boc-tert-Leu .05 (Fl uka 2

5.0
s 25mmmol)Ther fpactipp ey sWred sbrtror 24h; djutad svithenddCt @ H)

o AT e S B

Hcg (laé,. Vgﬂ)'(mét%d. Néﬁgéln,abtih%m msgmg&;oa)s dilteted anctl] E:oncé’:#Zated
. diluted with ag. 1 and extracted wt .
in Y@L pHefae@Pg &hrwésagé?ehmﬁ@%wégﬁ@q?hﬁﬁanﬁ%?weld

20%06's aBlorféss , brine, dried (MJSH4), filtered
and concentrated
10 Step?2

~ . ~ L
- N -

N N
BocHNv&o O HCl.HzN\_/&O O
T A

20.06 20.07
A solution of methyl ester 20.06 (4.0 g, 10.46 mmol) was dissolved in
4M HCI in dioxane and stirred at rt. for 3 h. The reaction mixture was
concentrated in vacuo to obtain the amine hydrochloride salt, 20.07 which

15 was used without purification.

Step 3
~

~r
~ .

OCHj Q\“/OCH3

~
N H
HC!.HZN\/KO o) /O/O\H/NVJ\O 0
/I\ O2N ° 4_\
20,07 20.08

A solution of the amine salt 20.07 (840 mg, 2.64 mmol) in THF (14
mL)/acetonitrile (2 mL) was cooled to 0°C. 4-Nitrophenylchloroformate (800



10

15

20

25

in vacuo and purified by chromatography (Si02,

Acet one/ Hexane 1:5) to yield 20.06 as a colorless
weedosass2dp Step 2 OCH3r~ OCa BocHN-O 0 HCl . HANFUSHI05/005924

20.06 20.07 A solution of methyl ester 20.06 (4.0 g,

10.46 mol ) was dissolved in 4MHC in di oxane and
mgt3.56 §HmR) Was ddied3fdlowElepy BoAdINGNY (0B kIl €7 88Smmol). The

concentrat'ed in vacuo to obtain the am ne
reaniivnowigisosiondy seatmeg dooroami temperatuiasovered s wdgn TLC

inditdfecy 28 PR Bigt b Shien 850 AL, wib ddid Hed the
resiHifte peedipit. WAs (MePedraif. Z-HeAfilveke wad wedhet Idith saturated

mL.)/acetonitrile Eté m.) was cooled to OC.
ammanitb pPRIAYIAE hiseéiosr tht &) dunend 2101 19ried5£N2:$@4) and

0 : . 6
cof HITEH08 S35 ufgedby fSoMbrolpisHis 2010
EtDAeHaxanewashish affbsdesat 1édy dfothecequiredeteahediat®26,083

hrs when TLC indicated reaction conpletion. D ethyl

ether (50 m-) was added and the resulting
Pr%i&%EiB%ﬂrﬁe@égﬁkéhﬂcﬁd off. The filtrate was washed
Tum chl oride solution (1 x),
Stépiine (1 x), dried (Na2SOX4) and concentrated. The
resi due was purjfied by flash chrogmt ography using
20/ 80 Et OAc/lhexgnes which afforded i 15.0 of the
requi red interjred’@®® 20.08. Prepdfatich of

I nternmedi ate 28c01 io Step | N CO2H°R C02tBu Lc Boc
21.02 21.03 ZnoAa stirred sol ution2nbs

N B S st e R OR MBS 2 a M rbrBiin 3122 (5.0 g, 23.5
mmol), di-tert-butyl dicarbonate (7.5 g, 34.4 mmol), and 4-N,N-
dimethylaminopyridine (0.40 g, 3.33 mmol) in acetonitrile (100 mL) at room
temperature was added triethylamine (5.0 mL, 35.6 mmol). The resulting
solution was stirred at this temperature for 18 h before it was concentrated in
vacuo. The dark brown residue was purified by flash column chromatography
eluting with 10-25% EtOAc/hexane to give the product 21.03 as a pale yellow
oil (5.29 g, 84%).

Step 2
CI\V/CI
QCOZtBu — [\ o
) CO-iBu
Boc [}l 2
Boc
21.03 21.04

To a stirred solution of the dehydroproline derivative 21.03 (10.1 g,
37.4 mmol), benzyltriethylammonium chloride (1.60 g, 7.02 mmol) in
chloroform (120 mL) at room temperature was added 50% aqueous sodium
hydroxide (120 g). After vigorously stirred at this temperature for 24 h, the
dark mixture was diluted with CH,Cl> (200 mL) and diethyl ether (600 mL).
After the layers were separated, the aqueous solution was extracted with
CHCIy/Et20 (1:2, 3x600 mL). The organic solution was dried (MgS0O4) and
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mmol ), di-tert-butyl dicarbonate (7.5 g, 34.4 mol),
and 4-N, N di net hyl am nopyridine (0.40 g, 3.33 mmol)

w0 mosogeni trile (100 rrL) alggr oom 15 t enper at BCEUSESS/005924
added triethylamne (5.0 niL, 35.6 mml). The resulting
solution was stirred at this tenperature for 18 h

coRdritfRed { THE SeSiGNS Wis/ wlriddi By fIé/s’tPé@lumThéh ATt SR
residue was purified b flash col utm chr onmat ogr aphy

usisg -2 ROAchexaredeating 8BSt €7 1%) gf 2¢-0dras @m @ﬁuuhlte
sol?dl 03 as a pale yellow oil (5.29 g, 849 . 20 Step 2
~Ci N~ co2tBu i iCQ2tBu Boc Boc 21.03 21.04 To
@ gtirred soI ution of the dehydroproline derivative
21.03 (1 1 37 4 mmol ), benzylc%rl et hyl anmoni um

chlorlde g, 7.02 mol) in N/SFoform(120 m.)

roomte, rature was added 50% agueougrs@sihum 25
hydr oxi de ZgigO Bu After vi gor ousl t6hed at this
t enperature f the dark m xtire vas dil uted

with CH2Cl 29200 m ) and diethyl ether (600 m).
After the Ia&aers wer e separated, the aquzgg S soI ution
was extracBe¥ with CH2Cl 2/ Et20 (1:2, 3X The

Or JFREGORRIH 602M.BAF0 B! S DA HawRG) iR TH 25 L
2111151085242 69 chf/ u32§0115 /11fl 22@( m )a”d

CFaefbnio0anby wasrﬁélrﬁe@isatdgemmmratureé’qr $yp h befstie dovasm

cof ERL %, PRGY0 Y5608 b/elt e, F08 RtchaPiay Uity e
4 vithrout f@eEbirifidati®dt Bu N CO2H Boc H 5 21.04 21.05
The solution of 21.04 (9.34 g, 26.5 mml) in CHC 2

m-) and
N CIYCI
= —_— — “Hel
[;LCOZH CF3COH ?oozm
B
21.05 21.01

Concentrated hydrochloric acid (4.5 mL) was added to a solution of the
residue 21.05 from Step 3 in methanol (70 mL) and the resulting mixture was
warmed to 65°C in an oil bath. After 18 h, the mixture was concentrated in

vacuo to give a brown oil 21.01, which was used further without purification.

Preparation of Intermediate 22.01

Step 1
tBOC cHo tBOC\
ph3p=<l NT\W
>< j THF, reflux ><O
22.02 22.03

Potassium bis(trimethylsilyl)amide (158ml of a 0.5M solution in toluene;
79mmol) was added to a stirred suspension of cyclopropyltriphenyl-
phosphonium bromide (33.12g; 86.4mmol) in anhydrous tetrahydrofuran

(130ml) and the resulting orange mixture was stirred under an atmosphere of
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CF3C2H (50 M -) was stirred at roomtenperature for

4.5 h before it was concentrated in vacuo to give a
whemansesi due, 21.05 whichogas used in Step FECT$1005/005924

further purification. to Step 4 ci~ci n HC -CF3CO2H

\ /-C02Me N CO2ZHH H 21.05 21.01 Concentrated
nit?b}é%ﬁ%%@l’h‘ t%ngﬁa'rgtuﬁf?l fSr Ahuliodds 1addRdoicthd SRlititr nthef

t hre 1.05

resi due . romStep 3 in nethanol (70 m -)
aldeigde 122.02:6u680;42.2mmnol) in WeE (Srel).ndte reaciecwas thenoi |

rofedrids” g meshsii oo dER 1473 BR gt g oty
métHandleaicthyl BEREr e RbbRaldsoshlt wBFeepad&d.i Tk @fg{anic phase
Internmedi ate 22.01 Step 1 tBoc\ tBoc\ cHOt CJ |

was separaiedowaghed withdirinss idiiedAangd eencantrajed unden eduged

. t N o
Precahis Vs orodhBredet e s Ry B ol )
ch#@iﬁﬁ@t@?fagjhymémg) FitOAC{skah2g;1 : D).t rEtOAC-haxah o P)us
t et rahydr of ur an &):éSOml) and the resulting orange
provide thesaliare 22:03 €44 (@hes aafllavRisphere of WO
Sté@élla 085242 70 PCT/US2 0115 /11115 9 2 4 nitrogen
roomtenperature for a period of 1 h., before the

addition of the aldehyde 22.02 (9.68§ Ni#B%mol) in
THE (th]Q. The reaction was then @=K| uxed under an
N

at nospherpe-0 i n for a period h
cool i % gt hanol\ /di et hyici@t her and Roghel | es\ gal t
wer e d he organizthpc%%gu’gmyvas se& ted, washed

W th bri n%: dri ed and concentrated under reduced
pressure. TR#3crude reaction product was 2p04ified by

o1 | B 08b SO T SRR B GRE Wt hrefafdd ¥y A Fa 2mi

of acetyl chloride dropwise into cold methanol and diluting the resulting

solution to 200ml at room temperature. The carbamate 22.03 (9.49g;
37.5mmol) was dissolved in methanol (12ml) and added to 1M HCl in
MeOH/MeOAc (150ml) while cooled in an ice bath. The resulting mixture was
maintained at this temperature for 1h., then the ice bath was removed and
stirring continued overnight at room temperature. The volatiles were removed
under reduced pressure to yield a yellow oil which was used in the next step
without purification.

The yellow oil was dissolved in a mixture of THF (30ml) and MeOH
(20ml) and treated with triethylamine (15ml; 108mmol) until the solution was
pH=9-10. After placing in an ice bath, the mixture was treated with N-Boc-Gly-
OSu (11.22g; 41mmol). The ice bath was withdrawn and the reaction stirred
at room temp. for 1h. The volatiles were removed under reduced pressure
and the residue was purified by silica gel column chromatography using
methanol (1-3%) in dichloromethane providing the desired amide 22.04
(9.099).

Step 3
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provi de the al kene 22.03 (8.47g) as a yellowoil. Step
2 NHBoc tBoc\ O= HN LHO ~ 2. tBac-dy-0S OSu, EON
w0082 03 22. 04 A solutign of 1 M HC in MxOQHMUM®ORG5924
was prepared by adding 14.2ml of acetyl chloride
dropwi se into cold nethanol and diluting the resulting
soI uti NHBZOO0NML at room t enperature. tHBcbanat e
(9.49g; 37.5mmwl) was di ssol i n met hanol (I
Znﬂ- 20 M,ZHG‘ethoix)mroﬁhﬁ MeOH Me C 15011l

whi | e i ce—batth—The resultfng m'xtus
mai ntai ned at thi\g tenp8Fs@ire for 1 P\ tigen theM ce
bat h wgg-fenoved and stirring conti over ni ght at

room tenpergtjire. The volatiles were rengysed under
reduced pressure to yield a yellow oil which was used
i n fThe aleottol 22e(M (N0OHBR.6pumol) Wastdissolved inTheetpael ow

(1 Pl lsS e ot 2 ime o RYRigPaRF a7 ¢ Ta AT ABERAG,
BFH.'Et&(B é(t.) BONA0L BBl ¥R theleSullig nﬁ&i&é vmsaé:ﬂrr@j aﬂro@tan

ice the mxture was treated wth N-Boc-Q y-
teroparabdg; fonarnensio)d of theh iThe reactiomasluipn rvmsatmat@ddmtme few

g tehubunisiing FlelRleS e tPlovoa ok Pt 402

pref&Srd Urid ey wak!putiicaaly sﬁl@daUQ@I dd?ummimdmmyrapﬁy nging
nmet hanol (1-3% in dichloronethane providi n%ﬁg/)
1185242

5-20%i o cipihaxapegsda prevdedeg N.Qragetal 2805 {8
St PCT/ US2 0115 /11115 9 2 4 O==, cNHt Boc ~NH Boc
, 2-di met hoxypropane O N BF3: oEt 20~ HO

N HiBoc

1. NOBF4
2. Pyrrolidine
T\v 3. Pd(OAc)Z >< ><

22.05 22.06 22.07

The carbamate 22.05 (8.81g; 28.4mmol) was dissolved in acetonitrile
(45ml) and the solution was cooled to —40°C under an atmosphere of
nitrogen. Pyridine (6.9ml; 85.3mmol) followed by nitrosium tetrafluoroborate
(6.63g; 56.8mmol) were added and the resulting reaction mixture maintained
below 0°C until TLC indicated that no starting material remained (approx.
2.25h.). Pyrrolidine (20ml; 240mmol) was added and the cooling bath was
withdrawn and stirring was continued at room temperature for 1h. and then
the volatiles were removed under reduced pressure. The residue was quickly
passed through a pad of silica gel to provide a yellow oil.

The yellow oil was dissolved in anhydrous benzene (220ml) and palladium
acetate (0.317g; 1.41mmol) was added before heating the resulting mixture to
reflux, under an atmosphere of nitrogen for a period of 1.5h. After cooling, the
volatiles were removed under reduced pressure and the dark residue was

purified by silica gel column chromatography using EtOAc-hexane (1:4) to
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22.04 22.05 The al cohol 22.04 (9.09g; 33.6mml) was

di ssolved in acetone (1 18.5n) and treated with
WQ2@sdssret hoxypr opane (37.4#3; 304mmol ) and  BRECEUR105/005924

(0.32mL; 2.6mmol) and the resulting m xture was

stirred at room5 tenperature for a period of 5.5h The

proR/ﬁ)%C%EQP‘ tr?@{rahéﬂaymrdiﬁdrmgldevm tdu e fbiRWwed b9y tHf cis-

triethylam ne and the vol atiles weré renoved” under

pyrraidinete 22.08s8U9&g). The residue was purified by silica
St el columm chromat ography using 5-25%EtOAc in

anes to provide the N,O acetal 22.05 (8.85g). Step
4 -NHt Boc 1. NOBF4 0 Oi 2. Pyrrolidi /3.
Pd( OAc) 2 qO- ; O 10 2205 22. 22.07 The
carbamate 22. 057 (8 81 g; 28.4nmol) i ssolved in
acetonitrile ( afd intMyeAcdigPHt i s cooled to

-40C under % pnere of nitrogen: Ep{ri di ne

(6.9mM; 85.3 ) Kol'l owed by nitrosi

tetrafl uoroboraog (6.63g; 56.8nmmoHd~Wwere added and

the resulting reaeti on m xture mai ntgjoged i s bel ow 0C
until TLC indicated that no starting . material remj rged
(apbrashly prepssad)IM P& i MeAeMefdRi(10pkosmdescripeg above)

t ' A
wa ST 1 OEAC %2 PBIchd Ao bt (S WnBORLT foF 1RO
Thé Belveal atas| resnovedeundaroeeucachpessueziane dhe residue wasThe

resjdue, was qui ckl assed through silica
pugiad b SR aeleol g eriraipsrarty ko e PR s
dicHiotSRletifshd As BNRIuA &@?%mw&eéi%@%bham.nel(h adgyna

acetate (0.317g; 1.41 mmol) was added before heating
yeltaveod.esul ting nmixture to reflux, under an atnosphere

of ,nitrogen for a period of 1.5h. After cooling, the

§‘1379916—ati | es were renoved under reduced pressure and the
dark residue 265 purified by silica gel colum

chr ongt ogr sing Et CAc- hexane (1:4) to WO
2005/ 08%242\72 PCT/ Usﬁiééw /0115 4 ;( Ge the
) the ang- r el 22.06 (1y94 fol yowed b
||)) thet'\{ﬂ -~ by 2. N-Boc-L-tert-Leu-OH ( g)N 4
H HATU BoctHN “SH
HO OHO

22.08 22.09

To a solution of the lactam 22.08 (1.29g; 8.44mmol) in anhydrous
tetrahydrofuran (55ml) was added lithium aluminum hydride (2.40g;
63.2mmol) and the resulting mixture was refluxed for 8h. After cooling, water,
followed by 15% aq. NaOH were added and the resulting mixture was filtered
through celite and the solid was washed thoroughly with THF and MeOH. The
solvent was removed under reduced pressure and the residue redissolved in
dichloromethane, dried and concentrated under reduced pressure to provide
the pyrrolidine, used without purification.

Hunigs base (4.5ml; 25.8mmol) was added to a mixture of N-Boc-L-
tert-Leu-OH (1.76g; 7.6mmol), The crude pyrrolidine and HATU (2.89g;
7.6mmol) in anhydrous dichloromethane (50ml) at —60°C, under an

atmosphere of nitrogen. The resulting reaction was allowed to come to room
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pyrrolidinone 22.07 (1.97g). Step 50 0 1-ICl in

McQAc/ MeOH\ NN /~(\ HH OHO 22.06 22.08 5
woe@shdp4prepared 1 M HC i pgMeOAc/ MeOH (1 Ol PCEES2005/005924

descri bed above) was added to the N, O acetal 22.06

and stirred at roomtenperature for 1 h. The sol vent

te n\éﬁér lﬁﬂgf@gwgpdsfmgrgggt@&? ESSEN Qﬁ@tﬁé‘?elfcﬁl%gl‘ﬂx‘ﬁo\ﬁ%s

I'1Tca um chr omat ogr aphy usin
wabhdaneibHlil. maqg. wcahsm eqesscbrhum hisadianaie, wateprlyiiead

ordgnic [y Rr e b soncaittd el fodikrd isShuie mﬁt 0
res%ﬂfé w%% &ﬁ.ﬂ%& tﬂﬁsm@ & cﬁﬂumhldmoﬂfaté phipeikig 22. 08
I n~anhydr ous tetrandrofuran (55nl)

Et%g r@daeas |(1 B tQJgiValtbmdmrfeﬁ@d'ﬂlpléé’z( £5§OgL5
S,[6372mml) and the resulting mxture was refluxed for
Sl After cool i ng, water, followed by 15% aq. NaCH
wer e added and e resultl ng mxture was filgered
throuygh cel i{-e: the solid was vvashedth ghly

BOH. The Jos®l vent ed under
re and—t—l"re—r-em due redl soI ed in
ne

, dried and nder reduced
rovide 20 th yrroI| [ used wi t hout
. Huni gs base (4.5n1,; . 8mBP3H was added
to a m xjuyjoe of N-Boc-L- tert-Leu- Chbﬁﬂ.?Gg 7.6mol ),
The crude pyrrolidine and HATU (2.89g; 7.6nmol) in

T e g6 TSR RO i rdesions 116m)
andlcboisetintan mrttath cﬁorr Hmin. This solution was then added to a cooled
Jones reagent (14.2ml; approx 2mmol/ml) and the resulting mixture was
stirred at 5C for 0.5h and the cooling bath was removed. The reaction was
stirred for a further 2h. at room temp., before adding to sodium sulfate
(28.549), celite (15g) in EtOAc (100ml). Isopropanol (15ml) was added after
1min and then stirred for a further 10min. and filtered. The filtrate was
concentrated under reduced pressure, providing a brown oil which was
dissolved in EtOAc. This solution was washed with water, 3% aq. citric acid,
brine, dried and concentrated to provide the desired carboxylic acid 22.01

(1.649) as a white solid.

Preparation of Intermediate 23.01

Step 1

Q

@)
MOCH;& [N> , ms 4A0 ZHOCH;:,
H
O - 0O
©/\O/go ©/\O/g0
23.03

23.02

To the mixture of ester 23.02 (6.0g) and molecular sieve (5.2g) in
anhydrous methylene chloride (35 mL) was added pyrrolidine (5.7 mL, 66.36

mmoL.). The resulting brown slurry was stirred at room temperature under Ny
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tenperature slowy, overnight. Et OAc was added and the

w edososs28D] uti on was washegdyswith dil. ag. HC PCEHES2005/005924
ag. sodi um bi carbonate, water, brine. The organic
| ayer was dried and concentrated under reduced

for ?gﬁﬁ%ﬂi’éﬁ?ﬂ d a0 wdshigt With é‘ﬁﬁyd}HD.‘stﬁ%‘tl@Y THie! écﬁﬁbl_ﬁ@H flltrate

omat ography using 5 Et OAc: hexanes (1:
wagiconcémeatdd 4o yeadd dmé desiz] pduet23P3. Step 7 Jones
S thcHN N HtBocHN N HO O CO2H 22.09 22.01 The

ohol 22.09 (2.00g; 5.67mmol) was dissolved in
acetwspe (116nl) and cooled in an ice bath for 1041 n.
Thi ol uti on was then added to a cooled 10 Jonés
reageNt (14.2nl; approx 2mol/m ) and the r

ul tisng
m xt ur s stirred at ggfor 0.5h and the coglig
bat h ?1 . The'r lon was stirred f é\. OCHj
u

further roomtenp.before adding to so
S @?8 54g) caldlireo0L5g) in Et 0
propanol (15m) was added after 1 and EQEE
i rredsfoar afurther 1 Onin. and filtered. The
f|| rate concent under. red I
or oTP @ SRUEPEE B PRUG 23 A% HER P eEiE b, T e (35
mLTIWa% S@ddd hmydress W@@Uﬁdmﬁthﬂlyﬂ@hﬁfndeﬁ{%m 30153 mimoL ), Nal

acid brine,” dried concentrated to provide the

(1.0%8i 6.€dnak-boXheiresudting shrnowas slired it aé@blanmm@rature

uncif?rj Igdfor%&ffggﬁdﬁ@%f ?R@é%eﬁﬁg%%%dé% Qéll%\g8%§&ggﬂ kHs0,
solaﬂ?@&nlﬂ'bpm s XEtOAC Of0CesILe waBadded én@g)e Anixture was
ecul ar. si eve ene

nhydr o
Stirgel G Qicoh 36 RN AEdaIB I B LFF FCRl pld Pashedgutye
brine, dried over MgSO4, and evaporated to yield the desired product, 23.04.

