I NHI Bl TORS OF HEPATITIS C VIRUS NS3/ NS4A SERI NE

PROTEASE Field of the Invention The present invention
woeb@tosss2t 0 novel hepatitis C virus ("HCV') praCease004/041579

i nhi bitors, pharmaceutical conpositions containing one

or nore such inhibitors, nethods of preparing such

i nhi bitors and nethods of using such inhibitors to
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Invention a I'scl oses novel Tmacro
conpounds as i nhibi tors of the HCV NS3/ NS4a serl ne
protease. This application clains priority fromU.S.
provi si onal pat enFiebdlofcthe dnvestionl Nunber
60/ 528845 fil ed Decenber 11, 2003. Background of the
Invention 10 Hepatitis Cvirus (HCV) is a (+)-sense

tho hgrarsEHIBRTTOR R © BlerbtRER: WA bER P~
rdtéé%%lbltlﬁé I prarhideytical drapskiterocortbBihddNBIdr more such
BB- NANBH) (see, International Patent pl1cation

mhmmrfs,c@@mﬁism‘ PePaiiN® 286 iInktikitars PoPerAtPEs A using such
mt@ﬂfgﬁ?@irb Phgb%tﬁcgta\"n%r}em E%o%gérsz%ﬁ?s 'nb@% %(gclijlglggally

|ngU|s romo ert es 0
discloses mivebmzerosy/alit campoepds iasi |Eh1h|t0rsr ofsthe Oy ,NS3/NS4a

hepatitis V|r delta he atl Vi ruys DV),,
serigh BHERR b 8PPt LGlanEn Biie b e -5 Pl igtpataet
apPiddiions SEHaMGHIbRF 602508848 filbd YRIcefirgase 2pagh as

al cohol ismand primary biliar cirrhosis. Recently, an
HCV protease necessary for polypeptide processing and
20 viral repli caél OE has eFthe ent |tf| ed, cloned and
expressed; (see, ac qrouj_l & nvention

Hepatitis C virus (HCV) is a (+)-sense single-stranded RNA virus that

has.been implicated as the major causative agent in non-A, non-B hepatitis
(NANBH), particularly in blood-associated NANBH (BB-NANBH) (see,
International Patent Application Publication No. WO 89/04669 and European
Patent Application Publication No. EP 381 216). NANBH is to be
distinguished from other types of viral-induced liver disease, such as hepatitis
A virus (HAV), hepatitis B virus (HBV), delta hepatitis virus (HDV),
cytomegalovirus (CMV) and Epstein-Barr virus (EBV), as well as from other
forms of liver disease such as alcoholism and primary biliar cirrhosis.
Recently, an HCV protease necessary for polypeptide processing and
viral replication has been identified, cloned and expressed; (see, e.g., 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
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Patent No. 5,712,145). This approxi mately 3000 am no
acid polyprotein contains, fromthe amno termnus to

W0 b@s50588RoXy term nus, a nucl eocapsi d protei n PCH/US2004/041579

envel ope proteins (El and E2) and several

non- struct ur al proteins(NSl,2 2, 3, 4a, 5a and 5b). NS3
is an approxi mately 68 kda protein, encoded by

approxi mately 1893 nucl eoti des of the HCV genome, and

NP | 8k ONAS8%s ak Bkd1§ 6BIfERtoif smddY
(con’sél’\g?idr%g ofé??p%t?)())?i@rrat e? %E)ggo%r]?]a{télhg N-term gea{I o ed
byappmxéoatdy 1888 npbjectideRNAthteld EVigenomEFare has iwp Higtinct

RBRS Do e ppast CONETLFgoRroRel PPERTTgehbon eLine

NGErhinE baind ia@Rist And1(B) &h RNRAUBBRGeNOATPasé domain at the C-
t hr eedi nensi onal structure and nechani sm of catal ysi s.

taunmsh@mnmrpgq@@.i TheiNG3 ertpaes isseensifered ssmenmbaialthe

Xa r onhi LYPSin 1. 0. - i

oot e ickstalod pe AaMids it bAoA EuehED St three-

difisienal Straicairetdidl ethasipi afecataigbiyprather ohymbtrypsn-like
NS3/ NS4a, NS4a/ NS4b, NS4b/ NS5a and NSS?/ NS5b j uncti onl§

eaANeS af glasiass faiPhiKa, MEPMGEhAYREIM &'35R. ytakigase, PA

- y . . : :
BT RATEEHGTNL L Blng BUES: SPacpIREmIgts RBILIof e
p@lyﬁbp@id@(pcd%m@éih)eamhﬁN?]TB@JSMM4MN%TWMN35&&M

i nhi bi.t such, proteg T I dulate th .
N&S@éﬁ%bd\jﬂ%@%éﬁ& ihys eAorslIq IRbBeTReRY L dfal proteins
d0As l@ﬁ'ﬁf‘re%ﬁfﬁﬁd'ﬂ.n?ﬁistﬂé%t mhbAs tASHT\PNEFIéétine?Protease an
approxi mately 6 kda pol ypeptide, is a co-factor for
atthastivetarget foraandivirel charmetheyapy. N3 invantive cearayadsican

e R e Mol Bl oG el B e o
VLS BMEYs polypRptidee processed

It has been determined that the NS4a protein, an approximately 6 kda
polypeptide, is a co-factor for the serine protease activity of NS3.
Autocleavage of the NS3/NS4a junction by the NS3/NS4a serine protease
occurs intramolecularly (i.e., cis) while the other cleavage sites are processed
intermolecularly (i.e., trans).

Analysis of the natural cleavage sites for HCV protease revealed the
presence of cysteine at P1 and serine at P1’ and that these residues are
strictly conserved in the NS4a/NS4b, NS4b/NS5a and NS5a/NS5b junctions.
The NS3/NS4a junction contains a threonine at P1 and a serine at P1". The
Cys—Thr substitution at NS3/NS4a is postulated to account for the
requirement of cis rather than trans processing at this junction. See, .4.,
Pizzi et al. (1994) Proc. Natl. Acad. Sci (USA) 91:888-892, Failla et al.
(1996) Folding & Design 1:35-42. The NS3/NS4a cleavage site is also more
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internolecularly (i.e., trans). Analysis of the

natural cleavage sites for HCV protease reveal ed the
w@e@sossel of cysteine at Pl and serine at PV aPdI/uBzin4/041579

these residues are strictly conserved in the

NS4a/ NS4b, NS4b/ NS5a and NSia/ NS5b junctions. The

NS3/ NS4a j uncti on contains a threonine at P1 and a

serine at P1'. The Cys- "Thr substitution at NS3/ NS4a

toie?aﬁg(?ﬁﬁh@g%ﬂe%% tﬂ‘éﬁQHthrfé?VSIthe sre%q 8l d.eReykiovcesal.

rat than trans processin hi S J uncti on. See
(189¢) J. Virplz 88: 7625aT 533. 18 haip cobeerNéaund W@éamdsz:tesmmm

TR Bt ool ot ST P e
s&@@%‘glwrﬁé%@fawimnﬁ%@ltﬁmmm%evher sites. See,

e ol I ykhal ov et al.” (1994) JL/iroL 68:7525-7533. It
has lahidopeehHCUpttenss thet have beesiranesed inalyge r egl on

AR B ARE B S4Bt yo
08/Ma o8 1), G8rtabiepitheé andpétidecasalos Kdeé, interestimal Ratent

ADRHGHURRT SRR WA T Eatd et b TS5 Njochesn.

—é é?er nater IB%)hnagfaﬂ B{éﬂlarb pgbgéﬁB%‘?:ﬂe %r?goléo%n’ﬁ 1(2(9?_]1;65@3
BARTet 62D (1298)Biooed. Med. Cha97) el Schetd-1363)0 Brtibiagadased

on {20 Mg racid pplipbhide el NEMy 8{al (Y Hidchem,

3P 1]IZ§§ 144 @2 lnHlﬁl’fBrQ'aﬁ‘ﬁﬁlﬁ/ AsQEd Aont REMEPr PR dreatRssétretory
—pol ypept i l'in c (Martin et al. (1998) Bi ochem

trsaﬁsm lnMBlmn(bE’@ I-GHrangd minibody fenﬁrtqyre§e( ippPimasiet al.
(R, VB CR R B, U SR B e ey loms o
aﬁ‘iibody fragment) (Martin et al.(1997)_Protein Eng. 10:607-614), and o.1-
antichymotrypsin (ACT) (Elzouki et al.) (1997) J. Hepat. 27:42-28). A
ribozyme designed to selectively destroy hepatitis C virus RNA has recently
been disclosed (see, BioWorld Today 9(217): 4 (November 10, 1998)).
Reference is also made to the PCT Publications, No. WO 98/17679,
published April 30, 1998 (Vertex Pharmaceuticals Incorporated);, WO
98/22496, published May 28, 1998 (F. Hoffmann-La Roche AG); and WO
99/07734, published February 18, 1999 (Boehringer ingelheim Canada Ltd.).

HCV has been implicated in cirrhosis of the liver and in induction of

hepatocellular carcinoma. The prognosis for patients suffering from HCV
infection is currently poor. HCV infection is more difficult to treat than other
forms of hepatitis due to the lack of immunity or remission associated with
HCV infection. Current data indicates a less than 50% survival rate at four

years post cirrhosis diagnosis. Patients diagnosed with localized resectable



(1997) J. Virol. 71:7461-7469), cVHE2 (a "canelized"
vari abl e donmai n anti body fragnent) (Martin et
W@bk0oo§0987) Protein Eng. 10:607-614), and al- PCT/US2004/041579
anti chynotrypsin (ACT) (El zouki et al.) (1997) J.
Hepat. 27:42-28). A ribozyng designed to selectively
destroy hepatitis C virus RNA has recently been
di scl osed (see, Biowrld Today9(217) : 4 (Novenber 10,
|dfedh: enpRie RC3f 10-30%, whereas
h%ﬁﬁg%%lgjtl ons&m%‘ltaa @@5317679 Shﬁltl)?éﬂgﬁed ril 30
thogesvifVerakizecrunesackable a@p@,topalﬁda@mrgt@d‘y h@ys a five-year
98/2 May 28, 1998 (F. Hof fmann-La Roche
?gqigq,%’%gtb%eﬂ & publ i shed February 18, 1999
( BoeRédeGﬁCe IspabBab wmaegzg LB.6 WoaasAbagnee
irrﬁllcated in cirrhosis of the |iver and E%ﬂ)dOC“on
5 BeehmrgritlBgelheiin drapada) ke ubtisbed QgaBRT 121 which
pat | r ection is currently
d%gfosgghéeﬁgépggy%&l ‘gﬁ%%“l‘ r]%fi cult to treat than
ot her fornms of hepati gie to=t he | ack of inmunity
or reni ssion associ a th HCV i nfection. Current
data indicates a | ess A 9% survival rate at four
years post cirrhosis diagngsis. Patients di agnosed
W th | ocalized resectabl enepatocel | ul ar carci noma have
a five-year survival rate af 10-30% whereas those
with |ocalized unresecta epat ocel | ul ar carci noma
have a five-year survjval\rafe of,less than 1%
Reference is made to W 608, 027,
Assi gnee: Boehringer | ‘gel hei mi( Ca y Ltd.
Publ i shed Cctober 12; 209/09 whi’ ch ¢ scl oses pept| de
derivatives of the formi¥a:- -Refer'ence is made to A
Marchetti ef a/, Synlett, SJ ., 1000-1002 (1999)
Reference is made to A. Marchetti et al, Synlett, S1, 1000-1002 (1999)

describing the synthesis of bicylic analogs of an inhibitor of HCV NS3

10 protease. A compound disclosed therein has the formula:

AcHN

COOH
Reference is also made to W. Han et al, Bioorganic & Medicinal Chem.

Lett, (2000) 10, 711-713, which describes the preparation of certain o.-

ketoamides, a-ketoesters and a-diketones containing allyl and ethyl

15 functionalities.
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descri bing the synthesis of bicylic anal ogs of an
i nhi bitor of HCV NS3 protease. A conpound disclosed

wo b@sessszhas the formula: AcHN \ SH COOH Ref er POI/ES1084/041579
also made to W Han et al, Bioorganic & Medicina
Chem Lett, (2000) 10, 711-743, which describes the
preparation of certain a- ketoam des, a-ketoesters and
a-diFf ones cont ai ni ng allél and et hyl
f unctYCRIENFe iealsranade e W O H0ADEH htkisigreanB @hringeh 8

bi -+ R0 -nger I | hei i ted; Published
e SN Fe L et ooa T iondiedlesEs depve
defivativesfafitimeifarmuwa: V where the various el enents are
defined therein. An illustrative conmpound of that
series is: H3C ,HN CH2 Reference is al syoR?made to WO
00/ 09543 (Assi gnee: Boehringer | ngel hedm Limted,
Publ i shed February 24, 2000) which di sc}@ses pepti de
derivatives of the fornul a:where the various el enents

are defined therein. An ¢l luskrativ ound of
H
HiC Ay N N
\”/ \A1/ N/k”/ >
H 'l
H
o] R 0

where the various elements are defined therein. An illustrative compound of
that series is:

@]
Iz

HaC

Reference is also made to WO 00/09543 (Assignee: Boehringer

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



that series is: HCCH 2 Reference is also made to U. S
6, 608, 027 (Boehringer Ingel heim Canada) which
waoele@slossses NS3 protease inhibitors of the typePCRURIIAYISTI
O wherein the various noieties are defined therein.
Current therapies for hepatgtis Cinclude interferon-a
(I NFa) and conbination therapy with ribavirin and
interferon. See, e.g., Berenguer et al. (1998) Proc.
Assoc. Am Physicians 110(2):98-112. TRgse therapies
suffer froma | ow sustai ned response/(ate and frequent
side effects. See, e.g., Hoofnagie &t al (1997) N
Engl. J. Med. 336: 347. Currently, no\vacm ne is
avai l able for HCV infection. Referenc® is further nade
to WD 01/ 74768 (AsSsgnee; IS’ertex Phar maceuti cal s I nc)
publ i shed Cct ober 11, i scl oses certain

conmpounds of the¢ foll oW ng gengral rmula (Ris
definedd herein)| as NS3- seri prot€ase i nhibitors of
Hepat i t i § ™€ wirus A i onpound, di scl osed

in the aforé°‘3ment|o ed WO 1/7ﬁ76’8 has\t h¢% ol | owi ng
formula:H C. . XH CH3

OH

Trz

0
where the various elements are defined therein. An illustrative compound of

that series is:

N o
X \CH3
=

Iz

Reference is also made to U.S. 6,608,027 (Boehringer Ingelheim,

Canada) which discloses NS3 protease inhibitors of the type:



Reference is al so nade to W002/18369 (Eli Lilly and
Conpany) which di scl oses protease inhibitors. An
WO bdogmsssat i ve conmpound di scl osed therein has tPEr/US2004/041579
structure: NS, QOVHNNN( HON Reference is
al so made to WO03/006490 (Vertex Pharmaceuticals)
whi ch di scl oses bridged bicyclic protease inhibitors.
An illustrative conmpound disclosed therein has the
structure: Ho N O OgV x QRAF H 6 PCT Publications
WO 01/771 13; WO 01/ 0813¢ {0 02/ 08198; WO 02/ 08256;
WO 02/ 08187; WD 02/ 082447 \WD 02/ 48172; WD 02/ 08251
and pending U.S. patent appPication, Serial No.
10/ 052, 386, filed January gﬁgmzooz di scl ose vari ous
N
of

types of peptides and/or,0 rNco/{mounds as NS3/ NS4a
serine protease inhibitor h 4dtis Cvirus.
Furt her nor e, pendi ng U. S. gpI(Pcé ions Serial No.

60/ 506, 637 fil ed SeptenberR4 26:"2003;

wherein the various moieties are defined therein.
Current therapies for hepatitis C include interferon-a. (INF) and
combination therapy with ribavirin and interferon. See, e.a., Beremguer et al.
5 (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.
Reference is further made to WO 01/74768 (Assignee: Vertex

10  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:

CH, CH,

( ©
Q 0

A specific compound disclosed in the afore-mentioned WO 01/74768 has the

15  following formuia:
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60/ 497,749 filed August 26, 2003; and 60/ (Attorney
Docket No. I N06122) filed Novenber 20, 2003 discl ose

WO 0508882t ypes of protease inhibitors. The di SBCDESI00£041579
of those applications are incorporated herein by
reference thereto. There is & need for new treatnents
and therapies for HCV infection. There is a need for
conmpounds useful in the treat ment or prevention or

anel i or at of one or™ Hsynpt ongus,0f hepatitis C
There |s a need Lor th ds of treatjment or prevention
or amell ® Sy ops of hepatitis

C. There i's a eedzfor limet Hods |If or g the
activity of sem IE~Qr Ot eases, par i hec,HCV
NS3/ NS4a serine™ pr ot éﬁse Qg ¥ helfco pr ovi ded
herein. There is a need f et'hods cof dul ating the

processi ng of HCV pél ypeptide using the conpounds

provi ded hereg
af ore-nmenti onad W
di scl oses several “ee¢ Applicants found that a
specific type of conpounds surprisingly exhibits good
HCV NS3/ NS4a serine protease inhibitory activity.
ThusRefenencesisnalsy neadeott VWdA2'] 836 (i bitig mindi Qemipahpwhich
rovi des novel. .cl as L nhi bitors of
B B5es BE Sara kst An fluskBue colbRuPeliedpsharipespio has
thelstirteeof the conpounds, methods of preparing
phar maceuti cal fornmul ati ons conprising one or nore
such corrpounds, med hods of

N—”\o

H o o Me
—F FH)\©
Wf

Reference is also made to WO03/006490 (Vertex Pharmaceuticals)
which discloses bridged bicyclic protease inhibitors. An illustrative compound
disclosed therein has the structure:

‘n\

NVU\WN

INCNER

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
NS3/NS4a serine protease inhibitors of hepatitis C virus. Furthermore,
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treatnment or prevention of HCV or anelioration of one

or nore of the synptons of hepatitis C using one or
woeoos/0ssseh conpounds or one or nore such for nuPEL/USIN84/041579

Al so provided are nethods of nodul ating the

interaction of an HCV pol ypegpti de with HCV protease.

Anong t he conpounds provi de? herei n, conpounds that

i nhi bit HCV NS3/ NS4a serine protease activity

o‘?rl?% gféﬁﬂrcaTBﬁs RIRSPRb. BOMBRLE N1kl Seflbfblep£6852003;

or enantioners, stereolsoners, rotaners,
60/49?,6:49rfsed AugssE2@@a93s andrél acenditosney Dosket No. IN06122)

| |
ISR eR tinr o, BOBISHERTR i nBS B RaSs SRlibtprs. The
dllé‘élﬁ’sﬁ‘lgzstcmh@@é‘ 8ppicatibhy %tré'rrﬁzcﬁfb@mﬁedi Refeon byirefdrends thereto.

For mul a wherein: Rl H, OR8, NRIOR10, or
CHR9'ﬁ1<ETe umemeaedwfomnewme@merm@ndafheta@l%@ré"b@é ifection.

di f f.
T@érgdgr elgélésq @? 0881 DSl ids d%%ﬁ.}ﬂ%‘ﬂ?@{n%%trﬁ 3} eo‘?gvc%ﬁtﬂfﬂ she
amelier@idhif one@fthe® éwhptor@/@ﬂ I@@bdtbﬂb C. aryl al kyl and
heteroaryl al kyl: E and J can be the sanme or diff

each b@raqlg 3 "r'ﬁ%i)@ﬁd@?ﬁhws%Fréétf’@@n’ﬁ‘qrd?ﬁet’ﬁ%t'c& gﬁame?oratlon
Ofc&m%b Sgﬁ‘ﬁﬁ%mgéf itid\RR7, SR, halo, and S(®2)R,

y connected to each other to
fornT laettehlera raededwfoeenethodsgmmmdtrlaémgdhe)actmm ddyderiner a

prtor'gergseest, %a?t%c%ligriyn’gﬁg%é\?%g?fl\%ﬁ?acggrlir% 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.

Summary of the Invention
The afore-mentioned WO 02/08244 publication broadly discloses

several compounds. Applicants found that a specific type of compounds

surprisingly exhibits good HCV NS3/NS4a serine protease inhibitory activity.
Thus, in its many embodiments, the present invention provides a novel class
of inhibitors of the HCV protease, pharmaceutical compositions containing
one or more of the compounds, methods of preparing pharmaceutical
formulations comprising one or more such compounds, and methods of
treatment or prevention of HCV or amelioration of one or more of the
symptoms of hepatitis C using one or more such compounds or one or more
such formulations. Also provided are methods of modulating the interaction of
an HCV polypeptide with HCV protease. Among the compounds provided
herein, compounds that inhibit HCV NS3/NS4a serine protease activity are



moiety; Zis N(H, NR, or O with the proviso that

when Zis O Gis present or absent and if Gis
w@e@sesss2ivi th Z being O then Gis C(=0; G nap@BEUS2004/041579

present or absent, and if Gis present, Gis C(=0O or

S(@2), and when Gis absentypZ is directly connected

to Y;Y is selected fromthe group consisting of: R NN

NNNNHXNH\ HOO i | HHXNH, NH- NHOOOy
préfedrel] . NFhegfasent INveNtish thudHiBCEsENatdMhBbUhdX INen@Rtiomers,

XRX=0 SNHX=0S NH" .
stereoisomers, rotamers, tautomers, diastereomers, or racemates of said

compound, or a pharmaceutically acceptable salt, solvate or ester of said

compound, said compound having the general structure shown in Formula I:

E J
O
H 1
N R
RS R4 N
H 2
G N O R 0
v >y o
5 o} RS
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
- 10 consisting of H, alkyl-, aryl-, heteroalkyl-, heteroaryl-, cycloalkyl-, cycloalkyl-,
arylalkyl-, and heteroarylalkyl;

E and J can be the same or different, each being independently
selected from the group consisting of R, OR, NHR, NRR?, SR, halo, and
S(O2)R, or E and J can be directly connected to each other to form either a

15  three to eight-membered cycloalkyl, or a three to eight-membered heterocyclyl
moiety;

Zis N(H), N(R), or O, with the proviso that when Z is O, G is present or
absent and if G is present with Z being O, then G is C(=0);

G maybe present or absent, and if G is present, G is C(=O) or S(O2),

20 and when G is absent, Z is directly connected to Y;



Ho N6 JI XXHNO-NNNNHRHNs cx X=0 S, NH
</ i A=0 NHR R7, R, R3, R4 and R5 can be the

wa a08/088820i f f erent, each being i ndependent|y sSPCBUSEM4/041579
fromthe group consisting of H alkyl-, alkenyl-,
al kynyl -, cycl oal kyl -, hetergal kyl -, heterocyclyl -
aryl -, heteroaryl-, (cycloal kyl)al kyl -,
(heterocyclyl)al kyl -, aryl-al kyl-, and
het e¥agkglectedjrbm thehgoap tonsistinglorsai d het er oal kyl ,
heteroaryl and heterocyclyl independently has one tqﬁt
Si X oxygen, nitrogen, sulfurR or phosphorus atons;
mheneln each of said al kyl er oal kig | ken
al lg/yPFyI’ aryl , (%m%zoaryl (%:’ﬁaal kyl ~dhd’ Nnete ,\}N
moNetNi es ¢an bu—wnsubstltuNeNHor,optl alN'y -
i ndependently substitUted with one or nore nnletles

sel ected fromthe group consisting of EE;X}, al kenyg ,

al kyqyl, aryl, IkyI cycleal kyl, het&rogyclyl, JU
hafo, %droxy ﬁ(TB, alkoxggig/'loxy Xal %th|oFW X
ar , am N&m do, es car box %Hacvd L—<
chbanate ur@a ket one, é?dehyde, cyano, nitro,

sul fonam do, aPBeNHde, sul fone, sul XKo@y NHrea, X=OS NH

N R
N T [ = HNA(%

N=N N-NR - N=N N—N
L W@f N 7/\#: §“</] , E%N],
NN 104 X=O,5NH |

‘HL 74
EEE <R < gL -V <

R e @U 4. W“
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hydrazi de, and hydroxamate. The conpounds represented
by Formula 1, by thenselves or in conbination with one
w@eroososss2Dt her addi ti onal suitable agents di scPOBES2004/041579
herein, can be useful for treating di seases such as,
for exanple, HCV, HV, (A or Acquired | mmune
Deficiency Syndrone), and related disorders, as well
as for nodul ating the activity of hepatitis C virus

pr ot ease, reve i ng anellora |ng ong or
ynpto of l uch rm
tre verftlo ration be doevvlth

the i nvent i ve compounds &s vvel | as with pharmaceuti cal
conposi tions or fornul at+0Ons Nebnpri si ng such
conmpounds. Wthout being linmted to theory, |s

bel i eved that the HCV protease rmy be the 3 or

prot ease.i The_inventiv ompou nh|
pr ot e%a§e§ They>cén. gal s%/% p oC siél‘@
hepatitis C virus (HCV) 'pol ypept de. Defdi!led

Description In an enbodi mept,o kg present invention .
di scl oses conpounds which are represented by
structural Formula 1 or a pharmaceutically acceptable

sal t, | vat or este t hereof, wherein th ar.i ous
moi &R 89 %%8%a8 @af; ge@afél?@\ﬁae Slaﬁ"eaﬂb‘li“ﬁﬁe’gn%%‘a?l P%'HQ

ffgp T ol ol oV Jf o s

alkyyIQaliphikyk) keteraalicyl-, hetbtodybigt-earyds heteroaryl-,

e E S S BBl B Anerei

&8t sid Ret&tbalk, hetdrodryl and heterocyclyl independently has one

to six oxygen, nitrogen, sulfur, or phosphorus atoms;

wherein each of said alkyl, heteroalkyl, alkenyl, alkynyl, aryl, heteroaryl,
cycloalkyl and heterocyclyl moieties can be unsubstituted or optionally
independently substituted with one or more moieties selected from the
group consisting of alkyl, alkenyl, alkynyl, aryl, aralkyl, cycloalkyl,
heterocyclyl, halo, hydroxy, thio, alkoxy, aryloxy, alkylthio, arylthio,
amino, amido, ester, carboxylic acid, carbamate, urea, ketone,
aMehyde,cyano,mho,suﬁonanﬂdo,suﬁoﬂde,suﬁone,suﬁonwtnea,
hydrazide, and hydroxamate.