Step 3
O j O \\‘\
MOCH;;, 1N LiOH / dioxane MOH

PN

23.04 23.05

The product 23.04 from the preceding step (2.7 g, 8.16 mmoL.) was

dissolved in dioxane (20 mL) and treated with freshly prepared 1N LiOH (9
mL). The reaction mixture was stirred at ambient temperature under N for 20
h. The reaction mixture was taken in EtOAc and washed with H20. The
combined aqueous phase was cooled to 0°C and acidified to pH 1.65 using
1N HCI. The turbid mixture was extracted with EtOAc (2 x 100 mL).
Combined organic layer was washed with brine, dried over MgSO,, and
concentrated to give the desired acid, 23.05 (3.40 g).

Step 4



mmolL). The resulting brown slurry was stirred at room
tenperature under N2 WO 211115/085242 74 PCT/11S211115
w0 1385292 2 4 for 24 h, f|l7 ered and washed wWpaTUS2005/005924
anhydrous CH3CN. The conbi ned filtrate was
concentrated to yield the desired product, 23.03. Step
NOGH3 CI OCH3 NI I J O ~O'0O O Nal, K2C3 O O_23.03
- 23.04 5 /o a solution of the product 23.03 fro
proceedi ngistep in CH3CN (35 nlL) was added a@)ydreus
K2COBgp_netHal Iyl chloride (2.77g, 30.5 mmol),
(1. O7g \7 mmol). The NeBHlPAPlg sl urry was st %H
anbi ent\f Pht ure oamder N2 for 24 h. 50 nL of'\r 5
i ce-col dywat'er was added foll owed by 2 o~ o
’ bgt1 1l pH was 1. Et OAc (100 m;@ﬁldded and
mﬁ e was io stirred for 0.75h. Corbi ned2%0§ani c
ayer Was col l ected and washed with brine, dried over
MySB4.a @f&b@fé&ﬂpéﬁNQBH(QA‘tDsedm?@ei gd& smel) ipr GtHiCll, (55
23.04. Step OCH3 Li OH / dioxane 10H N N
mLgwaspadded a sglttboo ofza°dl40t23z@5 Grom prreegiingiatep insnhydrous
CriERTgh Ly pE S 8 SR The shEwRE el drfoient
5 ternp@rlaajred’oﬂﬂ)l hLi @& ¢&ld watpr (T0emLe acts axded tot theesluwag and

s e, B STREL T o 0T N8 L, 20, o T

guspus phase was cooled to 0C and
fo Q%ch}ht?e |fé%%8?9teg using 1 N HCl. The turbid m xture

StemS extracted with EtOAc (2 x 100 nL). 20 Conbi ned
organi c |layer was washed with brine, dried over MjgsO4,
and conceptrated to give the desired acid, 23.(?F<8
(3.40 g)."\Step 4

HO/,, R ’ N
OMe
N OH CH,N, / Et,0 / MeOH /fl !
O oo

23.07
23.06

10 To a solution of the product 23.06 from preceding step (1.9g) in MeOH
(40 mL) was treated with excess of CHzN / Et20 solution and stirred for
overnight. The reaction mixture was concentrated to dryness to yield a crude
residue. The residue was chromatographed on silica gel, eluting with a
gradient of EtOAc / hexane to afford 1.07 g of the pure desired product, 23.07.

15 Stepb
=~ X

H O/ 2 \\\\ [} !

Q\WOMe . OMe
BF3 . Me,O / CHxCl»
PNNe PN
O/\O o) ©/\O 0
- 23.07 23.08

To a solution of product 23.07 from preceding step (1.36 g) in
anhydrous CH,Cl, (40 mL) was treated with BF3;. MezO (0.7 mL). The
reaction mixture was stirred at ambient temperature for 20 h and quenched
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WO 211115/085242 75 PCT/US2 0115 /11115 9 2 4 HO, O
NaBH(OAc)3OH N OH Z~~ 0 ~\ 0~-0 O OO/ 23.05
W@300868524D a suspensi on of I)J@BH( OAc) 3 (3.93g, H@BI/B6S2005/005924
nmmoL) in CH2ClI 2 (55 m-) was added a sol ution of
product 23.05 from preceding step in anhydrous CH2Cl 2
ith 2%t Napi CENA30GRL ) &d 36irdd €8r Dhr. Bi§asicuayer Was t
Wltét%%”ﬂled gf@%‘rt_)i enz 5 tenperature fpg 2|0_ hy. I ce cold od
ansvabmbiriedorgenic layer agadashed wih dirime; driad dves MgS@gd
for 1/2.hr.. Organic l.ayer s separated, filtere
congana&hip a0 snae Savals, iBeSERE BhE Poamalbiditied on
siliés gBPeluhg Rvith &gradieMBARIGAER/ h&xhrid BN &ri258 theN
O "0 00 OO 23.07 23.06 io To a solution of the
degirextioempREnd623.08m preceding step (1.9g) in MeOH (40
S‘,[m-) was treated with excess of CH2ZN2 / Et 20 sol ution
—%é stirred for overnight. The reaction m xture was

concentr d to dryness to yield a crude residue. The
resi due chr omat ogr aphed on silica gel, Sﬁﬁging
with a radi ent of EtOAc / hexane to affor® 1.)07 g of
t he pure/de irq&mgroductszgp%fw/015 Step 6 HO\, W M
N N OMe

O H
23.01
23.08

To a solution of the product 23.08 (0.92 g) from preceding step in
MeOH (30 mL) was added 10 % Pd/C (0.16 g) at room temperature and
hydrogenated at ambient temperature under 1 atm. Pressure. The reaction

mixture was stirred for 4 h and concentrated to dryness to yield the desired

compound, 23.01.

Preparation of Intermediate 50.01

Step 1
E fcoZH E fCOzCHs

50.02 50.03
To a solution of 50.02 (15 g) in MeOH (150 mL) was added conc HCI

(3-4 mL) and the mixture was refluxed for 16 h. The reaction mixture was

cooled to room temperature and concentrated. The residue was taken in
diethyl ether (250 mL) and washed with cold saturated sodium bicarbonate
solution, and brine. The organic layer was dried (Na S0O,) and concentrated to
afford the methyl ester 50.03 (12.98 g) which was carried forward without

further purification.

Step 2
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N BF3 . Me20/ CH2CI2 N O-k-0 0 00 0O 23.07 23.08 To
a solution of product 23.07 from preceding step (1.36
w@oosnssamhydr ous CH2Cl 2 (40771 -) was treated WweTiuRH85/005924
Me20 (0.7 nmL). The reaction mxture was stirred at
anbi ent tenperature for 20 h and quenched WO
211115/ 085242 760RCH{ US2 0115 /11115 92 4 wth sat.
NaHCO3 (30 ad stirred for 1/2 Oogﬁ'%\nic | ayer
was separ ate nd conbimed—orygani c er was washed
with brine, drfed over MgSO4, concentrated to give
crude resi du Ihe resi due was chrorrgd%?raphed on
silica gel el utl ng with a gradient o QAc / hexane
t o @&héonethyl 8ﬁe950f03tﬂmn53bw3| wasl dcssoh@dnd métiBn e

onipal {106 ¥y ans] Galen o 78 o UnBuliToge BNGp 9@26 HIEAL
(1. 6r gbmt%ﬁqﬁlrsq&hykﬁe dHibrMO@%L% RSB dber 2 h

roomtenperaturée and 10 hydrogenated
pemd ahteé egactivanmpixture was watteed [to avom tenpesatuee ovele16 h. The

o4 5B Rlas VLo R AT e (BB AR dBhie
A thﬁRﬁf o é%ﬁbdﬁs 1 0% o th @io@as‘ié?umartéﬁatﬁgz@o l"nLQWQ@é"slowly
. 50.03 To sol ution of [

add@commftwnng) Dilted m&h@@eﬂml@nmdﬂmgeﬂ ap mL)aargji Sﬁge)lrated

iSRRI ARSI e e SRRt B e
wabhed tith 1MASHCAKES0 i), Bthel {Z80wiL)ediet (NSO 4yigndand

washed with caold saturated sadi um bi carbonate,
concentrated to provide the alcohol 50.04 (11.00 g) as a clear oil.

Step 3
E j\ OH E fCHo

50.04 50.05

The alcohol 50.04from above was dissolved in methylene chloride (400
mL) and cooled to 0°C under nitrogen atmosphere. PCC (22.2 g) was added
in portions and the reaction mixture was slowly warmed to room temperature
over 16 h. The reaction mixture was diluted with diethyl ether (500 mL) and
filtered through a pad of celite. The filirate was concentrated and the residue
was taken in diethyl ether (500 mL). This was passed through a pad of silica
gel and the filtrate was concentrated to provide the aldehyde 50.05 which was

carried forward without further purification.

Step 4

E iCHO HCI.HoN.__CO,H

50.05
50.01

The aldehyde 50.05 from above was converted to the desired material
50.01 using essentially the method of Chakraborty et. al (Tetrahedron, 1995,
51(33), 9179-90).
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solution, and brine. The organic |ayer was dried

(Na2SO»4) and concentrated to afford the nethyl ester
wh0888242. 98 g) whi ch was 9§rri ed forward w tPODIUS2005/005924

further purification. Step WO 211115/ 085242 77

PCT/US2 0115 /11115 9 2 4 104 bCORCH3 50. 03 50. 04

The nmethyl ester 50.03 from above was di ssolved in

net hyl ene chloride (100 nmL.) and cooled to -78C, under
Preparatomeof kttemsediatee51.001BAL (1.0 M solution in

met hyl ene chloride, 200 m -) was added ¢y opw se over 2

h 5 period. -The reaction m xture vvas}\l"vva nmed to room

tenperaturejover 16 h. The r(%c\zgl\ﬂ( xt'QCH; was
cooled to HMe()—| (5-8.n) soaH:lr opwi se. A

sol ution of eous 10% sodi um pot as§ tartarate
(200 L) was owly added with stirr g. Diluted with
net hyl ene clghopi de (100 nlL) and separsatoad the organic

A b St o
o VSR PRk Crschocngarete 12

Tettehedrfeh, 199505 D83)TAE7HEPhol 50. 04f rom above was
di ssol ved in nethyl ene chloride (400 15 nlL) and
cooled to OC under nitrogen atnosphere. PCC (22.2 q)

Préfsrafidd f chbmpPRhdi i5009: and the reaction m xture was
STOWYy warned to roomtenperature over 16 h. The

reaction mxture was @iguted witdcidi et hyl ether (500

m-) and filteredthr@h pad of celite. The

filtrate was concentrated the residue was taken

in diethyl ether (500 nL). This was passed through a

pad of silica 20 gel and theoofiltrate was concentrated

provi de the al dehyde 50.05 which was carried

——er%llmard wi t hout further purlflcatlon Step 4 CHO

HCl . H2N, -, , CO2H

NHBoc
Y — Qil

5000a 5000b

To a stirred solution of N-Boc-(S)-valinol 5000a (10.0 g,49.2 mmol),
phthalimide (7.40 g, 50.3 mmol) and triphenylphosphine (13.0 g, 49.6 mmol)
in anhydrous THF (100 mL) at 0°C was added diisopropylazodicarboxylate
(DIAD, 9.8 mL, 49.4 mmol). The resulting solution was then stirred at rt for 18
h before it was concentrated to dryness. The residue was dissolved in CHxCl

and purified by silica gel flash chromatography (10-40% EtOAc in hexanes) to
give product 5000b.

Step 2
(0]
mN/j/\l\lHBoc HZN/)/\NHBOC
(0]

5000b 5000c
To a stirred solution of 5000b (8.8 g, 26.5 mmol) in methanol (100 mL)

at rt was added hydrazine monohydrate (1.4 mL, 28.8 mmol) and the resulting
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Me 50.05 50.01 The al dehyde 50.05 from above was
converted to the desired material 25 50.01 using
wes®ensizad |y the nmet hod of %akraborty et. a/ PCT/US2005/005924
(Tetrahedron, 1995, 51(33), 9179-90). WO
211115/085242 78 PCT/US2 0115 /11115 9 2 4
solntiBR A stffecPht ft fbiet RdhabiRional RydrbEnePhoR¥hydrat®(0.5'mL,
CH3 O=GH51.02 51.01 The required internedi ate

1083 mnoliwes etsidedrang theomixtire wae brgught $a reffux andistigd for 4

n g VBB TR B0 RRE Ml Sr BB
wasr@ipeeatrad ©fdrgpeeourt fiiflie Was HasNIVEZInHOH,CBRMA the
10 Step 1 O HO~')C NHBoc NNHBoc O 5000a 5000b To a

pregipitate wvasoagain ditetad sifBdder synceatatien. yetew cilovas

4 I ht halimde (7.40 g, 50.3 mmol) and
b r'?%%@ﬁ%f%‘?%?ne (13.0 g, 49.6 mmol) in anhydrous
StdgB (100 m -) at OC was added
I 1 sopropyl azodi carboxyl ate 15 ([J AD, 9.8 nL, 49.4

mml ). The resulting solution vvas“stg% N Sidehked at rt
for 18 h bgf NtiBegas concentr te{:‘,lgmdryness. The
resi due was oﬁtﬁé&cved in CH2A 2 nd ified by
silica gel fla hr omat ogr aphy (}p-40% Et OAc in
hexanes) to giye,product 5000b. SteR,gq0

To a solution of 5000¢ (1.0 g, 4.94 mmol) in CH2Cl> | (100 mL) at -30°C
in an acetone bath was added 3-chloropropyl sulfonyl chloride (0.60 mL, 4.93
mmol) and triethylamine (1.10 mL, 7.89 mmol). The resulting solution was
warmed to rt along with the bath and stirred for 18 h. Additional CHxCl, and 1
N Na,COs3 solution were added and the layers were separated. The aqueous
solution was extracted with CH2Cl2 (2 x 100 mL). The organic solutions were
combined, filtered, dried (MgSQO4) and concentrated. The residue was purified

by flash column chromatography using 10-40% acetone/hexanes to afford 1.0
g (59%) of 5000d.

Step 4
0
N7 0] Ke)
SeN NHBoc = ¥ NHBoc
H ¢
cl

5000d 5000e

The suspension of 5000d (1.0 g, 2.92 mmol) and sodium hydride (0.32
g, 60%, 8.0 mmol) in anhydrous DMF (100 mL) was stirred at rt for 8 h. After
cooled to 0°C, 5% aqueous phosphoric acid solution (110 mL) was cautiously
added followed by EtOAc (150 mL). The layers were separated and the
organic solution was washed with 5% aqueous phosphoric acid solution (100
mL) and saturated sodium bicarbonate solution (2 x 100 mL) before it was
dried, filtered and concentrated. The residue was purified by silica gel flash
chromatography (0-40% acetone in hexanes) to give 0.63 g product 5000e
(70%).



10

15

Q\ N~NHBoc HzN~NHBoc 1 O 20 5000b 5000c To a
stirred solution of 5000b (8.8 g, 26.5 mmol) in
woriohassak2 (100 nl) at it waggadded hydrazine PCT/US2005/005924
nonohydrate (1.4 ni, 28.8 nnDI) and the resulting WO
211115/ 085242 79 PCT/US2 0115 /11115 9 2 4 solution
§E%%% stirred at rt for 18 h. Additional hydrazine
ohydrate (0.5 ni, 10.3 mmol) was added and the

m xture van\,J@rought to reflux angy //s Qq fier 4 h
before it wasy é‘EOcto—Ft——;he g ate was
filtered o a/nB;he sol ution ntrated to
dryness. The résidue was dissol ved |n CH2Cl 2 and the
5 precipi tatem again filtered of f.508d t er
concentration, el low oil was aqbtained

.0 g,
quahbe )soltgpépafﬁ 0g (AR g9; AABdEMOY iRpd NM#@E)'@ din'clNe wps

st} P85, EOREelihSNALGOD ShosBBie i B

prdm@thsm(@mﬂg 3-chl oropropyl sulfonyl chloride (0.60
m., 4.93 mml) andfrlethlyl ne (1.10 nmL, 7.89

SRR 2% owas warned to rt al ong
W|th t he bath and stiroed for 18 h. Additional CH2Cl 2
and 1 N Na2CCB8 sol uti eHadded and the | ayers
wer e separated. The afu /:Elesol ution was extracted
with CH2Cl2 (2 x 100 ni). organi ¢ sol utions were

Is conbined, filtered, driedyyMySO4) and concentr at ed.
The residue was purified by flash colum

Stethd omat ogr aphy usi ng 10-40% acet one/ hexanes to afford
1.0 g (59% of 5000d. Step 4 0 0p~S, H-NHBoc C G ON

NHB Cl 5000d. 5
ocC 00 ,d:LQQQ&; &/N/INHBOC

5000c 5001a

Compound 5001a was prepared from 5000c and 4-bromobutyryl
chloride according to the procedures described for the preparation of
compound 5000d.

Step 2

O O
N/t:I:THBOC N/t:I:THgdﬂCl
< I —_— < /

5001a 5001

Preparation of compound of formula 5002
0
O)LN NHy HCI
\_/

5002

Step 1
0

/U\N NHBoc
NHB O
T % B
Br
5000c 5002a
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20 The suspension of 5000d (1.0 g, 2.92 nmol) and

sodi um hydride (0.32 g, 60% 8.0 mmol) in anhydrous
WOMES402®2 M -) was stirred gy rt for 8 h. AftepCcT/USDhEE5924

to 0C, 5% aqueous phosphorl c acid solution (110 m -)

was cautiously added followed by EtOAc (150 nlL). The

| ay | ]
woRoHERR A Ao braitell o S000E o
chld@fmlmateaaud:osmng rtathee psaxtidune hilesoribedsfioe thw prepasatigreok
100 m-b Bafore it was dried, filtered and
CorEBﬂWé(ﬁﬁ 9%d4. The residue was purified by silica gel
fsh chromat ography (0-40% acetone in hexanes) to
rve 0.63 g product 5000e (70%. WO 211115/085242 80
PCT/USZ 011&11115 924 Step 50 0 O , 0 NH HC

5000e bB%he sol ut i on)lo 060. 62 g,
202 nmol ) nH4 HCl in di oxaneQwas tirred at rt
for 4 h. 1K was then concentrated to drjyness in vacuo

to give 0.6 g 5 product 5000 (quant.). Preparation
of conpound of $®@Rarula 5001 0 NHZ RRb 5001 Step 1

or chRNI PO R laPata TR Boda g ofe s e
prozedafed dgsdribedifer tHeoprparstiordefscompeund 50008e
preparation of conpound 5000d. Step 2 y (RBoc NH2 HC

Step3. 50013 5001 1s Preparation of compound of fornula
5002 0 o]
)I\N NHBoc O)kN NHy HCI
5002b 5002

Compound 5002 was prepared from 5002b according to the
procedures described for the preparation of compound 5000 (Step 5).

Preparation of compound of formula 5003
0

- HCI

O

5003

o)
NHB
HO NHBoc @Nl oc
o)

5003a 5003b

Step 1

Compound 5003b was prepared from N-Boc-(S)-fert-leucinol 5003a
according to the procedures described for the preparation of compound
5000b (Step 1).

Step 2
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O \-i N HOI O 5002 Step 1 0 NHBoc NHBoc H2N~
0/1-N H Br 5000c 5002a WD 211115/ 085242 81 PCT/ US2
w®1ab5/04s242115 9 2 4 Corrpoun(g 5002a was prepar eplCT/UsIm5/005924

5000c and 2-bronoet hyl chl orof ormate according to the
procedures described for the preparation of conpound
5000d. Step 2 OII O H NHBocNHBoc Nov Br 5 5002a
5002b opodn cWas prepar gd om 50@LaHci

accor di @ he proceel&r—es»de bed fgr the

pr epar at o\ ound 5000e. Step 3.0 N NHBoc
), NH2- HC 8002b 5002 10 Conpound 5802 'was pr epar ed
from 5002b accmoabi ng to the proceduressoajescrl bed for

br oGRMIRR T S0 Brs SRR SR P BB E e Mg o e 1

procedures described for the preparatlon of compound 5000 (Step 5).

Preparation of compound of formula 5004

0
Osdr” N/J/\NHZ- HC!
5004
Step 1
(0]
NHB
mN/;LNHBoc HZN/J/\ oC
(@]
5003b 5004a

Compound 5004a was prepared from 5003b according to the

procedures described for the preparation of compound 5000¢ (Step 2).

Step 2
Q 0

NHB \ NHBoc
B e o

5004a 5004b
Compound 5004b was prepared from 5004a according to the
procedures described for the preparation of compound 5000d (Step 3).

Step 3

5004b 5004c
Compound 5004c¢ was prepared from 5004b according to the

procedures described for the preparation of compound 5000e (Step 4).

Step 4
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0 5003 Step 1 0 NHBoc NNHBoc HO ~( 15 5003a 5003b
Conpound 5003b was prepared from
wWORBeos2®) -tert -1 euci nol 50Q3a according to tPET/US2005/005924
procedures described for t preparati on of compound
5000b (Step 1). Step 2 WD 211115/085242 82 PCT/ US2
0115 /11115® 2 4 O O\ 1 ONHBog @NH2 HCl  C5003b
5003 Conp O%Boas prepared T 08B M5k cor di ng
to the protedur described for tRelpreharation of
compound 5000 e€p 5). Preparation of! conpound of
formul a 5004 O SN NH2 HCl 5 5004 Stﬁ\%g | O :HBOO
H2NNHBoc ~ 5003b° B004a Compound 5004a fs pr epar ed
f r oIPRSR I BS00Y Hia8DrbpatdiEirenBUDle &scaigipgrtohrg f or
the preparation of conpound 5000c (Step 2). 1o Step 2
pracgdpiregsescribedNRpte preparation of ggmpound 5000 (Step 5).

Preparation of compound of formula 5005

0
N NHy HCI
o N
AN
5005
Step 1
o)
NHBoc o)J\N NHBoc
"1 A
————
Br
5004a 5005a

Compound 5005a was prepared from 5004a according to the

procedures described for the preparation of compound 5002a (Step 1).

Step 2

5005a 5005b

Compound 5005b was prepared from 5005a according to the
procedures described for the preparation of compound 5002b (Step 2).

Step 3

5005b 5005
Compound 5005 was prepared from 5005b according to the
procedures described for the preparation of compound 5000 (Step 5).
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5004a 5004b Conpound 5004b was prepared from 5004a
according to the procedures described for the

w@empasati on of conpound 5 O%gd (Step 3). St epr@r/ES2008005924

S N NHBoc 0,/, NHBoc C H- N CI 15 5004b 5004c
Compound 5004c was prepared from 5004b according to

Prép&ralicic 6886 cﬂﬁﬁfbf?&‘inﬁFHSGd@ prepar ation of
compoun e ep WO 21) 1) 51085242 83

ep

PCT/ US2 0115 /11115 9 4 O ~G NNHBoc O~-NNHZ HCl - S-

-T U 5004c 5004 Co 2 Hhs prepared from

5004c according to th edures described for the

preparation of conmpound 5000 (Step 5). 5 Preparation

of conpound of formula 5005558l 1 /~NNHz HCl '~( O -]

5005 Step 1 1A H N NHBoc HNHBoc 2 Br 5004a 5005a
S_t%bﬂcpound 5005a was prepared from 5004a according to

t he 0
NHBoc
MNi:¥; <:Ni:¥TH&m

5004a 5006a

Compound 5006a was prepared from 5004a and 4-bromobutyryl
chloride according to the procedures described for the preparation of
compound 5000d.

Step 2
0 o)
&/N/:LNHBOG &N/J/\NHZ HCI

5006a 5006
Compound 5006 was prepared from 5006a according to the
procedures described for the preparation of compound 5000 (Step 5).
Preparation of compound of formula 5007

o)
O\\S’QN NHy HCI
A
S
5007
Step 1
NHBoc 57 NHBoc
N
57 “co,Me
5004a 5007a

Compound 5007a was prepared from 5004a and 2-carbomethoxy-3-
thiophenesulfonyl chloride according to the procedures described for the
preparation of compound 5000d.

Step 2
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i 0 procedures described for the preparation of

conpound 5002a (Step 1). Step 2 0 0 xN NHBoc NHBoc
w@2gse8R4NX Br 5005a 5005b §orrpound 5005b wasp@r/epRnTaH5924

from 5005a according to th% procedures described for

the preparation of conpound 5002b (Step 2). 15 Step 3

0 0O XN NHBoc 0 N NHZ HCI Ov 5005I®, 5905 Oﬁ%}éound

5005 was pregared Lﬁ&g] 5005b acc 'Srr%t P
pr ocedur edicr ifpe or—t-he>pr epa atio/r%;( compound
5000 (St %I 5). 11115/ 1185242 S84NPCT/ US211115
/11115 9 LO N epar ati on of conpouraH of fornmula 5006
0 XN-NHZ HCl 5pQ06 Step | 0 NHBoc Ngdgas HZN N
5004a 5006a 5 Conmpound 5006a was prepared from 5004a
andTd the solution pf gter @003 ai (46 %@ cbt-dimgiol)gn angaydrous

R R Lol RS CoMS la PE lAr P RS
mL, 34.5 mmol). The mixture was stirred at -78°C for 20 min and at rt for 2 h.
Methanol (20 mL) was added followed by 10% aqueous citric acid solution
(100 mL). After stirred for 5 min, EtOAc (200 mL) was added and layers were
separated. The aqueous solution was extracted with EtOAc (2 x 100 mL). The
organic solutions were combined, dried (MgSO4), filtered and concentrated.
The residue was purified by flash column chromatography using 10-50%

acetone/hexanes to give 4.6 g (quant.) of 5007b.

Step 3
%P \ - NHBoc O‘\s”\O,\l NHBoc
S S
OH Cl
5007b 5007¢

To a solution of 5007b (1.04 g, 2.65 mmol) in CHxCl, | (50 mL) at -0°C
was added methanesulfonyl chloride (0.23 mL, 2.97 mmol) and triethylamine
(0.80 mL, 5.74 mmol). The mixture was warmed to rt along with ice bath and
stirred for 18 h. EtOAc (200 mL) and 5% H3POs solution (100 mL) was added
and the layers were separated. The organic solutions were washed with 1 N
sodium carbonate solution (100 mL) before it was dried (MgSQ4), filiered and

concentrated. The residue was purified by flash column chromatography
using 10-50% acetone/hexanes to give 0.80 g (73%) of 5007c.

Step 4

ngL NHBoc Oéé? NHBoc
v — O
8 e
cl S
5007c 5007d

The suspension of 5007d (1.17 g, 2.85 mmol) and cesium carbonate
(1.40 g, 4.30 mmol) in anhydrous DMF (100 mL) was stirred at rt for 18 h.
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5006a 5006 10 Conpound 5006 was prepared from 5006a
according to the procedures described for the
w@empasati on of conpound 50, (Step 5). Preparct/Usnooioso24
conmpound of fornula 5007 SSNHC s 5007 Step 10
, NHBoc CozMe 15 5004a 5007a Conpound 5007a was

0
R, i [(BOORiLNOM¥re3added and the |
Wa?%rﬁggh@%égjlﬁ?éﬁgﬁﬂ%%wFggggécor di :?gﬁt ot hee E?rc])cedeuragsers

wedesaparbted. Toe argenicaiytionawas washedomplier £ L) betgse
it wRsSReOSTTRRABIY Fongeniated (B0 g0 Bl chstef prtity

500 pytion of ester 5007a (4.65 g, 11.1 nmmol) in
aﬁgﬁ’?o}ds toluene (40 m-) at -78C was added a

Stepdd uti on of DIBAL-H in toluene (23.0 ni, 34.5 nmol).
The m xture ywas stirred at -78C foro20 mn and at rt

for 2 h. O8& NeBog 20 i -) was & kiHShed by
10% aquequg citr)c aci d—sotuti OWO . After
stirred flor iy Et QAc (200 nil-)/ " wa ded and

| ayers wer® separated. The aqueoUs sol ution was
extracted with gghfdAc (2 x 100 nlL). ThesooDr gani c

sol uti ons were comnbi ned, dried ), filtered and
conGenposndPO07rwas psapzied R 59 5@(398“%99#@ he,

o SR S0 g gpone rorne

Preparation of compound of formula 5008

(e}
Hy HCI
74 \ N NHz
HCI - Nx
e}

5008
Step 1
7 i NHB
NHB 7 oc
HO le . Z I N mN
Nx = 0O
o)
5003a 5008a 5008b

Compound 5008b was prepared from 5003a and 5008a according to

the procedures described for the preparation of compound 5000b.

Step 2
0

(@)
NH, HC!
ae NHBoc @N
N HCI - N S
@]
5008b 5008

Compound 5008 was prepared from 5008b according to the

procedures described for the preparation of compound 5000.
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Og~ NHBoc 0's NNHBoc f HS S OH C 5007b 5007c To
a solution of 5007b (1.04 g, 2.65 nmol) in CH2Cl 21 (50
waorkeoyog242 0C  was added met ganesul fonyl chl or i Ber/(162028005924
m., 2.97 mol) and triethylamne 15 (0.80 niL, 5.74
mol ). The m xture was warned to rt along with ice
Pr BRI dpBtindP6f ftntulaBo@éc (200 nl-) and 5%
wWas added and the |ayers were
separated. The organic sofutions were washed with 1 N

sodi um car bonat e sol ,Qi-Kﬂz)H%efore it was dried

(MSH), filtered ang cenjrated. The residue was
purified by flash c®lumm chro ography 20 usi ng
10-50% acet one/ hexanes to give 0.80 g (73% of 5007c.
Step 4 Oy N NHBoc O S NHBoc%2( H N CI S 5007c 5007d
stef® suspension of 5007d (1.17 g, 2.85 nmol) and cesium
bonate (1.40 g, 4.30 mmol) in anhydrous DMF (100
m-) was stiorred at rt for 18 h. WO 21115/ 085242 86
PCT/ USZ/ [A114BeR 2 4 Water %% NHiec (50
mL) and” Et (300 ni) were addedyan %ﬁers wer e
separ atheg e ani ¢ sol uti on"Gvas waspe ter (3 X
150 m-) before it was dried, filtered and "
concent r at ecodsb gi ve 0.99 g of the desir®8roduct

5007d (93%.. 5 0 NNHBQ ¢ 'S b
s Tastloton ot S88ma1a e R Bl fediabaabe
wad GRed M&W&o?@%xybbﬁﬁ@i@l#cﬁﬁ (3168 ¢, i17eBIndrAol) bhe the resulting
preparation of conpound 5000. _ .
solution was stirred at -18°C for 1 h before it was placed in a refrigerator
overnight (16 h). After stirred at rt for another 6 h, additional CH,Cl, was
added and the solution was washed with 10% NaHSO, and 1 N Na,CQOgs. The

organic solutions was dried (MgSO4), filtered and concentrated. The residue

was purified by flash column chromatography using 5-60% acetone/hexanes
to afford 0.49 g (46%) of product 5009a.

Step 2
o o
20 NHBoc 20 NHs HCl
N N
0° o) 0 0
50092 5009

Compound 5009 was prepared from 5009a according to the
procedures described for the preparation of compound 5000.
Preparation of compound of formula 5010

Q.0

kY Ho HCI
sse

5010




Preparation of conpound of fornmula 5008 0 1 N NH2 HCI

HCl NA O 10 5008 Step | 00 Ho " NHNNHBoc + N OO
woOB3esa@N8a 5008b  Conpoungg 5008b was prepar eRCT/US2005/005924

5003a and 5008a according to the procedures described

for the preparation of conmpound 5000b. 1s Step 2 OO0

N NHBoc / 1 :H2 HC ~T | HC 5008b05008 Conpound 5008

was prepar; B5O08h acgor diag oy NHSoBcedur es
descri bed for {he preparation onﬁ 5000. WO
211115/ 08524 PCT/ US2 0115 4510

Preparati on of corrpound of formula 5009 O /N NH2 HC
“0;N~ 1 05008%%tep 1 00 + ~)( (N HBOG O 1 NNHBoc

NO, ooh# den@ §@Rf’d0w5999@paréd bena 5904 tarenmethype08b
(1.062 G 2 PhCHRC 2 (50 ni) at - 18C
(chlorosu|fonyl) benzoate accordmg to the procedures described for the

preparation of compound 5000d.

5 Step?2

\\ //

\\ // NHBOC NHBOC
VLT — ©@

COsMe
5010a 5010b

Compound 5010b was prepared from 5010a according to the
procedures described for the preparation of compound 5007b.

Step 3
Q.0
% ’: NHBoc ‘7. NHBoc
N N
©g T — QUK
\ Cl
10 5010b 5010c

Compound 5010c was prepared from 5010b according to the

procedures described for the preparation of compound 5007c.

Step 4
O\\ /O
% " NHBoc s? NHBoc
5010c 5010d
15 Compound 5010d was prepared from 5010¢ according to the

procedures described for the preparation of compound 5007d.

Step 5
o\\ L0 O\\ ’/O

—_—

5010d 5010
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was added m chl or oper oxybenzoic acid (3.03 g, 17.6
mmol ) and the resulting solution was stirred at -18C
wa oshsfabefore it was placgg in a refrigerat oPCT/US2005/005924
overnight (16 h). After stirred at rt for another 6 h,
addi tional CH2Cl 2 was added and the sol ution was
ms@@ﬁ?@uﬁﬂ 540 \N@@%@peﬂ@g fﬂoWWﬂ@@%coﬂlﬁg't@ tg gani ¢
sol ut | was dried ), | tered
prwedumdm@edfhethea@eaa@tlm qampwmﬁewf | ash
p 0% acetone/ hexanes to
rej ‘ A oY et 009a. Step 2 0 0 /
NHBoc / 1 N NH2 HCI N @0 5009a 5009 is Conpound

5009 was prepared fr gfdli ng to the
procedures descri be t he}preparati on of conpound
5000. Preparation of¥co of formula 5010 gs NNHZ

HCI 5010 Step 1 WD 211115/085242 88 PCT/ US2 0115
/11115 9 2 4 O NHBoc \ S ¥WHBoc HZN H COZMe 5004a
St 010a Conpound 5010a was prepared from 5004a and
hyl 2- (chlorosul fonyl) benzoate according to the
procedur es Qe,sx:rl bed for the prepaa®on of conpound
5000d. 5 9 HBeC NHBoC , | NHBoc

—_ \
CO;Me - o}
5010a 5011a

The suspension of 5010a (0.60 g, 1.45 mmol) and cesium carbonate
(0.707 g, 2.17 mmol) in anhydrous DMF was stirred at 40°C for 18 h. Water
(50 mL), brine (50 mL) and EtOAc (150 mL) were added and the layers were
separated. The organic solution was washed water (3 x 80 mL) before it was
dried, filtered and concentrated to give 0.17 g of the desired product 5011a

(31%).
Step 2
%P P NH,* HCI
o o)
5011a 5011

Compound 5011 was prepared from 5011a according to the
procedures described in Step 5 of the preparation of compound 5000.

Preparation of compound of formula 5012
o)

0
5012
Step 1
o)
NHBoc
HO/I\IHBOC (u;zl
—_—
(0]
5003a 5012a
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H'J71f  _\ Co2Me OH 5010a 5010b Conpound 5010b was
prepared from 5010a according to the procedures

waolemsnsfaerd for the prepar atéﬁln of compound 500FGT/USHIFMS924
30 0 ONHBoc NY/NHBoc ~"N/ITSHI H O4HdC 10
5010b 5010c Conpound 5010c was prepared from 5010b
acCOpHIMINEISE1PA whs eﬁegia»éawﬁsoosa%df@mérmde according
preparation of compound 5007c. Step 4 0 "0\ O s-N

to thelpooces]eblidascribed for the preparatipm aficosprowdsididh. i s

St Cogound 5010d was prepared from 5010c according to

procedures described for the preparation of

conpound 5007d. Step 50, ,0 O ONHC N\ \ 4 N\

C _ | NHBo NHBoc 5010d 5010 NM5HI85242 89
PCT/ Us2 0115 N 11Ji15 9 274 Conp 500 was prepared
from 5010d rng to the procedurss|described for
"the preparation of conpound 5000.

5012a 5012

Compound 5012 was prepared from 5012a according to the
procedures described for the preparation of compound 5000.

Preparation of compound of formula 5013

O‘\s”o NHy: HCI
5013
Step 1
O, ,O
N NHBoe AP 8~ NHBoc
s Oy
5004a 5013a

The solution of amine 5004a (3.0 g, 13.9 mmol) and 1,4-butane sultone
(1.8 mL, 17.7 mmol) in anhydrous THF (25 mL) was refluxed for 16 h. More
sultone (0.6 mL, 5.89 mmol) was added and the mixture was refluxed for
another 4 h. Phosphorus oxychloride (2.6 mL, 27.9 mmol) was added and the
solution was stirred at rt for 4 h. After cooled to 0°C, 50% w/w NaOH solution
was added slowly along with water (30 mL) until PH is greater than 12. Ether
(200 mL) was then added and layers were separated. The aqueous solution
was extracted with THF/diethyl ether (1:1, 150 mL) twice. Organic solutions
were combined, dried (MgS04), filtered and concentrated. The residue was
purified by flash column chromatography using 10-50% acetone/hexanes to
give 1.49 g of 5013a (32%).

Step 2
@) ) /,O

N7) S
~

o)
s? NHBoc N NHz HC
o — U

5013a 5013
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Preparati on of conpound of fornmula 5011 ()S o ' NNHZ

HCIl 05011 5 Step 1 o0 o 0 0 NNHBocN NHBoc H/)I 1~
wd200828%43 0 501Ca 5011a he suspensi on of 5BADES2005/005924

(0.60 g, 1.45 mml) and cesium carbonate (0.707 g,

ﬁ. 17 mol) in anhydrous DMF was stirred at 40C for 18

: Omn-

el St 384T EpBfd RliS0 fad eduitiIgihR .
procsdises desofibed T thapreperbtion whtempe8nd W0 -) before
it was dried, filtered and ol entrated to give 0.17 g
garat | PITHH 2 31% . Step 20 00 .,0

/ Is T HBoc S N 2 HC

0 5011a 5011 15 Conpound
5011 was prepared frg
procedures descri be

2 8011a _frgecding to the
@ N ep<S of the preparation of
conpound 5000. Prepatathon conpound of formula

5012 0 NH2 HCI O 5012 §ep I 1O HBoc

5014
Step 1
HO,C.__NHBoc HoNOC.__NHBoc
ij ij
5014a 5014b

To the suspension of 5014a (10.0 g, 41.1 mmol), HOOBt (8.7 g, 53.3
mmol), EDCI (10.0 g, 52.2 mmol) and ammonium chloride (8.90 g, 166 mmol)
in anhydrous DMF (400 mL) at rt was added 4-methylmorpholine (22.5 mL,
204.5 mmol). The mixture was stirred at rt for 70 h. Brine (150 mL) and 5%
aqueous phosphoric acid solution (150 mL) were added followed by EtOAc
(800 mL). The layers were separated and the organic solution was washed
with 5% aqueous phosphoric acid solution (400 mL) and saturated sodium
bicarbonate solution (2 x 400 mL) before it was dried, filtered and
concentrated to give 8.35 g product 5014b (84%).

Step 2
HoNOC.__NHBoc HZN/E fNHBoc
[ ] S

5014b 5014¢

The solution of amide 5014b (8.35 g, 34.5 mmol) in anhydrous THF
(100 mL) at rt was added a solution of borane methyl sulfide complex in
toluene (43.0 mL, 86.0 mmol) and the mixture was refluxed for 4 h. More THF
(100 mL) was added and 3 N HCI solution was added slowly until no gas
evolution was observed. To the mixture was added 50% w/w NaOH solution
slowly until PH is greater than 12. Ether (200 mL) was then added and layers
were separated. The aqueous solution was extracted with THF/diethyl ether

(1:1, 150 mL) twice. Organic solutions were combined, dried (MgS04), filtered
and concentrated to give 6.50 g of the product 5014c¢ (83%).
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"N NHBoc HO O 20 5003a 5012a WD 211115/1185242 90
PCT/US2 0115 /11115 9 2 4 Conpound 5012a was prepared
wo powsnsi2@8a and gl utari m deggeccording to the PCT/US2005/005924

procedures described for the preparation of conpound

5000b. Step 2 Oo (tN ~HBoc ~HZ HCIT O O 5012a 5012
@onpound 5012 was prepared from 5012a according to

the procedures described for the preparagion of

conmpound 5000. Prepargtion of conpound of

5013 §HBoc  NH2 - Step
NHBgf:N/r@ + ~NN %8231543#—%1
solutio am ne O4ao(3 0 g,
1, 4-butane sultone (1.8 17.7 mmol) in anhydrous
THE (255M4) was refl uﬁ%édfor 16 h. Mre 5etone (0.6
n, T% 188 sOfion Mﬁﬁe%’ﬁﬂ@ 50t (@%@PXB BoEmWRY) &red Nuxed
fo anot her 4 h. Phosphorus oxychforide (2.6 ni, 27.9
carhﬁtlhc)xw\alsthatim 5%4d Iﬁ‘é 905y, gof vmmnl)msnbydnquedﬂdﬁ (@ mL)
f.or coole 0% W/, w. Iutlon
at (e e WSl GRIng § o Db 2B g e W ginea a

rt fBF §8tEEtOP(108.- mE} BRd 5% aqueous phosphoric acid solution (100

mL) were added and the layers were separated. The organic solution was

washed with 5% aqueous phosphoric acid solution (80 mL) and dried, filtered
and concentrated. The residue was purified by silica gel flash chromatography
(5-50% EtOAc in hexanes) to give 0.82 g product 5014e (65%).

Step 4
0 0
m,\l NHBoc @N NH,' HCI
O O

5014e 5014
Compound 5014 was prepared from 5014e according to the
procedures described for the preparation of compound 5000.

Preparation of compound of formula 5015

0
Osgr” N NHy HCI
05

S

5015
Compound 5015 was prepared from 5014¢ according to the
procedures steps 1-5 described for the preparation of compound 5007.
Preparation of compound of formula 5016
Q.0

N

s’ .
©/\/NE ENH2 HCl

5016

Step 1
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(200 m-) was then added and | ayers were separ at ed.
The aqueous solution was extracted with THE/ di et hyl
we@bdeens242 1, 150 nl) tw ce.gérgani ¢ sol uti ons PEEDS2005/005924
conmbi ned, dried (MgSO™), filTtered and concentr at ed.
The residue was 20 purified by flash col umm
chromat ogr aphyo,usi ngedk0- 50% acetbae/ haxases to give
1.49 g of 5013a (B2%. Step 200 o NHBoc NNHzZ HCI
N C5013a 5013 W 11115/ 085242 91 Us2 0115 /11115
9 2 4 Conpound 3 was prepared 5013a accordi ng
to the procedures described for the Preparati on of
compound 5000. i ®paration of conﬁ’ fd of fornula
501 Nt gl c
Fhl—ﬁ)Boc 5014a %%) r%aégkfohné%gjgg?n%loﬁm@%%
procazduce giept1.deseribéd fortiepreparation, of Sangpaunsl §014nC)
.0 g, 52.2 mmol) and anmoni um chl oride (8.90 g, 166
St ) in anhydrous DMF (400 nL) at rt was added

4- et hyl mor phgNocie NHB3: 5 L, 110, oNHPasl ) . The
m xture was stirrg¢d at rt for 70%. Hrine (150 m -)
and 5% aqueous phoric acid solgtipn (150 m -)

wer e added follo by Et OAc (800 M.)- The | ayers
wer e separated and the organic sol ut h%n was washed
wi th 5% aqueous PMBphoric acid sol dP1%n (400 ni-) and

sat t
bt SPRAUECSOHEE Wit SRR o Db e e (o
progiedare3.sié&p @ qllmdbed fe0betprepantion dtegpnpound 5014c.

Steps 3-7

O\\S L0

N NHy HCI

H,N NHBoc @/N/E E 2
—_——

5016¢ 5016
Compound 5016 was prepared from 5016¢ according to the procedure

steps 3-7 described for the preparation of compound 5010.

Preparation of compound of formula 5017

\\ /,

Q NHy HCI
5017
Steps 1-2
\\ /,
NH» HCI
H,N NHBoc b
—— Y
5016¢ 5017

Compound 5017 was prepared from 5016¢ and 1,4-butane sultone
according to the procedures in steps 1-2 described for the preparation of

compound 5013.
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H2NOCONHBoc H2N 5 HBoc 5014b 5014c The sol ution of

am de 5014b (8.35 g, 34.5 mmol) in anhydrous THE (100
Workooy/og24rt was added a sol gii on of borane nmetiyi/Us2005/005924

sul fide conplex in 20 toluene (43.0 nL, 86.0 nmol) and

the m xture was refluxed for 4 h. More THE (100 nlL)

Pr%@aﬁ@ﬂe&f é&ﬂp%uwd%?fo?ramwma/vas added slowy until
S evol ution was observed. To the mi xture was
added 50% w w NaOH sol gtion slowly until PHis
greater than 12. Et hq«’ﬁ( H2)"%has then added and
| ayers were separ at Mh gueous sol ution was
extracted with THE/ diethyd ether 25 (1:1, 150 m -)
twice. Oganic solutions wegggconbined, dried (MSOH4),
filtered and concentrated to give 6.50 g of the
Stgmsobi@ct 5014c (83% . WO 2005/ 085242 92
PCT/ US2005/ 005924 Step 3 0 0 HgN NHBoc NCOzEt N

NHBoc 5 O O 5014gs5014d 5014e Np2lHdt 1 on of the
am ne 5014&@82?% g, 350wl )K"; 4

0 the

and
(0.90 g, 4.1P<wrholyNen anhydrous THE
(50 nL) 5 at rt' was added triethyldmne (1.0 m., 7.17
mol ). The m xtso3e was stirred at rtsfer 18 h. Et CAc

(100 - n % agueous S I,C acid saol yti (

i - SoRaaur kb WS Pl S opg AEeifiineryiadohe
acIrémMy 1© thelpibtaiurdsm swepshed d/ésbhbéa/ﬁfm_ldég#é?aration of

phosphoric acid solution (80 nmL) and dried, filtered
corapagupd®drt rat ed. The residue was purified by silica

S 0% Et OAc i n hexanes)

Préifaraticf°s 8 %%%Péﬁm%_ Step 4 0 0
QZNHBoc O-6NHz HCI 501%e 5014 Conpound 5014 was
prepared from 5014e a g NHe Hehe procedures

described for the prepargti of conpound 5000. 15
Preparati on of conpound ofpfbrnula 5015

car bet hoxy
pht hal i m de 5

5019

O
NH5- HCI
O

5003a 5019

Steps 1-2

Compound 5019 was prepared from 5003a and 3,3-dimethyl
glutarimide according to the procedures in steps 1-2 described for the
preparation of compound 5012.