The compounds represented by Formula 1, by themselves or in
combination with one or more other additional suitable agents disclosed
herein, can be useful for treating diseases such as, for example, HCV, HIV,
(AIDS or Acquired Immune Deficiency Syndrome), and related disorders, as
well as for modulating the activity of hepatitis C virus (HCV) protease,
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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
5  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

10 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'®, where R® is H, R*® is H or R™.
wherein R is alkyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, alkyl-aryl-, alkyl-

15 heteroaryl-, aryl-alkyl-, alkenyl, alkynyl or heteroaryl-alkyl-.

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

following moieties:
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the group consisting of: OR NHR and NRR7 and Y32 is
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anot her enbodiment, Z is NH |In another enbodinent, Z

is N(R. In another enbodinmgpt, Zis O when Zis O

then G can be present or absent, and if Gis present

with Z being O then Gis C(=0. I|In another
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wherein R*' is OH or O-alkyl; and
R3 is H, C(O)CHs, C(0)OtBu or C(O)N(H)tBu.
in another embodiment, R® is selected from the group consisting

of:
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is selected from the group consisting of:
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the arrow contai ni ng designations on a noiety ~ and

represent the connecting pojgits of the nmoiety to the

respective positions shown in the parent structure,

e.g., in Formula |I. Yet another enbodi nent of the

i nvention discloses sone of the invent(i)ve conpo@nds of
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In another embodiment, Z is NH.

In another embodiment, Z is N(R).

In another embodiment, Z is O; when Z is O, then G can be present or
absent, and if G is present with Z being O, then G is C(=0).

In another embodiment, G is present and G is C(=0) or S(0Oy).

In another embodiment, G is absent.

In another embodiment, Y is selected from the group consisting of:
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In another embodiment, the moiety:
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In general, the arrow-containing designations on a moiety m{/and

L represent the connecting points of the moiety to the respective

positions shown in the parent structure, e.g., in Formula l.

Yet another embodiment of the invention discloses some of the

inventive compounds of Formula | in Table 1. Also disclosed in Table 1 is the

NS3/NS4a serine protease inhibitory activity (Ki* in nanoMolar) for some of

the inventive compounds.
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meani ngs: "Patient" includes both human and ani mal s.
“"Manmal " means humans and ot her mammal i an ani mal s.
wO 20kpF8s2neans an al i phatic hydrocarbon group MII/TR2000§41579
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preferably about 2 to about 6 carbon atons in the

chai n. Branched neans that one or nore | ower alKkyl
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consi sting of alkyl,

aryl

an aromati ¢ nonocyclic or
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group consisting of wgén,o afkyl, &ryl, cycloalkyl,
and aral kyl . "Ring qutpnwsubstituent" may al so nmean a
single npiety which sinultangeously replaces two
avai |l abl ¢ hydrogens on t ao c ntk c rlp}on atons [one
H on each bon) on a rifdsyste mpl &s of spch
noi ety are nethylenerdﬁvkm et Hylcenedhoxy, - C(CH3) 2-
and the |ike which ©
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form noi eti es such as, for exanple:.o . and
"Heterocyclyl" nmeans a non-aromati c saturated

wWOoRwsoysski ¢ or multicyclic ring system conpri sPEUSHOU041579
3 to about 10 ring atons, preferably about 5 to about
10 ring atons, in which onegpr nmore of the atons in
the ring systemis an el enent other than carbon, for
exanpl e nitrogen, oxygen or sulfur, alone or in

conbhgakb@RboVa sy ﬁfr@u@ﬁo@cth%ccﬁé%lo%wgﬁﬂe fNevig terms,
sul fur atons present inthe ring system Preferred

umlese pteywisgl I@d@atﬂCbusﬁaatb@Luncterst@OQB@thtaVe the figjlayrings .
m}he nDrefI X aza, oxa or thia before the heterocyclyl
6019 ame neans that at least a ni trogen, oxygen or

sul f trateherinclages ooty Rlishdnsart esiedls.as a ring atom
Any - NHin a heterocyclyl ring may eX| st protected

such “Nammadr meReapLEIanssanh other mrmmaligp@Emmals. N Tos)
d |
e i R B SR8 s

bemthbe atnntdommislnyg sbbet 1 taiabdut30 oaronratontsain'the repain.
syst em substi tuent s" may  be

h t . .
PHifpran alio! CEMpSantals it o R 1A Catha AIQTPS Jihegshain.
VRYE IgPéfe B'Qllgfl gt&%ﬁ@érﬁéﬁﬁ%ﬂ%dﬁH t%aébd%ﬁ GQPerQH@tJJMS in the
oXI rrespondi ng N-oxide, S-oxide or
clsib- Brandhdd me«ne thationeryy nesenipives alidy! graupstsush as methyl,

e@FPB 19015):)/ )ﬂpg tag Ii%cggﬁ)}llrnlegﬁﬁ\k%ﬂ%}qlfﬁsiL%\A%?ra'll%)fl means a
' abbity! to Hbb@Z® thmionyatoms, ||4*tﬁ|e @Néiﬁty\lvhlch may be
tetrahy rof uranyl, tetrahydrothi ophenyl

straighbaebraastied hehe tare "subsivied alkyk rﬁ@@@e‘atha’tétte akkyl group
S QattReG WY HbPfhdrl RAbSMEL AR MAER Wiky be the same or

different, each substituent being independently selected from the group
consisttng of halo, alkyl, aryl, cycloalkyl, cyano, hydroxy, alkoxy, alkylthio,
amino, -NH(alkyl), -NH(cycloalkyl), -N(alkyl),, -N(alkyl)2, carboxy and —C(O)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
atoms in the chain which may be straight or branched. The term "substituted
alkenyl" means that the alkenyl group may be substituted by one or more
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i nvention, there are no hydroxyl groups on carbon

atons adjacent toa N, Oor S, as well as there are no
wWOR@s/0B8gr oups on carbon adj acent to anot her PCT/US2004/041579

het eroatom Thus, for exanple, in the ring:there is no

-OH attached directly to capgons marked 2 and 5. It

shoul d al so be noted that tautonmeric forms such as,

for exanple, the noieties: Hand N' NCH are

sultstuetets echicty mayatbeemfa $meejrtcﬁﬁféreaﬂ‘@é@hr&m@etmht bbing
i.nvention. " k means .an al kynyl - %Ik yl -
'nQPBSBd?WIWIQﬁteﬁH@rBI“R%EWU%E‘EP%$W obhaloadlkpr 8llous! y
b I
ARy Eland S (), RV Slos df fale
alhanyelrgroups @toudesethengl) phopéreyl ab-buteny@irldthylbuiag-enyl, n-
tes of SU|tabIe aIkynyIaIkyI groups incl ude
p?ﬁt&ng temyt A0Y deceR¥ler oar al kyl " neans a

het evmywl“ ﬁ‘ie'é}ﬁ% an%l%@atlb myuméa?béﬁgra% emawﬁg 8Rast one

al kyl are as previously descri bed referred
carboeresaban kyole boodtaananblcmmey belstraighjrasippanched and

cRBTboE P35 BB To B SRS 175 i e gy
gloipd Haveldouprierdboi®H 2tdarbén bitrs titHehéhaih;kad more
Hydr oxyal kyl " means a HO al kyl - g_@é)up in_which al kyl

pr%er@lmmut&@ gbasf w&on mt@mérim nwnoﬁmqbpnsmeans that
orﬁlé’gﬁ gﬁ(&gllwf alﬂglt%ljouP g@‘h@gﬁ% X%’{n@( %?o@é S 3eRleq

toZa hyelaaloadkmyiycham Plcwver alkwm;ﬁ" aeansEHout 2 taldbyplut 6(darbon
atomsc% tlhgachgn Wth% may %e stralght or branched. Non-limiting examples
of suitable alkynyl groups include ethynyl, propynyl, 2-butynyl and 3-
methylbutynyl. The term "substituted alkynyl" means that the alkynyl group
may be substituted by one or more substituents which may be the same or
different, each substituent being independently selected from the group
consisting of alkyl, aryl and cycloalkyl. .

"Aryl" means an aromatic monocyclic or multicyclic ring system
comprising about 6 to about 14 carbon atoms, preferably about 6 to about 10
carbon atoms. The aryl group can be optionally substituted with one or more
"ring system substituents” which may be the same or different, and are as
defined herein. Non-limiting examples of suitable aryl groups include 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.
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whi ch the various groups are as previously described.

The bond to the parent noiety is through the carbonyl.
wee@sosssed acyls contain a | ower al kyl. Nonli mP€T/ng2004/041579

exanpl es of suitable acyl groups include fornyl,

acetyl and propanoyl."Aroyl36 neans an aryl-C(O) - group

in which the aryl group is as previously described.

The bond to the parent noiety is through the carbonyl.
Prafemnred Mteraigylsmleabﬁut Suo edioue 6 gnguatsmsadhed@eteroaryl”

d neans an a
caf i araN s PR, P pne g B ing Syarean oSl rents which
m#AEEE &h@@ﬁmemlﬁéf@n‘t'% Qﬁéaé@l:léﬁnéﬁ herdih 2Rl SpRETK R4, oxa
oups include nmethoxy, ethoxy, n-propoxy, | Sopr opoxy
or gma hefergt tbeyhetaioarysandt name meeag that ahisiast 3a nigoge, anxggen

or shtuRA @RL SRR oy, 5 oSt a9 E0NE. APy Rpoadteh or

hebéraahyil @ahibedosticHall @Xidiedid m@hioere%rpbhemg LGRS Non-
i.ncl ude phenoxy and napht hoxy. The bond to the parent

hmwgeeyamglqsrﬂfmguab{aql@et@fq?évlsmlgdﬂ pyrigyla pX5aziwg. furasiths
thléﬁglaf@l wdm&ggﬁ&ﬂ%  { |H%ﬁ@|h§m-%pﬁsﬁﬁgéxd;§%ﬁlcgfn%%$ ibSxeBolyl,

nscstmatzalyl @xazalykxthrawlygrpymmalylnﬁlraz@;bepmydlylxwymdlyl or
pht hal enenet h bond to the parent noie

tigAaI 2 HEBGBREN SRR PYGATH, GinRgaliny! pthaladiny

oxm Il Olﬁg?gicggg?ﬁg\é@n‘ilkb@ﬁ%lzﬂfylb ﬂﬁ%&)ﬁ% Bgﬁ%qjurazanyl,
mdnjylt amledalyl(}Uemlzimidgmllybbehzoﬁhmmll naptinglirtyh imicamblyl,
thl?hg H:r qunazollnyp(%hlenopynm%?/ %r)]/trrorlrgﬁy%d){d lmic}ahzro%%crl]yl,
isoquinolinyl, benzoazaindolyl, 1,2,4-triazinyl, benzothiazolyl and the like. The
term “heteroaryl” also refers to partially saturated heteroaryl moieties such as,
for example, tetrahydroisoquinolyl, tetrahydroquinolyl and the like.

"Aralkyl" or “arylalkyl” means an aryl-alkyl- group in which the aryl and
alkyl are as previously described. Preferred aralkyls comprise a lower alkyl
group. Non-limiting examples of suitable aralkyl groups include benzyl, 2-
phenethyl and naphthalenylmethyl. The bond to the parent moiety is through
the alkyl.

"Alkylaryl" means an alkyl-aryl- group in which the alkyl and aryl are as
previously described. Preferred alkylaryls comprise a lower alkyl group. Non-
limiting example of a suitable alkylaryl group is tolyl. The bond to the parent
moiety is through the aryl.

"Cycloalkyl" means a non-aromatic mono- or multicyclic ring system
comprising about 3 to about 10 carbon atoms, preferably about 5 to about 10

carbon atoms. Preferred cycloalky! rings contain about 5 to about 7 ring
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"Arylthio" means an aryl-S- group in which the aryl
group is as previously described. Non-limting

wex@apbsss1 of suitable arylthio groups include PCT/US2004/041579
phenyl t hi o and napht hyl thio. The bond to the parent
nmoi ety is through the sul fugz "Aral kylthio" neans an
aral kyl -S- group in which the aral kyl group is as
previously described. Non-limting exanple of a

atems. dhleccyalcaliky Ichhibe @psmlly subetrtméd With .onéhsr ord"rirg
t he parent nmoi ety i s throug

SYSigm pubsiiiuesis WhisB may bﬁé’éﬁ@a%@ o Jifferent. gy areavdpfined
I
ab¥y. NoR-frhfiflgSSRmIES of bufatle oo cSilioXyaBaRbolude,
cymmlilopyi cyrécgpamtqhtcynbhekyd cwclmirnpci}ymng tree tleer. INDTylimiting
" Ar on S a - -. group.
SRS A AR S L S ligiory.
addrRERG| ARG tHE R hanREY ‘éﬁg@%lk/ Wa@@%@&éé’ %a&m@y#or

The bond to the parent ety is through the carbonyl.
examplek tdpoyk, betrghydreeapithyrang thiedike. O- C(O) - gr oup.

Non-. g | e e.a Ikox sar bon
grouﬁ#@%@n?ﬁ%o@nﬁ%ﬁ%o}f% gg%rﬁ'?]é gOtHeE rfgr%‘?fﬁe'
Prafeeéy arsfldvims!dhidrite aad bRstiine. " Al Kyl sul fonyl " nmeans
an al kyl -S(Q2)- group. Preferred groups are those in

whi CIR'B%QY%ilem/ﬁU@ﬂBU%nﬁ"ﬁnﬁP%\ﬁeﬁ supstifuentritagheddotan aneenatic
o RrRBloriBiEliNg spebH AN, il rracdd il SULIRRY! "
hydrogery onghé Imnguag:htérheng $ysgrh. suBbﬂtuteﬁtsmna;'Lthﬁﬂ'let Setrﬁd or
dlﬁgren? eac‘”ﬁt bémg n'?cgepr{eonrd%n é// a@ Pe%?é]ds from t%e group consisting of
alkyl, alkenyl, alkynyl, aryl, heteroaryl, aralkyl, alkylaryl, heteroaralkyl,
heteroarylalkenyl, heteroarylalkynyl, alkylheteroaryl, hydroxy, hydroxyalkyl,
alkoxy, aryloxy, aralkoxy, acyl, aroyl, halo, nitro, cyano, carboxy,
alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl, alkylsulfonyl, aryisulfonyl,
heteroarylsulfonyl, alkylthio, arylthio, heteroaryithio, aralkylthio,
heteroaralkylthio, cycloalkyl, heterocyclyl, -C(=N-CN)-NHj, -C(=NH)-NH,,
-C(=NH)-NH(alkyl), Y1Y2N-, Y 1Y2N-alkyl-, Y;1Y2NC(O)-, Y1Y2NSO,- and
-SO2NY4Y2, wherein Y1 and Y, can be the same or different and are
independently selected from the group consisting of hydrogen, alkyl, aryl,
cycloalkyl, and aralkyl. “Ring system substituent” may also mean a single
moiety which simultaneously replaces two available hydrogens on two
adjacent carbon atoms (one H on each carbon) on a ring system. Examples of
such moiety are methylene dioxy, ethylenedioxy, -C(CHs)z- and the like which

form moieties such as, for example:



10

15

20

designated atomis replaced with a selection fromthe

i ndi cated group, provided that the designated atonis
worsassseal ency under the existing circunstancBCT/US2000041579

exceeded, and that the substitution results in a

st abl e compound. Conbi nati 088 of substituents and/or

vari ables are perm ssible only i f such conbi nati ons

result in stable conpounds. By "stable conpound' or

"stabl e structuyre |s maant a conmpound/that is

sufficiently r |solat|toauseful
degree of purit on m xt and
forrrul ation into eff c ous amﬁrap Cc agent. The

ter ne or re or at | east one" when i ndi cating
t hem '@FYS'%/ J830$ AR aTomAiaRAIHERied mansayalic en

mafgrpéic mﬁbjsilé"tégjo Bpglﬁhedrb%ui tatablogf‘?g rf?\@ tpﬁ& pHletably

t he” maxi mum nu em ca I'y “an
atpﬁéﬁrﬁ toabsug 105ru‘tgsa11mu£enm whmomp@ondmremmfm a&irh® the ring

VRS AR B s Hhdrk Earbalci? B RTHe Db as oxygen or
sd{ﬁﬂ:@Ml@ﬂ@ er il @oMﬁHahbﬂoWﬁer\@ A b é@ﬁcﬁ{ﬂ 6)§§Deﬂfarid7§r slfur

concerned artisan. The term™" optlona
atpEgriyesptiin i risgmystant Pefemed hetefecyaqjyds.cbnmin @bou’ps to

AR oA P B el aslpota Pt BRI Jhe Aesngispor

nasheteanis that at leasps wittbgdii, Okyden BOslIRe a’%bﬁfiré‘sbeewely is
nthetic process or natural source or co nmbi nati on

Pr?%%’?"él?ra ri @t‘?'@r Ay pd¥ in adeterocyelyl ing mayezkistpratected

t sai _
SUBNGATTRUOANAESES chON(B5oP SR, SRS Py B g e
suphon@f@sn@ms preaalesmsd@eai phetdf ks ehvertionahe HEANWRYEIQ]
in sufficient purity to be

Cainﬂvaer g;itﬁ | l ¥ 5’HF’§ %@ed by one or more "ring systermn substituents" which

may be the same or different, and are as defined herein. The nitrogen or

sulfur atom of the heterocyclyl can be optionally oxidized to the corresponding
N-oxide, S-oxide or S,S-dioxide. Non-limiting examples of suitable monocyclic
heterocyclyl rings include piperidyl, pyrrolidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, thiazolidinyl, 1,4-dioxanyl, tetrahydrofuranyl,
tetrahydrothiophenyl, lactam, lactone, and the like.

It should be noted that in hetero-atom containing ring systems of this
invention, there are no hydroxyl groups on carbon atoms adjacenttoa N, O or
S, as well as there are no N or S groups on carbon adjacent to another

heteroatom. Thus, for example, in the ring:
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standard anal ytical techniques described herein or
wel | known to the skilled artisan. It should al so be
wWooisasgshat any heteroatom with unsati sfied vaPEnusm04/6M1579
the text, schenes, exanples and Tables herein is
assunmed to have the hydrogeggaton(s) to satisfy the
val ences. When a functional group in a conpound is
termed "protected", this means that the group is in
nodified formto prechude indesired side reactions at
the protected site whe conmpound is subjected to a
reaction. Suitable profectin royps wll be
recogni zed by those wPth or égskill in the art as
wel |l as by reference to stpandardX ext books such as,
for exanple, T.W Geene et al, Protective Goups in

' ' 4 iley, w. Yor k., ~\When any

th(\%\e?ilga qc_(e&%g&%%ﬁégl@% gﬁ%?ﬂ 8%’}’5)8%@;}?(@5750%% .5) occurs

nor dt sheuldeiisd bé metédthan YateRsdrictfofhé sQEh a8, foplexehld, the

its definition on each occurrence is independent of
MPEYEef i niti on at every other occurrence. As used

herein, the term"™ osition" is intended to

enconpass a product conprising speci fied

ingredients in theiﬂigm'fied anpunts, as wellas any

product which resulgs, dirge!y of Ypdirectly, from

conbi nation of the specified ingredients in the
arg seepiieeed aavivatent irPeartrio gmbediments ef this inventien.

per o 0Ny BT PBC -2 SrPn el tifrkynyt and
alkig a0t @s previoUPl9Wedchibad. Pefaréd BkyRyRAISEsntMMN & bwer

upon adm nistration to_a subject,
alkynyl and a lower alky! 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-yimethyl. The bond to the parent moiety is
through the alkyl.

"Hydroxyalkyl" means a HO-alkyl- 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.

"Acyl" means an H-C(O)-, alkyl-C(O)- or cycloalkyl-C(O)-, group in
which the various groups are as previously described. The bond to the parent
moiety is through the carbonyl. Preferred acyls contain a lower alkyl. Non-

limiting examples of suitable acyl groups include formyl, acety! and propanoyl.
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under goes chem cal conversion by netabolic or chemni cal
processes to yield a conmpound of Fornmula 1 or a salt

w@nas0s883pl vat e t hereof. A di scussion of prodrRQBEUSR04/041579

provided in T. H guchi and V. Stella, Pro-drugs as
Novel Delivery Systems (1984 4 of the A C. S.

Synposium Series, and in Bioreversible Carriers in
Drug Design, (1987) Edward B. Roche, ed., American

Phar traoglitmeans 46 $e@i@0 e arauslinRehightre aPylegssUp o of
whi ch are incorporated herein by reference thereto.

prexiusly descrbads Thegigns todhe PaERR, ra@leéwsdhrcw%%owaonyl
N% Mbﬁ%ﬁéﬁfbﬁé&& %I{e{ﬁl%ﬁ%% dﬁaﬁﬁesb@n\ésglta eﬁé‘ﬂ)iﬂﬁpyl.

isp associ a ves varyi egrees o
i oni YAlkoxy"coeaheah duwn@moupmwmmmdmaylcgeup |s as

SRR S50 A S 5 SBLy ae r
n%%%&”btﬂ&!yeﬁ%r%?oi\{ E??c?;ﬂ'ﬁgéﬁp%ﬁ& %dblétgf(%/ hﬁ*é& b¥Ad # the parent

latti'ce of the c
rr@miwm’dn'eeghlﬂmhﬂmmygm phase and i sol at abl e

] M SRS B v AR
pre'ditﬁ!sﬂi gesdribedl. Wn\llﬂhﬁmwléﬂ\meé Besgidnie @?yIHPQ ?Riﬂp% ih6lude

Ef fecti ve anpunt herapeuticall'y effective
plammmand paplhieKy+ bhel b@@@l t%ﬁweanar@mb oeietyfis dyapob tlte ether
o Qgp05|t|on of the present invention effective in

iting the CDK(s) and thus producing the desired

t her ghelkyioxy" anednsoambralieyl-O-ndrioibtin mhich tHy anatil gtdeis as
effect. The_conpounds of Formula 1 can formsalts

PraiQushadesibesl. \quhprnltlpg@xamples of su1table aralkyloxy groups
include benzyloxy and 1- or 2-naphthalenemethoxy. The bond to the parent

moiety is through the ether oxygen.

"Alkylthio" means an alkyl-S- group in which the alkyl group is as
previously described. Non-limiting examples of suitable alkylthio groups
include methylthio and ethylthio. The bond to the parent moiety 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.
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scope of this invention. Reference to a conpound of

Formula 1 herein is understood to include reference to
W@ 21058588her eof , unl ess ot herw se i ndi cat ed. ThePCBUR2004/041579

"salt(s)", as enployed herein, denotes acidic salts

formed with inorganic and/ ogqiorgani c aci ds, as_mell as

basic salts fornmed with inorganic and/or organic

bases. |n addition, when a conpound of Formula 1

cont @ kexyserborylbmsansran alkyl-OsL(d)- gsoup Nombiitiigéxatples

of QiR Bk B3PS ey PR S Bt enTBiet | Sus
ettioxycerbosgl T8ie)bamytolifie faramthnaie, ﬁsrtﬁrdﬁicm%%darg@w n

the ferm"salt (s?"" as used herein. Phar eut i C:
acceptyipxycanboayl” means aniacyl-G1E(8)opumin Adnylimiting eéxamples

PG h8 d | t hough ot her salts
Oare grési%hﬁasngs" %Irﬁ&gjgbf%ﬁ%ﬁﬂahrgg 5\‘?‘%86%%@%893/& Formul a
ndphthgxyparbomylethe bondes A parer ndiesat itidughaRERAHShy!.
of Formyla 1 %/ith"an anount of acid or base, such as
an e%ﬂ%?‘&?ﬁr‘ Qﬁﬁ'uﬁ??aﬂ%ﬁ%a%@'@nqgﬁhgwmﬁ@l}-MWgc3
A pIEaa fEDI O stk By R ) IR iAol TP oo
toj ’t%em@d@'ﬂaneieay ssthraggotheatagbonyienzoat es,

i b tes,
DR R B ST B e e
thbye irowhicpr thdeskyl §ren e i Bt %ﬁ%mgﬁﬁ gcgﬁ]%f pér%fﬁe gfo‘?éty is

mal eat es, met hanesul f onat es, | ona
thrgughdthesulferyl. at es, phosphat es, propi onat es,

sal i S i_nates f.at es rtarat, es,

S A B S 10D 205 e 5 parent
moietyisahesugh thedsulfoayl.i ke. Additionally, acids whi ch

ar e _gener al consi dered suitable for the formati on of

phar &R ‘Iéﬁpﬁvtuw’fmea@sﬂmaé oneehmersi kydrogens on the

* deHAEE 8Wrh G&beplaced with a selection from the indicated group,

provided that the designated atom’s normal valency under the existing
circumstances is not exceeded, and that the substitution results in a stable
compound. Combinations of substituents and/or variables are permissible
only if such combinations result in stable compounds. By “stable compound’
or “stable structure” is meant a compound that is sufficiently robust to survive
isolation to a useful degree of purity from a reaction mixture, and formulation
into an efficacious therapeutic agent.

The term “one or more” or “at least one”, when indicating the number of
substituents, compounds, combination agents and the like, refers to at least
one, and up to the maximum number of chemically and physically permissible,
substituents, compounds, combination agents and the like, that are present or
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compounds are discussed, for exanple, by P. Stahl et
al, Camlle G (eds.) Handbook of Pharnaceutical
W@2a0050588Pr operti es, Selection and Use. (2002) Par/U81004/041579
Wley-VCH, S. Berge et al, Journal of Pharmaceutical
Sci ences (1977) 66(1) 1-19;4P. Gould, International J.
of Pharmaceutics (1986) 33 201-217; Anderson et a/,
he Practice of Medicinal Chemistry (1996), Acadenic
B slepragingopik theapontext. Bushdeamjquesakd (kﬁowti)iequté])awweu
sl i I QN3 hi ngt on . C._on their website).
kThesghtngscteosgﬂ'rseéhiﬁecq ﬁgmer?g?'g?@ﬁ' herein by reference
t her Bhe tdixefoptionalPaebstiteRidt nédHd ﬁ)rﬁmﬁéﬁ{mééﬁbﬁtﬁ'the
al kfal' netal salts such as sodium Tithrum an
S5 éﬁdsgr&’h’P§aﬁdé‘?a'§Pqulﬁf@€earth metal salts s_uchbas
cal cj " I-Um S S W th organi c.bases
(for S et é@ggéggg@nds@tﬁug%g Rt Sorh bOmPodRE eete 36 The

phyisinat stette xf baiti corapotind aftet bein Nesated Febri éy‘?’r}tﬁ%ﬂé@process

{ _ Ee . mE
or Rl BPbiES 2k Rnafon Hepraeb i ey "SQrif(i@ca'fcnre'ﬁn pariicd
o NS VB A AL i B ML
being phigined froat @pu(iticafiordproeeky br pcbcﬁgbyk Fe&?ﬁt&fﬂyﬁéﬁe\;ﬂ% 8r
' . g.. decyl, 1,
T e R S
stéraddrd emalygical tdeBRkiesadcABEN BERYh PRl ﬂfb%%r} teoat?% skilled

thers. Al such acid salts and base salts o
anl$Anded to be phar maceutical  acceptable salts within

o o SRR lec e nbRYEREL ARy BEfeEelerE Bt iiraushed walences
in 8 text rohdimey, erapplerdand TableResRss sshifRd BUYENVEItRB-
hydrogen atom(s) to satisfy the valences.

When a functional group in a compound is termed “protected”, this
means that the group is in modified form to preclude undesired side reactions
at the protected site when the compound is subjected to a reaction. Suitable
protecting groups will be recognized by those with ordinary skill in the art as
well as by reference to standard textbooks such as, for example, T. W.
Greene et al, Protective Groups in organic Synthesis (1991 ), Wiley, New
York.

When any variable (e.g., aryl, heterocycle, R?, etc.) occurs more than
one time in any constituent or in Formula 1, its definition on each occurrence
is independent of its definition at every other occurrence.

As used herein, the term “composition” is intended to encompass a

product comprising the specified ingredients in the specified amounts, as well
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Phar maceuti cal » acceptabl e esters of the present _

conmpounds i nclude the follow ng groups: (1) carboxylic
waeiod/ossseer s obt ai ned by esterification of thePeyusIIRY041579

groups, in which the non-carbonyl noiety of the

carboxylic acid portion of 4Be ester grouping is

sel ected from strai ght or branched chain alkyl . (for

exa propyl, t-butyl, or n-butyl),

I
ASF i ac?égfbfeselﬁa@r@cﬂy@ﬂn@w frpm ¢ cclJrabmam;an of ftioe
PR &ﬁm l; or exanpl e
® phe'r?gxl)e?r{e ¥l th@%y%cﬁﬁér@é@#&g’e phenyl optionally

S ubs'?l‘Odm@jami Bblvafeyofetharmlnmodwsczﬁqne ifventibk¥re aMo
ul fonate esters, such as

cofiterf) fé? hereif I £ pér r2%8 )@d herein, denotes a
Al kY e (N FbrW U% mm
cmmdlmtﬁm@k st@Hh) %’HPV‘Z@ Fi‘CLHSjo st{étf?{n USAC) gﬁéject
or L-iso eucyf § ona esters

L- val
un@g}/gq%ﬁq@:em@al cmvetrslopth;smbait@hesire:hamlam ProteseRabsield a

b f | a
coRBRR SFRofuns dic i vl Baflor sofies ¥h¢é@§féﬁecix|§33q§oragf
pr@dmgdus b@n@é’d RCY) HigkRraRd VOSRRIRY M8-o7fig 95 ﬁer eo\%/ bellvely

sol vates, esters and prodrugs t

Syéfﬁ’gﬁ ?% é‘ﬁz)hlél of thah.Endr B¥MpositNg Serleexanq)ine?/omn\;aglﬁnée
ut oger,i ¢ for
Caggar;}%g”r}?a Q‘ﬂ% @%éngQlﬁ)ra{&g‘leﬁioﬁg @\W G ent i on.

PhAIrnnaseeinGab w&emaaon bad M’gaﬁicﬂm P&%@”Bét'h' & WISERRIé
sorre and the like) of the present conmpounds

incg ‘P]%rla arel‘%b¥ée Sfengeethesgtos, sol vates and pr od;ggg

o Fomammass S 8ol S Ay o
withgnenet moge selvBohmotecules:. This phydicdlidssesiagon im@ivy ng
vawaé&%% lcfmolcr; SRd (cova[:ent ga}/ndl%)él, |Sntclued\|/r%] hlygrotgg% 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
crystalline solid. "Solvate" encompasses both solution-phase and isolatable
solvates. Non-limiting examples of suitable solvates include ethanolates,
methanolates, and the like. "Hydrate" is a solvate wherein the solvent
molecule is H,0.

"Effective amount" or “therapeutically effective amount" is meant to
describe an amount of compound or a composition of the present invention
effective in inhibiting the CDK(s) and thus producing the desired therapeutic,
ameliorative, inhibitory or preventative effect.

The compounds of Formula 1 can form salts which are also within the
scope of this invention. Reference to a compound of Formula 1 herein is

understood to include reference to salts thereof, unless otherwise indicated.
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absence of asymmetric carbons), rotaneric forns,

atropi soners, and diastereoneric fornms, are
wa@omsesskat ed within the scope of this inventiPCT/USH04/041579

are positional isoners (such as, for exanple,

4-pyridyl and 3-pyridyl). Ipgividual stereoisoners of

t he conpounds of the invention may, for exanple, be

substantially free of other isomers, or may be

Thalternetsal( 9, @xempldyedafereC QERLRS Aidividaits Fbimed With,
. or other selected, Stereoisoners. The chiral centers

INSfIAVeaRF/LE RganiaReidsi an wellrashbasic sals ®raredwith inorganic
arkfof dﬁ%rér bRse£3n %ﬁélti@@ﬁwﬁ%n%go%ggﬁg& %ggp{mula 1 contains

Recomtendat | ons.
botb @l hasie mdiptypduciy as amet rididimiiddeto 4 pyridinedédidaole, and an
equal ly. ap IK to the salt, solvate and prodrug of
2l e Ehe U GSe blbhatdivaites 1 Carapalic ek eniiesions (‘inner

sa@S) thiaQHa fohmea®] ’arbggaﬂﬁég%iﬂ &[_eot%mg%ag{sy; %%used

i nventive conpounds. mpounds of Fornul a
heyein. £hasmiaceuticallyratcpptaiie (<. 1 hen-tmfic, pragictagisallyi n

ace AR ROy R HrB A Eo ] it PRt elts e lactysaiib Saace
thecotiptamdelofithe FoPmRRINdsayhe FSHhiad, dof exéfﬁAﬁllei, gzgﬁgﬁﬁﬁg a

to be included in the present invention.

copairaufist phirermuwarh with eeramsountofasid enphse.sulichaseam as

I J v [ . s.10,be understood
ofiftde a8t 75 TRl RS A0 analn kol R Bfor
in EineaqEmulsi mediuph fatlahiedrtsy lgibgniuzatﬁﬂw.her einis

appl icable to each_ conpound itself or to the
contP¥RIPPISHY afidasidifiansalisnaciidesiretaies naseorbatesoberroates,

. ) | : : i
RN e Mol S 68, o 8ol e
caapphareslifermatpd dumeretes| hydrochiopides | hydrbblomides, 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)
66(1) 1-19; P. Gould, International J. of Pharmaceutics (1986) 33 201-217;
Anderson et al, The Practice of Medicinal Chemistry (1996), Academic Press,
New York; and in The Orange Book (Food & Drug Administration,
Washington, D.C. on their website). These disclosures are incorporated

herein by reference thereto.
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conpri sing such conpound or conpounds and mnet hod(s) of

treatnment involving such conpound or conpounds. The
weomsosssds according to the invention can havePCT/US2004/041579

phar macol ogi cal properties; in particular, the

conmpounds of Fornmula 1 can Bg inhibitors of HCV

protease, each conmpound by itself or one or nore

compounds of Fornula 1 can be conbined with one or

nor eExemplan daskesatst iadiuie@mmbh inm sBlis malkai fetdihgilts such

2 SORRHY il P He S pel R bsafonetiinraier agimauch as

g . di | ,
oL P IATELS, 218 4 LA A o
a ppg@$ sHEb B8 ey clphaxytamines, Haltyl amlmlalnd(rjsaits?g}:mamnlo:w
x5, LLi . _the .conpounds of Fornmul a
RS Sy B8 AR TRE bl e e E AR esBsordiito Seups
may det quiirernitedavigs ageht@tstdh st IBweh IKYENa RIS &3§ Emefii.
X e, .the method conprising bringing into intinmte
etggﬁggeiugylgiw.lﬁ; bggm rﬁmddoildﬁsbhhalﬁ'ﬂwﬁaftt h@(e“-g-
. ' j I | ent , [
TSR, 851910 B0 15k SRR o, aur
ansbstgaiyd ichtprides, bmmidﬁbwﬁdodildesn ?gr@lk?/%giéﬁ??géﬂ and
[ [ di armaceutica
p%&%ﬁﬁl&%%ﬁ%ﬁ]ﬁf es?is-gorrpri se at |east one

oA b e e S R A
agegpiable salis wibiraihessasipetdfdhe ir@vition laini dlioagid @eid baseysalts
arté %@ggﬁ%géﬂaﬁﬁgie%?lto thehes Ifcgrlrnosngf tﬂgsc%(?rsesspgfqhilnlgt gonlwr)]ounds
for purposes of the invention.

Pharmaceutically acceptable esters of the present compounds include
the following groups: (1) carboxylic acid esters obtained by esterification of
the hydroxy groups, in which the non-carbonyl moiety of the carboxylic acid
portion of the ester grouping is selected from straight or branched chain alkyl
(for example, acetyl, 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, Cy.4alkyl, or C4.4alkoxy or amino); (2) sulfonate 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 C4.5 alcohol or reactive derivative thereof, or by a
2,3-di (Ce.24)acyl glycerol.
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hepatitis C and rel ated di sorders. In yet another
enbodi ment, the present invention discloses nethods
WO orospssspar i ng phar maceuti cal conpositions conpeT/Eb10g4/041579
the inventive conpounds as an active ingredient. In
the pharnmaceutical conposit#ens andnet hods of the
present invention, the active ingredients wl|
typically be admini stered in adnixture with suitable
car r Cempornds ichFermula 4 dnd sall® cbhated, dsterssrprobifugs

bR LT AT BB GH B Sl s i
ethieh) A saeh |talﬁlbh§brfc' fo Jﬁg)a’re fé@WEEf?ﬁélafe%‘” hér‘éﬂwséé })‘éﬁ' Hine

oral gels, elixirs, dispersible granules,
p"@§§ﬂ@ﬁ¥ﬁ3@#€§1 and the like, and consistent- W|th

For ANsteRestonlaey B BRmBR. bRt Romargnpal & Gomers and
theaj,aepbeme ﬁrbeemcddmﬁo@mw%ﬁ@lﬂ@m@QﬁbséTBVtHéesaﬂ%”’%b%%s and
oral non-toxic E arrraceutlcall?/ accept abl e

Pr Pﬁwa%féhﬁucgmp%n@ﬁ apswelhas dke sakis andisolvaies o ’ﬁletprodrugs)
sphat e
UL A4BRE v HIEPRRS) SMESFAPL Sl S1r8Eh BRI i o

sd)@tltt@htsgnmbludnegleriwtloh‘tm&dmﬂﬁs (whigh rﬁléﬁ exizt e0&n Regted,
sui t abl e rs, lubricants, d|S|nte rati ng agents

ab&ﬁac‘éafaﬁm@ He/Aqns). rRtarpetie farmss BFepiaasIESNanthe
d:zﬁété?éﬂrﬁenc?fﬁﬁﬁ*ﬁr are2BSheAR I Sles Within B%e g&gﬁ)é n’B ‘#ﬁ mvemlcgﬁn as

about 5 to about 95 percent inventiv
argasiional isorss ¢suatcasider exampha 4gazyrmiyi and @apyrldgll)

Inéﬁ@ﬁfa?gtei%@%?%%?%%ﬂﬁ@nq nal l:lj{%fseofa’tﬂe |r? nr}tlo%tﬁgy, 1%r example,
becwttmamumwhwec@ﬁ dtHbP%@meﬁ@' dﬁth'b@‘&drﬁix&@of A rrﬁﬁéé s

the |ubricants there ma ementlone
ra?‘?f’é@gesdéfs\ﬁ'@'éaﬂ 8tha, obethies satacaad stefieaisomers. The chiral

centers of the present invention can have the S or R configuration as defined
by the [UPAC 1974 Recommendations. The use of the terms "salt", "solvate"
"prodrug” and the like, is intended to equally apply to the salt, solvate and
prodrug of enantiomers, stereoisomers, rotamers, tautomers, positional
isomers, racemates or prodrugs of the inventive compounds.

Compounds of Formula 1, and salts, solvates and prodrugs thereof,
may exist in their polymorphic forms. Polymorphic forms of the compounds of
Formula |, and of the salts, solvates and prodrugs of the compounds of
Formula I, are intended to be included in the present invention.

All such polymorphic form or forms are contemplated herein as part of
the present invention.

ltis to be understood that the utility of the compounds of Formula 1 for

the therapeutic applications discussed herein is applicable to each compound
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benzoate, sodium acetate, sodiumchloride, and the

like. D sintegrants include starch, nethylcellul ose,
w@e@s/osgsen and the |i ke, Sweetening and fl avor i PQI/E§®04/641579

and preservatives may al so be included where

appropriate. Sonme of the tegms noted above, nanely

di sintegrants, diluents, lubricants, binders and the

i ke, are discussed in nore detail bel ow
bynitisklf ootrathieyconmbiiratiemppsbdmbinationt of lbeepreaert compounds of

i nvent.i on.lﬁgﬁape formul ated, i,n sustained rel ease form

Forggr dvevdiusiiatedafer exampigl nddenext fe@egiata Raresarr fhe
sdﬁé@nﬁ%rétﬁﬁdiﬁ?@é&‘ﬁﬁﬁl?esoﬂb @grh*é%eulﬂeéé%‘éﬂqg}ssﬁti ifls)

optim ze the therapeutic effects, I nhi'blitory
cQiapiIsing pugh contpmundker. coBope iy scantb segledd(sref freatment

. ' I i ncl ude | d tabl et t ai ni ng
npYLRLAGH GrSPTR o SPPBERdY on rates or cont rol | ed
r el epve cBAIPORES GcBBiding RStHaTRUSSIH &5h Watd phBEmasdibYRal

onents and shaped in tablet formor capsul es

prggg?tiﬁ%imgaei@uhr,i therosgmrawdiseel Ratowa dicandee prdviteiteass of HCV

oL REN BRSSPSR A
carelye bombimed witk dneadrahos covabotnds eetRIEfremyeithin Formula

| utions f arenteral injections or addition of
1-%’9@%@9@&% %ﬁ%\gefli'séf'é' beireaP%g disgpges gHeh as, for example,
S} IS F G t
O PP SR PRguREUN TRl DpfiehEy SThdhdtheR 2rneioRAsa
disendens, stsaell as forAmopdelalting the activityoofshensititia giro(HCV)

prio hale?fw}ﬁv?qﬂtﬁﬁéﬁ%@' gﬂaer@%ﬁ%rluqillggIr%@a%dma%aéensqp{o?ng 8¥\ﬁg;gatitis
Ccpharmaceuti cal »

The compounds of Formula 1 may be used for the manufacture of a
medicament to treat disorders associated with the HCV protease, for
example, the method comprising bringing into intimate contact a compound of
Formula 1 a pharmaceutically acceptable carrier.

In another embodiment, this invention provides pharmaceutical
compositions comprising the inventive compound or compounds as an active
ingredient. The pharmaceutical compositions generally additionally comprise
at least one pharmaceutically acceptable carrier diluent, excipient or carrier
(collectively referred to herein as carrier materials). Because of their HCV
inhibitory activity, such pharmaceutical compositions possess utility in treating
hepatitis C and related disorders.

In yet another embodiment, the present invention discloses methods
for preparing pharmaceutical compositions comprising the inventive

compounds as an active ingredient. In the pharmaceutical compositions and
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acceptabl e carrier such as inert conpressed gas, e.g.

nitrogen. For preparing suppositories, a low nelting
wWoR038s88h1 as a m xture of fatty acid gl yceri deBCHUSIDOA6841579

cocoa butter is first nelted, and the active

ingredient is dispersed hoMeneously therein by

stirring or simlar mxing. The nolten honbgeneous

m xture is then poured into convenient sized nolds,
mgihogRed the PEFEINt dventiner hisyadiveiiogiedients sl typidalisido

: id _f ; rafj. ich are .intend t e, .
adtfRiAehelfin A TRl E O BB SN BE o SFRY SefectEa witn
reppegaoahé intenfied farit beadraindtrationd /e efaf tallets, capsules
(egﬁlm' ni stration.  Suc iquid forms include sol utions,

h |
Rk les), sREn-salig gilesher howid fw@ﬁi;mmr@fowmstitu;ion,

i L1QF i der The
R AL e e
cdnetsitemwitraemmmmnahmam;am#rtisam@pm. n e&amm@,lftbfi@ﬁial

j I t t or reservoir e
oS8R S Pt et o e, it ok bmpmioet
mé@ﬁ@f&éﬂ%n@é V\Fit'heaﬂf’?(r%ﬂhbﬁft‘oﬂé hgwqgcg@i&%wa%ab%f’edinen

oral ly, intravenously, Intranas ( _
cagligyc aualm as uattgsa stacbnpucnods, oélliuibee, imagmasion stearate,so

R o ISR BPERE. . o S 55 G ™
forsne )tardl theslikee MdtBblerd (Feh dedivedi di ﬁ&d@egggmabr!@tbﬁqders,

quantities of the active conponents, e.g.

lukifqasds.i djsintagsating egentsiang\eolering egenisetap algpdaeincTheorated
n 2l i L B RTRER o 818
abad} 05 tpedcdéntanvertivetcompbsitidd.i gram t o

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
there may be mentioned for use in these dosage forms, boric acid, sodium
benzoate, sodium acetate, sodium chloride, and the like. Disintegrants include
starch, methylcellulose, guar gum and the like.

Sweetening and flavoring agents and preservatives may also be
included where appropriate. Some of the terms noted above, namely
disintegrants, diluents, lubricants, binders and the like, are discussed in more
detail below.

Additionally, the compositions of the present invention may be
formulated in sustained release form to provide the rate controlled release of
any one or more of the components or active ingredients to optimize the
therapeutic effects, i.e. HCV inhibitory activity and the like. Suitable dosage
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about 1,000 mlligrams, preferably fromabout 1.0 to
about 950 mlIligranms, nore preferably fromabout 1.0

W eooaiossse1 500 mi |l ligrans, and typically from aboUUSH04/e1579
about 250 mlligranms, according to the particular
application. The actual doseme enployed nmay be varied
dependi ng upon the patient's age, sex, weight and
severity of the condition being treated. Such

forree favisaystained eelaabé inohaiwlayerachizbiots kioht=eingrayére oir t .

. | f talni. t he
el SR b PR onom hrelhesediaumens malERios
impesgritayd witheharaie BRthdrcRSAG ¥habed gftnablef*t Jorm or

adm nistration will be regul ated accor g _

Capgdigseentainingrichtimanegmated lor eincapsulaikdyporeual fofymeric
nded daily dosage reginen for oral

mgg@?ngér}rgtrati on may range fromabout 1.0 mlligramto

abouliquid @8¥n prepdrafiensineRIdedlutidry, SLSSESsIORs QhM'e‘#ﬁﬂsions.
doses. Some useful ternms are described bel ow Capsule
As_an gxaipple ay beymentipned wede e rW@fBr-@mmdsg% glymds%:uﬁons
; MDY Al s, 0r nat.ur e
forJirBHteraehIeRE of LI LS S e R 53
solttiopsssuspensionsrard smufsiérse Liduid Verm pesRitheons mayadlsh
. shel |l capsules are typi cal_lﬁ made of bl ends of
lnq?lécfeawlyﬁ{))@/s #ﬂrdwrwséﬁﬁgﬂl@lﬁ atiRhe and pork skin
gel lerdsol pl&Sarafibfs! SGithbIe $of inABMLHERPhAY fhcﬁﬂ]ael Solfio s Rd
of dyes, opaquing agents, plasticizers an
sojsiscigenapedanferm, whishemay befie combsnatiarowith esgiestnesceutically

R R T R
pr epar prepayingraUppBsitofefa IBWhBIRY Wax 8L Y5 diSre of
obt ai ned by wet granul ation, dry .

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.

The compounds of the invention may also be deliverable transdermally.
The transdermal compositions may take the form of creams, lotions, aerosols
and/or emulsions and can be included in a transdermal patch of the matrix or
reservoir type as are conventional in the art for this purpose.

The compounds of the invention may also be administered orally,

intravenously, intranasally or subcutaneously.
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granul ation or by conpaction. Oal gel- refers to the
active ingredients dispersed or solubilized in a
wogasopsei | ic sem -solid matrix. Powder for — PCT/US2004/041579
constitution refers to powder blends containing the
active ingredients and suitghle diluents which can be
suspended in water or juices. Diluent - refers to
substances that usually make up the nmjor portion of
t he 'Eberpompbuods of thbswgatidonmay Ssotcahipeisdi prepatations which

a1t 30t ToRits Ty Siten, B R iiearaton i DYy Ged e
suteibit Size@ 0t eRkkby |c@ﬁ?a?n?n§°§bp@§pr’“ﬁt@q‘&%ﬁ¥ﬁé§5{‘ tH¥active

cel l'ul ose. The anount o 'uent 1n e conposition
CQIRRONeNgce.Or, ain effraiive mountdb ashied@thbydesiedghiurpbsé.he

70e s SRR ok Mk ifeR i BBtk FORBOREOH b0 e b0 O
prepagition ma;zbergyr@rﬂlﬁaﬁabbfyaajue@d&hﬂﬂtabb%tHCD ﬁmﬁgﬁam to

60% Disintegrant - refers to materials added
t&sﬂ% Pgrz%mamrgfeir@blmfm alpdt 1.0(taiabiontt 8§Paniigramd,

t
mlbﬁéc ﬁeztgraépﬁfr% Létlr%sdo llﬁé;%%atpg@ally from
als1ud rctbexbositi 250 a:s.u@o@bmshnacmrlbmwns?hgwanffaﬁércépplmhﬁg ?’rhe
ocust bean, kara
2l R He e aIavE 1y B Aot SePaRingaionaBe fiients 20,
sé%ehfévdrﬁ%'nh@é%%ﬁtgﬁéggh Qﬁin‘dmo‘f%%ﬁgﬁfﬂé%‘i&%/ éiﬁéhlllé RRfues are

m crocrystallin oses an ross
wel| ke {osthaskeiskilledehltbea@stes such as sodi um

gggfﬁ%ﬁ%m ﬁﬁ% Q %@qhnat %%sgbjg frJorarlnS cgntgin%g thae? ggltlvaend
ingredients can be administered 1 or 2 times per day. The amount and
frequency of the administration will be regulated according to the judgment of
the attending clinician. A generally recommended daily dosage regimen for
oral administration may range from about 1.0 milligram to about 1,000
milligrams per day, 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 brepared by
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such as bentonites; and effervescent m xtures. The
anount of disintegrant in the conposition can range

wo c@giosdseut 2 to about 15% by wei ght of the  PCT/US2004/041579
conposition, nore preferably fromabout 4 to about 10%
by wei ght. Binder - refers 9 substances that bind or
"glue" powders together and nake them cohesive by
form ng granul es, thus serving as the "adhesive" in

cormnerd dﬁJbﬁﬁﬂl'i)@@res%r@‘Shﬁlaﬁdds obtened By Sidt grgitilation edrgry
avai l abl e in the diluentor bulking agent Sui t abl e

gENYRtion ey eRBPaskp. s such as sucrose; starches
der | ¥ 44 OfBrdfiaiing SO1D. FEIRAG AChAI0y IR,

such "as Qacaci a, ge ragacan erlvatlves of
hpdrapbifiit serahsalid magixyi ¢ acid, sodium al gi nate and
amm i um cal ci um al gi nat e; cel | ul osic materi.al s'ﬂs_luch

PWIGEECPFIQﬂ”§§@t'8ﬁdeg%§|t%RPWQ€585@5H¢§tWt%8M9 g&ctive
ngF?dnBMf%f Qtﬁl Hﬁﬁé}ﬁg‘rﬁ/ﬁ* itk k8 ®e suspendﬁd in water or juices.

vinyl pyrro done I norgani cs such as magnesi um
al unDiluemtsd nelfeeratte subktanass timat Lm‘ualbymhé«e um thehmnajor portion of

RSB ot BRehgh el ARt B o s
Ia%tdéé aDerdsel RidnPitol e @ BbrbitRY SardRES deheé@ bk WheBeBorn,
about 3 to about 6% by wei ght. Lubricant - refers to a

riee: pot pedetoadae gelligoser sdels ag eniceronystallied ssllwosaeThe amount

of Bt n i Bx e Gan a0 fioln AFSYCRTR, AESR R ER weiont
obthenetl coﬁ‘ftpdsﬁhine ptafbrdbhafrom abmlltlﬂiftdmb(mtl?@/o, more
stearates such nmagnesi um st earate, cal ci um stearate

pfﬁfei?@haﬁemﬁ%é’»&rtat out 605 Py WRight; ever mareirretegably from
aBSutnTZ Y@ﬁlﬁé" Ggﬁ/d wat er sol ubl e |ubricants such as
ori

sodi um ¢ e,' sodi um benzoat e, sodi um acet at e,
sodi Disiotlegedrd - refers to materials added to the composition to help it

“break apart (disintegrate) and release the medicaments. Suitable
disintegrants include starches; "cold water soluble" modified starches such as
sodium carboxymethyl! starch; natural and synthetic gums such as locust
bean, karaya, guar, tragacanth and agar; cellulose derivatives such as
methylcellulose and sodium carboxymethyicellulose; microcrystalline
celluloses and cross-linked microcrystalline celluloses such as sodium
croscarmellose; alginates such as alginic acid and sodium alginate; clays
such as bentonites; and effervescent mixtures. The amount of disintegrant 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 o 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
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pol yet hyl ene glycols and d'|-1|eucine. Lubricants are
usual |y added at the very |last step before
W@ 0951088881 on, since they nust be present on thBCT/US2004/041579
surfaces of the granules and in between them and the
parts of the tablet press. ghe anmount of lubricant in
the conposition can range from about 0.2 to about 5%
by wei ght of the conposition, preferably from about
orthuking smjentitSBitablerbireiaps afotudsbygdrs @mcalkmhudaoé’e;tsmarches
about_ 1.5% by weight. dident - material that prevents
AT HRE P S O as@7d PEIg R atHERl G pueh ey acacia,
T e R AR T rRG 2MENG o sodium
alginetexapd @mmoPNiyin deletun alginatec oathdssit inoatedals sumhges

b 0, 1% b 5% b i,ght of the total
melRRDRRs A sedurdihorbRuliullasesnd "abou: 206 by
hyaeb@froPphthgeRiSsd; oty drAbPirSiicohet gﬁH iRbAKhAS suglr}cahs

coloration to the conposition or the dosageform
magreghenaly minwmi siigatelel Heamognhdebidges inathe dasopbsitieriean

[ I bent ch I
e TR AB0RE 20 BbOu BB GrEr ST R lbrB iy Tt
preferablyriyorhrabouaBastabbul 10% i aigHiYevah WRird prefefatiyfrom
at&g@n&\(}3| tion, preferably fromabout 0.1 to about 1%

Qiqbo?éﬁtﬁf);?y-w@@ﬂte_rs to the rate and extent to
whi gg.lﬂrlﬁ%nf"qéféf‘s t%rhééglét'))é{gﬁ@éj LBAEY 96 86 fdrh (3 bYe

is sorbed into t emc circulatronsrom an
thadatblet, grandes detcagfierf ib has dsen mopapredséd) ta releasd dirotn e

B OB B PVt S i B 0k
g e e A
stg{zf%@qlzj;gﬂ?earig acid; high meltfng point waxes; and water soluble lubricants
such as sodium chloride, sodium benzoate, sodium acetate, scdium oleate,
polyethylene glycols and d'l-leucine. Lubricants are usually added at the very
last step before compression, since they must be present on the surfaces of
the granules and in between them and the parts of the tablet press. The
amount of lubricant in the composition can range from about 0.2 to about 5%
by weight of the composition, preferably from about 0.5 to about 2%, more
preferably from about 0.3 to about 1.5% by weight.