Preparation of compound of formula 5020

O‘\s”o NH,' HCI
5020

Step 1
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0"0O Is, NtNHZ HO S 5015 Conpound 5015 was
prepared from 5014c according to the procedures steps
wd2@sdexaer i bed for the prep%ati on of conmpoundr&N032005/005924
Preparation of conpound of “fornula 5016 @ o/ 1 N NHZ
HCl 020 5016 Step 1 WO 20051085242 93
PCTI us2016/ BhbA24=cEHEs ,cNHBoc—HINOChzNNBo£SI 5016a 5016b
Compound 5016b was prepared from 5016a according to
the procedure step 1 described for the preparation of
conmpound 5014b. Step 2 H2NOC NHBoc HAN,MHBoc 5 50166

5016¢c Conpound f Bohr epar ed“From R NHBoc
accor dbaiysoL! t-he proc dure step=2 desk‘,rl BedAf or the
preparation of conp 5014c. Steps 3-7 ono H2N
NHBoc S' N NHzZ HCI 5%%@0 5016 io Conmpound,, 2&16 was
prepared from 5016c r di ng to the procedure steps

3- 7Tdel$@Bolluednfo@bhtdn@smﬂfc&%rs&byamtef(OcﬁﬂMu 6(255ﬁmﬁbl) in
ant@{yﬁ@ﬁé %ﬁr’g‘éﬂ; (%f cong%ng was agdefgjslow?y %enzyq alcohol %6 mL,
9.25 mmol). The resulting solution was stirred at 0°C for 30 min before it was
added slowly to a solution of amine 5020a (2.0 g, 9.25 mmol) in anhydrous
CH,Cl, at 0°C. The mixture was stirred at 0°C for 1 h and at rt for another
hour before it was concentrated to dryness. The residue was dissolved in
EtOAc and washed with 1 N HCI solution twice and brine once. It was then
dried, filtered and concentrated. The products were purified by silica gel flash
chromatography (20-70% acetone in hexanes) to give product 5020b (3.11g,

78%).
Step 2
0, .0 Cbz\N\\/’N NHBoc
Cbz. .87 NHBoc H
H H
Br
5020b 5020¢

To the solution of 5020b (1.60 g, 3.73 mmol), triphenylphosphine (1.46
g, 5.57 mmol) and 3-bromo-1-propanol (0.36 mL, 4.12 mmol) in anhydrous
CH.Cl, (40 mL) at 0°C was added diisopropylazodicarboxylate (DIAD, 1.10
mL, 5.55 mmol). The resulting solution was then stirred at rt for 2 h before it
was concentrated in vacuo to dryness. The residue was purified by silica gel
flash chromatography (10-40% acetone in hexanes) to give the product 5020c
(1.62 g, 79%).
Step 3

\ 7

Cbz. . NHBoc Q.0
N N 7
H\H/;L Cbz\@\l/INHBoc

Br

5020c 5020d
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0O NHBoc S NHZ HOIT H2N --6- U 6 15 5016c 5017
Conpound 5017 was prepared from 5016¢c and 1, 4- but ane

we nlosose4nccording to the pbgcedures i n steps BERUS2005/005924
descri bed for the preparation of conpound 5013. WO
20051085242 94 PCTI US2015/ 005924 Preparation of

I
oSN RRE € 0 ARG of o Sltont

(1.48 g3 A mpnalp iy @nhydrous BB 4100 mlnovahsitiired ag rtFodil 8 e

WRE il e FRPL S BB R GoRRE e plfdangiite &Vers

weﬁ@géwa@e@fm@wganac 5&@.ﬁon Was\wEsH&d waferg830150 el ttféf@re
HO NHBoc "NNHZ O 5003a 5019 npound

019
it wmsdrmtbﬁdieéeﬁ an@@psg@ﬂaa@ddogl\@ herdegigad product 5020d (1.40
g, quant.).

Step 4

N

O, .0
N\ &
CbL@/INHBoc , H@/INHBOC

5020d 5020e

The mixture of 5020d (1.40 g, 2.98 mmol) and 10% Pd-C (wet basis) in

absolute ethanol (50 mL) and methanol (50 mL) was vigorously stirred at rt for

2.5 h. The catalyst was filtered off through a celite pad to give product 5020e
(1.10 g, quant.).

Step 5
WP NHB s NH,+ HCI
5020¢ 5020

The solution of 5020e in 4 N HCI in dioxane was stirred at rt for 4 h. It
was then concentrated to dryness in vacuo to give product 5020.

Preparation of compound of formula 5021

0]
i N/:'/\NHZ- HCI
(e}
5021
Steps 1-2
(e}
/I\J: NH5 HCI
HO/INHBOC N/X 2
(o]
5003a 5021
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15

glutarimde according to the procedures in steps 1-2
described for the preparation of conpound 5012. 11s
wdorempasati on of conpound of /gfgor mul a 5020 0 MT/BEE/005924
\/l1 5020 Step 1 WD 2111157085242 95 PCT/US2 0115
/11115 9 2 4 BnOH + O=C=NSQ2ClI CbzHNS02CI 0 H N
NHB@%, Ob
TontiFurld 5024 W8 gﬁ g%Wrosu ony|o3bé’nd4tétka5ﬁ8 |e"?zﬂa2

To the sol ution of i socyanat e
glRadmideatoording tarhg grocaduter @ stepgd - aLoggssﬂbed: cvtiathe

| cohol (0.96 nL, 9.25 mmol). The

Pr%%fafj?” REC%%PBPP‘@#O\R% stirred at OC for 30 nmin before
PrépalitforboR86afpsuriiof féfmalas9022 i on of am ne 5020a
(Z.0 g, 9.25 mmol) 1n anphydrous CH2ClI2 at 0C. The

m xture was stirred at O ﬁ 1.and at rt for

anot her hour befor Heltr ated to dryness.
The residue was dis t OAc and washed with 1
N HCl solution twi ce and bid ne once. It was then

dried, filtered and concent E@Eed The products were
purified by silica gel flash i o chromatography (20-70%
Stepdt one in hexanes) to give product 5020b (3.11 g,
78% . Step 2 0 O Cbz. .S NHBoc Cbz. NHBoc ~H H

H Br 5020b 5020c To t,\pH% sol ution of 50 Ob
3.73 triph osp‘ﬁl ne_(_:L. 46 mml )
and -1- propan (0.36 i,
anhydr ous o]
5022a 5004a 5022b

The mixture of anhydride 5022a and amine 5004a in anhydrous
toluene was brought to reflux and stirred for 46 h before it was cooled and
concentrated in vacuo. The residue was purified by silica gel flash
chromatography (5-40% EtOAc in hexanes) to give the product 5022b (2.90

79%).
Step 2

o O
Hy HCI
o o

5022b 5022
The compound 5022b was treated with 4 N HCI for 30 min at rt and

concentrated in vacuo to give product 5022.

PREPARATION OF EXAMPLES
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CH2Cl2 (40 m -) at OC was added
di i sopropyl azodi car boxylate (DIAD, 1.10 nl, 5.55
wommspss2dhe resul ting sol utiggn was then stirr eRCEUSI005/005924
for 2 h before it was concentrated in vacuo to
dryness. The residue was purified by silica gel flash
Pr&ﬁég@%ﬂé@@iﬁm 4P%gaget one in hexanes) to give the
0, 79%. Step 3 0
Cbz, N, S. HNHBoc Cbz, N S N NHBgc , 0 ~~( Br 5020c 5020d
WD 211115/ 1185242 96 PCT/ USED115 /14115 9 2 4 The
suspensi on of 5020d (1.61 fg\?r | ) napd cesium
carbonate (1. 432\@ 4. 39 npol aghydf ous DMF (100
m.) was stlrr f\[;raN ro(50 mL), brine
(50 mM-) and c ( OO z) were addgd and the |ayers
were separated. Th oI uti on was washed wat er
(3 x 150 nlL) before s |t was drled filtered and
concentrated to give the d8%red product 5020d (1.40
gq qquant . ). Step 4 0 0 0 0 Cbz,N. S NHBoc HN. S: N
Boc 5020d 5020e The m xture of 5020d (1 40 g,
2.98 mol ) and 10% Pd- C (wet baS| \WO.I.O ab Iute

et hanol (50nR) and net hanol (50 ¢ ously
st rredC%i‘t\Nr?\ NYBeE h. _The ,cat aI 'i}vas iltered
of f through a%e pad to gi ve pr ct 5 20e (1.10
g, quant.). Ste 0O 0 O OHN S, N~NHBOE|r HN: S ~NHZ HCI

\/15020e 5020 15 The solution of 5020e in 4 N HCl in
di oxane was stP#PRd at rt for 4 h. It w&85tahen

ConGhe ﬁﬂlotn fdg(ﬂb%s(% (’)B X%%ur(ﬁnﬁcﬂ) %ﬁ{ﬁelﬂﬂﬁwhlﬁ@gp%g,
6.99 mmol) and 2-bromo-ethanol (0.31 mL, 5.12mmol) in anhydrous CH2Cl>
(30 mL) at 0°C was added diisopropylazodicarboxylate (DIAD, 0.996 mL, 6.99
mmol). The resulting solution was then stirred at rt for 2 h before it was
concentrated in vacuo to dryness. The residue was purified by silica gel flash
chromatography (10-40% acetone in hexanes) to give the product 5051a
(1.50 g, 63%).

Step 2
Q,. 0
N\ Q. 0
Chzan~SSN NHBoc D4 NHBoc
H H N7 N
Br
5051 a 5051b

The suspension of 5051a (1.5 g, 2.79 mmol) and cesium carbonate
(1.36 g, 4.19 mmol) in anhydrous DMF (100 mL) was stirred at rt for 18 h.
Water (50 mL), brine (50 mL) and EtOAc (300 mL) were added and the layers
were separated. The organic solution was ‘washed water (3 x 150 mL) before
it was dried, filtered and concentrated to afford 1.37 g of crude product.
Purified via flash column( 10-30 % Acetone-hexane) to afford 0.98 g of 5051 b
(82 %).
Step 3
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Preparation of conpound of formula 5021 0 NHg HCI O
5021 Steps 1-2 O HO - NHBocNHZ HCI O 20 5003a 5021
WO\B02Adshib/ 085242 97 PCT/ USgg0115 /11115 9 2 4PCT/US2005/005924
Compound 5021 was prepared ?rom 5003a and
tetramet hyl ene glutarimde according to the procedures
in steps 1-2 described for the prepar ation of
conpound 5012 WifBeti on of conpo]] f Nfgicnul a 5022
0 N-NHZ HOF| d'5 4022 Step 1 &' NBo] N NHBoc O +
HZN O 0 5022a 5 5022b The m xtur anhydri de
5022a and am ne 5004a i n anhydrous tol uene was brought
to reflux and stib08tbfor 46 h b&06Ae it was cool ed
and 1o concentrated in vacuo. The residue was
purified by silica gel flash chromatography (5-40%

Et Ofg dofhftindse918 ©.98 Ye 2t 1EmpidldY elquiOprBs édee 4 Bt HCI
79% . Step 2 0 0 JI, NHBoc \ NNH2 HC

in dioxane ( 25 mL) at room temp. Stirred for 1 hr. TLC showed no starting

material. Evaporated off the solvent and azeotroped with hexane and then

with ether. Washed out the non-polar material with ether and kept under high

vac. over the weekend to give the product as a pale yellow solid (842 mg,

guant.). Product was used without purification.

Step 4
N N

N
>~ A

OMe OMe

N —_— N
C|HH2N\__/§O 0 OCN\.-/&O 0
= AN

1.04 5051d

To the amine hydrochloride 1.04 ( 3g, 9.4 mmol) in Dichloromethane
(50 ml) was added 50 ml of saturated NaHCOs. Stirred vigorously at ice
temperature for 5 min. Stopped stirring and phosgene ( 2 equiv. 20 % in
toluene, 10 mL) was syringed out to the lower layer and restored the vigorous
stirring immediately. Checked the TLC at times and after 2 hrs it showed
complete consumption of starting material and then separated the layers.
Washed the water layer one more time with dichloromethane( 3 ml) and dried
over anhydrous sodium sulfate. Filtered and evaporated off the solvent using
rotary evaporator under reduced pressure without hot bath to half the volume
and then flushed Nz for 15 minutes. Diluted to 33.5 mL with dichloromethane

and used as 0.28 M solution for further couplings.

Step 5



0 5022b 5022 15 The conpound 5022b was treated with
4 NHCI for 30 mn at rt and concentrated in vacuo to
w@roos/ogrzeduct 5022. PREPA %O\l OF EXAMPLES V¥TT/US2005/005924
211115/ 1185242 98 PCT/ US20115/ 0115924 Preparati on of
conmpound of 5146 HI1O 1 ONNNHZ N1 NYNO O 5146
Step 1 0 Cbz, 5- NHBoc OL@ N N Cbz, N S-N NHBoc H H
H Br 5020b 5051a 5 To th€ solution of 5020b (2.0 g,
4. 66 mmR\%,,Q tri Hhenyl phosphi Mel. 83g, 6.99 nmol) and
2- br onmznetRanpl 16, 31 gel, _&. £2mmol ) in anhydrous
CH2Cl 2 30 mh<) at 0C was ddded
di i sopropyl azodi car boxyl-gte (DI AD, 0.996 nli, 6.99
mol ). The*¥&%ul ting sol ut kg was then stifped at it

for 2 h before it was concentrated in vacyg,to
dryness. The residue was purified Dy sili C%O'\Jel ash
i 0 chromat ography (10-40% acet@nes | Hggg d o give
the product 505l1a (1.50 g, 630/6\./'“5% d\ B Cbz,

mss( NHBoc OpO H~ Cbz~N S- N~NHBoc LJ 15051 a 5051

b 5051e
To the amine 5051¢, prepared as described before (741 mg, 2.09
mmol, 1 equiv.) in DCM ( 10 ml) was added DIPEA (8 equiv., 2.19 mL, 12.54
mmol) at ice temperature. Added isocyanate 5051d (1 equiv, 7.46 of 0.028M
5  solun) under No atm and stirred for 30 min at ice temperature and 90 min at
room temperature. Quenched with 10 % citric acid and extracted with EtOAc
and washed with brine. Dried over anhydrous sodium sulfate and filtered and
evaporated off the solvent. The crude product was purified via flash column (
10-40 % % Acetone-hexane) to afford 800 mg of 5051e as a white solid (58
10 %). '"H NMR (CDCls, 300 MHz), 6, 7.4(m, 5 H), 5.3(bs, 2 H), 4.4(d, 2 H,), 4-
3.6 (m, 6 H), 3.6 (s, 3H), 3.25 (m,2H), 3( m, 2 H), 1.02- 0.98 (m, 25 H).
Step 6

= OMe
OMe \\/,O H H N
X H v N HN-S N o}
S LY T
5 A 0
5051e 5051f

The mixture of 5051e (0.600g, 0.904 mmol) and 10% Pd-C ( 10 % wt.,
15 60 mg) in methanol (10 mL) was vigorously stirred at rt for 1.5 h. The reaction

mixture was filtered through a celite pad to give product 5051f (0.45 g, 94 %.).
Step 7
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is The suspension of 5051 a (1.5 g, 2.79 mmol ) and
cesium carbonate (1.36 g, 4.19 mmol) in anhydrous DWMF

W@ 106/08d24) was stirred at rfgqfor 18 h. Vater RSOUSI0P35/005924
brine (50 m-) and Et OAc (QOO m-) were added and the
Iayers wer e separated. The organic sol ution was

8%&@&%411(0% méﬁf{40b)m$©fmeemmcs| naguil. j RAOMF F(10mL)

f|| ered concentrated to afford 1.37 g of cru
at ipe ¢etaperatee Faddéd €6.00a (36&mg:dlapApivid- 138 wgmol) and Mel

(. 48Ea" a8 BThs oe8uAbA Sl pikbatadimptiiot, Flfes'ds rgom

arhigee. As theatc @Uﬂﬂs\bhov@@jzrﬁbétéi&‘ig-hqatenal
te Oe%ngo conmpound 5051b (0. Sg quj V.

- quarshedduih WoksHDA oBrARed WGRIASS Washest 4 gt Wihipater

d f
anyi e, 10 preL EORRERE sReush SRl ¥t hd. o e
evaptitatddiests the sdlventhand pu\aﬁénewacﬂashtdmumno 2pat®% acetone-

nexsh 0 8105 490 8 R SHPdALE0 ek 'd MR (DI TarasthPl 42,

n 0 e
AT B BT B IR RO ek S B
3. 031 (MBH@SZ.&(S ’BrH)t he4(am1r1=rB thy2dmo d h)orli.@@ A.984n7, 23d;).9. 4
mpl) in Dichloromethane (50 m) was added 50 nl of
Step@ ur at ed NaHCCB. Stirred vi gorously at ice 15
tenperature for mn. Stopped stirring and phssgene
(2 equiv. 20 %iny toI uene, 10 nl) was syringedzout to

the | ower |ayer restored the vigorous sti/rr ng ?
| di ately. Ch dnee TLC at t%m@j;a af .t eN"2Nr
08 wehed oo onsunptl on BfSs rwl ﬁ@&rl@l
i(m He | ayers> M&,s'}‘led th vvaierol ayer
one re t| ﬂlF\h d| chl or onmet hane( nd]\drl ed
5051g 5051h

To the methyl ester, 5051g (300 mg, 0.607mmol, 1 equiv.) in dioxane
(10 ml) was added LiOH (1.8 mL, 1N in water, 3 equiv) and stirred overnight.
Quenched with 1 N HCI and extracted with EtOAC. Washed with brine and
dried over anhydrous sodium sulfate. Filtered and evaporated off the solvent

to give the crude product (290 mg, 90 %).

Step 9

\\f/

- OH

SN Hffwr"“ e o

M N._N (o) 0O
Y o
I X

10.11

5051h \/

OH

N
— Wl I

5051i
To solution of the amine 10.11, prepared as described before (16.51
mg, 0.079mmol, 1.2 equiv.), and 5051h ( 35 mg, 0.066 mmol, 1 equiv.) in
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20 over anhydrous sodiumsulfate. Filtered and

evaporated off the solvent using rotary evaporator
wopmsnseduced pressure wit t hot bath to habdT/Usm®05/005924

volunme and then flushed N2 for 15 mnutes. Diluted to

33.5 nL with dichloronethane and used as 0.28 M

MEO( 4DirAN) ot 0r'C wak heldea INTUNI e§lion (ﬁomnmol 3018 m)
115/ 085242 100 PCT/US2 0115 /11115 \/

followed b2 NREYAKB laquive, Q0K 1k, ©.929 BUBQI)CSEBID&!.&DI’O] h]%lce

tergpfplire Al EP bie QD PERe B guphaicty i gict and
exti@i@bd WltfﬁEl’&(Dﬂ(C) WébHE@Mvi@lrl Qatd souRen BitdrBokdtBRMNd(Ben with

equiv., 2.1 nmol ) at ice tenperature.
brineideded Queyanlayctrosgmdlum selafey filteredeans egampratadsoff the

sop Rt E pRERF Mozl 00 o  crpor at ur 6. uenched

Stad 10 10 % citric acid and extracted with Et OAc and
washed with bgine. Dried over anhydrous sodium sul fate
and filtered amd evaporated off the solvent. The

crude product mjrlblﬂed via flash colum 10-40 % %
Acetone hexan@‘ﬁl\ﬂ/ NBOO ng of 505l1le as a white
N gJ,Qd (58 Im\zi% HWCDCIS 300 MHz), d, 7.4(m 5
N ©2 H) 4- 3.6 (m 6 H, 3.6
%/Kbg (m2H) m 2 , 1.02- 0.98 (m 25
HH N~ 'O HS J] CbzN N
NYN J, Q0 | ° g}lﬂ\l 00 5051e 5051f

R Sy

5146

To the hydroxy amide 5051i (60 mg, 0.087mmol, 1 equiv.) in 1:1
mixture of DMF/toluene(6 mL) at ice temperature was added EDCI.HCI( 167
mg, 10 equiv., 0.878 mmol) and dichloroacetic acid( 36.29 plL, 5 equiv., 0.439
mmol) and stirred for 5 min. Then stirred at room temperature for further 3
hrs. Quenched with brine and washed with 1 N HCI followed by sat'd NaHCO;
and again with brine. Dried over anhydrous sodium sulfate, filtered and
evaporated off the solvent. The crude product was purified by preparative TLC
(40 % acetone-hexane) to afford 25.2 mg of 5146 (43 %). LRMS , m/z,
682[(M+1) ], 375.