Glident - material that prevents caking and improve the flow
characteristics of granulations, so that flow is smooth and uniform. Suitable
glidents include silicon dioxide and talc. The amount of glident in the
composition can range from about 0.1% to about 5% by weight of the total
composition, preferably from about 0.5 to about 2% by weight.
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procedures. Conventional nethods for making other
fornms for adm nistration such as, for exanpl e,

W@ 2as0Fss31 suppositories and the |ike are al soP@EUB2004/041579
known. Anot her enbodi nent of the invention discloses
the use of the inventive coggounds or pharnaceuti cal
conposi tions disclosed above for treatnent of diseases
such as, for exanple, hepatitis C and the like. The

et hod|drigradsres - aipierits @rﬁatrwoadbwcaﬂquhlt@ #hd ¥omposition
ef fective anmount of the inventive conpound

obm dessge foeml Sushreiniesa cap inclyde feod gf?d?lﬂ %e%@mwf%@d

B RindtbPO BT A iR ARGt SRS g
oxnleemhe @matet dfeheiselbringragente can eatynzom athoiOV1 itmabout 5%

humans i n nonot her apy node conbi nati on t erapy
by aveight ofiibe COBTRASHIGN cﬂﬁefef%q?}bfre”bgh%lﬂtr%ﬂ it RbeHE 15o- node

suchpas,yaligbil ar'q?ér% to'the ‘Fé’t’ébéﬁbaé*tgﬁt | Whic f\r’cﬁé\é{%:h@é drug

and/ or 1 mmuno atory agents. Exanples o
irgredient at thenajertid moiety isahscabed jnta dea systendt siteulation from

AR o ARy 3 R P
Phar @%?l%ﬁfl&?él%et@%ﬁ%%ﬁﬁ%@anﬁ@‘téﬁl@fsnér@)kno% FUPohktHods

(from Viropharma, |ncorporated, Exton, Pennsylvania),
incgide dwaos‘(mm)S(smrasu @@mmm@won @aldsGOrTRIESS igad)T

Cal i,fornj a [
apitu) rLbusl By aRestOncsl BR Rgtf6diagner sperpbin
mm&fwmﬁbhapmbmowmm ofvias savems IR tadsinistration
nmosin(tm) (from Sci C one Pharmaceuticals, San Mateo,
ﬁ){laﬁoqui XMl GRASHIS; sypResionesrcthedire araiaiso walh
k%@go California), nycophenolate nofetil (from

Another embodiment of the invention discloses the use of the inventive
compounds or pharmaceutical compositions disclosed above for treatment of
diseases such as, for example, hepatitis C and the like. The method

-comprises administering a therapeutically effective amount of the inventive
compound or pharmaceutical composition to a patient having such a disease
or diseases and in need of such a treatment.

In yet another embodiment, the compounds of the invention may be
used for the treatment of HCV in humans in monotherapy mode or in a
combination therapy (e.g., dual combination, triple combination etc.) mode
such as, for example, in combination with antiviral and/or immunomodulatory
agents. Examples of such antiviral and/or immunomodulatory agents include
Ribavirin (from Schering-Plough Corporation, Madison, New Jersey) and
Levovirin™ (from ICN Pharmaceuticals, Costa Mesa, California), VP 50406™

(from Viropharma, Incorporated, Exton, Pennsylvania), ISIS 14803™ (from
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Hof f man- LaRoche, Nutl ey, New Jersey), interferon (such

as, for exanple, interferon-alpha, PEGinterferon
wa@b@hasssonj ugat es) and the |ike. "PEG nterferoPrCHRUpPINA4/041579

conjugates” are interferon al pha nol ecul es coval ently

attached to a PEG nol ecul e541 1l ustrative

PEG i nterferon al pha conjugates include interferon

a-2a (Roferon(tm, from Hof fman La- Roche Nut | ey,
&légharma@ewlcala Ehdsbm e aifoméa)y Heptazyime W (frono RRibozyme

Ph%éﬁ &)fely Py clfastod] WS W SR 17 om

Ph&ehesduigal, wﬁbrﬁ%@%%ée@;ﬁhsetﬁsﬁ hTﬁyrfn@émTUf(frbﬁgSh@@@e

interferon al as sold un,x,‘glﬁer the trade

ﬁﬁﬁ@C@EﬁaI&wﬁG@rﬂ/‘@tQ@ )Cah .fé'ra‘)emﬁaﬁl"ﬁﬁ’la (MexiBer of or
Prelriadiitl, SeBRESE Nk hiny G ieToi B HE) om

Hoffetaer lnaREtH) MNitfeya Neansersey s nstecfam(csu@h asafor etdnyple,
occu rrlng interferon al phas (I.nfer nrg'(tég%llf om_Angen,

int RhadsG-inigriareh rRf2 couUgaigRS &g MRk

n S
'“‘%@J@oﬁﬁerb LBl UEES oY RS 41004 ee. 60 80LaREY
attadteml toTthBEG awlende silustrative RE Ghiaterfaron@lphec canjegates

f th d i St_ | i tabl

incfLBinfaltereio IR g (ROtPN e 1O HET ke Gshes BhES: S

Jer‘yer'nf’théH'@mS %PBSgﬂBtéd"'ﬁ\térfé/réﬂtdl;Sﬁh 2@'(8@“%3 %@Qﬁd@?'ﬂﬁe
the i nvent Lrlﬁ di scl oses a neth

trad@ﬁpmmfaeg@ﬁ bs@@ﬁﬁmmamham(laﬁmoum@@ 6@36\5@9 -Plough

cofiffl e s HEEEheo Baed BGRo Althar b 18- 76 solonger

the @aEd h@ﬂfheS@E\@mﬁ@ronW)e intbHe®in #iphg2% (Slepsfod AlsHa Mefrom
Bogiq\rr:%errulﬁgelkgtnhl lngelhelm, Germany) or consensus interferon as
defined by determination of a consensus sequence of naturally occurring
interferon alphas (Infergen™, from Amgen, Thousand Oaks, California).

As stated earlier, the invention includes tautomers, rotamers,
enantiomers and other stereoisomers of the inventive compounds also. Thus,
as one skilled in the art appreciates, some of the inventive compounds may
exist in suitable isomeric forms. Such variations are contemplated to be within
the scope of the invention.

Another embodiment of the invention discloses a method of making the
compounds disclosed herein. The compounds may be prepared by several
techniques known in the art. lllustrative procedures are outlined in the
following reaction schemes. The illustrations should not be construed to limit

the scope of the invention which is defined in the appended claims.



10

15

20

25

the scope of the invention which is defined in the
appended cl ai ns. Alternative nechani stic pat hways and

wap@bossses structures will be apparent to thoseCEksi€wM1579

inthe art. It is to be understood that while the

followng illustrative sche&afes describe the

preparation of a few representative inventive

conpounds, suitable substitution of any of both the
Aligsalive MapbeninlinpatnaraysrantaralpgeuswiricCluessuwvill beapparent

Ji f desi red conpounds based on such
to YHSERNIR Brinb &t

S ¢ch variations are contenplated to be

wi t hij is t6 be (reiepstoot thaewhiy g1 follbwirftolluéthativer QFRMESS
descri bed bel ow, the follow ng abbreviations are used:

degtiibe g praparmtisn ol fawreprrsentative invantive caarmamds,

- . hv. t : i i T . .
s O 201 LA e 40613 Gy PPl AR Emin acios v
resiH{ iB-tde fenhaticana b p rdesiredl -cdngiduridsaydsedi ormukeh substitution.
hydrochl ori de NMM N- Met hyl nor phol i ne ADDP; )
Suf?ql\ﬁa_ﬂéggla%pgedpgrgsmgl%ﬁegita Withie thggeppe of the invention.

[E)it gg:t’oy 'Bt?eé?ﬂiﬁ%ﬁg %%(é?&rfﬁe%w%%ﬂ&kin@ BreFaflBnhre
used:

THF: Tetrahydrofuran

DMF: N,N-Dimethylformamide

EtOAc: Ethyl acetate

AcOH: Acetic acid

HOOBLt: 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

MeOH: Methanol

EtOH: Ethanol

Et20: Diethyl ether

DMSO: Dimethylsulfoxide

HOBt: N-Hydroxybenzotriazole

PyBrOP: Bromo-tris-pyrrolidinophosphonium hexafluorophosphate
DCM: Dichloromethane

DCC: 1,3-Dicyclohexylcarbodiimide

TEMPO: 2,2,6,6-Tetramethyl-1-piperidinyloxy

Phg: Phenylglycine
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DMSO D met hyl sul f oxi de HOBt: N-Hydroxybenzotri azol e
PyBr OP: Brono-tris-pyrrolidi nophosphoni um

wheooahbsser ophosphate DCM  Di chl or omet hane DCC: PCT/US2004/041579

1. S-Di cycl ohexyl car bodi i m de TEMPO
2,2,6,6-Tetranet hyM - pi peri 86nyl oxy Phg:
Phenyl gl yci neChg: Cycl ohexyl gl yci ne Bn: Benzyl Bzl:
Benzyl Et: Ethyl Ph: Phenyl iBoc: isobutoxycarbonyl
Chei Cylebpxdalyeingy or Bul: tert-Butyl Boc:
B e*éﬁ tyl oxycar bonyl Cbz: Benzyl oxycarbonyl OCp:
'é,\/ copentyl di enyl Ts: p-toluenesul fonyl Me: Methyl
BABENnzY) ( 7- azabenzotri azol -1-yl)-1

Et. %ﬂ%ll?,-tetranet hyl ur oni um hexaf | uorophosphat e

Ph: Phenyl

iBoc: isobutoxycarbonyl

iPr: isopropyl

'Bu or Bu': tert-Butyl

Boc: tert-Butyloxycarbonyl

Cbz: Benzyloxyéarbonyl

Cp: Cylcopentyldienyl

Ts: p-toluenesulfonyi

Me: Methyl

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

KHMDS: Potassium Hexamethyldisilazide or Potassium
bis(trimethylsilylamide)

NaHMDS: Sodium Hexamethyldisilazide or Sodium bis(trimethylsilylamide)
LIHMDS: Lithium Hexamethyidisilazide or Lithium bis(trimethylsilylamide)
10% Pd/C: 10% Palladium on carbon (by weight).

Preparative Example 1
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DVAP: 4- N, N- Di net hyl am nopyri di ne BOP : Benzotriazol -1

-yl -oxy-tris(dinmethyl am no) hexaf | uor ophosphat e PCC.
w@grosassseunchl or ochr omat e KHVDS: Pot assi um PCT/US2004/041579

Hexanet hyl di si | azi de or Potassi um

bi s(trinmethylsilylamde) NablRDS: Sodi um

Hexanet hyl di si | azi de or Sodi um

bi s(trinmethylsilylamde) L{HMDS: Lithium

Hexamet hyl di sil azi de or Lithfum

bi s(trimethylsilylamde) 1 Pd/ C. 18% Pal | adi um on

carbon (by weight). gparat i xe Exa Ie',le Step A o OH

+ 1 al b A solutyonyof pyr&zifecatboxyl i cid la (3

g) in 150 nL eN.cIN.or tdwant‘,\?wrm 150 nL of dry

h

DVF was stirlfed|at 1D OF and tPeated With HATU (1.4 eq,
6.03 g). L-c ohexylgPyeﬂhe hydrochl oride 1b (1.2 eq,
6.03 g) was added in snmall portions. Then,

N- et hyl nor pholine (4 eq, 10 nL, d 0.920) was added
SiaLoRW se. The reaction mxture was gradual Iy warmed to
roomtenperature and stirred for 20 h. Al the
vol atil es were renov under vacuum and the resig

was di ssolved in 50 of ethyl acetate. The or c
| ayerfwas washed wi ter (100 nlL), aqueousdl
S
Hoo+ ¢ OMe — N OMe
_ HaN [
@
N o N/ O
la 1b Ic

A solution of pyrazinecarboxylic acid 1a (3 g) in 150 mL of dry
dichloromethane and 150 mL of dry DMF was stirred at 0 °C and treated with
HATU (1.4 eq, 6.03 g). L-cyclohexylglycine hydrochloride 1b (1.2 eq, 6.03 g)
was added in small portions. Then., N-methylmorpholine (4 eq, 10 mL, d
0.920) was added dropwise. The reaction mixture was gradually warmed to
room temperature and stirred for 20 h. All the volatiles were removed under
vacuum and the residue was dissolved in 500 mL of ethyl acetate. The
organic layer was washed with water (100 mL), aqueous 1N HCI (100 mL),
aqueous saturated sodium bicarbonate solution (100 mL), and brine (100 mL).
The organic layer was dried over magnesium sulfate, filtered and
concentrated under reduced pressure. The residue was chromatographed on

silica gel (gradient: acetone/hexanes: 5:95 to 3:7) to afford the product as a
white solid.
Step B
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aqueous saturated sodi um bi carbonate sol ution (100

m.), and brine (100 nL). The organic |ayer was dried
wer@s/opmgnesi um sul fate, filtered and concent r Bt BUS2004/041579

under reduced pressure. The residue was

chromat ogr aphed on silica ¢gé#i (gradient:

acet one/ hexanes; 5:95 to 3:7) to afford the product as

a white solid. . Step Bl ¢ I d A solution of the nethyl

ester 1c (6. % in 270 M _ of a 1:1:1 m xtgfeyof

THF/ MeOH wat ex_was cooled to 0 OC and treat M

(acet ne}hexblne 2:8). Wen all the rtlHng mat eri al
had beem cons;‘med the reaction m xt was tr&at ed
with 100 m _ of aqueous 1N HCl and the nixt e wa

CONQesbabe &f et HighyIsear (2% @bﬂrhpwwmeﬂs 1(%51%%;)9 of

was added and | ayers seEarat ed e aqueous | ayer was

ThxMefil avpter wasdiooted [edetrgged vﬁth lithium thi&mde

mERPEE @88 245U ahe kbt W] aff BRior by TLO

(apstodeticxases MB).\Whealalidhe Stating ndiErigHRdbEGh canLhﬁed
am no, ester le was regﬁa{tﬁd follow ng the nmethod of

the Frariioatnixiuregvasiigat f1P@ nply of @ﬂgeomm dhhHGbawd trfm
mixttire wal th?elﬁ?ra?é%PSRttﬁé’ PotbPa. Dichloromethane (250 mL) was

added and layers separated. The aqueous layer was extracted with

m Xt ur Yeand JIDD,LL,ored byEr C
| st

dichloromethane (3 x 80 mL). The combined organic layers were dried over
magnesium sulfate, filtered, and concentrated to afford the product as a white

solid.
Step C
HsC._CHs
[ \coscry
N’
H.HCI 1e

The amino ester 1e 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
deprotection).

(Note: In a variation of the reported synthesis, the sulfonium ylide was
replaced with the corresponding phosphonium ylide).
Step D
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the Boc group was cleaved by the reaction of the
Boc-protected anmino acid with nethanolic HCl (4M HCI

w0 poodiosssane was al so enpl oyed for the depr ot ece€DO$2004/041579

(Note: In a variation of the reported synthesis, the
sul foniumylide was replacesbw th the correspondi ng
phosphoniumylide). Step DOI e | f A solution of
Boc-tert-Leu 1f (Fluka, 5.0 g, 2 1.6 nmol) in dry

C,2/DMF (50 M, 1:1 ) was cooled to 0 0Cyand
tredted with the amine Kydrochl oride 1f (5.32g, 25.7

., NVM (6.5 @ocid, 8lomol ) and BOP reagedt (11 @Cig
25, 7 rqoP§Ha The reaction WHs stirred at it fof 2%h,

di I Ntdiwi t h aqueous (1 M and extBoakked i t R
cH2d 2. CThe conbi ned rganic |ayers were washe® with

aqudeus 1M HCl, saturated NaHCO 3, brine, .dried (MBO
4), filtered and concentrated in vacuo and purified by
chr dneelytiemphBocteleu HoElwme Stgant. 6lmBjol} o dryel d 1g

CHEIZRIR B 15,0} e SR o Bkt e bl B oo,
hy@rachlagidel OF (663 gTRE ) ol fliNaall (698 gi B4 AWK &fd BOP
reagent (11.6 g, 25.7 mmol). The reaction was stirred at rt. for 24h, diluted
with aqueous HCI (1 M) and extracted with CH,Cl,. The combined organic
layers were washed with aqueous 1M HCI, saturated NaHCOs, brine, dried
(MgSOQy), filtered and concentrated in vacuo and purified by chromatography
(SiOz, Acetone/Hexane 1:5) to yield 1g as a colorless solid.
Step E

~N

~
N

Sy o
- N
BocHN%O © HCI.HZN\_/&O o

/I\ 1g /’\ 1h
A solution of methyl ester 1g (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, 1h which was used without
purification.

Step F



di oxane and stirred at rt. for 3 h. The reaction _
m xture was concentrated in vacuo to obtain the am ne
wogasosssbori de salt, 1h which was used w t hout PCT/US2004/041579

purification. Step FOCH, Ove HC H2N O 1h A solution

of acid 1d (100 ng) in 5 me0of dry dichl oronethane

and 5 mM_ of dry DM was stirred at 0 OC and treated

with HATU (1.4 eq, 202 nmg). The am ne hydrochl oride 1h
(1.2 146 ng) was “agded. Then, Nmethyl norphol i ne\@4

eq, m., d 0.920) ~4as al so added The rea n
was stirred €C%verni ght. All the, g [@\WOMe
Hverre er vacuum,and ejredi %!e
[’ﬁﬁ;ﬂls ol ved mggwmigof ethyl acet at eg‘;ﬁ/u\% oO
1

ayer1cwas washed wi wat er 4 1QmL), aqu
aqueous saturated sodi um bi carbonate sol ution (10

rrL) and brine (10 nL). The organic |ayer was dried
overA Ba@mlealdﬂ@bﬁdﬂd 1@ nig)lit erad cﬁ@(#y ARACIBRTA Sk and 5

under uced pressure. he resi due was

m'eﬁ’fgﬁép r Wesedined aiQ G angdreated adtheATU (1.4 eq, 202 mg).
5 T%ﬁ%ﬂ'ﬁlﬁ@ AfSFide it gté’ e Do KRRl AShdabderRE et

methylmorpholine (4 eq, 0.17 mL, d 0.920) was also added. The reaction
mixture was stirred at 0 °C overnight. All the volatiles were removed under
vacuum and the residue was dissolved in 80 mL of ethyl acetate. The organic
layer was washed with water (10. mL), aqueous 1N HCI (10 mL), aqueous

10 saturated sodium bicarbonate solution (10 mL), and brine (10 mL). The
organic layer was dried over magnesium sulfate, filtered and concentrated
under reduced pressure. The residue was chromatographed on silica gel
(gradient: acetone/hexanes; 1:9 to 4:6) to afford the product 1i as a white
solid.

15 Step G

A solution of methyl ester 1i (180 mg) in 9 mL of a 1:1:1 mixture of
THF/MeOH/water was cooled to 0 °C and treated with lithium hydroxide
20 monohydrate (2.5 eq, 35 mg). The mixture was stirred and monitored by TLC

(acetone/hexanes; 3:7). When all the starting material had been consumed,
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A solution of methyl ester 1i (180 ng) in 9 nL of a
1:1:1 m xture of THF/ MeOH water was cooled to 0 OC and
wo e@ansss2ivi t h |it hi um hydroxi de nonohydrat e ( 2PGT/882008841579
ng). The m xture was stirred and nonitored by TLC
(acet one/ hexanes; 3:7). VW& all the starting nateri al
had been consumsd the reaction m xture was treated

inditan s ATNESS, S B L T LACE, 185 e
mi¥@Pe Q%eébrﬂ!é‘?\tr‘a?é’cﬁ HRE Rﬁ&ﬁé&%lzzmb‘?‘oﬁ@'&’@éﬂé)s@'o%ﬂ whas

extracted wth di c | or omet hane
addedtandddyewsgss&paraﬂedy@he ageieeud la et vm&exﬁmgaéwrmn

iyaisinane 48 e ofhe prabaciiySanis afisdiere dfqd guer
mé(ujéﬁésndm'su'lfafé SiRbHd, %ﬂd@or@@hﬂaﬂé@ {o%afrditRe %Q&jd‘ﬂt_'l j Qfs a

| or onet hane and 5 was treated
WmeGQﬂldnet hyl hydr oxyl ani ne hydr ochl oride (1.1 eq, 986

s‘%ﬁ)ﬁ% BOP reagent (1.1 eq, 4.47 g), and
thyl norpholine (3.3 eq, 3.3 nl_, d 0. 920) in that

order. The yn xPure was heated to 50 OC ov ht The

r eactd onmint was concentrated t voJ nme
and ditl uted w th °200 mL—of—ethyl ac ate The gam c

| ayer wasCPwashed with water (80 mL), 'agueou

(80 L), ﬁ%e s saturated sodi um bi car borJ“atS\Tsol ution
(80 nm), a brine (80 nmL). The organic | ayer was

dri édsoluton whgniestku(@ guinf H0emLf ofl drgdichloromethane and 5 mL

of DMF was treated with N,O-dimethylhydroxylamine hydrochloride (1.1 eq,
986 mg), BOP reagent (1.1 eq, 4.47 g), and N-methylmorpholine (3.3 eq, 3.3
mL, d 0.920) in that order. The mixture was heated to 50 °C overnight. The
reaction mixture was concentrated to half its volume and diluted with 400 mL
of ethyl acetate. The organic layer was washed with water (80 mL), agueous
1M HCI (80 mL), aqueous saturated sodium bicarbonate solution (80 mL), and
brine (80 mL). The organic layer was dried over magnesium sulfate, filtered,
and concentrated under reduced pressure. The residue was
chromatographed on silica gel (gradient: acetone/hexanes; 5:95 to 3:7)to
afford the product 11 as a clear oil.

Step |

_1_|j Omﬁ

A solution of amide 11 (2.2 g) in 100 mL of dry THF was cooled to °C.
Lithium aluminum hydride solution (1.3 eq) was added dropwise. The cooling

XoergLT,o\ >(O\H/N\£/U\H
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and concentrated under reduced pressure. The residue

was chronmat ographed on silica gel (gradient:
wa@e@sosssthexanes; 5:95 to 3:7) to afford the prOTIUSL004/041579

llas a clear oil. Step I r I i I Iml A solution of

am de 11(2.2 g) in 100 nL of2dry THF was cool ed to OC.

Li t hi um al um num hydri de solution (1.3 eq) was added

opwi se.  Th ool.i ngbat h was.renoved after 5 mn and
ofHERHb FEmokoq 228 b Bliand (e At WemAlnae e roreh 1onrT

o, (EOARSS O A0St ) 23U B e
siLa;Sum@\mat@raalg‘faai beyerqumm}meu biheaeixtiessdnA e fwal eaefdly

o BT LA M P S R e
The dhlbdmré)ﬁﬂa”socﬂiﬁﬂeé Wlt%aicﬁ) Hﬁ%@ﬁ@ﬂahcﬂ aﬁUBblt:s ngutrét‘éﬂssodlum

until a white solid precipitated
hydrogen sy!faier was edded m.smaﬂnmrfmms vatilex whﬁemﬂbepﬂecﬂpi&dited

L,a d
T P e B O o W Pl 50 i of
bmna@Iﬁ\fﬁowmfaly@ﬁwbggfr@ﬂhﬁlér%‘agﬂéﬁﬁﬁ e( gg@p%dsﬁﬁd
et hyl acetate/ hexanes; 5:95 to 4:

CQIGERARI - prhsuipsidugnwas carmawgr@@wobom smsa@@l Jgradiertt: ethyl
a&t&k%é’kdne’é‘, 595 4:6) to afford the aldehyde product 1m as a
colorless oil.

Step J
o

o NI !
TLLT VWW

A solution of aldehyde 1m (1.8 g) in 100 mL of dry dichloromethane

1n

was treated with isonitrile (1.1 eq, 680 mg) and acetic acid (2 eq, 1.02 mL, d
1.0149). The mixture was stirred overnight. All the volatiles were removed
under vacuum and the residue was chromatographed on silica gel (gradient:
ethyl acetate/hexanes; 2:8 to 6:4) to afford the product 1n as a white solid.
Step K
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Iml I I n A solution of aldehyde 1m (1.8 g) in 100 nL
of dry dichloronmethane was treated with isonitrile
W@ 2008/088321 680 ng) and acetic acid (2 eq, 1.02 PET/US2004/041579
1. 0149). The mi xture was stirred overnight. Al the
vol atiles were renoved undél® vacuum and the resi due
was chronmat ographed on silica gel (gradient: ethyl

e ARG Bhipactetol b 4P o S AR o1
Tkﬂr/ﬁ/te@ﬁ/v@é?teu( Wwab tDatéd Wi Ihiuaf hpdrbxiieImehakydreteénd stirred

MeOH water was treated with |ithium hydroxide
forrmnmymatehy ‘ahdingit aH trwste@mngamt@rxalmdebe}ﬁmcwwmecﬂ as

th s
deflumibfif 5 ot SR (B L e SRR RER AN L e otattes were
refiolgd il RstoVah ahiltes ragitge Weisyikded WIthQn@Mamrﬁémahbem 50
resi due was diluted with dichl oronethane (150

The
mlL)aJ dedayrrsaveresmparaigdangd ’&hﬁea%%ﬁ%d%yf?fa\%? dmf@d with 36

L R

dlml@dﬂnﬁétﬁaﬂé KRReBO( LY. 'Bt@e Ubr)nbm'ﬁnjeorganm lagersovgandied over
| ayers were drjed over f||te d and

Lfa
magnrsipnrsitfate, filerad and Cpﬂgnfﬁ%é 5 %ifaréa@eapmw pasa
wiifd §&fig. Step L

Step L
OH @ OH
H H e H
O N\/K[(N Cl HSN\‘)\H/N
TTr v 6V

1p 1g

The N-Boc protected amine 1p (1.5 g) was dissolved in 20 mL of 4M
HCI in dioxane. The reaction mixture was stirred for about 1 h until all the
starting material had been consumed. All the volatiles were removed under
vacuum to afford the product 1q as a white solid.

Step M

X et Y
2 HaN \\§7 Sl " OH

Nj/&Ni/n\/LOO C'W N\]/&Ni ,H\Sb)or \)\{Of v/

(JFE", (J A" .

A solution of acid 1j (50 mg) in 2 mL of dry dichloromethane and 2 mL
of dry DMF was stirred at 0 °C and treated with HATU (1.4 eq, 52 mg). The
amine hydrochloride 1q (1.2 eq, 26 mg) was added. Then, N-

ZT




OH. . Q(c) ?HHn @ H3N,N O O O The N-Boc protected

amine 1p (1.5 g) was dissolved in 20 nL of 4MHCl in
waelr@sasss21 The reaction mxture was stirred forPEbo81004/041579

h until all the starting material had been consuned.

All the volatiles were rem¥éd under vacuumto afford

the product 1g as a white solid. Step M3N Ne v o c i

of
et Rh O S EDARS o0 ey e sl oT e reastiar
rrﬁxtﬂﬁé ad dtiredtad V@bbeﬁ‘ﬁéﬁ{ N{ tﬁe %lat% g@%e %ﬁ&@d'hﬂger
hydrochloride 1q (1.2 eq, ny)

VAGRITRANOhsHesidHe Was @qeoﬂedm 861 mL o eﬂamwanasmé 8fganic

L el hoaf i ot o -3 A el U 6003 0 0k aamenon

5 sabmdatbh&sddﬁ&hdﬁ@rb@ﬁat@lﬁ@ﬂld’rﬁﬁd ﬁhLanrga ﬁdﬂbﬂ L). T
acetate. The organic |ayer was wa wat e
OFgaNIC [2YGEWES CrQarRyer Mmadmesiym wﬁaemdstem anmcedcsmdatem

u@gégﬁepgegg %éer?’scg\%gés 'fj‘ub ééo% L&k)l r Ppgagsn%%qcm‘?@]%{fb&r purlflcatlon

StepNered and concentrated under reduced pressure. The
product 1r Was used wi t hout further purifi cat\l/on.

&, H on . %
Suever e BRRNCATI
N/HO/T\Lr [N/Ho/l\l
10
A solution of alcohol 1r (65 mg) in 5 mL of dry dichloromethane was
treated with Dess-Martin periodinane (3 eq, 121 mg). Reaction mixture was
stirred at room temperature for 45 min. The mixture was treated with agueous
1M sodium thiosulfate solution (10 mL) and aqueous saturated sodium
15  bicarbonate solution (10 mL) and stirred for 15 min. The mixture was
extracted with dichloromethane (3 x 20 mL). The combined organic layers
were dried over magnesium sulfate, filtered, and concentrated. The residue
was chromatographed on silica gel (gradient: acetone/hexanes: 2:8 to 5:5) to
afford the product 1 as a white solid. HRMS (FAB) calcd for CagHs4N;Og
20  [M+H] 680.4136; found 680.4131.
Preparative Example 2
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Step NIr A solution of alcohol 1r (65 ng) in 5 nL of

dry dichl oronmet hane was treated with Dess-Martin
weersosisaane (3 eq, 121 ng). Reaction m xture MNBEUS2004/041579

stirred at roomtenperature for 45 mn. The mxture

was treated with aqueous 1MP8odi um thiosul fate

solution (10 nL) and aqueous saturated sodi um

bi car bonat e sol ution (10 nd stirred for 15 mn.

The m xture was extracted w4 h dichl oronethane (3 x 20

mL). The conbi ned o 1 C I ers q\ere dr | edy over
magnesi um sul f at e, er eé\aﬁqg/ K}\at/&d The
resi due was chro torap,taed"b ilijca (gradient:

acet one/ hexa dOthe product 1

as a white s I| . HRVBI(FAB) cal cd for C36H54N7C6

[ MrH] 680. 41 found 889/]21\131 . Pre] arative Exanpl e

2N Step A CO2tBu OH 2a 2b To a solution

of 4-pentyn-1-ol, 2a (4.15g; 2Al drich) was added Dess-

Martin periodi nane (30.25g; Aldrich) and the resulting

m xture was stirred for 45mn. before the addition of
StepeAt - But oxycar bonyl net hyl ene) tri phenyl phosphor ane

(26.75g; Aldrich). The

COQtBU

OH
=

I 2a I 2b

To a solution of 4-pentyn-1-ol, 2a (4.15g; Aldrich) was added Dess-
Martin periodinane (30.25g; Aldrich) and the resulting mixture was stirred for
45min. before the addition of (tert-
Butoxycarbonylmethylene)triphenylphosphorane (26.75g; Aldrich). The
resulting dark reaction was stirred overnight, diluted with ethyl acetate),
washed with aqueous sodium sulfite, saturated aqueous sodium bicarbonate,
water, brine and dried. The volatiles were removed under reduced pressure
and the residue was purified by silica gel column chromatography using 1%
ethyl acetate in hexanes as eluent to give the desired compound 2b (3.92g).
Some impure fractions were also obtained but set aside at this time.
Step B

COZtBU COztBU

H
Z Coz N oM
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resulting dark reaction was stirred overnight, diluted
with ethyl acetate), washed with aqueous sodi um

W@ adosi058821 sat ur at ed aqueous sodi um bi car bonat eP@EUS2004/041579
brine and dried. The volatiles were renoved under
reduced pressure and the re8bdue was purified by
silica gel colum chromatography using 1% et hyl

i,n h I tt [ t he desired
conpBag B e B5gh 11 SoakinimpaRaTpl @AmGHAIdenD, besay

BN e A S AR o
bt iata ) Chagnasams o
pierahol (7 oMl phisigpat msme?t’e@ebggmﬁqe 5(9.1%@4? Aliah) and
theQprd28gureAcdd rorehIn Apggnpmﬁm%ﬁgéﬁmg 35, (23(24), pp.

ot assi um osnat e: de rate (0. rich)=—an
2513}5@1%@ srdef prothci whishgeas patified by stlica kgl cElughn

23/ . 2813- de product
c%ﬁ%ﬁgmﬁﬁwm é@%&i%’ﬁ%%%b@ w2 33%55&5%@93@#9%0!
26/$1.89g E8 AT ablex@ARS shid5) to give the desired am no

al cohol 2c (1.37g, 37% as a white solid. Step CH

SteéBu H CO2H Chz N'- '""OH Cbz N ''OH 2¢ 2d
4 COqBu . CO,H
Cbz/N"' "'OH Cbz” "~ ""OH
Iz [~

To the ester 2¢ (0.700g) was added 4M HCI in dioxane (20ml; Aldrich)

and the resulting mixture was allowed to stand at room temperature overnight.

- The volatiles were removed under reduced pressure to give the acid 2d
- (0.621g) as a white solid.

Step D
H COxH 5 ?OH H
Cbz” " “OH TS
- . 28
[ lf 2

BOP reagent (3.65g; Sigma) followed by triethylamine (3.45ml) were
added to a dichloromethane (20ml) solution of the carboxylic acid 2d (2.00 Q)
and allyl amine (0.616ml) at room temperature and the resulting mixture was
stirred overnight. The reaction mixture was partitioned between EtOAc and
10% aqueous HCI. The organic phase was separated, washed with saturated

aqueous sodium bicarbonate, water, dried (magnesium sulfate). The crude
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To the ester 2c (0.700g) was added 4M HCl in di oxane
(20m ; Aldrich) and the resulting m xture was al |l owed

WO 0081058821 at room t enperat ure overni ght. The vPCHUB108$041579
were renoved under reduced pressure to give the acid
2d (O.621g) as a white soli&7 Step D CO2H, HH OCH
Cbz" ""OH .N Cbz- O 2d 2e BOP reagent (3.65g; Signm)
fol | oned by triethylamne (3.45n) were added to a

reAciRn dirededtvsarepyiited by siticatged solbimn plaroszateesantiycusing d

A e T B P e 8 20720 o

aaNsvonsgellowdlie reaction mxture was partitioned
bet ween Et QAc and 10% aqueous HClI. The organi c phase
epar at ed, washed wi th saturated aqueous sodi um
bi car bonam; vvat er, dried (magnesi um sul f at elon The

crudergacti o duct was purified by sif eIN
colGhan aﬂ}r}(‘yﬁ hy using (EtOAc: F%xanés%%yﬁo)\/\
el uent to poOovi de the desired am d )Qe@(lﬁ’og) Oas a

viscous yellowoil. Step E Q9 HA BN

[~ I

A solution of N-Cbz amine 2e (85.8 mg) in 5 mL of a 4:1 mixture of
trifluoroacetic acid/methyl sulfide was stirred at room temperature for about 3
h. All the volatiles were removed under reduced pressure. The product 2f was
placed under high vacuum for about 3 h and used without further purification.
Step F

o

om0 B SN
LN

I

A solution of acid 1j (50 mg) in 2 mL of dry dichloromethane and 2 mi.
of dry DMF was stirred at 0 °C and treated with HATU (1.4 eq, 72 mg). The
amine salt 2f (1.3 eq, 72 mg) was added in dichloromethane. Then, N-
methylmorpholine (4 eq, 0.042 mL, d 0.920) was also added. The reaction
mixture was stirred overnight (temp 0 to 25 °C). All the volatiles were removed
under vacuum and the residue was dissolved in 80 mL of ethyl acetate. The
organic layer was washed with water (10 mL), aqueous 1N HCI (10 mL),
aqueous saturated sodium bicarbonate solution (10 mL), and brine (10 mL).

The organic layer was dried over magnesium sulfate, filtered and



2 A solution of NNCbz amine 2e (85.8 ng) in 5 nL of a
4:1 mxture of trifluoroacetic acid/nethyl sulfide was
W@ RiosH0sss2at room t enperature for about 3 h. Al PCT/H82004/041579
vol atil es were renoved under reduced pressure. The
product 2f was placed under 68i gh vacuum for about 3 h
and used wi thout further purification. Step F s A
solution of acid 1j (50 nmg) in 2 nL of dry
caneanteHedbinEanedusedprasswe. dhe HDIWJJW&%Q wepused withaut
d wwth HATU (1.4 eq, 72 ng). The am ne
flgg]trbgj{ﬁl%% ‘eq, 72 ng) was added in dichl oronethane.
Stéyei® Nret hyl norpholine (4 eq, 0.042 L, d O. 920) was
al so added. _The reaction m xture was stirred Qvernight
5 00). Al the volatiles were renp¥ed

cuumandxt he' resijdue was di ssol \J
et a@?\ﬁﬂ c Iayer vvas V@a
X ous 1IN HCl (10 _nl),
[/ i i carb8nate kol ution (10 )
). The offgani 29| 4 2

er was dried o
5 sulfate, filtered andconcentrated under reduced
used wi_thout furth

SLEIS%U%Q?WI%-‘ES @ﬁgggm@&giﬁ%m fin ByAk &% ¢ W@@?qewneébane
VRS Dl AR RERAATS G302 sl ARG
miktarel nasveisresit atrroeoh Wnperetureécmp% atinr Ehd onixtdBe wias.treated
w:tneaqrﬂe)c()tugr1 aiutnq ﬁ'n%gtﬂfate solution (10 mL) and aqueous saturated

10  sodium bicarbonate (10 mL) and stirred for 15 min. The mixture was extracted
with dichloromethane (3 x 20 mL). The combined organic layers were dried
over magnesium suifate, filtered, and concentrated. The residue was
chromatographed on silica gel (gradient: acetone/hexanes; 2:8 to 4:6) io
afford the product 2 as a white solid. HRMS (FAB) calcd for C34Hs:N7Og

15 [M+H] 690.3979; found 690.3995.

Preparative Example 3

0]
N N
o ! N R
N N (0] (0]
Sy
N/ T CF3

20 3
Step A
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wi th aqueous 1M sodiumthiosulfate solution (10 ni

and aqueous saturated sodi um bi carbonate (10 m ) and
wa@riososss2f or 15 min. The m xture was extract edP@i/UB2004/041579

di chl oronmethane (3 x 20 m _). The conbi ned organic

| ayers were dried over magné&$® um sul fate, filtered,

and concentrated. The residue was chromat ographed on

silica gel (gradient: acetone/hexanes; 2:8 tQ 4:6) to

afford the Uety 2 as a white solid. HRES BA

cal ¢ H 690.3979: fdt

Preparnati le 3 Step ACHO-3b 3a &3 |Th

protecte a (3 g was dissolveddn 6 _of 4aM
HC! sol ughon igrgi oxanes. The mi xture was stCF{ ed &9

roomtenperature until all the starting naterial had
been TheridHaciproiecied @aminada ©Bya)mas disshled in 60 mL of 4M HCI

SR RS AP b S ot Ffoel BB hargd ai the

sprtidy ehatdHal Radtbgen 28Purasd aasvumtéﬂnmeulbil T gbthyhs

used without further purification. Step B\ / OH
acetate/hexanes; 6:4). After 2h, all the volatiles were removed under reduced
pressure to afford the product 3b (2.4 g, 98%) as a white solid which was

used without further purification.

Step B
Oﬁ( o OH e . OH r
HaN N
[])L \/& + @\i\ol( = . N\j/ﬁ\N “\./[Ec?o( \<\’g

A solution of acid 1j (150 mg) in 3 mL of dry dichloromethane and 3 mL -
of dry DMF was stirred at 0 °C and treated with HATU (1.4 eq, 155 mg). The
amine hydrochloride 3b (88 mg) was added followed by N-methylmorpholine
(4 eq, 0.13 mL, d 0.920). The reaction mixture was stirred overnight (temp 0
to 25 °C). All the volatiles were removed under vacuum and the residue was
dissolved in 50 mL of ethyl acetate. The organic layer was washed with water
(10 mL), aqueous 1N HCI (10 mL), aqueous saturated sodium bicarbonate
solution (10 mL), and brine (8 mL). The organic layer was dried over
magnesium sulfate, filtered and concentrated under reduced pressure. The
crude product 3¢ (210 mg) was used without further purification.

Step C



OHH3BNQ1JL" I Y O(d CR331li - T- 3cA
solution of acid 1] (150 ng) in 3 nL of dry

waoelc@klosssonet hane and 3 nL of dry DVF was stirrdI/as2004/041579
OC and treated with HATU (1.4 eq, 155 ng). The am ne
hydrochl ori de 3b (88 ng) wad Oadded f ol | owed by
N- et hyl norpho!ine (4 eq, 0.13 ni, d 0.920). The

reaction mxture was stiyred overnight (tenp O
00 . t he*vol ati | \A;ALre renoved under yacuur and A

therue scﬂssool ed in 50 nL of et ac te
The Coryanj,c Nay¥gr Sywashed with vvatero )
JeQus N\Hél P10 , agueeds- sa
C

arthonfat & sol uti o (10 ni), and E’:rl’
dr gani c Ia/yIEr wase dr| ed over magnesingm sulf t
filtered and concentrated under reduced pressure The
s, used w thout further

pur o SUTHRTSY R <vRreid 3 TR ol evlo ey
dienrermeaiBritewas tfeztdd Wth sllglam&%e{nler@ eq, 371 mg).

di chl or omet hane was _treat
5 Tberre@@nqmnedm was sired mg)oormhempeaaiw@forrﬁmmm.ernmmmure
wak' tr[era‘?gd ith" %‘otu%'%ﬁrs%&‘ﬂnﬁf tﬁlgsulgé?e sothlon ((iljorpnl)_()t grgdestirred

for 5 min. Aqueous saturated sodium bicarbonate solution (10 mL) was also

3

added and stirring was continued for further 10 min. The mixture was
extracted with dichloromethane (3 x 30 mL). The combined organic layers

10 were dried over magnesium sulfate, filtered, and concentrated. The residue
was chromatographed on silica gel (gradient: acetone/hexanes; 2:8 to 45:55)
to afford the product 3 as a semi-solid which was dissolved in 2 mL of
dichloromethane and 10 mL of hexane, the solvent was removed under
reduced pressure to give the product 3 as a white solid (150 mg, 70% for two

15 steps). HRMS (FAB) calcd for CagHs1F3N7Og [M+H] 734.3853; found
734.3850.

Preparative Example 4

20 Step A
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was treated with aqueous 1M sodiumthiosulfate
solution (10 nL) and stirred for 5 mn. Aqueous
waatospssset sodi um bi carbonate sol ution (10 nl)PEBEESENE®H1579
added and stirring was continued for further 10 mn.
The mixture was extracted wWith dichl oronmethane (3 x 30
m.). The conbi ned organic | ayers were dried over
magnesi ury sul fate, filtered, and concentrated. The
iLelue was chromat ographed on silica gel (gradi

N\

le/ hexangs; 2: 8@t 45:55) to afford thro@%trHS
asasqj'n sdl i d whi"d §'\dl\ssolved|n2 fn
[ chl rdélohane and®18, AL of hexane, t
Nf emgy€d-Dnder reduced predsure to give pr6dq&t 34b

as a white solid (150 ng, 70%for two steps) HRVS
(FAB) cal cd for C36HSI F3l\.I7CBm5_I\/H- 734.3853; found
734. s@ot:orwpégandahi(\?éOm@)mpI?e dighipromethaing jand 3 mL

of 1Y BMF WPt R oA B T Qo BB A8 i e
amihethydtacicridd sated n’m)t\haé‘léaﬁbcﬂ folbve b)lﬂﬁn@mylmb'l";ﬂwohne

am ne hydrochl ori de 4a was added foll owed

(41958 iy b Agh820 e h@Je@thO@nmum wag syrred@vernigbt (temp 0
to 282 R 178 bR RS SR W0 A5 Presidue was
dissolved in 50 mL of ethyl acetate. The organic layer was washed with water
(10 mL), aqueous 1N HC! (10 mL), aqueous saturated sodium bicarbonate
(10 mL), and brine (8 mL). The organic layer was dried over magnesium
sulfate, filtered and concentrated under reduced pressure. The crude product
4b (190 mg) was used without further purification.

Step B

o e |
) H
vy ”““ s SRk

A solution of hydroxyamide 4b (199 mg) in 10 mL of dry
dichloromethane was treated with Dess-Martin periodinane (3 eq, 371 mg).
The reaction mixture was stirred at room temperature for 30 min. The mixture
was treated with aqueous 1M sodium thiosulfate solution (10 mL) and stirred
for 5 min. Aqueous saturated sodium bicarbonate solution (10 mL) was also
added and stirring was continued for further 10 min. The mixture was

extracted with dichloromethane (3 x 30 mL). The combined organic layers



to 25 0C). Al the volatiles were renoved under vacuum

and the residue was dissolved in 50 m _of ethyl
w@e@sasss21 The organic | ayer was washed w th waP€r/U§2004/041579

m.), aqueous 1N HCI (10 m ), aqueous saturated sodi um

bi car bonate (10 nL), and br i"Re (8 mL). The organic

| ayer was dried over magnesium sulfate, filtered and
congentrat ed under redyced pressure. The crude groduct

WeES 015d Yg] Magnesiwa Silfaikotitereds endicopapntratest TbA residue
oSSt Al B RO 9030

afferssthigproducipeas @dserrmnml(dsmenh véasldisgdlvedhe 2rmbBefi on
nhture was st i room -t npe ature for 30 mn,

rireie Gad 1Py 5@&5%% tyasgeaQyed under
5 ré&dc@é%r&@é@re&@'dﬁé e r%gugi-& g‘{(g @ o8 forf o sq%@%fanﬁj

Wgueous saturat'ed sodi um & <ol ution
wide saliddHRMR (FABYcalcd for GgsHaalN,Qofifl+IH1880 #d 86§ faunker
6%@4565 The m xture was extracted wth dichl oronet hane
0 The conbi ned organic | ayerswere dried
Payparamraaammésgl fate, filtered, and concentrat ed.
The resi due was chromat ographed on silica gel
(gradient: acetone/ hexanes,v2 8 to 4:6) to afford the

product 4 as a sem [i ch vvasodl sHsoI ved in 2 m _
of N\/\
o]
10 5
Step A

' Y |
H4N N N NH
N e + ’ TN - 7 T
® 0 N N o o)
cl 5 [\ N Y o
a N O/T\ sb

A solution of acid 1j (150 mg) in 3 mL of dry dichloromethane and 3 mL
15 of dry DMF was stirred at 0 °C and treated with HATU (1.4 eq, 155 mg). The
amine hydrochloride 5a (76 mg) was added followed by N-methylmorpholine
(4 eq, 0.13 mL, d 0.920). The reaction mixture was stirred overnight (temp O
to 25 °C). All the volatiles were removed under vacuum and the residue was
dissolved in 50 mL of ethyl acetate. The organic layer was washed with water
20 (10 mL), aqueous 1N HCI (10 mL), aqueous saturated sodium bicarbonate

(10 mL), and brine (8 mL). The organic layer was dried over magnesium
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di chl oromet hane and 10 nL of hexane, the solvent was
renoved under reduced pressure to give the product 4

W@ 1@6/0p8321 76% for two steps) as a white solid. PERNR004/041579
(FAB) cal cd for C36H54N706 | M+H] 680. 4136; found
680. 4165. Preparative Exanpl®e 5 Step A 5a A solution
of acid 1j (150 nmg) in 3 nL of dry dichl oronethane and

wa datO C and treated with
sulifeifiarell do YomeSiggled YHECH fcnerRiEBRAPo oG udk prsuct
5w@bovmn€) wé@%éa%tmm%@wer%mtcaﬁbﬁor pholine (4 eq,
. The reaction mxture was stirred
Stepd¥ ni ght (terrp O to 25 0C). Al the volatiles were
renmoved und\y vacuuma the residue was dissolyed in
Qf et acet te The organic | ayer vvas washed
10

W th eous 1IN HC (10 uepusy
satourg scm [ onate (10 L), r'J n
'-- r nioc | er was—dried o
[ gne3| Uil fate filtered and co Ice tréte under
Weduced p’r/Bssureg The crude productN 5b (20 vvass

used vvithout further purification. Step B N L 0

5oL LSt HS AR o iy © O
e
The reaction mixture was stirred at room temperature for 30 min. The mixture
was treated with aqueous 1M sodium thiosulfate solution (10 mL) and stirred
for 5 min. Aqueous saturated sodium bicarbonate solution (10 mL) was also
added and stirring was continued for further 10 min. The mixture was
extracted with dichloromethane (3 x 30 mL). The combined organic layers
were dried over magnesium sulfate, filtered, and concentrated. The residue
was chromatographed on silica gel (gradient: acetone/hexanes; 2:8 to 45:55)
to afford the product 5 as a semi-solid which was dissolved in 2 mL of
dichloromethane and 10 mL of hexane, the solt/ent was removed under
reduced pressure to give the product 5 (170 mg, 84% for two steps) as a
white solid. HRMS (FAB) calcd for C37HssN7Og [M+H] 694.4292; found
694.4294.

Preparative Example 6

o ! N ~ R
[N\j)L N\Z/&OO 0O
P =
N

Iz
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was treated with aqueous 1M sodiumthiosulfate

solution (10 nL) and stirred for 5 mn. Aqueous
waatospssset! sodi um bi carbonate sol ution (10 nl)PEEESZOEI1579

added and stirring was continued for further 10 mn.