Preparation of compound of formula 5237




The m xture of 5051e (0.600g, 0.904 mmol) and 10% Pd-C
(10 %w., 15 60 ng) in nethanol (10 nmL) was
wor@engnasi y stirred at rt feo R 31.5 h. The reactPONUS2005/005924
m xture was filtered through a celite pad to give
product 5051f (0.45 g, 94 %). Step 7 OV 0 W 9"0 H
M I j" OHHNT HNUN, O OANNNOO 10
5051f 5051g WD 211115/ 085242 101 PCT/ US2 0115
/11115 9 2 K Ao the sul fani de 5051f (200 . 756
nol , 1Cé€mf§\,)1 MRC 10 ml) at Hme Fe,
added Cs2COB_(J 368 my, 1.5 equ 11134 ) and Mel
( 3.78muol, 5 e UIV 0. 355 -) under nit ogen
at nosphere. Stirred at room tenperatu §5;5
overni ght. As ¥PTLC and LCMB showed Yarting
mat
Erond &*méﬁ%?ﬂ $OB oL 0 I e Eo A S h R bl PaC
(5%rbhyewt,cl/dr n‘@)lmyldeohb atmosphersuaftertavachatiorr Bvacuated again

te f | d fied f
s anf A LI o SDaTBhd £ Creiifed SoRRP s Rg o
steﬁﬂﬁ%@ne(t@ﬁ%( gnﬂérleall\éﬁd(éua@b%tea% Mézao(léerﬂ(tld_éaffokd HO?Za (819

m@h00%).25(m 2H), io 3. 01 (m3H), 2.8(s, 3H), 1.4(m |
St 1.2(m 1 H), 1.00- 0.98 (m 24 H. Step 8 H O
SOHHN\NN-OO1 NNONOO 5051g 5051h To the
methyl est@r o 5051g (300 ng, 0.6 7MRDP, 1 equiv.) in

di oxane quS{n Bedded Li OH ﬁ/%mfﬁqc\mter

3 equiv) and |stijred overmrght. 15_Qjenc ed wwth I N
HCl and extract wi th Et OAC. Washed wi ri ne and

dried over anhydrous sodiumsulfate. Filtered and
evapor at ed off052she sol vent to give BB&bcrude product

10 ( 299’0%9 agrgin()@COn%&?ndg(Z% mg, 1equiv.) in DMF(10ml) added 2-iodo
propane( 5 equiv.) and Cesium carbonate (1.5 equiv.) at ice temperature and
stirred for overnight. Temperature of the reaction mixture was slowly raised to
room temperature. Quenched with water and extracted with EtOAc and
washed the combined organic extracts with brine. Dried over anhydrous

15 sodium sulfate , filtered and evaporated off the solvent. The crude product,
5052b was used as it is for next step (310 mg, 96 %). 'TH NMR (CDCls, 300
MHz) 4.5(d, 1 H,), 3.8-3.6 (m, 2 H), 3.4-3.2 (m, 2H), 3.01-2.8(m, 2H), 1.9 (m,
1H), 1.4 (s,9H), 1.2(dd, 6H), 0.98(s, 9H).

Step 3

Q Q. 0
)\N,\\S/ic:\l NHBoc )\N/\\SZN NH,HCI
L] /J/\ - > L1
20
5052b 5052¢c

Compound 5052b was dissolved in 4 N HCI in dioxane at rt and the

solution was stirred for 1 hr. TLC showed no starting material. Evaporated off
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OH DOHHcOH+ CCHE2N NH2 S 1i ,NNNUN~.D O O 10
10.11 5051h OH Q" o H-/H"'" Il N NH2 ~N N~INYOCO O m
wom/As2® To sol ution of tq%4am ne 10. 11, prepeCBUSABS/005924
descri bed before (16.51 ng, 0.079mmol, 1.2 equiv.),

and 5051h (35 ng, 0.066 mmol, | equiv. ) in WO

%%;\;'e%%/ é&%%%%oégg g@’ﬁr&wméﬂ%ﬁ e‘@hé’r ’P(epPNﬁdéﬂlngh

ui
va@@or@enmbhtfmbﬁmﬁbmg]bf@ﬁ%ﬁggq% , 92 44 L 0. 529
mpl ). Stirred for I h at ice tenperature and then 2
SteR 4t room tenperature. Quenched with 1 N HC and
extracted vv|<§h Et OAC. Washed VVILEJ\ gbsodl
¥¢o

bi car bona eNHWMct h 5 bri
anhydr ou$ sMns | fate, |I1g[ed|§d|ev orated of f
the solven t he product (52ny, % . Step

10 OH NNHz ~HHN-ry O LN[NyNo o VO 50511 \ H NH 2
O Q gOHHNNS” NN OO ~-NO
5052c 5052d

Dissolved the amine salt (180mg, 0.60mmol, 1 equiv.) in DCM (5 ml)
and added 5 mL of NaHCOj3 (sat'd) at ice temperature. Stirred vigorously for
2 min. Stopped stirring and syringed out phosgene (2 equiv.) to the reaction
mixture and restored the vigorous stirring. After 90 min. separated the layers
and dried over anhydrous sodium sulfate. Filtered and evaporated off the
solvent without hot bath under vac. Diluted with DCM and kept as stock
solution of 0.02 M.

Step 5
g
%OH +  ClHH,N T §
~
BocHN\/& o ? \Qr ~
ENS o
117 12.04

OH

g

—\ H H

— BocHN\_/&Oo o)
T~

5052e

To a mixture of acid 1.17 (500mg, 1.37 mmol, 1 equiv.) and amine
hydrochloride( 317.8 mg, 1.37 mmol, 1 equiv.) in DMF at ice temperature was
added HATU ( 1.2 equiv. 619 mg) and DIPEA ( 6 equiv., 8.15mmol, 1.42 mL)
under N, and stirred for overnight . The temperature was slowly allowed to
raise to room temperature. Quenched with 1 N HCI and extracted with EtOAc.
Washed with NaHCOj3 (sat) and then with brine. Washed with ice-cold water(
5 x 20 ml) and again with brine. Dried over anhydrous Na,SO,.Filtered and
evaporated off the solvent to afford 580 mg of 5052e (77 %).

Step 6
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O m 5146 To the hydroxy am de 5051 i (60 ng,
0.087mmol, 1 equiv.) in 1:1 io mxture of
W(Dﬁdﬁsmgﬂzumne(ﬁ m.) at ice t%@erature was adderCT/US2005/005924
EDCl . HCl ( 167 ngy, 10 equiv., 0.878 mmol) and
di chl oroacetic acid( 36.29 L 5 equiv., 0.439 mol)
and stiNped for 5 mn. Then stirred at\r/eom
terrperaf’ure for further 3 hrs. Quenched with i ne
and thIgHCIfollowedbyst
agai n vw over anhydr ous' NSOt Unys VRS
Bb‘bme\/e& aod €vapor at ed oft md;mzﬂql)lgg e orude
pr oduct s pur NVi ed by preparative TLC Y (40 %
acetaﬂ\& hexane) to afford 25.2 ng of~pd46 (43 % . LRVS
, 682%&;\& , 375. Preparation of c%g nd of
fOHTLI| a 523 20 V\D 211115/ 085242 103 PCT/ 0115
/ 11Td3h8 clude hiidiemxy hn@d@5(f522 (N.GBrmigHEEBO At St etitiBodn

DN (B ok oF ot taimReehbed avdas?@éﬁqd}m%@ NafhZsriadiand(
sgzﬁgfabr@ﬁm?ﬁénezgghﬁ{) ) %{gféﬁr@ 1l EMagiie eﬁe@th%a'iuﬁm@d

red undef showed conpl ete
Nat-t®@y apd isodiumh blsuifaetandgexfeaoéed aith EhOA(Er\/Maslwdiwnh brine

R R T e e e P
sol@gﬁ?k@:ru@@ pF8dliGtavASTh S BP AHEH chﬁrﬁn(ﬂm 40 BHdetone-i N

added 2-i odo ropane( 5 equiv.) and Cesium
hexam@)d@a rd #56 ragwif ¥heg katoaingde sagiectal e @regiert Was rr ed

dlS§PL\ﬁ%}ﬁ Ng—i@ @1&1@16 [PHMYENE Bk MEineBaG A I BErSE iV\Ras
concentrated to dryness in vacuo to give 5052f (0.40 g, 77 %).

Step 7

N
LA oo \ N
l NI/J/\ + HCIHZN\./§O 0 0
5052d 5052f
N
H 0 H
/( O N N N\/\
\Y
- H
O N
—— /T\

5237
To the amine salt, 5052f, (20mg, 0.041mmol, 1 equiv.) in DCM (5 ml)
was added DIPEA (6 equiv.) at ice temperature. Added isocyanate, 5052d (
1.1 equiv, 0.045 mmol, 2.27mL of 0.02M solun) under N2 atm and stirred for
30 min at ice temperature and 90 min at room temperature. Quenched with
citric acid and extracted with EtOAc and washed with brine. Dried over

anhydrous sodium sulfate and filtered and evaporated off the solvent. The
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roomtenperature. Quenched with water and extracted
with Et OAc and washed the conbi ned organic extracts

wowvdok/ogmiine. Dried over anhydrous is sodi um subEBUS2005/005924

filtered and evaporated o the solvent. The crude
product 5052b was used as it is for next step (310

96 % 1H NVR (CDClI 3, 300 4.5(d, H ),
crudsg. rgO@,u@ wa§ pyrifigd V%i flast colymn (3 %1,23 % éﬁét,@ng(]hﬂxa%ﬂ) to

(s 9H), 1.2(dd, 6H), 0.98(s, 9H).
aﬁo’ét&‘"?"f%ﬂgg/(‘@ﬁklsoc N NHZHCO ~~( 20 5052b 5052¢
Conpound 5052b was dissolved in 4 N HCl in dioxane at
t and tlh sol ut i avas stirred for 1 hr. TLC showed
a ' Evaporated of f WD 2111151085242
104 PCT/US211115 /11115 X4 the solvent and
azeotroped w th hexane and‘t hen wi td et her. Kept under

high vac. for overni ght ff@rd 21H of 5052c (96
%. Step 4 ~%~ 'DHC  NOSS 59650520

Di ssol ved sém ne aI ﬂ 6@me| , | equiv.)
in DCM ( NN rrEofNa (sat'd) at ice
t enper atu ireg usly for 2 mn. Stopped
stirring and syringed hosgene (2 equiv.) to the

reaction mxture and re ored the vigorous stirring.
After 90 m n. separated the $28pers 1o and dried over
anhydrous sodium sul fate. Filtered and evaporated off
Steq he” sol vent without hot bath under vac. Diluted with
DCM and kept as stock solution ofN6©.02 M Step 5 OH
OHHTI + Cl HHZNN~z,,, BocHN,)" O[%;/l 17 12.04 H OH

H N N_p PN OCHs

Q.0
\ o \/g o
S NH, HC! 0
N z + \g/ E
O.N

5010 \/

ZT

O

Compound 5250a was prepared from compound 20.03 according fo
the procedures described for the preparation of 20.08. To the solution of
amine 5010 (0.817 g, 2.68 mmol) and carbamate 5250a (0.976 g, 2.06 mmol)
in anhydrous DCM (60 mL) at 0°C was added DIPEA (0.90 mL, 5.15 mmol).
The solution was allowed to warm to rt along with ice bath and stirred for 18 h
before it was concentrated. The residue was dissolved in EtOAc and washed
with 5% HsPO4 solution and saturated sodium bicarbonate solution. It The
products were purified by silica gel flash chromatography to give product
5250b (1.07 g, 86%).

Step 2
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N BocHN~O 0 O 5052e is To a m xture of acid 1.17

(500ny, 1.37 mmol, | equiv.) and am ne hydrochl ori de(
w@1005883map, 1. 37 nmol, 1 equw(7 in DMF at i ce PCT/US2005/005924

t enper ature was added HAT (1.2 equiv. 619 ng) and

DI PEA (6 equiv., 8.15mml, 1.42 nL) under N2 and

stirred for overnight. The tenperature was sl ow

allowed to raise to roomtenperature. Quenched w:sth 1

N HCl and extragted with Et OAc. 20 Washed with

(sat) and t hen h brine. Washed wigh jce-cold wagerCo:H

20 m) and noz‘meth bri ne. i over Haniy.dr us
. Fi Hterke evapor at ed t hy v@fﬁ to
%40/ dji\%g 52e (F79%= St o
5 423105 PCT/US2 0115 /11115 9 2 4 dg/?Bo H
‘/\I—O 0 0 HO.H2N~-0 O O 5052e 50 To
the crude hyd anm de 5052e (1.05mml, 580y, 1
equi V. )sakg, DCM (15 ni) at roomtenperature vvas added

Dess- Marti n Peri odi nane( 897n‘g 2.11 mmol uiv.).
St Whedsoﬂuilorsof‘rmathyi esteQ5859he( 06 g.ht Zﬁmm!)eaﬁCBLlOH

©0-3g6 et 4 8 I MRV G0 01T A4 R e ST oo

ter%yérfa@jr% for BiH. mmana%@vmwet@ntmﬁ\fed n@derseblueeed
ude product was purified flash colum( 10-4

presserndle Adveois salutien M@S@Qt%ﬁe%o 5Hv4esiRgt! o%lrﬁqu@ous HCI
sol%?ﬂ%% mL)%Oqoéé’tGPé}Ed %(51 u\fl‘?\chl&?d% B'%fé% it was _
stirred at rt for h befo

'on T’'n" di 0xane an
extractedswitroECOAC €t 150 mil )t Dhel bygerds solutioas were m:ogmbmed dried

(M%g%ﬂ(ﬁ(lq%éfg? Rﬂﬂl CEZ\E& fr L‘EpMaZ:uthO)gtng aw White'so gZSOcJ !
(quantitative).
Step 3

5250d
To the suspension of 5250¢ (0.052 g, 0.088 mmol), HOOBt (0.022 g,
0.132 mmol), EDCI (0.027 g, 0.141 mmol) and amine hydrochloride 13.01
(0.030 g, 0.132 mmol) in anhydrous DMF (6 mL) and DCM (6 mL) at -20°C
was added 4-methylmorpholine (0.030 mL, 0.273 mmol). The mixture was
stirred at -20°C for 20 min and then in a refrigerator for 18 h. Brine (30 mL.)
and 5% aqueous phosphoric acid solution (30 mL) were added followed by
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5052d 5052f NO Nom ,0 NS NNr o ~NY Oo 5237

To the am ne salt, 5052f, (20ngy, 0.041 mmol, 1 equivVv.)
WO 0B4245 m ) 15 was addequpl PEA (6 equiV.) BET/USE05/005924

tenperature. Added isocyanate, 5052d ( 1.1 equiv,

0.045 mml, 2.27nmL of 0.02M sol un) under N2 atm and

EtGAL rg@@l n{Lqr Théq)ayarg vidrel g gamga%rn@tt%%rgaﬂlc%umdh Whs

oo terrperature enc e citric acid
wagked adthebfovaquedBs@hosphdrioasitesplutiom (30 Mg arDr$a§urate@r

oI Bl R RORH. e B ol ds WBe o MR o
condehtited t give ProBust S2B0 P (Rmtitativey. purified via flash

colum (10-40 % acet one- hexane) to afford 12 ng of
Stewp47 (40 % . Preparation of Conpound 5250 0 /NN N

~~@ HHYIY S NIl NOOO Noc 55250 Step | N

OCH3 C o ONz OSNoWNH2 Hal I/ YO 02N O + O

H H
] %NWN\/\
H (0] o
@j'“ N\“/N\é/l%o h ~

5250
The mixture of hydroxyamide 5250d and Dess-Martin periodinane ( g)
in CH,Cl» was stirred for 2 h, quenched with saturated Na,S,03 solution and
saturated NaHCO3 solution. After layers were separated, the organic solution
was extracted with DCM twice and the combined organic solution was dried,
filtered and concentrated to give g product 5250 (0.048 g, 72 %, two steps).

Preparation of compound 5648

(0] \’ H o
H £ OUN N NHz
N N——/(
| g
_ HN—, O o
5648
Step 1
HO NH, HO NHCBz
—_—
CBzCl
(S) -tert-leucinol 5500a

To a cooled solution (0 °C) of (S) —tert-leucinol (5.0 g, 42.7 mmol) in
CH.Cl, (100.0 mL) was added benzyl chloroformate (6.7 mL, 47.0 mmol),
followed by Hunig’s base ( 9.3 mL, 53.3 mmol). The reaction mixture was

allowed to warm to room temperature overnight, diluted with ethyl acetate
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5010 5250a CNi ICO2Me OO HH S NNNYNO Ip - O 5250b
Conpound 5250a was prepared from conpound 20. 03
w@emengizeg to the procedurﬁ§9 descri bed for thBCT/US2005/005924
preparation of 20.08. To the solution of io am ne 5010
(0.817 g, 2.68 mmol ) and carbamate 5250a (0.976 g,

50%) @EX(?@%Hed with aifdﬂ%%@@ D@noma B saftirafed NASCEda

90 nlL, 5. The sol uti on was al | owed

brine. Tiee aTgamic tayer Mﬁ?@ d/madwoverd\ﬂgﬁpm afgdcangentraged tor viell h
I 1 g,concentrated. The residue was dissol ved

556)&3 %[(g&cg gm/?rsashed wth 5% H3P04 sol uti on and
Stegppur at ed sodi um bi carbonate solution. It The is
products were purified by silica gel flash
chromat ography to give product 5250b (1.07 g, 86%.
Step 2 WO 214315/ 082 107 PCT/ 01 ﬁﬁé 1115 9 2 4
C~I CcazH ONCOZ O N HHN Np NNY
o1 Oo - Oc 525QbsAHey soI on of nethyl

ester 5250b (1 1.76 mmol ) and (0.105 gq,
4.40 mol ) in 1‘%@93?/EO—VI—|20 (1:1:1, ’agébocrl?L_l) was stirred

at room tenperature for 4 h. Methanol and THE vver e

renpved under reduced r ur The ueou on

was 8@ &9l ﬁééollﬁloﬁl-i%z Cﬁ)sqen’%%?ar(ﬁgci u%’o‘ié9 BI 3

g foflowed! @memé dffony

(1520 o ws GaB8h gyptie Qi tolofe oy Frgiietiestifon)
chloriga(8 ©3smlLyu#v¥ dhsnval). d heoelictienl miiure svas allowed to warm to
room temperature overnight, concentrated, redissolved in ethyl acetate (500
mL), washed with saturated NaHCO3 and brine. The organic layer was dried
over MgSQ,, concentrated and purified by flash chromatography over SiO.
using ethyl acetate/hexane (1:4) to yield 5500b (14.0 g, 100 %).

Step 3

MsO NHCBz NHCBz
hydroxy— yridine,
TBAB, K,CO3

5500b 5500¢

To a solution of 5500b (3.1g, 9.9 mmol) in PhMe(72 mL) containing
water (400 plL) was added TBAB (5682 mg, 1.8 mmol), KoCO3( 2.72 g, 1.97
mmol), 1-hydroxypyridine (937 mg, 9.85 mmol). The reaction mixture was
refluxed overnight with stirring, filtered, evaporated and concentrated. The
crude was purified by flash chromatography over SiO- using ethyl

acetate/CH,Cl, (1:9 to 1:1) to yield 5500¢(1.15 g, 35 %).
Step 4

0 o) 0
| N NHCBz | N NHy éﬂ NH,

5500c 5500d 5500e
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(MSHM), filtered and concentrated in vacuo to give a
white solid 5250c (quantitative). io Step 3 c~""\\ OH
W@ER00Bl08dCOZH HCl . HZN N 1 I\H—O»( Y ~O + Hg O 1B8CO1S2005/005924
5250c OH O N Ny~yN,, ~,' H \WWy HHO HO \ 1 SN

N I NO O 5250d To the suspension of 5250c (0.052 g,
0.088 mmol ), HOOBt (0. 0229 0.132 mmol ), EDC (0.027
g, 0.141 nmmol ) and am ne hydrochloride 13.01 (0.030
g, 00 Essolutien pf 6500e (4o @L)s;n MﬁDI(ie(5ﬁerL)awas Bdved & diC|

105w o B ESH 1 PR e P & hiodh Bmagprere

(40P8| gasooa Vb formet @fuangeitieRr when tHé réactiBhivigs 6@ppet)
and %agueous phosp or| c acid solution (30 nL) were

afterdtidd and 155086 s faomed nuesititaiyshpattesd hclny @Jﬁzerot@ﬁ@ the
ree@éééﬂ-iz%a% fop ke oyahA ok nad 61 eSS B e i 1 506

@hnﬁp@orl c acid solution (50 nL) and saturated
so i um bl carbonate solution (2 x 50 nL) before it was
ed, filtered and concentrated to give product
5250d (quantitative). 5 Step 4 HOHH NN~ NQ HO
O S~NNY O

0 o}
N NH, N NCO
X U
5500d 5500f

Saturated NaHCO; (7.0 mL) was added to an ice-cold solution of
5500d (194.0 mg, 1 mmol) in CHxCl, (7 mL). The reaction mixture was stirred
vigorously for 10 min. and COCI; (1.85 M solution in toluene, 1.35 mL) was
added to it and stirring was continued at room temperature for 1h. The organic
layer was dried over MgSO;, filtered and concentrated to half the volume to
yield 5500f as a solution in CH,Cl,. 5500f was stored as a 0.05 M solution in
CHxCl>.

Step 6

o) 0
@XNHZ @Xmo
—

5500e 5500g

Compound 5500g was synthesized using the procedure of step 5 in the

preparation of 5500.
Step 7
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O 5250d O< N N 0C~rOHHINIO O 3-N-NY N= 0O
~\ 1 00 5250 The m xture of hydroxyam de 5250d and
wmems/oddant i n peri odi nane ( in CH2Cl 2 was st iPCBUST005/005924

2 h, quenched with saturated Na2S203 sol uti on and
saturated NaHCC3 sol ution. After |ayers were

separ ag\gd the organic solution 10 was extiacted with
DCMtva e and the conbi ned organi c sol utionswas dr| ed,

filteyp nd concentr ed to gi ve g produc 25
(0. 04 G2 % NH B Pr epar at i on %§ENTOMPY
Bo5648 O N l4H NHZ O ONT Boc StGep

R CBzCl (S) -tent-leucina5500a Tola
d soI utlon (0 O (S) -tert-leucinol (5.0 g,

42. 7 in Cl2 0.0 nL) was added bedsay!|
chlorm?natew?m_l(o}l@OmmI) fol | owed by

Huni g's base (9.3 nL, 53.3 mml). The reaction rrixture

S?FT@@LJ:%“@&%@%’?Q?QE%&&?m RSG5 8,8 T 0.1,
SGWﬁ [ﬂ\a l1%§ﬂ,§ wagadded m@rum@ 03 SRAEWBLEY l‘ﬂPEA (

y saturated NaMCO3 “and bri ne.
1.382gah).ar HearyeachmmﬁhumWasx&rrrangoéhfordbramha’trra)pﬁd to

terXperagureEfgro Qh él%x?eg with eJtR)(/)IOchteTQ{ e(50.20 mi), washed with 1N HCI,

brine, dried over NaHCOj3, filtered, concentrated.

To the crude in PhMe/DMSO (10.0 mL, 1:1) at 0 °C was added EDCI (
5.2 g), followed by dichloroacetic acid ( 447 ul). The ice bath was removed
and the reaction was stirred at room temperature for 2 h. To it was added
EtOAc ( 75 mL) the reaction mixture was washed with H20 ( 25.0 mL), with
saturated NaHCOs3 and brine, then purified over SiO, using acetone/ hexane
(1:9 to 9:1) to yield 5500h.