The mi xture was extracted w¢h dichl oronethane (3 x 30

m.). The conbi ned organic | ayers were dried over

magnesi um sul fate, filtered,, and concentrated. The

resi due was chromat ographed 6on silica gel (gradient:
StegeAone/ hexanes; 2:8 to 45:55) to afford the product 5

as a sem.-solid which was dissolved in 2 nL of

di chLorongt hane and 10 nL of hexane, the sol vent vas J

OH

reng nder ,f educed, pressure to give the
LCg)ﬁ‘)or t WoN g S awite sold

wg”’é %or C37K5 [ MFH694. 429

0

%@42944\Preparatlve anpl e 6 NStep /H( ) orf) 'E!;
| © 0 N6b A solution of acid 1j (150 ng) in

of dry dichl oromethane and 3 nL of dry DVMF was stlrred

at 0A 86lutiod df:ra@ai 3;1(1\6@&rhgmw;ﬁloﬂd@amcmé%rﬂ%an h:.@]d 3mL
a was a
ofa@&{ﬂ}‘?\ﬁ@ ar och A0 BEO °C B Teateh with HATL (1.4 2q, 158 me). The
amine hydrochlonde 6a (80 mg) was added followed by N-methylmorpholine

(4 eq, 0.13 mL, d 0.920). The reaction mixture was stirred overnight (temp 0
to 25 °C). All the volatiles were removed under vacuum and the residue was
dissolved in 50 mL of ethyl acetate. The organic layer was washed with water
(10 mL), aqueous 1N HCI (10 mL), aqueous saturated sodium bicarbonate
(10 mL), and brine (8 mL). The organic layer was dried over magnesium
sulfafte, filtered and concentrated under reduced pressure. The crude product
6b (205 mg) was used without further purification. |

Step B

v o N |
. A ., OH , KA ! o r
0 [erN N q Q}(” N
Ny N ©0 0 _— Ng § 0 o
SR © 0 (JyWy~r™
6b N T~ 8

A solution of hydroxyamide 6b (206 mg) in 10 mL of dry
dichloromethane was treated with Dess-Martin periodinane (3 eq, 371 mg).
The reaction mixture was stirred at room temperature for 30 min. The mixture
was treated with aqueous 1M sodium thiosulfate solution (10 mL) and stirred

for 5 min. Aqueous saturated sodium bicarbonate (10 mL) was also added
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(4 eq, 0.13 nm., d 0.920). The reaction m xture was
stirred overnight (tenp 0 to 25 0C). Al the volatiles
wowess/osssapved under vacuum and t he resi due wasPCT/US2004/041579
di ssolved in 50 nL of ethyl acetate. The organic |ayer
was washed with water (10 m9, aqueous 1IN HCl (10 nlL),

aqueous saturated sodi um bi car bonate (10 nL), and

i,he rganlc I er s dried over
W@%}H@E@ RS ‘)cﬂrﬁlgysd Pl d0ARE- d BRABIUTRERS Bxigested with
didHREPREthRRE 33 W) m[:) ETIE B ﬁbﬁ&ﬂH@an@la@é&s\NE@ d?"%& over

used without further purification.” Step
m%@?&ﬁlwmrﬁudfﬁtmﬁtemmdd@rﬁbn(mw e riesidl@ was of dry
reated w t

e PRl 3R S8 o) (BTt e B R BAL S 18 p 4558 to

afford tHeerotiuct 98 4 §mgaﬁ&m1&pwa§%s!§owedﬂhez FLXbur e
was treated with aqueous 1M sodiumthiosulfate

dichipremeshapa engi)0 mbdfdhexanedthieosolgentiwas reoevedunder

odfidd] BRSSAE I BT BPRRTERabomd St Tor o AP 2 o

whitesscidt HRMSdFNEY Raftidcior wgmm@e gvle&] 708QU 292} fodite

éon‘ol ned organic |ayers were dried over nmagnesi um
70 Zgé)te filtered, and concentrated. The residue was

P a'qﬁﬁ on silica gel (gradient:
rg@etone/% g7 2:8 to 45:55) to afford the product 6
as a sem-solid vvh| ch vvas\d/l’ssol ved in 2 mL of

di chl or onet hane a O hexanq) the solvent was
renoved under red sure vthhe product 6
(169 ny, 82@6fom)tvﬂ step N a

Step A

U)L Nvg O Y);W - [Nj*y%!;;\(

A solution of acid 1j (80 mg) in 3 mL of dry dichloromethane and 3 mL
of dry DMF was stirred at 0 °C and treated with HATU (1.4 eq, 83 mg). The
amine hydrochloride 7a (1.1 eq, 40 mg) was added followed by N-
methylmorpholine (4 eq, 0.07 mL, d 0.920). The reaction mixture was stirred
overnight (temp 0 to 25 °C). All the volatiles were removed under vacuum and

the residue was dissolved in 50 mL of ethyl acetate. The organic layer was
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white solid. HRVS (FAB) calcd for C38H56N706 [ M+H]

706. 4292; found 706.4280. Preparative Exanple 7 N Step
wao\20esessat i on of acid 1j (80 ng) in 3 nL of drRCT/US2004/041579

di chl oronet hane and 3 nL of dry DMF was stirred at O

OC and treated wth HATU (1! /a eq, 83 ng). The am ne

hydrochlorlde 7a (1.1 eq, 40 ng) was added fol | owed by

0, 92
WRSETRIERE (1 Fce @, BN slcr bt ) acking s Sepratse
sdélunwwlbaﬁdwat/@h@mtlbﬁfﬁ OVeHLS, éﬁcﬂﬂb\’lﬁg (B?H@)’ TYI%CdJrgghi%r]gyer was

t he resi due was di ssolved I n et hyl et at
drgghoveiyRaoResiapLsuliaie. filtered awdtqmmntrate(mmndmyeduced

s _sat urat d| um
e e T Ry e T R U
pwifigation. | ayer was dried over magnesium sul fate,

f|| ered and concentrated under reduced pressure. The
'ée product 7b (105 ng) was used wi thout further

urificati on/ Step B 7b)A solution of hydroxyaqide 7b
?108 YY) i N2 rrL of, dry di chl oronet hane was treated
vvith $s- Nar |ane I odi nane (3 eq, 198

tlnq'nx'ture sfstirred at roomte
' o hXt ure, Was treated w [N

solutl (10 mL) and stigre
N

A solution of hydroxyamide 7b (108 mg) in 10 mL of dry
dichloromethane was treated with Dess-Martin periodinane (3 eq, 198 mg).
The reaction mixture was stirred at room temperature for 30 min. The mixture
was treated with aqueous 1M sodium thiosulfate solution (10 mL) and stirred
for 5 min. Aqueous saturated sodium bicarbonate (10 mL) was added and
stirring was continued for further 10 min. The mixture was extracted with
dichloromethane (3 x 30 mL). The combined organic layers were dried over
magnesium sulfate, filtered, and concentrated. The residue was
chromatographed on silica gel (gradient: acetone/hexanes: 2:8 to 45:55) to
afford the product 7 as a semi-solid which was dissolved in 2 mL of
dichloromethane and 10 mL of hexane. The solvent was removed under
reduced pressure to give the product 7 (86 mg, 80% for two steps) as a white
solid. HRMS (FAB) calcd for Ca7Hs4N;0g [M+H] 692.4136: found 692.4145.
Preparative Example 8
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for 5 mn. Aqueous saturated sodi um bi carbonate (10

nm.) was added and stirring was continued for further
waoogiosss2The m xture was extracted wi th di chl opoTEstvasne1579

(3 x 30 nL). The conbi ned organic |ayers were dried

over magnesium sul fate, fil 7@red, and concentrat ed.

The residue was chronmat ographed on silica ge

(gradi ent: acetone/ hexanes; 2 8 to 45:55) to afford

the product 7 as a sem - soI whi ch was di ssolved in 2

mL of dichl oronet ha 3 =l of hgxane The sol vent

was renoved under r re sur gl e the product
7 (86 nmg, 80% forOt as a d HRVS
(FAB) calcd f 1 36 found

692. 4145. PrfipaifatiNe Exanp Ie 88 Ste A HCLH3N 8b 8c
A solution o collnl@ 8a (1.0 g) in 50 nmL of

dry DMF and 50 m _ of dry di chl or omet hane was stirred

at 0 OC and treated with HABU (1.4 eq, 4.3 g).

S%Cl ohexyl gl yci ne nethyl ester hydrochloride (1.1 eq,
g) was added followed by N-methyl norpholine (4

eq, 3.6 nL, d 0.920

ed

overni ght (tenp O |@ 0C). Al the volatiles wg
renoved under vacuw.and the residue was di ssolpved
ethyl acethte. The organic |ayer yasjwashed

vvacﬁer t 100cm) agil¥Bus IN AT 7100 fl)S agNeous
s&tur gt ed sodi um bi cargponate sol ution (10 ), ando
brine={100 nm_.). 8b 8c
A solution of picolinic acid 8a (1.0 g) in 50 mL of dry DMF and 50 mL of
dry dichloromethane was stirred at 0 °C and treated with HATU (1.4 eq, 4.3
g). Cyclohexylglycine methyl ester hydrochloride (1.1 eq, 1.85 g) was added
followed by N-methylmorpholine (4 eq, 3.6 mL, d 0.920). The reaction mixture

was stirred overnight (temp 0 to 25 °C). All the volatiles were removed under

The reaction m xture was St
Ul

vacuum and the residue was dissolved in 500 mL of ethyl acetate. The
organic layer was washed with water (100 mL), aqueous 1N HCI (100 mL),
aqueous saturated sodium bicarbonate solution (100 mL), and brine (100 mL).
The organic layer was dried over magnesium sulfate, filtered and
concentrated under reduced pressure. The residue was chromatographed on
silica gel (gradient: acetone/hexanes; 5:95 to 35:65) to afford the product 8¢
(1.9 g, 85%) as a clear semi-solid.

Step B
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The organic | ayer was dried over magnesium sul fate,
filtered and concentrated under reduced pressure. The

WO e@s@sss2wvas chr omat ogr aphed on silica gel (grBdi/gsto04/041579
acet one/ hexanes; 5:95 to 35:65) to afford the product
8c (1.9 g, 85% as a clear €8m-solid. Step B-Owe I\L
OH o0 0 8c 8d A solution of nethyl ester 8c (1.9 g)

in THF/ MeOHLH20 (100: 100: 50) was treated with [ithium
hydr oxi de ydrate (2.5 eq, 2.82 g) at 0 0C
reactiongnx{ure was stirred until all the sta

rmterNaI ad] be consurreel—as—el»eterm ned byOT
anal acetphe/®hexanes; 15:85). The Q
m xt was gated with 100 nml _ of aq eoys 1N

of the m xf.ure became appr oxi mately 1) d aII t
vol atil es “Wwere renpved under reduced pressure The

r esiAlsolutian abrhetagl estense i1 @ @hw%é@ﬂm %08990:50)

i ned organic extracts were over

W%%H%ﬂ?ﬁdz it | mfhmdr@ﬂea WW@ﬂ@t@thL%e?,O% Sztrgﬁ) ;tm’tﬂa The
reggl:itf*yﬁ'ggtﬁféo\&vés%tnﬂed%ﬂ@g%g%%gﬁ’“mat&li‘al had been consumed
as determined by TLC analysis (acetone/hexanes: 15: 85). The reaction
mixture was treated with 100 mL of aqueous 1N HCI (pH of the mixture
became approximately 1) and all the volatiles were removed under reduced
pressure. The residue was extracted with dichioromethane (3 x 100 mL). The
combined organic extracts were dried over sodium sulfate, filtered and
concentrated. The crude product 8d (1.6 g, 90%) was used without further
purification.

Step C

N

Y
0 » oM o /\l (N_)YOMG
n OH N ©

- H
| ] K * HCLHZN\V/L§O 0 NS N\?/L§O ©
: = o} 80

A solution of acid 8d (235 mg) in 10 mL of dry DMF and 10 mL of
dichloromethane was stirred at 0 °C and treated with HATU (1.4 eq, 480 mg).
The amine salt 1h (1.1 eq, 300 mg) was added followed by N-
methylmorpholine (4 eq, 0.4 mL, d 0.920). The reaction mixture was stirred
overnight (temp 0 to 25 °C). All the volatiles were removed under vacuum and
the residue was dissolved in 100 mL of ethyl acetate. The organic layer was
washed with water (20 mL), aqueous 1N HCI (20 mL), aqueous saturated
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HCLH2ZN O O O O O\ 1h 8e A solution of acid 8d (235

mg) in 10 nL of dry DMF and 10 niL of dichl oronet hane
wormsesssered at 0 OC and treated with HATU (1. BCEPUS2048041579

ng). The amine salt 1h (1.1 eq, 300 ng) was added

fol | oned by Nmethyl norphol i (4 eq, 0.4 nL, d 0.920).

The reaction m xture vvas stirred overnight (tenp O to

t d d
st iea bl eoiaias b Bu i BETed To mia: fhe et
wad aried @38t fd %fun‘i‘@ﬁlfé(‘@shﬁé#‘e‘d‘ 1) &‘@ﬁc%rntr(a?éh Dhdler reduced

aqueous 1N . aqueous sat ur at edsodi um

pn@rs&larreba'hatr@s@uewvammr@mtngr@p@niobrbsm@@gen(@raﬁlept The

PR ER R SRR @%ﬁﬁﬂ%ﬁﬁr@iaﬁ%%‘#@@ £5%)he

StepsbDdue was chronmat ographed on silica gel (gradient:
acet one/ hexanes; 5:95 to 4:6) to afford the product 8e
(440 ny, 93% /Step D .OM O O 8e 8f A solution of

nmet hyl ter (440 ng) in 30 M _ of a THF/
m Xt u Mereated W th I|th|umhyd
m)n yd ate, 5 q,

A solution of methyl ester 8e (440 mg) in 30 mL of a THF/MeOH/H20
mixture (1:1:1) was treated with lithium hydroxide monohydrate (2.5 eq, 88
mg) at 0 °C. The reaction mixture was stirred until all the starting material had
been consumed as determined by TLC (acetone/hexanes; 3:7). The reaction
mixture was treated with 20 mL of 1N aqueous HCI (pH of the mixture
became approximately 1) and all the volatiles were removed under reduced
pressure. The residue was extracted with dichloromethane (3 x 60 mL). The
combined organic extracts were dried over magnesium sulfate, filtered and
concentrated. The crude broduct 8f (419 mg, 98%) was used without further
purification.

Step E
Y

0 Y (?}(OH HCIHZN\)W/ % ; W
ijgg%oog + e Vo O)L N\/go

H
N

A solution of acid 8f (80 mg) in 2 mL of dry dichloromethane and 1 mL
of dry DMF was stirred at 0 °C and treated with HATU (1.4 eq, 83 mg). The
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ng) at 0 OC. The reaction m xture was stirred until

all the starting material had been consuned as .
waledososssaed by TLC (acetone/ hexanes; 3:7). ThePCHES10000M1579

m xture was treated with 20 ml _ of 1N aqueous HCl (pH

of the mixture becane approfPmately 1) and all the

vol atil es were renoved under reduced pressure. The

afrfify U183 G i eodad FolBrEi S melraimemoline (4
e QYOI @@Z(Qt The f’ééét%rner%)@u% Was %ﬁﬁ%& %‘i/@& %H_ljk‘?emp 0to

rude roduct f (419 ny, was use
éupﬁ Halt theuvelatileamwese re&oevpd EEmdeOdaCBurH&rf&ﬂNe'l'reEldUeSi/as

ot A BT e B ool et

(20 mc:) mw&mwmw 10 n’ﬂ'ﬁTHq(léoﬂs QQtur%d"%Si Lgﬁ hiTbBRate
(1.1 was add

‘ik'{'l%'? %&? ﬁ’d{)pﬁm’ bﬂ'ée (Hgé‘d-) dhe praanic dayerovd drlérdhever

aGREsH AT s, fifert2nd oM G et e trsniz e
crutle predich8y (&5 wigy aak\aed withsutfurthér gikhdatig et at e.
The_organi ¢ | ayer was washed with water (20 ni),

S%’éous IN HCI (10 nlL), aqueous saturat ed SOdI um
bi car bonat e\/

HAOWW_’O)L%NAO: W

A solution of hydroxyamide 8g (0.156 mmol) in 10 mL of dry
dichloromethane was treated with Dess-Martin periodinane (2.3 eq, 152 mg).
The reaction mixture was stirred at room temperature for 30 min. The mixture
was treated with aqueous 1M sodium thiosulfate solution (10 mL) and stirred
for 5 min. Aqueous saturated sodium bicarbonate solution (10 mL) was added
and stirring was continued for further 10 min. The mixture was extracted with
dichloromethane (3 x 30 mL). The combined organic layers were dried over
magnesium sulfate, filtered, and concentrated. The residue was
chromatographed on silica gel (gradient: acetone/hexanes: 1:9 to 45:55) to
afford the product 8 as a solid which was dissolved in 0.5 mL of
dichloromethane and 5 mL of hexane, the solvent was removed under
reduced pressure to give the product 8 (59 mg, 56% for two steps) as a white
solid. HRMS (FAB) calcd for C37HssNsOg [M+H] 679.4183; found 679.4191.
Preparative Example 9
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solution (10 nL), and brine (10 nL). The organic |ayer

was dried over magnesium sul fate, filtered and
wa@oensesisent ed under reduced pressure. The crudeCPUSZIOC 041579

8g (105 ng) was used without further purification.

Step F 8g A solution of hydBéxyam de 8g (0.156 mmol)

in 10 nL of dry dichl oronethane was treated with

Dess-Martin periodinane (2.3, eq, 152 ng). The reaction

m xture was stirred at gelel) tenperature for 30 mn.

The m xture was tr d WI aqueous 1M SOdI um

thi osul fate sol uti nsttl r el far 5 mn.

Aqueous saturate® sogi um bitar Bon ol (10 L)

was added andnNsti r| \n@/ﬁonﬂl nu or further 10
s tracté)d wi t h |di chl or onet hane (3

mn. The m &
Zonbi ne or/ga.m c layers were dried over

x 30 mb). T
magnesi um sul fate, filtered, and concentrated. The
resi due was chromat ographed ®on silica gel (gradient:
sgég one/ hexanes; 1:9 to 45:55) to afford the product 8
solid which was dissolved in 0.5 nL of
dichloronethane and 5 nL of hexane, the solvenbymas

er reduced pyessure to give th ro @ oH
(59 : Fr t weing: J_as a white sobi R
= 8a

@A@ BL&g o or *C37H5 [wrﬂ—wg.ﬁ% ;
- J’Y* Pgepar ati ve [Exampl e 9Step T

A solution of acid 8f (80 mg) in 2 mL of dry dichloromethane and 1 mL
of dry DMF was stirred at 0 °C and treated with HATU (1.4 eq, 83 mg). The
amine salt 4a (1.1 eq, 38 mg) was added followed by N-methylmorpholine (4

eq, 0.07 mL, d 0.920). The reaction mixture was stirred overnight (temp 0 to
25 °C). All the volatiies were removed under vacuum and the residue was

dissolved in 50 mL of ethyl acetate. The organic layer was washed with water

" (20 mL), aqueous 1N HCI (10 mL), aqueous saturated sodium bicarbonate

solution (10 mL), and brine (10 mL). The organic layer was dried over
magnesium sulfate, filtered and concentrated under reduced pressure. The
crude product 9a (105 mg) was used without further purification.

Step B

Y Y
S " OH . S Y . 0 H
N N
0 ’ % ~ X o ’ % N N ~ X
N N o o —_— N N o o
| N |N| H @] | N ” Y (@]
= o /_v 9a P (@] /"v 9
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V f Asolution of acid 8 (80 ng) in 2 m _ of dry

di chl oronet hane and 1 ml _ of dry DVMF was stirred at O
wa@ahoanssser eated with HATU (1.4 eq, 83 ng). TheP@miuam04/041579

salt 4a (1.1 eq, 38 ng) was added foll owed by

N- met hyl mor pholine (4 eq, 0897 ml _, d 0.920). The

reaction mxture was stirred overnight (tenp 0 to 25

00 .,Al | .th ol d d d
e A Solul SO EpbaeToRea @ B oI £ Ak ohdiat at o
didRiersthemang vbé’é’ﬁéat@ﬁﬁm\fﬁﬁé%@ Waith ﬂ@to%f‘na(r?@g@éq 152 mg).

aqueous 1IN HCl (1 _). agueous saturated
The t@adbonanlextwelwas samerclet rdom tempetatitnecfot 30 min. The Thisture

wt BRI Bouie M Sl AR SR Qb anorsisred

fof BUAR. NGREYES samrét%@%dmamvméar%ﬁdté%dmw (foIRALt Was added
purification. Step BA solution of hydroxyam de

andstirgag wasl gontimued fat fusthedry rinc Aiherodungaras ﬂatgacted with

obABRAGEb e AT i The BRI ORRR ByrEiloed dfiafBber

magnesi0mnsuifatd, Ifiter@ & talidecovisentiated. themdsidrawaeus 1M
sodi um thj osul fate sol ution (10 m.) and stirred for 5

chipmatogarbed ogaedlmee@@dgwmnawt@aﬁmaﬂ@s sbPUei4sd) to1o
affoai tH@ﬁr@ﬁﬁ?g 28 s3hd WHidP W@%lé‘sgaf\}édl rﬁlr off ur t her

Xture was ex ract r oret hane
d:Ql:HosorBetham andnenioobherexheg thyasdloehtayas semer/ed dinded

ul filt d, d. )
refiiEed BEAITRE Ve the re it BB, S5 BERvG Blore) 26 a white
sdiir ﬂq:amngAB§ eéraa%he mﬂ%@ﬁlso& Q\%HP 647963,1833fd?£frfo°6fb hlﬂ§1
pr oduct as a sol ich was dissolved in 0.
Preparatlve Example 10

10

Step A
Y

\\V/
OH il OH
OH H H H
o Ow/ HCLHN N
oW 2 ~ o N N N

N N_A O + _ H
x N 0 0 N N o} 0o
A 5 (YWY Y

8t - o /_v 10a

A solution of acid 8f (80 mg) in 2 mL of dry dichloromethane and 1 mL
of dry DMF was stirred at 0 °C and treated with HATU (1.4 eq, 83 mg). The
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di chl oronet hane and 5 nL of hexane, the solvent was
renoved under reduced pressure to give the product 9

W@ 8@5/0888264% f or two steps) as a V\/ni te solid. PRVBS2004/041579
(FAB) cal cd for C37H55N606 % 679. 4183 found
679.4181. Preparative ExanpBé 10’ 10 Step AY 0 10a A
sol ution of acid 8f (80 ng) in 2 nL of dry

AU SRkl | OO Radel tiowad Mgymatimpmboine (4
e§a. b75ﬁL (dlobzw THe F%efaébgn"}g&@%%gs E@J %&’ggg rﬁaqxh(temp 0to

N net hyl mor phot' i ne
2p¢ e@&;tA%’fhlemota’uues wisgis remmioved dindee vacgirh e(rtdenhie résidaeidbas

dishavpn Blanat Sl S8etHe T SAmc Byetvmg masAdnh water
(2MLWWOQS|1W?C| WS n’f@SEﬁGeM§ ’é‘atW?ét@{j g& rﬂ1b+éarbonate

agueous eous satura

sqjuiien bhene, anl bnm@mq m]_)nﬂle orgahib tayes Wasddndd ovdihe

b AEEh s e HRked b oot hdR Gulstfadped blissurenne

{ \Q BLdWAEh O Bekd i fiRHicafion t her
Cig:ﬁ?%?ﬂomﬁ “gtgggé)é \5/SV 10a H O 10 Apg'gl utallgn of

oxyam de 10a (0.156 nmmol) in 10 nmL of dry

fNﬁ dﬂw

A solution of hydroxyamide 10a (0.156 mmol) in 10 mL of dry
dichloromethane was treated with Dess-Martin periodinane (2.3 eq, 152 mg).
The reaction mixture was stirred at room temperature for 30 min. The mixture
was treated with aqueous 1M sodium thiosulfate solution (10 mL) and stirred
for 5 min. Aqueous saturated sodium bicarbonate (10 mL) was added and
stirring was continued for further 10 min. The mixture was extracted with
dichloromethane (3 x 30 mL). The combined organic layers were dried over
magnesium sulfate, filtered, and concentrated. The residue was
chromatographed on silica gel (gradient: acetone/hexanes; 1:9 to 4:6) to
afford the product 10 as a solid which was dissolved in 0.5 mL of
dichloromethane and 5 mL of hexane, the solvent was removed under
reduced pressure to give the product 10 (68 mg, 63% for two steps) as a
white solid. HRMS (FAB) calcd for CagHs7NgOg [M+H] 693.4340; found
693.4310.
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di chl oronet hane was treated with Dess-Martin
periodi nane (2.3 eq, 152 ngy). The reaction m xture was
wa@RiosHosss2at roomtenperature for 30 m n. The MPRI/USE04/041579
was treated with aqueous 1M sodiumthiosulfate
solution (10 m.) and stirre®4or 5 mn. Aqueous
saturated sodi um bi carbonate (10 nL) was added and
stirrin s continued for further 10 mn. The m xture
R Ba@t'{"%aéﬂwf\iﬁm di chl or onet hane (3 x 30 ni). The
conbi ned organic |ayers were dried over magnesi um
sulfate, filtered, apd_concentrated. The resi due was
chr omat ogr aphed on ﬂ [ :

ca gel\ (gradi H
acet one/ hexanes; 1: * W *heﬁroduct 10
as a solid s dis oIved n G 5 0
di chl or onet n%hoaﬂ% i E01‘/1%>><ane sol vent was
renoved under reduc®d pressure to gi e t he product 10
(68 nmy, 63%for two step s a white solid. HRVS
(FAB) cal cd for C38H57N6C6 MH—U 693. 4340; found

693. 4310. Preparative Exanple'11 / \ " NL OO 7 11 Step
Stepode Ove HCLH2N O 1h 1la

~
%

>'\oj\h1 OH HCI. HZN\QT _— >L /U\ H\/1

O

Lr

1a

A solution of N-Boc-cHex-Glycine 11a (916 mg) in 20 mL of dry DMF

~was stirred at 0 °C and treated with HATU (1.4 eq, 1.89 g). The amine salt 1h

(1.1 eq, 1.2 g) was added in 30 mL of dry dichloromethane followed by N-
methylmorpholine (4 eq, 1.55 mL, d 0.920). The reaction mixture was stirred
overnight (temp 0 to 25 °C). All the volatiles were removed under vacuum and
the residue was dissolved in 250 mL of éthyl acetate. The organic layer was
washed with water (100 mL), aqueous 1N HCI (50 mL), aqueous saturated
sodium bicarbonate solution (50 mL), and brine (50 mL). The organic layer
was dried over magnesium sulfate, filtered and concentrated under reduced
pressure. The residue was chromatographed on silica gel (gradient:
acetone/hexanes; 5:95 to 25:75) to afford the product 11b (1.65 g, 89%) as a
white solid.