Step 9
N o 5’,’
H 0
0 %N NH; o %H NH
N
BocNH—.>/ 0 \q HCLH N—>/ o] o)
- L3 :
/v /v

5500h 5500i

Compound 5500h was dissolved in 4N HCI in dioxane (25 mL). The
reaction was stirred at room temperature for 30 min. and concentrated to yield
a white solid, 5500i (350.0 mg).

Step 10
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HO4NHCBz MsO NHCBz MsCl, Py 4 5500a 5500b To a
cool ed solution (0 C of 5500a (10.7 g, 42.7 mmol) in
WEdS0E241 100. 0 ml -) was adld&(lj pyri di ne (20.0 mdd/US2005/005924
fol |l oned by met hanesul fonyl “1o chloride( 3.63 nL, 47.0
mol ). The reaction mxture was allowed to warmto
room tenperature over@)ght concentrated, redissolved
ol n ethyl acetate (500% nlL), washed with saturated
Etﬁgk(Igband brlnev%§>§h rganj c_mwgyer was dried over
| . concentrate purified by flash
chr t ogr aphyiCi¢ 02 ng et hyl acet at e/ hexane
(1:4) to yield 5500b (14.0 g/ 100 %. 15 Step 3 0
SIONHCBz N NHCBz  hydrgxy-pyridine, TBAB, K2C03 4
5500b 5500c To a sol ution of 5500b (3.1g, 9. b/nnnl)
in PhMe(72 m -) containing water 400 L) mas
TBAB (582 ng, 1.8 mmmol), K2C03( 2 2 gH
mol ), 1-hydroxypyridine (9371 ng
reaction m xture was refluxed ov | ht mnf
stirring, filtered, evaporated and concentr ed The
crude was purified by flash chromatography Quer Si 02
usi ng ethyl acetate/CH2CI2 (1:9 to 1:1) to yleld
55006 Gleodled) soRBoR)O °Stefithd adfing Ihydrakhlotide 55

mg?@%%%ﬁ%i@@?%g ﬁﬁoﬁ%vﬁdgéﬁﬁﬁﬁ%@#ﬁ% mmol),
follg)aveilj 503%'5' PEA g’?g't'ﬂ_( éﬁjé*ﬁéjc gon%%u rEORa¥stred 2R

arr dr ogen
rooam lmapbmtlere for0.2P8) dl)utéﬁwkh eﬂagl aeﬂftMZ@L&mh)t washed yvith

B AR i e S A E B WferRd, Sonfe dr Bl aditeo
ovéSio;, using acetone-hexane (1:9) to yield 5648 (10.0 mg).LCMS 641.2 (
M+H).

Preparation of compound 5644

5644
Step 11 .
'
2 0
[ﬁ; NCO 0 <;)\rN
‘I HCl H2N—-—; O 0
N
5500g 5500i \/
. 0
0 H
H P O %N NHz
S
/N
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reaction mxture was filtered over a short pad of

celite to yield the corresponding amne. Step 50
w®2008l08d2e2 10 5500d 5500f ﬂaéur ated NaHCO3 ( 7pOr/ms2005/005924

was added to an ice-cold solution of 5500d (194.0 ny,

1 mol) in CH2CA 2 (7 nL). The reaction m xture was

stirred vigorously for 10 mn. and COCl2 (1.85 M

solution in toluene, 1.35 nL) was 15 added to it and

st i Conmupuras5@dhwias sydthesizesbusing ipe pracadarés described for

The organi c r S ] r MgSHA, filtered and
th%W@@@ﬁ%m%foséﬁﬁ&%t%%QZm ﬂé)e yi el d 5500f as a

sol Wmﬁﬂbéf‘oﬁ&ﬁ’eﬂ‘b 5, oP5644, d’@eﬁ:n@b@"@d' abte 2 Wel®pri¥pared from

solution in Ste Nco I'I N NH2 20 5500e

. 553&@@glr@ﬁh§d@rnae6@@@giamggegm ﬂ&pr@@@r@mmgf 964

procedure of step 5 in the preparation of 5500. Step
7 25 WD 211115/085242 1 11 + PCT/US2 0115 /11115 9

%Qérat*ﬁnvo&bmg@mmm NH2 NH2 O + p BocNH~/y~ O O
0C To a,cool ed solution (0 oC) of

the acid (1.17, 368.5 np) anéV(lO 11, 565.3ngy) in DWW

( 10.0 m-) was_added HATU 03 g)o foll owed by DI PEA
5 1.382 nL). Th reagélcon ﬁ \WHzrred at 0 oC
for I h and at¢r ur r Rh, diluted with
ethyl acetate .0 ) ! NH 9 N HC, brine,
dried over NaHCGCS, tereWconcen1 ted. To the
crude in PhMe/DMSO (10.0 ni, 1:1) at 0 C was added
EDCI 5.2 g), followed by dse3pl oroacetic acid (447 L).
The ice bath was renoved

Step 1
%

o} 3 e

N NCO 0 <N\)\(N NH
i‘;i + HCI.HZN——_:>/ 0 \q

N
5632a 5500i
—_— Efij_ji(\ NH—:>/ \(izy/
5632

Compound 5632a was prepared from (S)-N-boc valinol according to
the procedures in the preparation of 55009 (steps 1-6). Compound 5632 was
synthesized according to procedures described for the preparation of 5648.
LCMS: 631.1 ( M+H)

A number of analogs of compound 5632 in Table 2 were prepared from

5632a using the same procedures as in the preparation of 5632.

Preparation of compound 5665




to and the reaction was stirred at roomtenperature
for 2 h. To it was added EtOAc (75 m-) the reaction
wonosusr4nas washed W th HQu 25.0 nl), w th PCT/US2005/005924

saturated NaHCC3 and bri ne, then purified over Si02

usi ng acetone/ hexane (1:9 to 9:1) to yield 5500h.

Step 9V a NNHz ON O NHz cNH OOHC.H2N N O O

15 5500h 55001 Corrpound 5500h was di ssolved in 4N HCl

i n di oxane (25 | TheO regcty oy ﬁl rred at room

tenmperature f i “o yield a
white solid, ﬁé‘) 50 % 16 WO
211115/ 085242 2 USZ 0;
NCON yN HC.Hz O 5500f 55001 |
-1 0 5648 To a cool ed solg on (0 C of the am ne
hydr ochl ori de 55001 (25.0 ﬁ(‘Fg 0.051 mmol ) in CHzCI 2 (
Sted P nM) was added 5500f ( 2.5 nmi, 0.135 mmmol),
ol l owed by DI PEA (68 uL, 0.4 mmol ). The reaction
m xture was stirred at 5 roomtenperatur for ]'\Pﬁ
003%

diluted with ethyl acetajggd;20.0 ni),
citric~ackd brlneszrled over—NaHeO3, |I
con&éntraté‘{f and puri ti over Si 02 using

acetone-hexane (1:9) to yield 5648 (10.0 mm).LCVS
641.2 MNobha. 10 Preparagfiypn of conpound 56445520a

5 To a cooled (0 °C) of amine 5004a (560.0 mg, 2.58 mmol) in CHzCl,
(15.0 mL) was added chloropropyl isocyanate (Aldrich, 531 mL, 5.16 mmol)
and the reaction mixture was stirred at room temperature for 12 h, washed
with saturated NaHCOs, brine, dried over MgSOy , filtered, concentrated and
purified over SiO, using ethyl-acetate-hexane ( 1:1) to yield 5520a (660 mg,

10 1.91 mmol, 76%).

Step 2

5520a 5520b
To a cooled solution of 5520a (660.0 mg, 1.96 mmol) in THF (30 mL)
was added NaH. (60% dispersion in mineral oil, 313.0 mg, 7.84 mmol). The
15  reaction mixture was allowed to warm up to room temperature over 4 hour,
carefully quenched with ice cold water, extracted with CH2Cl,. The organic
layer was washed with brine, dried over MgSO; filtered and concentrated.
The crude was purified over SiO, using ethyl acetate-hexane (1:1) to yield
5520b (220.0 mg, 1.0 mmol).

20 Step3
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OONNHZ D~ OO NH 5644 Step 11 O JJ~~ H NHZ
~N NCO N + HJ . HZN 5500g 55001 Quu HO N OO N N I

WO bookleR524vv ~4 NH~ O 0 5644 2111151085242 BABUS2005/005924
PCTI US2015/ 005924 Conpound 5644 was synt hesi zed usi ng
the procedures described for the preparation of 5648.
LCMS 645. 0 I\/H-H) A nunber of anal ogﬁoof 5644,

descri bed, HBosver e_pr epar eq, P~-8800g usi ng
t he proce ure d scribed in the preparpati gn of 5644.

Preparation ound 5632 Vo O NF12
NH~ OO 5632 Step 1 JJ~~ HNH, ~N NCO N-I/II~II/
+ HCl . HZN O O X#agpl~~I1 5632a 55001 V 5520¢

To 5520b (660.0 mg, 1.96 mmol) was added 4N HCI in dioxane ( 25
mL). The reaction was stirred at room temperature for 30 min and
concentrated to yield a white solid which was dissolved in CH,Cl, (7.0 mL)
and sat'd NaHCO; (7.0 mL) was added to it. After stirring vigorously for 10
min, the layers were allowed to separate and phosgene (2.5 equiv.) was
added to the organic layer in one shot. Vigorous stirring was resumed
immediately, the ice bath was removed and stirring was continued for 1 h, the
layers were separated. The organic layer was dried over MgSOy, filtered and
concentrated to half to its volume and 5520c¢ was stored as a 0.05 M solution
in CHxCly,
Step 4

N NH,

5665

To a cooled solution (O °C) of the amine hydrochloride 5500i (25 .0
mg, 0.051 mmol) in CHxCl; ( 2.0 mL) was added 5520¢ (2.5 mL, 0.135
mmol), followed by DIPEA ( 68 uL, 0.4 mmol). The reaction mixture was
stirred at room temperature for 1.2 h, diluted with ethyl acetate (20.0 mL),
washed with 3% citric acid, brine, dried over NaHCO3, filtered , concentrated
and purified over SiO, using acetone-hexane (1:9) to yield 5665 (10.0 mg).
LCMS 646.2 (M+H).
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O O aHOoH2 NHJ 10 10 5632 Conpound 5632a was

prepared from (S)-N-boc valinol according to the
w@emsegiaues i n the prepar atHg] of 55009 (st epsPAF/B%2005/005924

Conpound 5632 was synthesized according to procedures

descri bed for the preparation of 5648. LCMVS: 631.1

('\/H'Jﬁl)ndrﬁbeﬁr i f$§6f9€@$ea§c@5eocmmect weZ prépatall e

wer e prepare om 5632a using the same procedures
usuag 5520ctaccordipa tathe pradedsiesdeserinesrfar thaprgparatigobahd
56&?65 WD 2005/ 085242 114 PCTI US2015/005924 O OH/QO
NNHZ 111, HHNNHN OO 5665 Step 1 O0Il HNxN
NHBoc HzNNHBoc H CI ~~NCO + CI 5022a 5004a 5520a 5
To a cooled (0 C) of am ne 5004a (560.0 ng, 2.58 mmol)
Preparatipreopcomponndi5688nas added chl or opropyl i socyanate
(Aldrich, 531 nL, 5.16 mml) and the reaction m xture
was stirred at room t enper at | e for 12 h, washed wth

sat ur at ed I\IaHOC}@ rine, dri e o;\(erO Ng,§94 , filtered,
concentrated a rl,':]‘ fe®ONE si’ng

et hyl - acet at e- 1Hr§L o ol eI 520a (660 ng, io0
1.91 nmol, 76%. St

5688

HoN NHBOc OCN NHBOc
A — X

5004a 5030a
Amine 5004a (998.0 mg, 4.6 mmol) was converted into the
corresponding isocyanate 5030a using the procedure of step 5 in the

preparation of 5648.
Step 2
N X
e
N
N N NHBoc
+  OCN NHBOC H\H—J\
—_—
5030b 5030a 5530¢

To the isocyanate in CH2Cl, (10.0 mL) was added N-methyl
chloropropyl amine 5030b (Aldrich, 490.0 mg, 4.6 mmol) and the reaction
mixture was stirred at room temperature for 12 h, washed with sat'd NaHCOs3,
brine, dried over MgSQy, filtered, concentrated and purified over SiO2 using
ethyl acetate/hexane to give 5530¢ (1.6 g, 4.6 mmol) in 100% yield.

Step 3

X 2
N
N j\NHBOC N~ “N—_ NCO
— Ul
cl
5530¢ 5530d
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HNXN NT HBoc HNxN NHBoc CI 5520a 5520b To a cool ed
sol ution of 5520a (660.0 ng, 1.96 mmol) in THE (30
waorkooy/osszas added NaH. (60% gdj-spersion i n m neredT/081005/005924
313.0 ng, 7.84 muol). The reacti on m xture was
allowed to warmup to roomtenperature over 4 hour,
car ebdound %m:ew/awohvéﬁsd @@sgsa@h@rng ﬁ?@é)@}fér?ﬁ’emw h
CH2Cl 2. The organic |ayer was washed bri ne,
pratedatesoStap 2gsdStep|3 irthd preRaresan @ﬁtcpmmmnd 5665.cr ude
vvai purified over Si02 using ethyl acetate-hexane
1) to yield 5520b (220.0 ng, 1.0 mmol ). 20 Step 3
VO 2005/ 085242 115 PCIFus2016/ 015924 HN, kN 7 NHBoc
HNN 7 NCO 5552200bb 5520c Tg 5520b (660.0 ng, 1.96
ngol ) was added 4N i i diloxagg (25 mnl). The
/lgactlon was stirredYat Jrogm flenperature for 30 nin
Lz;rﬁ Eent r &fledeN L& d a,hite solid which was
sollved ih CH2Q1 25 (7.0 m -475 and sat'd NaHCOB (7.0

added to itl “"After stirring vigorou nyor 10
m n the |l ayers were all oned to separate and hosgene
(258%quiv.) was add®@%to the organic |ayer n gne®
shot. Vigorous stirring was resymed i nmedi N NH

ice bath was renoved and sti Quqme chorﬂ edy fof 15
h, the layers were Separated/\' T ga I cIl aYer wa
dried over MgSH4, filtered an eft ed to hatf
to its volume and 5520c was stored as a 0.05 M
solution in CH2C 2. Step40 (]\INH2 HNI ksdgs NCO N r +

H Tlc_)zaNggoled solut|502no(%) 58)08]1 the amme hde H%\Iorlde 5500i (25 .0
mg, 0.051 mmol) in CHxCl, ( 2.0 mL) was added 5530d ( 2.5 mL, 0.135
mmol), followed by DIPEA ( 68 uL, 0.4 mmol). The reaction mixture was
stirred at room temperature for 1.2 h, diluted with ethyl acetate (20.0 mL),
washed with 3% citric acid, brine, dried over NaHCOj, filtered , concentrated
and purified over SiO; using acetone-hexane (1:9) to yield 5688 (17.0 mg).
LCMS 660.2 (M+H).

A number of analogs of compound 5688 in Table 2 were prepared from

5530d using the procedures described above.

Preparation of compound 5700

v
o o
o—< 49, H NH
ujﬁjy@r 4
N

5700

OH elelelel
(o —

Cl

Step 1

5540a 5540b



HN~k NNN-O O 0 O 5665 To a cooled solution (0 C) of
t he am ne hydrochl oride 55001 (25.0 15 ng, 0.051
wonmspsszwe CHZCl 2 (2.0 i) added 5520c (2. 5panyPsS2005/005924
0. 135 mml ), followed by D (68 uL, 0.4 nmol). The
reaction mxture was stirred at roomtenperature for
1. Zda)m/[%drlﬂ,@-@hl@r,b rSEQb{él (A8¢LRI 254 2Amdl ) has coMPsrigflinto
with 3%citric acid, brine, dried over HCGO3,
ther conrespmnding ohloeeforrmatsd554H upingi the gdoesdure siter Sug ithe
acet one- e (1:9) to yield 5665 (10.0 ng). 20 LCM5
Prefaga ’Efx’/ﬂsﬁg'vo 211115/ 1185242 116 PCT/US2 0115 /11115
St%g? 4 A nunber of anal ogs of 5665 described in Table
wer e prepared using 5520c according to_the

procedures described for the preparati onfof 5648. 5

Pr epar at | of conpoun 88 10 :: 0 /o " NNBdW O
HN O Géig%%étep H '%_%%CHBQ: OCN NHBQ: '500fa 5030a
Am ne\ 5004a (998.0 4.6 mmoty—was conyert into
the i 0 &rresponding”isocyanate 5030a usinhg the

procedure of step 5 | he preparation of 5648. Step
s B 0 e N hrBot 5540c

To the ice-cooled chloroformate in THF (10.0 mL) was added amine
5004a ( 543.0 mg, 2.51 mmol) and the reaction mixture was stirred at room
temperature for 12 h, diluted with EtOAc ( 250.0 mL) washed with sat'd
NaHCOg;, brine, dried over MgSOy , filtered, concentrated to yield 5540c (664

10  mg, 1.97 mmol). The crude was used directly in the next step.

Step 3
O
)J\ O
O ”XHBOC OJ\N NCO
v L — VX
Cl
5540¢ 5540d

Compound 5540c¢ was converted to 5540d using the experimental
procedures from Step 2 and Step 3 in the preparation of compound 5665.

15 Step4

g
:’—'_ ’ o
j\ " N NH;
Q N_lNCO + HCI-HZN\/J§O o) o
A
5540d \v/
5500i S o
N NH,
0 oo N
O)l\N N\[rN\:/go 0] bo
K)q/\ PN
5700

To a cooled solution (0 °C) of the amine hydrochloride 5500i (30 .0 mg,
0.0.6 mmol) in CH2Cl, ( 2.0 mL) was added 5540d ( 2.6 mL, 0.131 mmol),
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+ OCN Cci CI  5030b 5030a 5530c To the isocyanate in

CH2CI 2 (10.0 nL) was added N-nethyl 15 chl oropropyl
w@niosesBeB80b (Al drich, 4901 o, 4.6 nmol )  andp¢11ES2005/005924

reaction mixture was stirréd at roomtenperature for

12 h, washed with sat'd NaHCO3, brine, dried over

i c [

SRy SR 39y comERAal St AN RR o sHEP
roommirblpenatljlréﬁ% ¥ i2¢eh, cHilugtabpith eghyl aqﬂrt&tra (RO;0 NHB}MGSI‘MBd\Wlth

a%/olfe £ bing. RBRYahNeH0e IIRSEofparury S i

ovl 304 15, e Rl (repto s 37001262 6B 7.

(MJ}I}I)O IL~IN NH, N NCO HCI HzN 1 O O 5530d 55001 ' NAYHN

corntiipytanaot o RIFR Dwale pyradfsti satod,

usnﬁg’pr&&ﬁﬁeﬁﬂ@éénbéﬁéﬁﬂﬁz (2.0 m) was added 5530d
nmL O 135 rmol) foll owed by DI PEA (68 uL, 0.4

: : iCeoN 2 D was sStirred at room
terrperaturefor 12h di | with ethyl acetate
(20.0 nmL), washed wi t h 3% grtric acid, brine, dried
over NaHCO3, filtered , copgceptragte 0Hand purified

over Si 02 using acetone-hex Ny yregd 5688
(17.0 ng). LCMS 660H2 (M&\H/)goo 4
N
O A
5743
Step 1
O O
CQN NHBoc QfN NHBoc
B ht
5003b 5550a

To a solution of 5003b ( 1.0 g, 2.9 mmol) in MeOH at -4 °C was added
NaBHj4 (11.52 mmol, 430.0 mg). After stirring for 20 min, the reaction was
quenched with CH,Cl,/ sat'd NaHCO3 (1:1, 60 mL). The aqueous layer was
extracted with DCM (3x 20 mL). The organic layer was dried over MgSO, and
concentrated to yield a white solid which was used directly in the next step.
The crude from the previous step was re-dissolved in EtOH ( 50.0 mL) and
Pd/C ( 10% by weight , 200 mg) was added. The reaction mixture was stirred
under a H, atmosphere for 12 h, filtered over a pad of celite and concentrated
to yield 5550a (0.999).

Step2
O

0
CﬁNYHBoc — CleNCO

5550a 5550b
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A nunber of anal ogs of conpound 5688 in Table 2 were
prepared from 5530d using the procedures descri bed

w@bmwsess24b Pr eparati on of ound 5700 t HJOQ¥d¥ARS20b8/005924
O0 0 1LJ, 5700 Step 1 KIOi 01 ci 5540a 5540b
WO 211115/1185242 118 PCT/US2 0115 /11115 9 2 4

ConpariMduRd BY50a0n RS @BARYed &P855%0b dsiny thiBRxpetiatental

converted into the correspondi ng chl orof ormate 5540b
progednrgstfremSitep &dinrtbe qirepamtion of gempauagR&hd.on of
St 5648. Step 2 0 OCOCI HzN NHBoc O~N ~ NHBoc C ~Cl 5
—9;955,0b 5004a 5540c To the ice-cooled chloroformate in
THE (10.0 nL) was added ami ne 5004a ( 543.0 ng, 2.51
mml ) and the reactign m'xtoure was stirred at room
tepperature for 12(h,\ dij utjed fii th Et OAc ( 250.0 ni)
h sat'd I ng, Xried over MgpSH4
\ | yer ¢d, cone@niN oto\yield 5540c (664 io ng, 1.97
| )7{The crude was used ectly in the next step.
Step 300 CAN NABoc ONNCO ~1/1 C

5550b 5052f %
N N X
i N lrzll\/go o \q;’?(
. d}xﬁ:ﬁ \g/ N
5743

To a cooled solution (0 °C) of the amine hydrochloride 5550d (45 .0
mg, 0.094 mmol) in CH,Cl ( 2.0 mL) was added 5550b ( 2.8 mL, 2.0 mmol),
followed by DIPEA ( 100 uL, 0.52 mmol). The reaction mixture was stirred at
room temperature for 1.2 h, diluted with ethyl acetate (0.0 mL), washed with
3% citric acid, brine, dried over NaHCO3, filtered , concentrated and purified
over SiO; using EtOAc-CH.Cl. (1:9 to 9:1) to yield product 5743 (32.0 mg).

LCMS 705.2 (M+H).
A number of analogs of 5743 in Table 2 were prepared from 5550b

using procedures described above.