Step B
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A solution of N-Boc-cHgx-dycine 1la (916 ng) in 20 nL
of dry DMF was stirred at 0 OC and treated with HATU
W@ 2004/088%321 1. 89 g). The amine salt 1h (1.1 eq, BCRU§I004/041579
was added in 30 nL of dry dichloromethane foll owed by
Nnet hyl mor pholine (4 eq, 1.%9 ni, d 0.920). The
reaction mxture was stirred overnight (tenp 0 to 25
0C). Al the wolatiles were renoved under vacuum an
the residue was- dissolved in 250 nL of ethyl acetat

The org c i was washed with water (100
aquegu p Hc%qe, aqueous saturat ed so
ﬁi}ca borfat eysoljutilon (50 ni),—and bri Eﬁﬁf
0

re

ganiy 'éﬁ/v%@ Qried over magnesiu

filtered and Tonce ated under reduced . The

resi due s/c‘ﬁrormtrig'éraphed on silica gel (gradPe 11c
acet one/ hexanes; 5:95 to 25:75) to afford the pr odu

11b (1.65 g, 89% as a white solid. Step BOWw O 11b A

sol u 5«9?“63“%11@ yl @§1leér11b](ﬁ 6(41nr@4|m§m mlna6l]—iFﬂM@OH/H20

1 eated W|thI|th|
e e SsarsiPa P istuhL g Slegongnarate (Brha. 30
mgo;at DAG. Fhercomingrenmvied rBrbvelarieiet ﬂegemgﬁ Er{lk'th?e Was
stifre all the starting material ha
StEEﬁFL Wﬂ@“gbe(ﬁ@@ﬁ%fﬂ@@”@wﬂb,e?la@@ﬂewaaetl@ﬁﬂ!ﬁerm&eﬁ)by
t r h 50

TIOSaEABRE AR EL 477, M LA i Do Hidhm o
1N aquenes FiTl{pHI efthe mixture became approx 1) and all the volatiles
were removed under reduced pressure. The residue was extracted with

dichloromethane (3 x 100 mL). The combined organic extracts were dried
over magnesium sulfate, filtered and concentrated. The product 11¢c was

obtained as a white solid (1.61 g, 98%) and used without further purification.
Step C

Y
O\r HCI H,N OH“ , }rﬁ § H
TR AT
T e = H O/:V 11d

A solution of acid 11¢ (248 mg) in 10 mL of dry dichloromethane and 5
mL of dry DMF was stirred at 0 °C and treated with HATU (1.4 eq, 120 mg).
The amine salt 1g (1.1 eq, 120 mg) was added followed by N-
methylmorpholine (4 eq, 0.22 mL, d 0.920). The reaction mixture was stirred
overnight (temp 0 to 25 °C). All the volatiles were removed under vacuum and
the residue was dissolved in 150 mL of ethyl acetate. The organic layer was
washed with water (40 mL), aqueous 1N HCI (20 mL), aqueous saturated



were renoved under reduced pressure. The residue was
extracted with dichloronethane (3 x 100 niL). The

W@ ooobiosssal or gani ¢ extracts were dried over magPEBUSIN4/041579
sulfate, filtered and concentrated. The product 1lc
was obtained as a white sol 88 (1.61 g 98% and used
W thout further purification. Step COH HCIH2N | u la

d
scxt it WPa i aokian 2y cad prioerolant s (The ergacic loyer
B el S Wi thokill) STIL (ihotocbtina 13000t o6 AP0 o

P'I‘%étlf%/%mqrhdmmedwadt (=01} (KEOZﬁngWasdJs@d%mouthﬂher

%tt n mxture was stirred overnight (tenmp 0 to 25
p%%fc 'Rﬁ the volatiles were renoved under vacuum and

5 stdpe[)r esi due was dissolved in 150 nL of ethyl acetate.

The or gani Iayer was washed with water (40 ni),
aqueous 1N (20 mL), aqueous saturat edsodl‘um
blca sol yfi g (20 mi ), and brin heo H
2 Ia ver rmgne5| um f NW
>E| Lterled Kh\r}cg cent $at uc d The
cPudl plodict® 11d 330 ng) was usedO\/vll','qI Pher

purificdtidr. Step D

A solution of hydroxyamide 11d (0.489 mmol) in 20 mL of dry
dichloromethane was treated with Dess-Martin periodinane (2.3 eq, 152 mg).
10 The reaction mixture was stirred at room temperature for 30 min. The mixture
was treated with aqueous 1M sodium thiosulfate solution (10 mL) and stirred
for 5 min. Aqueous saturated sodium bicarbonate solution (10 mL) was added
‘and stirring was continued for further 10 min. The mixture was extracted with
dichloromethane (3 x 30 mL). The combined organic layers were dried over
15 magnesium sulfate, filtered, and concentrated. The residue was
chromatographed on silica gel (gradient: acetone/hexanes: 1:9 to 4:6) to
afford the product 11e as a solid which was dissolved in 1 mL of
dichloromethane and 8 mL of hexane, the solvent was removed under
reduced pressure to give the product 11e (280 mg, 85% for two steps) as a
20 white solid. HRMS (FAB) calcd for CagHgoN507 [M+H] 674.4492; found
674.4507.
Preparative Example 12
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H d A solution of hydroxyam de 11d (0.489 mml) in 20
nmL of dry dichl oronethane was treated with Dess-Martin
w@ersosisaane (2.3 eq, 152 ng). The reacti on ni RCTUS20086841579
stirred at roomtenperature for 30 mn. The m xture
was treated with agueous 1M8odi umthiosul fate
solution (10 nmL) and stirred for 5 mn. Aqueous
saturated sodi um bi car bon te solution (10 m.) was
added and stirring was conty nued for further 10 mn.
The m xture was ext ed |chlcoromet hane (3 x 30
m.). The conbi ned & icla rstver d i ed over
magnesi um sul f at te e N affd codnc ntr ed The
resi due was c n nOSI 3 aOgeI (gradi ent:
acet one/ hexangs| 1H9 tip 4: 6) o affgrd the product 1le
asasolldv\hlchvvasd? ved in 1 nL of
di chl oronet hane and 8 nL of hexane, the solvent was
renoved under reduced pressdRe to give the product 1le
S%%& 85% for two steps) as a white solid. HRVS
caI cd for C36H6ONSO7 [ MtH] 674. 4492; found
674. 4507 Prgparative Exanple 1212 Step A HCO 2+ H2N

%ﬁ;t edoam ne 11 (80 ny) di ssetved i
he resulting sol
o terrp raWe until all th
been ?,\Pr?sumed as det esgyhned b
11 © AN 12

The N-Boc protected amine 11 (80 mg) was dissolved in 5 mL of formic
acid. The resulting solution was stirred at room temperature until all the
starting material had been consumed as determined by TLC
(acetone/hexanes; 3:7). After 4 h, the volatiles were removed under reduced
pressure and the residue was placed under high vactium. No further
purification was done for the product 12a (70 mg, 98%).

- Step B

N QO Y
0O _0 - z
HCOLH.H,N ) ﬁ *J\N N o ° W ©
= H H

The amine salt 12a (0.118 mmol) was dissolved in 5 mL of dry
dichloromethane and cooled to 0 °C. N-methylmorpholine (2.5 eq, 0.032 mL,
d 0.920) was added followed by pivalic anhydride (1.2 eq, 0.028 mL, d 0.910)
in 2 mL of dry dichloromethane. The mixture was stirred overnight (temp 0 to



(acet one/ hexanes; 3:7). After 4 h, the volatiles were
renoved under reduced pressure and the residue was

w@bk@sesssander hi gh vacuum No further purificaPCDOSWa$041579
done for the product 12a (70 ng, 98% . Step B\ 12a 12
The amine salt 12a (0.118 m38l) was dissolved in 5 nL

of dry dichl oronmet hane and cooled to 0 C
0. 920) was

t | 0.032 i, d
§Z ﬁ?é F‘%o‘&lé’o I gﬁﬂ%mif gl'%ﬁﬁwm o rT(LlofzdI@alor@nemna The
cml flo f t
° %ﬁ S astied Wil CnY. of dEEBLE TR BRIC10 M0 pEhiiqt
1Atgd sogim dalqanaergatw sofutm, mhdo1;0 ahi_ ol mmmmlM Eéﬂgagf&hgyer
AP RIBRITH l, Heli She E0SRN S orcer oo
5 presdurk) Tine rekidoil Wss cﬂ—rr@ﬁné’tbg@%ﬂl'%dl & Efic @58% gver

concen

nesium sul fate, filtere
2GS DE B kif & TTheo aderdite pecsiuchi (a8 oy, zﬁﬁ%ﬂa@@ white

S M A AT Dafaa NS TR 858 44 raind 98 4558,
Pm(mmxam.bl@dlgor C36H6ON5O6 [ M-H] 658. 4543; found

658. 4558. Preparative Exa@/e 13 Step A CCH 3 OH
HCLH2N O N 1d

7 H
N N O O
N N ;
[ /j/LKH 0 - 7
N

10

Step A

\v/ A
o i (_)\!(OCH;,
N OH 4+ N o}
S N HCLH,N o —_—
[ /j/U\H S D \{go [N\ N N O
N 1 P

X Hg_

15 A solution of acid 1d (90 mg) in 5 mL of dry dichloromethane and 3 mL
of dry DMF was stirred at 0 °C and treated with HATU (1.4 eq, 180 mg). The
amine hydrochloride 13a (1.0 eq, 128 mg) was added followed by N-
methylmorpholine (4 eq, 0.15 mL, d 0.920). The reaction mixture was stirred

=3
o
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13a A solution of acid 1d (90 ng) in 5 L of dry
di chl oronet hane and 3 nL of dry DMF was stirred at O

wooasBser eated with HATU (1.4 eq, 180 ng). TheRCHDBI064/041579

hydrochl oride 13a (1.0 eq, 128 ny) was added fol |l owed
bz Nmet hyl nor phol ine (4 eq, 88.15 m, d 0.920). The
reaction m xture was stirredovernight (tenp O to 25

i | d d
oot ® B2Gal B1 HE VPRt Were iatag) inderoiatim and

et A SN Sl v

washe Bihvates &?@mtana@q@auﬁw H@I 16rmbg e(qnagtnggatu@tw

. i . i nesLum.su ) .
STy oy or e SRAR0  EY uf A BARER E R oS v meer
wag dridd ©veamagnesiah colfaR) Gl Sid b@%&ﬁ}até@gﬁg%?%ced

;, 119 to 4:6) to give the produc
orE5 Bl g 5o v dhvoresiosianieodivplies gaCigradiontN O |

. . : Sy 4l ved i.p 15 n
e A T A E O ek el ik DL sblhurades
white $0lid.t hi um hydr oxi de nonohydrate (2.5 eq, 28 ng) at

The reaction mxture was gradually warnmed up to

Srgomten'perature and stirred for 2 h until all the
starting NS %

~
N M

The methyl ester 13b (160 mg) was dissolved in 15 mL of a 1:1:1
mixture of THF/methanol/water and treated with lithium hydroxide
monohydrate (2.5 eq, 28 mg) at 0 °C. The reaction mixture was gradually
warmed up to room temperature and stirred for 2 h until al| the starting
material had been consumed. Aqueous 1M HCI (30 mL) was added and all
the volatiles were removed in rotovap. The residue was extracted with
dichloromethane (3 x 30 mL). The combined organic extracts were dried over
magnesium sulfate, filtered and concentrated. The crude product 13c (150
mg, 98%) was used without further purification.

Step C
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mat eri al had been consuned. Aqueous 1M HCl (30 niL) was

added and all the volatiles were renoved in rotovap.
wab@snsssedue was extracted with di chl or onet haneCT/BS2008041579

nm.). The conbi ned organic extracts were dried over

magnesi um sul fate, filtered98nd concentrated. The

crude product 13c (150 ng, 98% was used wi t hout

further pur cation. Step COHY" HI1i I I / \' ,n HCH

2N 13 plsic}/ A solution of acid 13;: ((j75 |n\4/n1 o '
f dr i chf oko hane ang+ 2, 0 ry H H
ot at ”%hd tF'e \nﬂth HATU 61 V\g 0
. hybtrcmhror.de o( 2eq i)t vgd dl &

| fdi | owed by NTet hyl mor photi n&? i

U.920). Tkiedreaction mxture vvas stN red over ht

(tenmp 0 tg=&5 0C). Al the volatiles were re

un vacyumpi and the residue was di ssalBdged i rrt

of eArsblut@ﬁedfaetcﬁd 13847908ATh r‘n?Bbgfer‘Nﬂfch‘f@r%Pr?oﬂgﬁé And 2

wat er , agueous
mé.af A m stirres] 8t0 BGraddreated Wit HATY (1.4 )eq, 89tng).

T BRad e Bonlosicl 72 Pl 28Red” s eh cerer dolavembin-
m\emﬂﬂ]rggfbhfwg?té ﬁﬂl fe@;p Srﬁlrrfggtbl S%%M)g?gétreééﬁoﬂ‘ﬁﬁxtld?eeg/as stirred
overnight (temp 0 to 25 °C). All the volatiles were removed under vacuum and
the residue was dissolved in 50 mL of ethyl acetate. The organic layer was
washed with water (20 mL), aqueous 1N HCI (10 mL), aqueous saturated
sodium bicarbonate solution (10 mL), and brine (10 mL). The organic layer
was dried over magnesium sulfate, filtered and concentrated under reduced
pressure. The crude product 13d was used without further purification.

Step D

Uﬁjﬂ%ﬁ _ U*%M N

13d 13
A solutron of hydroxyamide 13d (0.130 mmol) in 10 mL of dry
dichloromethane was treated with Dess-Martin periodinane (2.0 eq, 110 mg).
The reaction mixture was stirred at room temperature for 30 min. The mixture
was treated with aqueous 1M sodium thiosulfate solution (10 mL) and stirred
for 5 min. Aqueous saturated sodium bicarbonate solution (20 mL) was also

added and stirring was continued for further 10 min. The mixture was
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G HO/MHW Il SrV Oo ON A solution of hydroxyam de
13d (0.2130 mml) in 10 nL of dry dichl oronet hane was
wo e@ansss2ivi t h Dess-Martin periodi nane (2.0 eq, PQI/OS2004/041579
The reaction mxture was stirred at roomtenperature
for 30 mn. The m xture was9ireated w th aqueous 1M
sodi um thiosul fate solution (10 nL) and stirred for 5
Agueous saturated sodi um bi carbonate sol ution (20

eﬁ{éjct%wtﬁu dehlaermeathang (Svi 30 Milg- WA copmined emanie layers
TS ob ety S AYARRSARASESEEN, i resiue

whaybramategeaphiddedn silien gmggreaiam actdtbaé/hexéndaé e2:8do 5:5) to

o9 B8 R laeamn: Thieenar e e ol oS 6 ATty g)

e G e e N

PiejsaratfiSeé; Exfamphb 17432 4122. Preparative Exanple 14 Step

A' OHVI I (}IWIZNOVJ
e
U*?r“
14
Step A

v
Mo HJ o ( ] Q}(K} N
(» J*%M ¢ Nig o

13¢ 142

A solution of acid 13¢ (75 mg) in 4 mL of dry dichloromethane and 2
mL of dry DMF was stirred at 0 °C and treated with HATU (1.4 eq, 69 mg).
The amine hydrochloride 4a (1.2 eq, 35 mg) was added followed by N-
methylmorpholine (4 eq, 0.06 mL, d 0.920). The reaction mixture was stirred
overnight (temp O to 25 °C). All the volatiles were removed under vacuum and
the residue was dissolved in 50 mL of ethyl acetate. The organic layer was

washed with water (20 mL), aqueous 1N HCI (10 mL), aqueous saturated



A solution of acid 13c (75 nmg) in 4 m _ of dry
di chl oronet hane and 2 nL of dry DMF was stirred at O
wooasBser eated with HATU (1.4 eq, 69 ng). TheP@MURm04/041579
hydrochl oride 4a (1.2 eq, 35 ng) was added foll owed by
Net hyl nor pholine (4 eq, 0.985 nL, d 0.920). The
reaction mxture was stirred overnight (tenp 0 to 25
s were rempved under vacuum and

Q Al | h I
QU oS ta ol Bian 10, B )| #HEBNHE (40 Mg o veamiotayer

ds S
e e PR SR RS ot At ¥t Mjer reauce
Prepedichd hetarude brodumh 144Gvad usedimithbut fuethet ?uﬂficétio'ﬁhe
St%hg?m c layer was dried over magnesium sulfate,

ered and concentrated under reduced pressure The
crude produw 1l4a was used wi thout further

puri firtatio Step@v H’?HI\/UOOOLo N1¢a<\ )O
utl@gr\,h r ymde 14a (0. 13 J
[

14 A

f rwd' hIor rrehane was treated I;)p%ﬁ; rt|n
[ radirn \ ey, °110 ng). The
|rF'edoat oomte eratur—e—f—els 3 in. HTh xture

was treatvv| th aqueous 1M sodi um™ hi osul fa
W

soltion Y mL) and stirred 14

A solution of hydroxyamide 14a (0.130 mmol) in 10 mL of dry
dichloromethane was treated with Dess-Martin periodinane (2.0 eq, 110 mg).
The reaction mixture was stirred at room temperature for 30 min. The mixture
10 was treated with aqueous 1M sodium thiosulfate solution (10 mL) and stirred
for 5 min. Aqueous saturated sodium bicarbonate solution (20 mL) was also
added and stirring was continued for further 10 min. The mixture was
extracted with dichloromethane (3 x 30 mL). The combined organic layers
were dried over magnesium sulfate, filtered, and concentrated. The residue
15 was chromatographed on silica gel (gradient: acetone/hexanes; 2:8 to 5:5) to
afford the product 14 (66 mg, 69% for two steps) as white solid. HRMS (FAB)
calcd for C41Hs4N7Og [M+H] 740.4136; found 740.4146.
Preparative Example 15

y
0 N Y W
H z
N/ 0 /—v
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for 5 mn. Aqueous saturated sodium bi carbonate
solution (20 nL) was al so added and stirring was
wa@orvsiosssed for further 10 min. The m xture wasPCT/US2004/041579
extracted with dichloronethane (3 x 30 nL). The
conmbi ned organic |ayers wer 83dri ed over magnesi um
sulfate, filtered, and concentrateg. The resi due was
chr omat ogr aphed on silica g (gradi ent:
acetone/gexgnes; 2:8 to 5:5§gto afford the product 14
SteipAny, 69% for two steps) as white solid. HRVS (FAB)
calcd for | H54N7O6 [ MkH] 740. 4136; found 740. 4146.
Prepar.tlve anple 1515 StepA HO H2N 11 15a Thé N- Boc

stlssoIved in5 f AM-
resul ting sol on
re for about 45 n1“

afford t’ e/Ypfoduat 15a (60 ng, 98% as a \Nh sol j4d-
No further purification was carried out for e
product. Step B o TY HOH2N OH L 15a N

The N-Boc protected amine 11 was dissolved i in 5 mL of 4M HCI

solution in dioxanes. The resulting solution was stirred at room temperature
for about 45 min. All the volatiles were removed under reduced pressure to
afford the product 15a (60 mg, 98%) as a white solid. No further purification

was carried out for the product.

Step B
. HCIHZ%W%W % “wdkw
8 ORRS

z .0 /\\ 15

15b N

A solution of nicotinic acid 15b (12 mg) in 1 mL of dry DMF was stirred
at 0 °C and treated with HATU (1.4 eq, 54 mg). The amine hydrochloride 15a
(1.0 eq, 62 mg) was added in 3 mL of dry dichloromethane followed by N-
methylmorpholine (4 eq, 0.05 mL, d 0.920). The reaction mixture was stirred
overnight (temp 0 to 25 °C). All the volatiles were removed under vacuum and
the residue was dissolved in 50 mL of ethyl acetate. The organic layer was
washed with water (20 mL), aqueous 1N HCI (10 mL), aqueous saturated
sodium bicarbonate solution (10 mL), and brine (10 mL). The organic layer
was dried over magnesium sulfate, filtered and concentrated under reduced

pressure. The residue was chromatographed on silica gel (gradient:
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15b N ' 15 A solution of nicotinic acid 15b (12 ny)

in 1 of dry DMF was stirred at 0 OC and treated
wowaok/o5$871 (1.4 eq, 54 ng). The am ne hydr ochl peT/Us2008641579

(1.0 eq, 62 ng) was added in 3 nL of dry

di chl or onet hane fol | owed by9fmet hyl nor phol i ne (4 eq,

0.05 nm., d 0.920). The reaction m xture was stirred

ARt 2 B 40 00 i e rocahis e meg. 8k Vevaiwhite

sdid. HRMS ( EWBQbafPé‘cﬁfcﬁ .
W th water rrL%) g%d—e%-ﬁc%{l %(ﬂfay ﬁj &gzﬁgﬂ%
PE%RQEPHY@(E—’%’GPM i carbonate solution (10 rrL) and
brine (10 nmL). The organi c\}yer was dried over
magnesi.um sul fate, filteredand concentrated under
vva% ch@orrglt ogr aphed on
es’ to 1:1) to
sol i d.
NG [ %79.4183; f ound
679. 4193. Prlgpaysatifve Exanple 16 16 Step A\ / \ OH i

j 16b A sol utNon of aci d/V\(8O ny) 2 nL of dry
di chl oronmet hane and 2 nL of dry DMF was stirred at O

OC and treated with HATU (1Ql eq, 83 ng). The am ne
Stepdaochl oride 16a (1.2 eq, 40 ng) was added fol | owed
by Nmet hyI m)r phol i ne

U*o AN . v& i

reduced pressure. T
silica gel (gradien
gi ve the product {15
HRVS (FAB) cal

A solution of acid 1j (80 mg) in 2 mL of dry dichloromethane and 2 mL
of dry DMF was stirred at 0 °C and treated with HATU (1.4 eq, 83 mg). The
amine hydrochloride 16a (1.2 eq, 40 mg) was added followed by N-
methylmorpholine (4 eq, 0.07 mL, d 0.920). The reaction mixture was stirred
overnight (temp 0 to 25 °C). All the volatiles were removed under vacuum and
the residue was dissolved in 50 mL of ethyl acetate. The organic layer was
washed with water (20 mL), aqueous 1N HCI (10 mL), aqueous saturated
sodium bicarbonate (10 mL), and brine (10 mL). The organic layer was dried
over magnesium sulifate, filtered and concentrated under reduced pressure.
The crude product 16b was used without further purification.

Step B



10

15

20

25

(4 eq, 0.07 nL, d 0.920). The reaction mxture was
stirred overnight (tenp 0 to 25 0C). Al the volatiles

wores/osssepved under vacuum and the resi due wasPCT/US2004/041579

di ssolved in 50 nL of ethyl acetate. The organic |ayer
was washed with water (20 m9b, aqueous 1IN HC (10 nl),
aqueous saturated sodi um bi carbonate (10 ni), and

bri ne (10 The organic layer was dried ove

m sui-f at e, f Itered and concentra ed un

pressurefd T grude product 16b

fyrtiwe at;/r-on Step BH H

00 N(/ﬁhd@ox n de "16b (0. 155N?3\ |n ;/grrtoof o
cti on

or:onet hane |was treated-w f h rti n©

O
eri odi nan@WZ. @seq, 131 ng). The ra re Was
Etirred at roomtenperature for 30 mn. The mxture
M sodi um t hi osul fate

sor uMi GRS Hrareaice FRRTE 455 Gimph i A6 seloos cry
dl&ﬁbﬁérﬂbﬁ%r&%‘i\&’éé‘fﬂegf ﬁvﬁﬁe'%s%olgﬂ%& @%ﬂd@f%ﬁéﬂfﬁoaddj% mg).

and stirring was continu
The xeaptionvimbiuetwas stnediat hoath ¢mpeatetean S0(Rink THE mixture

whE kel e HaB50s 0 Bty iSHiralS sewiip d1e vmnd stired
for@&htﬂ”ﬁdﬁ@%@@éﬁﬁﬁié&%&ﬁ@ﬁ%l@é‘rb%h? é?ggﬁ%% prgéj ?H%d

acet one/ hexanes; 2:8 dR to a
andsstirsigg vgq&,gorgmuﬁm foefutherd 0 rARVE heFARXurealvas ektracted with

SERISRO RIS 0 R, %o RSB B e B SN
maApinesium sulfate, ﬁltered, and concentrated. The residue was
chromatographed on silica gel (gradient: acetone/hexanes; 2:8 to 5:5) to
afford the product 16 (55 mg, 51%) as white solid. HRMS (FAB) calcd for
Cs7Hs6N706 [M+H] 694.4292; found 694.4310.

The present invention relates to novel HCV protease inhibitors. This
utility can be manifested in their ability to inhibit the HCV NS2/NS4a serine
protease. A general procedure used for such manifestation is detailed by the
following in vitro assay.