Preparation of compound 5754

)

Step 1



I 5540c 5540d Conpound 5540c was converted to 5540d

usi ng the experinental procedures from Step 2 and
wek@p/ogs2en the preparation 1 conpound 5665. HGI/B5mps/dn5924

0 O + HCI HZN O O 5540d 55001 o WNrAyNH, 0" 'N

NN OOOmMmMD 5700 To a cooled solution (0 C) of the

am ne hydroahl ori de 55001 (30 .0 rrgo 0.0.6 mol ) in

CH2Cl 2 ( 2. » added 5540d ( Mecd31 mol ),
WO 2111151085242 (119 PCTHusz115(/ 1 N_115 9214
f ol | owed 91 ulL, 0.52 reaction

m xture was sti°red at roomtenperatite for 1.2 h,
diluted with ethsdi9acetate (20.0 nL), sweahed vvith 3%

citric,acid, brin dri ed ove
conEBRSORaRak T Ha Wes BEePYSS: r%ﬂ@zmng.fil-d&t" §65ording to the
oS d A8rPs08do. LOVS
pro%%gﬁfgéedf%ﬁg)ﬁe fé&'l rr%r%?ay% anal ogs of 5700 in Table 2
Stege? e prepared from 5540d using procedures descri bed
above. Preparation of target conmpound 5743 H O H

5 NyN~ OO N O5743 10 Step | OO0 NHBoc -' / NHBoc O
N=C=0 \/\
761:&/:(\ + Hc;HZN\/goo
5754a 5052f

— ﬁm‘“ﬁ B

5754
The product 5754 was prepared from 5754a and 5052f according to
the procedures described for the preparation of compound 5237.
A number of analogs of 5754 in Table 2 were prepared from 5754a
10  using procedures described above.
Preparation of compound 5812

o) N
PG SREAN
%1 5 N
5 /I\
5812
Step 1

15
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25

4 0 5003b 5550a To a solution of 5003b (1.0 g, 2.9
mol) in MeOH at -4 C was added NaBH4 (11.52 mol ,
W@ 3Ds0s3my) . After stirring 1%20 m n, the reaptT/UN00EE05924

quenched with CH2Cl 2/ sat' HCO3 (1:1, 60 nlL). The
aqueous | ayer was 1s extracted wth DCM (3x 20 nL).
The orggsynn. | ayer was dried over M)SB4cH o
concentrated(toMd eld a white solid which|was used
directly i e next step. The crude fr he

previ ous step was re-dissolved in EtOH ( 50.0 m-) and
Pd/ C (10% bgoddaght , 200 ngy) was added81Zhe reaction
m xture was stirred under a H2 atnosphere for 12 h,
filtered over a pad of celite and concentrated 20 to

Ysohf 0paTns 8L P RS, Dbyl MR (¥din PaaRthdded
50 GdmpsahNE60s. Giged oigarousl at iceEs0peratingot hanin.

Sto%?opééﬁ'%”ﬁﬁ‘ﬁ%'née%%‘%ﬁg%% @ 5UR PR i A TpRBRRE. R
Ly e L o 2o ut?'*é“nféé"%? Ny Bt

|mm9dnatniw Separated Srllayars after shed thaovater layereae2

mefe i i OB R0 Ere gL o&% ffmaeiidedan,,

eva(}ﬂdfhtﬁoeawgh S/acl Wit cait hot batin tme?Eih@t\uﬂ@mb(Hndlth%nrpurged
i

luted with_ethyl acetate (0.0 niL), ?
N, for 15 minutes. Diluted to 100 mL in DCM. Used as |t Is for further

reaction.

Step 2
(@]
BocHN BocHN ,\?\\
\/O\n/\NHMe + NCO - . ‘7]/N\
(0]
5812b 5812a 5812c

To the amine 5812b (Aldrich, 0.5 g, 4.2 mmol, 1 equiv.) in methanol
(20 mL) was added the isocyanate (5.5 mmol, 1.3 equiv.) and triethyl amine
(3.4 ml, 6 equiv, 25.2 mmol) and refluxed the reaction mixture at 90°C for 48
h. Stirring was continued at 100°C for another 5 h. The mixture was
concentrated and purified through a flash column chromatography to give
product 5812c¢ in 96.7 % yield.

Step 3
0 0
BocHN >\\ HCLH,N >\\
T —
0 0
5812c 5812d

To compound 5812¢ (650 mg) was added 4 M HCI/ Dioxane ( 25 mL)

and stirred at room temperature for 0.5 h. Evaporated off the solvent and



10

15

20

3%citric acid, brine, dried over NaHCC3, filtered ,
concentrated and purified io over Si02 using

weE@HosLHPCl 2 (1:9 to 9:1) i yi el d product S57EGI/(SD0£005924
ng). LCMS 705.2 (MtH). A nunber of anal ogs of 5743 in
Table 2 were prepared from 5550b using procedures

az%ﬁﬁ;@d[\ﬁ%’n ﬂ@%ﬁwh t%érgﬂ%ﬁt'haéthef‘ 1 tQRfB@e?%i’gh \5§c5fbr|21 Pt

NO O5 54 Step 1 WO
givé1id prod 88 24 quaadiitaf@T yleB2 0115 /11115 9 2 4 0 O
rvl,~NHZ HCI N=C=0 O 5019 5754a The i socyanate 5754a
—ex%% prepared from am ne 5019 according to the
procedures descri bed for\,t/he preparation of 5052d from

5052c.,Step 2 5 U ON NGONII I*\/ +
HCLI_I;!%I.HZN ~-OOOOT-5 4?‘?%)’54;[/\QHON~/\
Y
o -c- N

5812d 5812e H

H 0
N N N\/\
(o]
(o)

Sk I

Os_NH \\

T

_ A

29 Y
0 5812

To the amine hydrochloride (20 mg, 0.08 mmol, 1.3 equiv.) in DCM (5
ml) was added DIPEA (6 equiv.) at 0°C. Added isocyanate(3 mL, 0.02M in
DCM) under N2 atmosphere. After stirred for 30 min at 0°C and 90 min at
room temperature. Quenched with citric acid and extracted with EtOAc and
washed with brine. Dried over anhydrous sodium sulfate and filtered and
evaporated off the solvent. The crude product was purified via flash column
chromatography ( 10-40 % acetone-hexane) to give compound 5812 in 41 %

yield.

Representative compounds of the invention which exhibit excellent
HCV protease inhibitory activity are listed below in Tables 1and 2 along with
their biological activity in HCV continuous assay (ranges of Ki* values in

nanomolar, nM): category A <50 nM; category B > 50 nM.
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reaction. Step 2 o BOCHN BOCHN /O-NHMe + NCO Y NN~ O

O 15 5812b 5812a 5812c To the am ne 5812b (Al dri ch,
whh@dsgss242 2 nmmol , 1 equi v. )125n met hanol (20 nMEQT/UER®05/005924

added the |socyanate (5 5 mmol, 1.3 equiv.) and

triethyl amne (3.4 n, 6eqU|v 25.2 mol ) and
—reftuxed the teaction mxture at 90C flor 48 ;
Stirring was conti nue};(at 100C for angther 5 h. The
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96.7 %yleld Ste coiN . H2N N r N o0 |0 5812c
5g48¢ 25 To compgund, 5812c [B50 ny) vas added 4638.833
HCl /D oxaneg £25 my-) and stirred at {[roomtenperature
for 0.5 h. d off the solvent |and WO
21) 1) 5108524 23APCT1 us2015/ 005924 dzeotroped wth
hexane and then with ether. Kept under| high vac for 4
h to give the product in quantitative yield. Step 4
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ANN O WD 211115/085242 206 PCT/US2 0115 /11115 9 2 4

The present invention relates to novel HCV protease
w0 nhesser s. This utility ¢ be mani f est ed i nP¢11E$2005/005924
ability to inhibit the HoV9s3/ NS4a ser i ne pr ot ease.
A general procedure for such denonstration is
rtuoustrated by the—5 fottowmng T Vitro asspy. Assay
for HCV Pnotease Inhubﬁtory Aykivity:

Spect r ophgt onetric As N trophotgnetric| assay for
the HCV se¢rine pr el cano be perforlnmed on|the

i nventi ve|conpound foll bwi ng the |procedure
des&rided by R Zh n et al, Analyticdl B och@&d#5384
270 (1999) io 268- , the disclosure|of which is

i ncor por ated herefm™ by reference. The | assay| based on

the proteol ysis of~Chronogeni c ester substrates is

sui tabl e flor the continuous nonitoring of HCV NS3
protease activity. The substrates are | derived from
he P side of the Nbb§<NbSB 14 ction sequence (Ac
DTEDWK(Nva) , where X &¥WA org whose CG-term pa

car boxyl groups are 1 s&g%k ied with one of four

di fferent [chr onoph el s (3- or| 4-nitfophenol
7- hydr oxy-4- et hyl - ounarinn or 4-phenyl azophenol
I'1196f9 at ed bel ow rE' the synthesis, [chdract €eA£4906n
and appligation of these novel spectrjophotofetric
ester subgtrates (;ghlgh t hr oughput screeni ng and
detailed (kinetic @l uation of HCV NY3 prot ease
inhibitorg. 20 Materials and Methods: |Materi al s:

Chem cal rleagents for assay related buffers are
obt ai ned |{from Si gna Cheni cal Conpany [(St. Louis,

M ssouri).| Reagents for%zeptlde synt hesis were from
Al drich CHenicals, NovabrochemP(S&n Dilego,

[ [ [ Foster Gt

California), Appl GE] El Y,
Californig) a Pe j i osystens 2 Fr am
Mas3S4 %uset%%pw des (Zre synt hesi ze %n1205$@85

on an aut APl Jodel 431 syntheS|zer from
Appl i ed Bijosy ~ YVNI' S Spectronetler nodel LANMBDA
12 was frgm Perkin El ner (Norwal k, Connecti¢ut) and
96-wel | U\ pl ates were obtained from Corningj(Corning,
New York).| The prewarm ng bl ack can hel from [SA
Scientifiqg (Ccala, Floriga) 30 and,thel 96-well plate
vortexer ils fron1LainnezInstr%pe s (Melrose Park

@\(N N
5781 o :N irN 0% N° A | 712.08153
N
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Y |
Yy
O [@\((N N
5782 0 N OO © A 710.96559
N
SP !




[1linois).

wi t h nmonochr onet er
w@ Bwsngsead e,
Reconbi nant heterodi meric
(strain 1la)

A Spectramax Plus mcrotiter plate reader

S
California).

7

obt ai ned from Ml ecul ar
yme Preparation: PCT/US2005/005924

NS3/ NS4A pr ot ease
IS prepared by u3|ng t he procedures

Devi ces

pubtistred
PCT/ US2 0]
(1998) 33¢
det er m neg
HCV pr ot ed
acigizgdal ys
st orage by
nmM NaCl ,
nmM DTT) i 4
pH 6.5, 3(
mal t osi de,

115 /11115 9 2\4 Sal
)2- 3401) .

Prot2kn congen
1 by the BiQr
1se st anrgvg\ﬁgm
ﬁf
LOO

)0 mM Nadl ,

WO—2111157
et@!,

r?ati
d ug

y qug
SO Prior ty dssay |nitiati

y-8odi um phosphat e
|Q 0.05% | auryl g
exchan ed for the assay bl

10% gl ycerol, O.
5 pM EDTA and 5 pM DTT) uti

£ 1
previousty—(D—L:

085242
Bi oche
ons ar
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ntifie
onAth
pH 8.
[tosid
ffer (
05% | a
lizing

207
m stry,
e
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d by am no
e 668 Hprid4
D, 300 5

e and 10
25 mM MOPS
ur yl
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Biro-Spin R
Purificati
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chloride 1
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513-520).

usi ng Fnog
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ol umm. Substr &
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by anchor | =
esin u3|@

J.
The W
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reaction at roomtenperature. Pyridine solvent is
evapor at ed under vacuum and further renoved by
W@2®ensg2pi ¢ evaporati on wit ol uene. The peptPdBUSHS/005924
ester is deprotected with %o TFA in DCM for two hours
and extracted three tinmes with anhydrous ethyl et her
to Tenove [excess chronmophore. The  depyotected
substrate|is purified by reversedlphase HPLC|on a C3
or C8 coljum with a 3Q%3§$’60 o dcetonjitrile|gradient
(using si X colum 1115//085242|208
PCT/ US2 0115 /111} OTh veral || yield|{foll ow ng

HPL57$&rif|ca;&€gép ay e appr oxi mat el y| 20A309675310(823

nmol ecul ar Nconfirmed by el ectrospray
i oni zati on nass troscopy The substrates are
stored in|dry powder'form under desiccation.| s
Spectra of| Substrates and Products: Spectra of
substrateg and the corresponding chr oprophor ¢ products

are obtarned rn the pH assay buffer. Exf{inction
coefficients are determ ed at t opti mal offf-peak
wavel ength in 1- cuv es OYnm fpr 3-Np and HMVC
370 nm for| PAP an ﬁ;iﬁpw Np) using miltiple
di | uti ons.| The opti f gpe vel ength is$ _defined
as Pé89hat| wavq) engt h rJePdlng t he maxj nutn f i 86 6

di fferenceg in sonbamce between substrate and
product (prodict’ OB~ Osubstrate QOD)/substrate QD)
Prot ease Assay: prot ease assays argp performed at
30C using [a 200 pl reaction mx in a P6-well

mcrotiter| plate. Assay buffer conditions (2% MM _MOPS

pH 6.5, 300 mM Nad, 10%.gl ycerol, 06% | aunyl
mal t oside,| 5 pMis EDTA nd 5 pM are optim zed
for the NS3/ NS4A heter all et|a!,

i bid.)). Typlcally buf f en,

pr ei ncubatle r approximately B mnutjes. Fifty
pi s of prewar ease (12 nM 30Q) in agsay
buffer, is| then used toinitiate the reaction 20
(final voljume 200 pl).The plates are npnitored over
the length of the assay (60 minutes) for change in
absor bancel at the approg/late maveleng th (340 nm for
B-Np and HMC, 370 nm for=PAP, and OO nm for [4- Np)

§323296rat?2§§§§;| va/ ab:gdlg mg&Ld de¥H038

using a Spectro PI q{o It pl ate reader

equi pped with a @ qllcceptable results can
i ned wi ph pl a er at ut|lige qu

f||$2§i A 'zgg%gaé

Pr ot | eavage \af the ester i
bet ween th ?ﬁﬁfﬁfu
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chronophore is nonitored at the appropriate wavel ength

against a no enzyne blank as a contro
wmenseseynat i ¢ hydrol ysi s.

for

eval uati on of SPOBUSADT005924

ki netic paranmeters is perforned over a 30-fold

substrate

concentration range (-6-200

PM .

Initial

VEI ULI lI €3
30 kinetic
to the M
regr essi or
Tur nover
enz§med i s
0115 /11115
| nacti vat gr
conpetitiV
(27), Ac-L
det er m ned

are determned using inear
constants aréfobtalned y f
hael i s- Ment en q@tlon usi n
anal ysi g C rv t 1.1
unbers %pe cﬁ%l at ed

%e-N WO 211115/ 0852

f ul
§i§<§f | uati on of | nhi bj
Theo_Ebeltlon constants
elmmnmsM[HDGa)b

DTEDVVA( Nva) -
experinmentally at fixed co

OH and Ac- DTEDV

regre
itting
g non-
K. R
assun
42 /209
itors
(Ki)
I - (Cha
VP( Nva
ncent r

551 on _and
t he dat a
i near
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PT9/04347
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At i ons of

enzynme and
concentr at
M chael i s-
Ki neti cs:

where Vo
t heD7T¥ ti dl
any given
t he substr
are fitted
resul ting
cal cul ate

substrate by Iottlng vQ/ Vi
ion ([I] o) ac ordln Egthe
eti

5(1 +

Ment en eq t| r co
I :]{ T N
hi Ped itial v

vo/ vi
is the uﬂ

the presence o
in ncentration ([1]
ate conc ration used. The
using |inear regression and
slope, 1/ (Ki (1+[S] o/Km, is
the Ki_value. The Ki* value

VS. |
rearr
tive i
[S] o
el oci t
f  Anhi
o) and

resul t
i 0 the
used f
s (in 1

hhi bitor 5
anged

hhi bition
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i ng data

A\1”4

0
nanoMbl ar)

for sone d@
fol | owi ng

5795

nunber V QO

f the |nvent|mg conpound ar
Tabl e 4: Tabl 24 Cbnnpu

Oy %ﬁ

o

N N N

A

ein tl
tyuctur ¢

ne

D

L

Ki *

781.05741

5796

Y ¢
vy

S

[o]

>

738.97614

5797

UY
OQX @

765.01438




O O 5652NN 0 19 WD 2005/ 085242 210 PCT/ US2005/ 005924

y O NN, -~
WEIDMIMA9 N OV O

O5705 - y N3 OJYNVO NN OO
T I\%@N-G 00 5731 NYN BBT/0S2095/005924

NNom NO to OL 5753 ) 04 111 Nytu-"'(N-—~ 00
e ON 5754 N O 4 4 \WO 211115/ 1185242 211 PCT/ US2 0115
111159 24
\/
5798 q OYN ﬁ( A 726.96499
>
Y.
= 0
O (0]
0 @]
5799 C: O N A | 7129379
N—__N
Y
0
QE*N@N
(0] (o]
0 (@]
5800 C: OYN A 724.94905
N N
e
A4 |
R
[@\(Nﬁ("‘
GIRNE:
o (o]
5801 ><:Z Og-N A 740.99208
N—__N
WY
s (0]
[N_)\(Nﬁ‘:,('“
(0] O
o 0]
5802 ><:: OYN A 755.01917
N—__N
.




00 0O ON Ny 5755

(NO7 Oo

NN 00) O5775 N ~""

5 NOVO NON5781j~NN09 NY-1( OV O NN

WO y045/0852427 5793
y-.ONN 3.2 0CYV\D2111
/11115 9 24 Wile the present

| ~ y1 POr/63965/005924
85242 212 PCT/ US211115
i nventi on has been

5803

described tlon Wt h the
enbodi nent

nmodi fi cati

Wit Tconjun
s set forth ak

IC
S,

753.00323

5804

669.82827

5805

673.86015

5806

700.92675

5807

716.96978




and other variations thereof wll
5 art.
nd vari ati ons arBCT/US2005/005924

of ordinary skill
w@bdosnsmati ves,
i ntended to fall

in the

nmodi fi cati on

withint

be apparent to those

Al l

such

2%3aspi rit and scope of the

present invention. WO 20051085242 213
PCT/US2005/ 005924 Carms—Wrat— 175 ctajnmed 1737 1. A
conmpound, |or enanti orrerég,/ st ereoi sbmers, rotaners,
[ aut oners,| and racemat pund, or a
phar maceutji cal | y ag ate 5 or ester
pf sai d conpound, jsatd P t he gener al
st r 6808re | showa+4 n CE?N ; /I A N|Y¥3R0802
Y NO 2 0] YY ormula |  whereip: 10 RL is H,
OR8, NROR10, or S;Elo, wherein R8, RDP and R10 can be
the sane |or different, each being i ndependently
sel ected fromthe group consisting of | H alKkyl-,
al kenyl -, |al kynyl -, aryl-, heteroal kyl+, heteroaryl -
cycl oal kyl|-, heterocycly]-, arylal kyl-| and
het er oarylijal kyl; A and can e the sape or different,
each bei ng |ndepen eI @ct ed fromR| OR NHR
NRR , SR, [SO2R, an% \&/M afe connected to
each ot her (| n otdwe @s -L Mt aken toget her&
suc®8PBat i ePyrN M /A LE shown| abBve |i#£0.99208
Fornmul a | for tther a three, four, siXx, seven or
ei ght - 20 [menber ed cl oal kyl, a four to
eight-nmenbered heterocyclyl, a six to fen- nenbered
aryl, or a five to ten-nenbered heteroaryl;
Y |
o
Q\r“ N
0O o
0
5810 QQ O-N A 767.03032
N N
T
&, o
[:\13\("‘%,(“
o} o
. N
5811 r( O5-N A 631.77888
N\\(N N
Y
Y
& o
Q\r"‘ N
*/g (0] (o]
o 0
5812 H< Oy-N Il A 683.85536
1P




Eis C(H or C(R)

C(RCH2: R R,

and

Lis (H, (R,

R3

CH2(R) ,

can be the sane or

or

waledobesamt | each be| ng 25 |2Je)grependently sel ect BOI/USNF/005924
the group consisting of H™al kyl -, al kenyl-, WO
2005/ 085242 214 PCT/ US2005/ 005924 al kynyl
cyctoalkyl=——heteroatkyl=, heterocyclhyi—= ar yi—=
het eroaryl{-, (cycl oaIM |
(heterocygl yl) al kyI -
het er oar yl|- al kyl - nd R |n NRR
are conneg¢ted tq NRR fprnms a
f oup81td eijght - rrb@ 'éi het er ocycl yl ; ardl Y| B87.88724
selectedfrom owi ng noieties: |0 19 19 o
R15ANHG / %‘%7 R18 | R17 R18 Ro , R2 O R19
R1900R19 OO xN RN. S: NG R15,, NG ~s Rl 1& F R
R16 R20 R17 R18 R20 R17 R18 R20 O R17 | 0 R19;00 1R19
'"R1IG/ R15N~ uG/ R17 R18 R16 R16 R17 R18 RRo OO O
RT9 O O R1I9 RI5/ SNG / R15 N| R20 R17 RL8 or R16
A R18 R2q O wherein Gv4s NH andl R15 RL6R17 ,
R18, R19 gnd R20 can or differewt each
bei ng i ndependent | y>%§/lge @om the group
consi sting of Hg Cl C1- C10 heteroa kyI
C2- 83t al Kenyl het er oal kenyl , 026-\01)65I1W1
C2- C10 hetler oaL@ N CS Ca cycloal kyl| C3-Ch
Y
5815 ° OYN <K'( A | 6858713
N N N
1 L
Y
5816 '/QN OYN A 685.8713
N N
P e
Yoo
: %NWN
OYN
5817 ShoN A | 740.99208
e
O




het erocyclyl, aryl, heter
ei ther R15 and R16 can be
wo eoosngs2ipur to ei ght - menb

oaryl, or alternately: (i)
connected to each other to

het er ocycl
other to f

%@gp cycl oal kyl or PCT/US2005/005924
yl, or R15 and are connected to each
orma five to 15 eight-nenbered cycl oal kyl

or _hetero
other to f
het er ocycl
and R16 ar
to eight-n
each8t8 s4g
het er ocycl
i ndependern
sel ected f
al koxy, ar
am do, alK

yctyl,—or RIS gnd RZ0O are cognnecteg to each
orma five to3y |ght nenb red cycl opl kyl or
yl, and (i) yi ndependently, R17

e connect td“e c ot er ta forma three
renber ed,, tychoad yI heterocycly , Wherein
i d_al , G, heteroaryl, cydh oa| KpB.0H323
ylifbtzé 8 unsubstituted or optiopnally

tly sub Pzguted with one or [nore [oieties
romthe group consisting of:

yl oxy, thio, alkylthio, ary

hydr oky,
yl am no, aryl am no, al kyl su

20057 0852

sul f onam do,

car boxy,

al koxycar bonyl am no,
aryl ur ei do,
claim1, wherein Rl is NRORLO,

| t hi o, | am no,
fonyl,| WO
2 215 PCITus20157/005924 aryl sul fonyl,
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10

15

20

25

30

M M M OH/ NM~NN ~N\ N, M J/  and F 13
1-3 1-3 4. The conpound of claim1l, wherein R2 is

we edososa from t he group i sting of the foPdDUAI0G5/005924
noi eties: WD 2005/ 085242 PCT/ US2005/ 005924 H ,
CH3 , CH, I Il CH3 CH2F CH3 CH3 F r F H, FFF ~F F3C

CF3 FCH3 F~/ FFFF-FFNC- FF3C " 0-3 OS F CH
5 \0- ~S(0)0-2 CH3 CH3 S(Q0-2 CH3 CH3 F F F F On=
0- 3The plestnt ifvehtioR rElatédtanove HGV protease inhibitasssDhig
217 PCT/ US211115 /11115

utility can be manifested in their abi?ltyztodl'nhibit the HCV NS3/NS4a serine
protease. A general procedure for such demonstration is illustrated by the
following in vitro assay.

Assay for HCV Protease Inhibitory Activity:

Spectrophotometric Assay: Spectrophotometric assay for the HCV serine

protease can be performed on the inventive compounds by following the
procedure described by R. Zhang et al, Analytical Biochemistry, 270 (1999)
268-275, the disclosure of which is incorporated herein by reference. The
assay based on the proteolysis of chromogenic ester substrates is suitable for
the continuous monitoring of HCV NS3 protease activity. The substrates are
derived from the P side of the NS5A-NS5B junction sequence (Ac-
DTEDVVX(Nva), where X = A or P) whose C-terminal carboxyl groups are
esterified with one of four different chromophoric alcohols (3- or 4-nitrophenol,
7-hydroxy-4-methyl-coumarin, or 4-phenylazophenol). lllustrated below are
the synthesis, characterization and application of these novel
spectrophotometric ester substrates to high throughput screening and detailed
kinetic evaluation of HCV NS3 protease inhibitors.

Materials and Methods:

Materials: Chemical reagents for assay related buffers are obtained
from Sigma Chemical Company (St. Louis, Missouri). Reagents for peptide
synthesis were from Aldrich Chemicals, Novabiochem (San Diego, California),
Applied Biosystems (Foster City, California) and Perseptive Biosystems
(Framingham, Massachusetts). Peptides are synthesized manually or on an
automated ABI model 431A synthesizer (from Applied Biosystems). UV/VIS
Spectrometer model LAMBDA 12 was from Perkin Elmer (Norwalk,
Connecticut) and 96-well UV plates were obtained from Corning (Corning,
New York). The prewarming block can be from USA Scientific (Ocala, Florida)
and the 96-well plate vortexer is from Labline Instruments (Melrose Park,
lllinois). A Spectramax Plus microtiter plate reader with monochrometer is
obtained from Molecular Devices (Sunnyvale, California).

Enzyme Preparation: Recombinant heterodimeric HCV NS3/NS4A protease

(strain 1a) is'prepared by using the procedures published previously (D. L.
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5. The conpound of claim 1, wherein R3 is sel ected
fromthe group consisting of: T CH30 CH3 CH3 CH3'
WERBEBSLHB CH3- ~SCH3 CH3 CH3 J ) OZEt r rPGODUL0bIBMDS924
S 60F6F CFR3F 0-3F F H3CA0O3 CF3 5 COCH O
CH3-YJI 6COR OCH3 CH3 31 CH3CH3 COR CH3 Me 6 NWe O

SaliB{ b1 Plag ety 37 SRR MO RN R CgosTEens o

deten@idEd iy $e Borad AyghiReibo® usditg recombinant HCV protease
standards previously quantified by amino acid analysis. Prior to assay
initiation, the enzyme storage buffer (50 mM sodium phosphate pH 8.0, 300
mM NaCl, 10% glycerol, 0.05% lauryl maltoside and 10 mM DTT) is
exchanged for the assay buffer (25 mM MOPS pH 6.5, 300 mM NaCl, 10%
glycerol, 0.05% lauryl maltoside, 5 yM EDTA and 5 yM DTT) utilizing a Biorad
Bio-Spin P-6 prepacked column.

Substrate Synthesis and Purification: The synthesis of the substrates is done

as reported by R. Zhang et al, (ibid.) and is initiated by anchoring Fmoc-Nva-
OH to 2-chlorotrityl chloride resin using a standard protocol (K. Barlos et al,
Int. J. Pept. Protein Res., 37 (1991), 513-520). The peptides are subsequently
assembled, using Fmoc chemistry, either manually or on an automatic ABI
model 431 peptide synthesizer. The N-acetylated and fully protected peptide
fragments are cleaved from the resin either by 10% acetic acid (HOAc) and
10% trifluoroethanol (TFE) in dichloromethane (DCM) for 30 min, or by 2%
trifluoroacetic acid (TFA) in DCM for 10 min. The combined filtrate and DCM
wash is evaporated azeotropically (or repeatedly extracted by aqueous

Na2CO3 solution) to remove the acid used in cleavage. The DCM phase is
dried over Na2S0O4 and evaporated.

The ester substrates are assembled using standard acid-alcohol
coupling procedures (K. Holmber et al, Acta Chem. Scand., B33 (1979) 410-
412). Peptide fragments are dissolved in anhydrous pyridine (30-60 mg/ml) to
which 10 molar equivalents of chromophore and a catalytic amount (0.1 eq.)
of para-toluenesulfonic acid (pTSA) were added. Dicyclohexylcarbodiimide
(DCC, 3 eq.) is added to initiate the coupling reactions. Product formation is
monitored by HPL.C and can be found to be complete following 12-72 hour
reaction at room temperature. Pyridine solvent is evaporated under vacuum
and further removed by azeotropic evaporation with toluene. The peptide
ester is deprotected with 95% TFA in DCM for two hours and extracted three
times with anhydrous ethyl ether to remove excess chromophore. The
deprotected substrate is purified by reversed phase HPLC on a C3 or C8

column with a 30% to 60% acetonitrile gradient (using six column volumes).
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61 OHM M O0-3F3CCF3 G C M M FF and

H3CTCH3 Rai H3C CH3 CH3 CF3 wherein R31 is OH or
w@r@bkgd232 and s R32 is H, C% CH3, C(O O Bu OrpCT/US2005/005924

C(ONHtBu. 6. The conpou of claimb5, wherein R3is

selected fromthe group consisting of the follow ng

TR Y SR SIS ol P20
Theehvldsalat hidssldas0bd coafiGhad by 2l&traddBayiddtiBation mbsske O
0 H HOHH CF3 a_C H3 CF3 ~ M - CF d
SPRCIEPICIBYERDSHIPFIRIoR ars SIARg B ST RAMEHSE{E ANRee,
de¥feesidm Gis NH 5 8. The conpound of claim1, wherein

Y is selected fromthe group
Spectra of Substrates and Products: Spectra of substrates and the

corresponding chromophore products are obtained in the pH 6.5 assay buffer.
Extinction coefficients are determined at the optimal off-peak wavelength in 1-
cm cuvettes (340 nm for 3-Np and HMC, 370 nm for PAP and 400 nm for 4-
Np) using multiple dilutions. The optimal off-peak wavelength is defined as
that wavelength yielding the maximum fractional difference in absorbance
between substrate and product (product OD - substrate OD)/substrate OD).
Protease Assay: HCV protease assays are performed at 30°C using a 200 ul

reaction mix in a 96-well microtiter plate. Assay buffer conditions (25 mM
MOPS pH 6.5, 300 mM NaCl, 10% glycerol, 0.05% lauryl maltoside, 5 yM
EDTA and 5 uM DTT) are optimized for the NS3/NS4A heterodimer (D. L. Sali
et al, ibid.)). Typically, 150 ul mixtures of buffer, substrate and inhibitor are
placed in wells (final concentration of DMSO <4 % v/v) and allowed to
preincubate at 30 °C for approximately 3 minutes. Fifty pls of prewarmed
protease (12 nM, 30°C) in assay buffer, is then used to initiate the reaction
(final volume 200 ul).The plates are monitored over the length of the assay
(60 minutes) for change in absorbance at the appropriate wavelength (340 nm
for 3-Np and HMC, 370 nm for PAP, and 400 nm for 4-Np) using a
Spectromax Plus microtiter plate reader equipped with a monochrometer
(acceptable results can be obtained with plate readers that utilize cutoff
filters). Proteolytic cleavage of the ester linkage between the Nva and the
chromophore is monitored at the appropriate wavelength against a no enzyme
blank as a control for non-enzymatic hydrolysis. The evaluation of substrate
kinetic parameters is performed over a 30-fold substrate concentration range
(~6-200 pM). Initial velocities are determined using linear regression and
kinetic constants are obtained by fitting the data to the Michaelis-Menten
equation using non-linear regression analysis (Mac Curve Fit 1.1, K. Raner).
Turnover numbers (kcat) are calculated assuming the enzyme is fully active.
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consisting of: H3 HY30 N 30\ 30 YN 30 NY30 NY N
YFH HY30 Y30 Y30 N Y30 ~iN\ Me 0-3 0-3 VY31 N Y31
woR0d3asd42 Y31 HO HH Y 31 N\ Y31 H Y31 Ne(YB8SMhbE/005924

31 1\Y)~0-3 FCA A W 5/ 085242 220
PCT/ US20115/ 005924 H H H Y31 N Y31 NY31 NY 31 N~

Ev%&@éﬁ Qf_’zﬁi[}ﬁ)it%rs ?né%‘%&tiv&éﬁw R fhhilitidnNohdtanty [K) Yorink!

competitive inhibitors Ac-D-(D-Gla)-L-I-(Cha)-C-OH (27), Ac-DTEDVVA(Nva)-
OH and Ac-DTEDVVP(Nva)-OH are determined experimentally at fixed

concentrations of enzyme and substrate by plotting vo/vi vs. inhibitor

concentration ([l] o) according to the rearranged Michaelis-Menten equation
for competitive inhibition kinetics: vo/vi = 1 + [I] o /(Ki (1 + [S] 0 /Km)), where
Vo is the uninhibited initial velocity, vj is the initial velocity in the presence of
inhibitor at any given inhibitor concentration ([lJo) and [S]o is the substrate
concentration used. The resulting data are fitted using linear regression and
the resulting slope, 1/(Ki(1+[S] o/Km), is used to calculate the Kj value. The
Ki* values (in nanoMolar) for some of the inventive compounds are in the

following Table 4:

Table 4
Compound structure Ki*
number
e o]
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0O y32 is selected fromthe group consisting of: H

- - - Whilevthe) pred&nt, inVentionl hais Beén ideScrlad withlig confuncfion with

the specific embodiments set forth above, many alternatives, modifications
and other variations thereof will be apparent to those of ordinary skill in the
art. All such alternatives, modifications and variations are intended to fall

within the spirit and scope of the present invention.
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OH, OCF3, OCH(CH3)2, OC(CH3)3, F, d, Br, NH2,
wWORiBOaLHA NHC(O) CH3, N ,  NO2, SO2NH2, EFBUSIB5/005924
Et, isopropyl, cyclopropyl5 ' t-butyl and phenyl. 9. The

conpound of claim8, wherein Y is selected fromthe

group consisting of: H c\@i!&YBO N Y30 H Y30 Nom 10
7 H HY30 Y30 N\$ Y30 31 N\ F M 0-30-30-3H

Wit igicldini@d is Y3 N Y cL. Y31 N / and 1-4 0-4 F F

wherein Y30 and Y31 . | ted f t.h
1. bt o abaseuRob oS 55T Hiamers, and
racgaieS SPeal orfipodiiord hifactiuicaly Shebntabigal, Neate
or &ter obsgd@om@EsindDsiid tompiiontl haMol the gemneral strugt@reo

show it Foraule® ~

Formula |
wherein:

R'is H, OR® NR°R™, or CHRR', wherein R®, R® and R can be the
same or different, each being independently selected from the group
consisting of H, alkyl-, alkenyl-, alkynyl-, aryl-, heteroalkyl-, heteroaryl-,
cycloalkyl-, heterocyclyl-, arylalkyl-, and heteroarylalkyl;

A and M can be the same or different, each being independently
selected from R, OR, NHR, NRR’, SR, SO2R, and halo; or A and M are
connected to each other (in other words, A-E-L-M taken together) such that

the moiety:
M

N
by

shown above in Formula | forms either a three, four, six, seven or eight-

/A
E

membered cycloalkyl, a four to eight-membered heterocyclyl, a six to ten-
membered aryl, or a five to ten-membered heteroaryl;

E is C(H) or C(R);

L is C(H), C(R), CH2C(R), or C(R)CHy;

R, R’, R?, and R® can be the same or different, each being

independently selected from the group consisting of H, alkyl-, alkenyl-,



\'1I NN I N4 CESA 00OO NCINXNOI N~~ ~fN O O '
0 OOOO N_z NAAUN/N ~~""N,,,\' nNN—~O0O"'

W Sysiose 0 912 00 N-'z >< 4N X11! Y32'N- 5
VD 211115/ 1185242, 225 PCT/28P11115 /11115 9 2P%TQ52E“5%?5924

i YI2 N-Y12' 'NN AN "-~Odp ,--~O0O OOOO
alwvgwogyglwylheterﬂa@ryl Ohg’gerocrwaﬁ , ,an'/_fy\l?ﬁtero,qrﬂ}, 4 N /OCO
c&lc@allfylﬁlkﬁﬂ'}"’(’hé{e%yclﬁ)a@y@-, Qryl-alkyl-, and heteroaryl-alkyl-; or
alternately R and R’ in NRR'’ are connected to each other such that NRR’

forms a four o eight-membered heterocyclyl;

5 and Y is selected from the following moieties:
0 R1g 0 R19
15
R15" °N G'"",s‘v R\O)LN G\é“
| ri7TR8 | riTRE
’ RZO
R19
R15 .0 e G o R - 15JOLN)*G-?‘
\N S‘N)\ﬂ ,s“ 15/ ‘N/RGT}S R 18
;] R bo i7 R18 20& RI7TRT
R16 R20 =4 R20 R ) R 8]
(9] 19 W //() R1g G
R@\N)J\N G.?’ ris ™~ -.?s
: 17 18 .
R*é F‘q%‘ RITR® RZUAO RER
\\// G O\\é/ R
15 G-
< /%< I RO
R2° R R R A RITR®
RZD ]

wherein G is NH or O, and R'®, R"8, R' | R'®, R" and R® can be the
same or different, each being independently selected from the group '
10 consisting of H, C4-Cyg alkyl, C1-C4p heteroalkyl, Co-Cqg alkenyl, C2-Cio
‘heteroalkenyl, C2~C1g alkynyl, C2-C1o heteroalkynyl, C3-Cs cycloalkyl, Cs-Cs
heterocyclyl, aryl, heteroaryl, or alternately: (i) either R*® and R'® can be
connected to each other to form a four to eight-membered cycloalkyl or
heterocyclyl, or R™ and R" are connected to each other to form a five to
15 eight-membered cycloalkyl or heterocyclyl, or R'® and R are connected to
each other to form a five to eigthmembered cycioalkyl or heterocyclyl, and (i)
likewise, independently, R and R"® are connected to each other to form a
three to eight-membered cycloalkyl or heterocyclyl,
wherein each of said alkyl, aryl, heteroaryl, cycloalkyl or heterocyclyl
' 20 can be unsubstituted or optionally independently substituted with one or more
moieties selected from the group cbnsisting of: hydroxy, alkoxy, aryloxy, thio,
alkylthio, arylthio, amino, amido, alky[émi_no, arylamino, alkylsulfonyl,



N NyN~.~"4, VNNOOpO /) OO0 HNYN, H\ ~Ny and
~NYN,,,C5 0000 y32 is selected fromthe group

w@eonsiosing of : WO 2005/ 08%%2 226 PCT/ US2005/ POB0R2005/695924
, Mw T Y HII p Oand O nd Y12 is selected fromH,
COON, COOwve, CONH2, Owe, OH, OCF3, OCH(CH3) 2,

oGy Regshi BB X, o,

car&é{%@pbamdxarmdbualkbxy’tmib@mdayﬂno HkoXyearnyoond of
claim1, wherein the miiety: MA L-E CN Z ~111 OO
a|ky|ld”|eld05 a@du@d%&a*@m&n%aﬂem%% ng structures: M M

F\ ccimggurg"of HRIIVF v@é‘bﬁ@“la%%%ﬁ”'bag@gg iIOHIRCGE H,
5 alkyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, alk’yl-aryl, alkyl-heteroaryl, aryl-

alkyl, alkenyl, alkynyl or heteroaryl-alkyl.
3. The compound of claim 2, wherein R is selected from the group

consisting of:

o R N
LM 5\974, \441/_4\, ~s

.
a”vf"’;\ﬁ%?,fwf:;\wj\

I

1-3

@SW f‘w@/l\ fs\qk

1-4

OH

R/><OH | E%_?’ |

o, jomMe  AgyTOMe , YoM
ve ve e
Y %(Lji;] | &r*jzi] | az*Tiik
Oy Y0
S S e

4. The compound of claim 1, wherein R? is selected from the group

10

consisting of the following moieties:
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wherein R*' is OH or O-alkyl; and

is H, C(O)CHj3, C(O)OtBu or C(O)N(H)tBu.
The compound of claim 5, wherein R® is selected from the group

consisting of the following moieties:
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7. The compound of claim 1, wherein G is NH.
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Y32 is selected from the group consisting of:
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e Me/ii, \/E, YE >’/ V/
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5 and Y'2is selected from H, COOH, COOMe, CONHz, OMe, OH, OCFs,
OCH(CHs)2, OC(CHa)s, F, Cl, Br, NHz, NHSO2CH3, NHC(O)CHs, NHCO,CHs,
NO.,, SO,NH,, CF3, Me, Et, isopropyl, cyclopropyl, t-butyl and phenyi.

9. The compound of claim 8, wherein Y is selected from the group

consisting of:
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| east one antiviral agent. 18. The pharnmaceuti cal
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pharmaceuti cal conpositio f claim 18, wherein said
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Y?2 is selected from the group consisting of:
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and Y'2is selected from H, COOH, COOMe, CONH,, OMe, OH, OCF;,
OCH(CHa)2, OC(CHs)s, F, Cl, Br, NHz, NHSO2CHs, NHC(O)CHs, NHCO,CHs,
5 NO,, SOsNH,, CF3, Me, Et, isopropyl, cyclopropyl, t-butyl and phenyl.

10.  The compound of claim 1, wherein the moiety:
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11.  The compound of claim 10, wherein the moiety:
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12.  The compound of claim 11, wherein the moiety:
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14. A pharmaceutical composition comprising as an active ingredient at
least one compound of claim 1.

15.  The pharmaceutical composition of claim 14 for use in treating
disorders associated with HCV.

15 16. The pharmaceutical composition of claim 15 additionally comprising at
least one pharmaceutically acceptable carrier.

17.  The pharmaceutical composition of claim 16, additionally containing at
least one antiviral agent.
18.  The pharmaceutical composition of claim 17, still additionally

20 containing at least one interferon.
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16. The pharmaceutical composition of claim 18, wherein said at least one antiviral
agent is ribavirin and said at least one interferon is a-interferon or pegylated interferon.

20. The use of a pharmaceutical composition comprising a therapeutically effective
amount of at least one compound of claim 1 for the manufacture of a medicament to
treat disorders associated with the HCV.

21. The use of claim 20, wherein said madicament is formulated for oral or
subcutaneous administration.

22.  The uée of a co;n‘pound of claim 1 fdr théfnanufadturé df a medicament to treat
disorders associated with the HCV.

23. A method of preparing a pharmaceutical composition for treating the disorders
associated with the HCV, said method comprising bringing into intimate physical contact

at least one compound of claim 1 and at least one pharmaceutically acceptable carrier.

24, A compound exhibiting HCV protease inhibitory activity, or enantiomers,
stereoisomers, rotamers, tautomers, and racemates of said compound, or a
pharmaceutical acceptable salt, solvate or ester of said compound, said compound

being selected from the compounds of structures listed below :
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25. A pharmaceutical composition for treating disorders associated with the
hepatitis C virus (*HCV"), said composition comprising therapeutically
effective amount of one or more compounds in claim 24 and a
pharmaceutically acceptable carrier.

26. The pharmaceutical composition of claim 25, additionally containing at
least one antiviral agent.

27.  The pharmaceutical composition of claim 26, additionally containing at’
least one interferon or PEG-interferon alpha conjugate ("pegylafed
interferon”). '

28.  The pharmaceutical composition of claim 27, wherein said at least one
antiviral agent is ribavirin and said at least one interferon is a-interferon or

pegylated interferon.

29, The use of one orl more cbmpounds of claim 24 in the manufacture of a
medicament for the therapeutic and/or prophylactic treatment of a hepatitis C virus
associated disorder.

30.  The use of one or more compounds of claim 24 in the manufacture of a
medicament for the therapeutic and/or prophylactic treatment of symptoms of hepatitis C
viral infection.

31.  The use of one or more compounds of claim 24 in the manufacture of a
medicament to modulate the activity of hepatitis C virus (HCV) protease for the
therapeutic and/or prophylactic treatment of a hepatitis C virus associated disorder.

32.  The use of claim 31, wherein the HCV protease is the NS3/NS4a protease.

33.  The use of claim 32, wherein the compound or compounds inhibit HCV

NS3/NS4a protease.
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34,  The use of one or more compounds of claim 24 in the manufacture of a
medicament to modulate the processing of hepatitis C virus (HCV) polypeptide for the
therapeutic and/or prophylactic treatment of a hepatitis C virus associated disorder.

35.  The use of claim 34 comprising contacting the HCV polypeptide under conditions
in which said polypeptide is processed with the medicament.

36,  The use of an at least one compound, or enantiomers, stereoisomers, rotamers,
tautomers, and racemates of the at least one compound, or a pharmaceutically acceptable
salt, solvate or ester of the at least one compound in the manufacture of a medicament for
the therapeutic and/or prophylactic treatment of disorders associated with the Hepatitis C
Virus (“HCV?™), the at least one compound being selected from the following:
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37.

A comipound of cldim 1 in purified form.
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