Assay for HCV Protease Inhibitory Activity:

Spectrophotometric Assay: Spectrophotometric assay for the HCV serine

protease was 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 were
derived from the P side of the NS5A-NS5B junction sequence (Ac-
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utility can be manifested in their ability to inhibit
the HCV NS2/ NS4a serine protease. A general procedure
was@d/osssel such mani festation is detail ed by theCT/US2004/041579
following in vitro assay. Assay for HCV Protease
Inhibitory Activity: Spectrgghotonetry Assay:
Spectrophotometri c assay for the HCV serine protease
performed on the inventive conpounds by follow ng

DtTiEéD‘ﬁVESG‘é\tﬁJ)r whees & Heaf FB)/wRosczﬁatagrrmal a;tarquyégmu psalvere

e SIeRTRERH bt il P G ook el (e Suligpnenl

7b1wedxm rh8yRESdraatin sbs4-phebiBPEERIT. [RSStRited below are
substrat es is suitable for the continuous m)nl toring

her synthesisacharactesizatier andiapplicatien elibese aous! wer e

gg%béﬁ%téﬁ%%@m%tgg &B@Nﬁ?&ﬁl\%@? t‘s@%&}mﬁ gnd detailed

kigetie levahaition f XY INSB prpeasenbisigireri fied with one of
four di fferent chronophoric al cohols (3- or
il h : hydr oxy- 4- net hyl - counmari n,

4- ph éﬁélgp ﬁQﬁﬁliéal réddatit Fat Gofited ﬁfférté ere obtained
pp%ap e\?, thadé

synt aracterization an on 0
fronvSIgmqn@cttenup&idﬁampany ¢S’e$bers sbesdsurﬁ)t Beagentsifghpeptide

syinees Wis Trnaiaud CRRMISAS, Novarpehe San Setnt Haliormia),
AMBli&d B%sirstéﬁ‘?éf ﬁ@sﬁér c&;':\g@aﬁférrhgy aﬁ& PRYs Fh?tﬁgs%!oéﬁ%r s

wer e obt ai ned Si gma Chem cal Conpa uis
(Ff\nasryoglnam Nla@ag@?uaetlsberpieswemumlmxaed/muailmm on an

dr| C ioche San
B AR TOAE 3 A KBS EPE R e Hosyptems). Uvivis
Sﬁébtrb@fetéra%o@éld_ﬂﬂBEﬁpi 2 WasBr @SR RIMBEImer (Norwalk,
Connecticut) and 96-well UV plates were obtained from Corning (Corning,
New York). The prewarming block was from USA Scientific (Ocala, Florida)

and the 96-well plate vortexer is from Labline Instruments (Meirose Park,

“1llinois). A Spectramax Plus microtiter plate reader with monochrometer was

obtained from Molecular Devices-(Sunnyvale, California).
Enzyme Preparation: Recombinant heterodimeric HCV NS3/NS4A protease

(strain 1a) was prepared by using the procedures published previously (D. L.
Sali et al, Biochemistry, 37 (1998) 3392-3401). Protein concentrations were
determined by the Biorad dye method using 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) was
exchanged for the assay buffer (25 mM MOPS pH 6.5, 300 mM NaCl, 10%
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(Fram ngham Massachusetts). Peptides were synthesized
manual |y or on an automated ABI nodel 431A synthesi zer
W@ Reosisssppl i ed Bi osystens). UWI S Spect r onet er PEDUE1004/041579
LAMBDA 12 was from Perkin El mer (Norwal k, Connecticut)
and 96-wel|l UV plates were @@tai ned from Corning
(Corning, New York). The prewarm ng bl ock was from USA
Scientific f Ccal a, Florldagﬂsandthe 96-wel | plate _
QKYS?EC&x%P@’/s aundmaliosided HNSEDTAeaNd 5(8 D GE)eutitiaing, a Biorad
BH-SPW\OPS@ %én?)a%R 8%5&‘1'???1’1( Plus mcrotiter plate reader
w t

nmono was ‘obt ai ned from Ml ecul ar Devi ces

SOBshnateV&VrﬁheﬁalarfddP@mf&iatloﬁnIM% RireRA aitthesubstrates was

d 3/ NS4 A t
APSS PATAPIRST R pAAse étéé:lbgbfqg.af@ ishaitiptastleyianeioring Fmoc-

NRELSH C@%Sdfh% 'li%f'égﬁ?%{‘e. a%‘ta ard .rgtﬁé%%lféééﬂos et

37 (1998 oncentra _
aklénted nPepll ArgteimReBi, 37ad 98y  513-520). Thengptides wairsant

ease s ngar ds reV| usly quantified bly am no
‘@éﬂo %h/f@?%m é‘rs"tgo RO HNEMsY.fithen manally i prean
a%ﬁﬁa’%&eABHHo@bl 45@ aglhé@@ Htﬁbe&sﬁphfét oézlﬁ%t}%a d %@@W

, 10% gl ycerol Iauryl e’ an
tDTGQteql@@p@de I’ﬁmgg@ehts overe loteavesidyorniihé eesi wharwbwma% ptktic

age ThOHS AT (D% i Sse BNl (T bip Qichipa Bbthane. (5 for a0

mith, riyePRctifdoreRei® acidUTFA) # ©CMIENES hiinafe combined

Purification: The synthesi s of the substrates was done
f"?ar@ter ang RQM wastRvagieyagowted pzeiropidally @rdepeatedly extracted

Y Ahar FaE AR SRRl RoTBR Ry N A hiaf T Re8lgod ope.pow

plﬁ?ése WAk driéd d?@@‘Naz%fC% 8hA ¥8poratéd. (1991), 513-520).
The pepti des wer

The ester substrates were assembled using standard acid-alcohol
coupling procedures (K. Holmber et al, Acta Chem. Scand., B33 (1979) 410-
412). Peptide fragments were 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.) was added to initiate the coupling
reactions. Product formation was monitored by HPLC and could be found to
be complete following 12-72 hour reaction at room temperature. Pyridine
solvent was evaporated under vacuum and further removed by azeotropic
evaporation with toluene. The peptide ester was deprotected with 95% TFA in
DCM for two hours and extracted three times with anhydrous ethyl ether to
remove excess chromophore. The deprotected substrate was purified by
reversed phase HPLC on a C3 or C8 column with a 30% to 60% acetonitrile

gradient (using six column volumes). The overall yield following HPLC
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subsequently assenbl ed, using Fnoc chemnistry, either
manual |y or on an automatic ABI nodel 431 peptide

waymshssserer. The N-acetylated and fully prot eRCBUS2004/041579

pepti de fragnments were cleaved fromthe resin either
by 10% acetic acid (HOAc) aB8 10%trifl uoroet hanol
(TFE) in dichloromethane (DCM) for 30 mn, or by 2%
trlfl uoroacetic acid (TFA) in DCMfor 10 m n. The
PeigatioBvas pppmdémalaly BeNO0Res Fhady %Qld@lomsed:an be

L N R oo

stbhed DCityFaedeasmdiriced degrcalid2SO4 and evapor at ed.
The ester substrat es were assenbl ed usi ng standard
SPECtEa of & % SRAGE qfeubsya ?ﬁﬁe@ndsth%l

é*%ﬂb o] m%re %’P. %%fg%él*%%%%enfé’%’f%'ﬁé%;f'%%d A8 gssay
buigmExtinctiosheasfiidientmware éefermirieenatsthafoptinia tfbeste
tic unt

WPl et S lies GaDaig 7 SNrghe HMRI370 nm for PAP and
469 _?’nYrFfd?hleN Gélheorﬁb!tlgéj@lhﬁ@% TRe %ﬁ g‘ia‘{‘@ﬁ ;?é%qﬁﬂa\t/éieagtg

initiate the col reactions. uct fornatron
was iefioee @ésiihatHraglandticyieldindthef maridnuro flastionapdiéersnce in

follown 2-72 ho reactio t, room erature.
abghroa e Bedferdt el ialtee At @hdror (L0 apslia®
oDysubstrateeopyed by azeotropic evaporation with

Fgl uene. The peptide ester was deprotected with 95%

Pnatease, Assay:fHie Virtotaaserassang were petfosmedrat 89°Ciuaing a 200

oo PR A P e Al SR sl RER L BTEE Sittions 25

MGR@ Ips-b(ﬁi 5pBas enMFN&QPI 086 GR/cerol8.0694 laumylwhhifosidd Buip
I

EB(M) and rf\/l tDTIT)ewere optimized for the NS3/NS4A heterodimer (D. L.

Salli et al,-ibid.)). Typically, 150 pl mixtures.of buffer, substrate and inhibitor

were 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, was then used to initiate the reaction
(final volume 200 pl). The plates were 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 was obtained with plate readers that utilize cutoff filters).
Proteolytic cleavage of the ester linkage between the Nva and the
chromophore was monitored at the appropriate wavelength against a no
enzyme blank as a control for non-enzymatic hydrolysis. The evaluation of

substrate kinetic parameters was performed over a 30-fold substrate
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gradi ent (using six colum volunes). The overall yield
follow ng HPLCpurification was approxi mately 20-30%
wab@smsssecul ar mass can be confirned by el ect rPEPUS3004/041579
i oni zati on nmass spectroscopy. The substrates were
stored in dry powder form upder desiccation. Spectra
of Substrates and Products: Spectra of substrates and
the correspondi ng chronophore products were obtained
comcartirationl range 4s8-2P00uN]. dnitiabxeloeities were detérimineadusing
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opti mal _of f-peak wavel ength was defined as that
Fmdvbl Pér@@mﬁry@rnpmgr numbets(hrath Wergctal@Haledrgsusniag dlee
i n abso bet ween substrate and product (product

eppyme &, eOD)/subst rate OD). Protease Assay: HCV
ERAREASS Bf ﬂ'?rﬁﬁYo?s Wi n@@%@?é}bﬁe d‘h@tmﬁ%ﬁn%n‘%rﬁs 1RP 8¢ the
reaction mMx in Crotiter plate. Assay
cbpevantitorons 10 GM)MRER-0.i (20) AVDED\VA ()
olauryl maltoside, 5 nmM EDTA a

OB e TRV @ veare Sesiesh asur Gl et (sed
czgn?e$ﬁ|ldtloﬁ§ ofbnzl rg'edaﬂé) %ﬁﬁt@%&@bﬁlﬂ %h?ﬁlﬁ Of

fer, substra ean vvereépae in wel

cohcaratation(IEs) aeddramgto thb/Béarfdndéd Mighamiie- Méhte\neehuamon
prei ncubate at 30 OC for approximtely 3 m nutes.

faridonypetitive gthipitiondimatitsprotveadet (113 /dd(1 308 o /rKra)s)swbere
o B TS e b ol R 8 e o
rrios Ay S TREBY ok EBp AR A A Tt syostrate

concentration used. The resulting data were fitted using linear regression and
the resulting slope, 1/(Kj(1+[S] o/Km), was used to calculate the Kj* value.

The thus-obtained Ki* values for some of the inventive compounds are shown
‘in Table 2 and Table 3.
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Table Structure Ki*
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i ). was used to calculate the Kj* value. The

t hus- obtai ned Ki* values for sone of the inventive
w@orposssds are shown in Table 2 and Table 3. Te®l/@8SD04/041579
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While the present invention has been described with in conjunction 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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O N 24 23 While the present invention has been

wale®spsssetd with in conjunction with the speci fPCT/US2004/041579

enbodi ments set forth above, many alternatives,

nodi fications and ot her vati4tions thereof will be

apparent to those of ordinary skill in the art. All

such alternatives, nodifications and variations are

intended to fall within ChAIMS rit and scope of the
Wﬁétﬂ§@|’§irgled\/l§:ntl on. CLAIMS What is clained is: 1. A

conpound, or enantiogners, stereoi
1. t autfoBppound, or enant{cTJemers, stereoelgclarﬁgps? rrgfan%é)rts?{éeurtgmers,
diastereomers, or racemates of said compound, or a pharmaceutically
acceptable salt, solvate or ester of said compound, said compound having the

general structure shown in Formula I:
G

E J
o)
H
N R
RS R4 n
H 0 R2 0
N

Y 4 O

o] R3
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-, aryl-, heteroalkyl-, heteroaryl-, cycloalkyl-, cycloalkyl-,
arylalkyl-, and heteroarylalky;

E and J can be the same or different, each being independently
selected from the group consisting of R, OR, NHR, NRR’, SR, halo, and
S(O2)R, or E and J can be directly connected to each other to form either a
three to eight-membered cycloalkyl, or a three to eight-membered heterocyclyl
moiety;

Z is N(H), N(R), or O, with the proviso that when Zis O, G is present or
absent and if G is present with Z being O, then G is C(=0O);



di astereoners, or racemates of said conmpound, or a
phar maceuticaliy acceptable salt, solvate or ester of

wa@ adod/osssapound, sai d conpound having the generBCT/US2004/041579
structure shown in Formula I: OOY OR3 Fornmula I
wherein: RL is H OR38, NRORI®, or CHRORLO, wherein RS,
RO and R10 can be the sane or different, each being

i ndependent|y sel ected fromthe group consisting of H
al k@ mayheyireserteireatsenk)and if Feisarasent G isdyGQRENGQ2).

ang i asbCr kebsanb 2o SaBAReCBITR Bl ng | ndependent]y
sel s(qgg%léﬁgﬁrb%tr% ?agg)cmsﬁﬁmgrw: of R, OR NHR

NRRY7, , and R, or and J can be direct]y
connected to each other to Rormeither a three to

ei ght - menbered cycl oal kyl, _qr a threBy N
ei(\g'&?yf‘mnbere \ ocycl ﬁ%-[ftf‘uety; zj;g\\lw(l_,), N,N ’
OIN-Q Wi t,h theygfoviso that-Nkhen, Z i%b ING i's present
or absent and if\Gis present with Z ei'ﬁg O then G
is C(=0; G maybe present or absent, a% Gis O

present, Gis = or S(Q2 nd whe "sS absent/u\ Z
i ctly cﬁMed to Y] X X 3 HN™' X
NH /- O)/_NH \‘—{

4

NH ) ,
o ’ e} ’ Pr-"r
X=0,5, NH X=0,5, NH X=0,5, NH
% R \ %
N N R e
HN D—E W“g HN)Y , RN\/ﬁ/
NN 720 N-NR  © =N =N

N Ne A=
ey e D

N 1=04 X =0,8,NH
S 1 NN e
Ny X N g N
/ ’ N ’ S N I3 4
Ne v N R N N N OR
d O _ < E’/ <x]\ SV
— , X , r‘:r
R e e

X=O,S,NH X=O,S,NH
H n, Sk o
— ’ ! ! 4 /
b - o u o \N o \N - | , S}/NH ’

N
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| ected fromthe group consisting of: RR NNW
HOOIf r > - NH- NHOOo

t
N Xy\
NH X=0S, NH R R N > . -N RXI/H820bM041579
NN.NHNHNN NNNXRuU- 1=0-4
NRNNMMERQ

N :
a,. o e ot

X=0,5 NH

Fact Ay %A\g ’ ©/A\§ and>OL//S\\O/ijA K

A=0,NH :
R, R, R?, R®, R* and R® can be the same or different, each being
independently selected from the group consisting of H, alkyl-, alkenyl-,
alkynyl-, cycloalkyl-, heteroalkyl-, heterocyclyl-, aryl-, heteroaryl-,
(cycloalkyl)alkyl-, (heterocyclyl)alkyl-, aryl-alkyl-, and heteroaryl-alkyl-, wherein
each of said heteroalkyl, heteroaryl and heterocyclyl independently has one
to six oxygen, nitrogen, sulfur, or phosphorus atoms;
wherein each of said alkyl, heteroalkyl, alkenyl, alkynyl, aryl, heteroaryl,
cycloalkyl and heterocyclyl moieties can be unsubstituted or optionally
independently substituted with one or more moieties selected from the group
consisting of alkyl, alkenyl, alkynyl, aryl, aralkyl, cycioalkyl, heterocyclyi, halo,
hydroxy, thio, alkoxy, aryloxy, alkylthio, arylthio, amino, amido, ester,
carboxylic acid, carbamate, urea, ketone, aldehyde, cyano, nitro, sulfonamido,
sulfoxide, sulfone, sulfonyl urea, hydrazide, and hydroxamate.
2. The compound of claim 1, wherein R" is NR°R", and R°%is H, R"%is H
or R™, wherein R™ is alkyl, aryl, heteroalkyl, heteroaryl, cycioalkyl, alkyl-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:



XCRX=0S NHX=0 S NH- Hn XX HNNNNHRN

O/ XNNvyU. < XX=OSNHFaCG -A- A=0 NH
WOR00B0588R2, R3, R4 and R5 can be the sanme or dpE€T/E8mN4/041579

each being i ndependently selected fromthe group

consi sting of H, alkyl-, a#enyl-, alkynyl-,

cycl oal kyl -, heteroal kyl -, heterocyclyl-, aryl-,
het eroaryl -, (cycl oal kyl)al kyl -, (heterocyclyl)alkyl -,
aryl -al kyl -, gad het erdanyl - al kyl: erein each of

sai d heteroal kyl,» heterddryl and hetgrocyclyl
i ndependently has one to six oxygen, nitrogen, sulfur,

or phosphorus atomns; erei n eachnof sairgd al kyl ,
het er oalskyl ,zal ke kynyl@i(f@, he l,
cycl oal Md heterogyclyl noréetjes can bet-s

unsubstitutiead or optionally
A
& " 5\@)1-5 EJ\ '
; : 1-4
\MQF(

§—OH,  §—OMe, oM ALl
Me Me Me
Me ) Sy , X ' N
Me
S S
D 2L
;ng) ;\m[SN _— 1-3 and _

4. The compound of claim 1, wherein R? is selected from the group

consisting of the following moieties:

T . C

\
2\

N\
O\



i ndependently substituted with one or nore noieties
sel ected fromthe group consisting of alkyl, alkenyl,

wa@bdogrgds2l aryl , aral kyl, cycl oal kyl, het er ocycP@1/US2004/041579
hal o, hydroxy, thio, alkoxy, aryloxy, alkylthio,
arylthio, amno, am do, esiti@, carboxylic acid,
carbamate, urea, ketone, al dehyde, cyano, nitro,
sul f onam do, sul foxide, sulfone, sy|fonyl urea,
hydr azi de;{"and hydt¥{vxamat e} 2 The ound cl aim
1, wherekﬁJ R1 |q:\k{i’9R10 RO | g R10_i s/H or R14,
mhereln 4 bs al gl, aryl , fet'er ﬁlkyl %ﬁ%eroaryl,
cycloalk9F3 al kyl -faryl -, aIkyI he e?oaryl

aryl -al kyl -, al kenyl, al kynyl or heteroaryl al kyl -

The conpoung, of cIaun;Z mherehn R14 is sele d from

t he group c nS|st|ng of Nb TW3 1-3 1-4 1-4
ove OH , : 1-3 4 The
compoun f cIa|n1 , mherel 1s S Iecte fron1the

group consi sting pf t he foflo ng noi eties:

F
- % 5 k3 %
G & & %; é
0-3
F
- - o - o2
L T
I CHs CH, CHa o
e 5 £ :E
S 2(3; ' n=0-3, ’ n=0-3’

L& £ Lud



sj\ru\ FoC CF3
fr\v LA/ OO
= 0- 3 PCHUR2084/641579

AF1l FNC F3BCAXAAOO0-3CH\ L
WEB(Ose8820. . 2 S(0)0-2 CH3 CH3 CH3 X X
0

" CH3, CHBCH3 A.. y v L/yv X CH3 CH3
L
n

119

5. The compound of claim 1, wherein R® is selected from the group

consisting of:



X X Aand \ / F5. The conmpound of claim1, wherein R3

is selected fromthe group consisting of: CHCH3 CH3 H3
W@ERB5/05888 H CH SCH3 3 H3C CH3 XOOEt 0-4 H3C CpCHBSI1004/041579

CH3 CH3 COR, 31 CH3 CH3 COR31 Me O, M ,R 31 , NHR32

CF3-CF3 90-3 120
L</CF3
0-3 . ! E
F F F
ch) )03 (5 , l\L ’ :
S coon s
il
O
i era A
SBn HO™ "CHs
F3C ! H3C ' ’
COOH
oJ COOH © ’ ’
, 2\ @]
CH
CH3 CH3 3 Oo
Me
Me~ “Me 0-3 FsC~ CF3

OH



own J, HJC 0- CF XOOH Il O i LLL CH3 SBn HQ F X H3 3C

H3C COOH 0 COOH o CH3 CH3 Me Me Me 0-3 F3 CF3 OHO - |
wo/R0M54431 CH3 and R31 H3C HCHS CF3 wherei n R31PCHUS00041579

Oalkyl; and R32 is H C(OCH3, C(O CQBu or

CCONHtBu. 6. The conpourith of claim5, wherein R3 is

sel ected fromthe group consisting of: CHf CH3 CH3 T

CH3 CH3 CH3 ( CH3 R31 CH CGH3 ' Q-4 O COR31

58 89

v

v

, , Hsc/}\CHs

and R31

H
HsC cr?s 3 CFs

wherein R*' is OH or O-alkyl; and
R s H, C(O)CHs, C(0)OtBu or C(O)N(H)tBu.
5 6. The compound of claim 5, wherein R® is selected from the group

consisting of:

CHg/LCHS, CH3/L\HC§H3 CHz” | ~CHg (LCHS é
0-4 -



COR 31-CH 3 ;0-3 CH3 M M2 CF3 CO2H 1 CO2H d - X | and
Co-3 FF 7. The conpound of claiml1l, wherein RR4 o
wo s00sebsset ed fromthe group consisting of: O . POFBSIDLN41579
OO0o
122
) CHs
O
. | 0-3 S
CHy L >CHs 7%
CH OH Me~™ Me 0O
, ’ CF3 CO.H kLcozH
Cl ]
CF3 /‘\ and
Me CF3
y ' e
0-3 . F
F F
7. The compound of claim 1, wherein
O

is selected from the group consisting of:



g 3; 2 Owherein Y31 is selected fromthe group
consisting of: OR NHR and NRR7 and Y32 is sel ected

wo e@si0sgse1 gr oup consisting of:H - T T T An andPdT/nSH04/041579
OO . 8. The conmpound of claim1, wherein Z is NH
9. The conpound of claim 1,128herein Z is N(R). 10. The
conpound of claiml1, wherein Zis O Gis present or
absent and if Gis present Gis C(=0. 11. The

conpound of claimdg, whereinpgGis pres@nt agg [ OC(=O)
or S(MR)p 12. HIhe onpoupd of_cl ai pil er €l NS
sel egt edl from' grsdup comnsi s¥ing off: t W N
NN N N H\ - H , ’ )
o) o o Q
0 o < o o
;;K; 4 ,
"11_/\/[]\\5; ' Me , , )
’ 0-2
0-3 0-3 9] Y31
O

o) @ Q
o
&g d g E
04 3 B ’
o) 0 o y o y 0
[eife Mk 2ol ey
, N\Ysz, O ' O and O

32

<-Z

wherein
Y3 is selected from the group consisting of: OR, NHR and NRR’
and

Y32 is selected from the group consisting of:



c->\ AHNX- NHo>- NH - NHOy X=0O S, NH X=CA NH
X=07rS, NHRRHNT\ HNTRNTNN" NNRNN'" NN'N
waz2005458821 N RNN NORO< ORX=0 S, NH PET/O52084/041579
NHVONXXqHNO-NNI\!I2|>IrHRHNO NNS vyl

0 oA ~e %
H/LL& >r \[01/ Y W(])/ d’S\\O and \(ff .
8. The compound of claim 1, wherein Z is NH.
9. The compound of claim 1, wherein Z is N(R).
10.  The compound of claim 1, wherein Z is O, G is present or absent and if
G is present G is C(=0).
11.  The compound of claim 1, wherein G is present and is C(=0) or S(O,).

12.  The compound of claim 1, wherein Y is selected from the group
consisting of:

R oo,
e )% (&r"‘t T @N
(D \ I\,N 2
N-N N N-NH o/ N N

N H
O O
//{_}% XN Q/E ;_ Lo
NH NH , NH ,
o] "0 o ’ O \‘gﬂ
X=0,5, NH X=0,5, NH X=0,5, NH
R



SXXX=0S, NHAFaC-A\ Aand OA =0 NH 13. The
conpound of claim1, wherein: E Jis selected fromthe
w@re@apsssensi sting of: RHHHOHOHN O O CkpeT/B52008041579
NNNOOO OOVandNNI\1INOOOOOOOO

25

N N
(YL Wy ey T T

=N R
r’ﬁr N 1=0-4 X=0,S, NH

[Pa¥aVaVy \—LLL [ a¥atavy
N N N ©®/ X
©/\)/ ’ N/ ’ N/ ’ /N 4 /N,
/N\bLLL /N\ R N LLLL 4
o d (]/ <j\
X ’
R N, X‘—"O,S,NH X= OSNH

ePeWieViee . )*
A, ar oty

X=0,5 NH
A
/§ A A ﬂ}s ~
FaC \/A\§,>f\§, Eando\cx) ¢
A=0,NH :

13.  The compound of claim 1, wherein:
E J

0
A)\O



14. The conmpound of claim 1, wherein Gis absent. 15.
A pharmaceutical conposition conprising as an active
WO p@sesisent at | east one conpound of claim 1. REI/UII0e4/041579
pharmaceuti cal conposition of claim15 for use in
treating disorders associatg&bwi th HCV. 17. The
phar maceuti cal conposition of claim 15 additionally
conprising at | east one phar maceuti cal ly acceptabl e
isczaledted frong theThoupheanaidiing ¢fcal conposition of claim
17, additionally containing at | east one amiviral
agent. 194 The phar maceuti c conposi t Hon ;of cl ai m 18,
still addi [y cont@i

inte\rA;E/r\I%. . The phar [ ’549&5@ It
19, (=) rd at astNon€Yant i v al Nage|
ribavirin andsaid at | east oge interferon ips

a-interferon or pegylated interferon. 21. A nmethod of
treating disorders associated with the HCV, said
met hod conmmi{sialg adm nﬁSrs{er ng to anaifl ent in need

of such treat‘ment a pharmageutical co sition which
conprises therapeutically effective nt s ,of ' at
| east one co I of ‘cl ai 22. ThenneWhod of claim
21, wherein sgidladninistrlation is oﬂ/a.ll\\oo

®)
subcut aneous/%cz The u of a conpotind ®f claim1 for
t he manufacture of a nedicament to treat disorders

associ at ed wth the
O \/

@YWOYSSX

O O

14.  The compound of claim 1, wherein G'is absent.

15. A pharmaceutical composition comprising as an active ingredient at
least one compound of claim 1.

16.  The pharmaceutical composition of claim 15 for use in treating
disorders associated with HCV.

17.  The pharmaceutical composition of claim 15 additionally comprising at
least one pharmaceutically acceptable carrier.

18.  The pharmaceutical composition of claim 17, additionally containing at
least one antiviral agent.

19.  The pharmaceutical composition of claim 18, still additionally

containing at least one interferon.
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24. A nmethod of preparing a pharmaceutical conposition
for treating the disorders associated with the HCV,

wa@ adod/opasehod conpri sing bringing into intimtePCDOOBA04/041579
at | east one conmpound of claim1l and at | east one
pharmaceutical ~ acceptabl el@érrier. 25. A conpound
exhi biting HCV protease inhibitory activity, or
enanti onmers, stereoisonmers, rotapers, tautomner

2Qdi asther pbarmaqek@lpak e@BRasiEan ef claind %wﬁ%gwosa@ @atleast one
o QNP RE S ARV B SREAAR R b REHRELS, R
p@q&}@a;\_ﬂ%ﬁ%ﬁ%ﬁg _lIJ_ct( U{ e\s |/I ilt I(Eldl bel oCWV\ I/ \ UHO HN
21. \ A method of trgaMgmscmdgrsLassocm(ted with the HC\C/:Fsg(gBmethod
comprising administering to a patient in need of such treatment a
pharmaceutical composition which comprises therapeutically effective
amounts of at least one compound of claim 1.
22, The method of claim 21, wherein said administration is oral or
subcutaneous.
23.  The use of a compound of claim 1 for the manufacture of a
medicament to treat disorders associated with the HCV.
24. A method of preparing a pharmaceutical composition for treating the
disorders associated with the HCV, said method comprising bringing into
intimate contact at least one compound of claim 1 and at least one
pharmaceutically acceptable carrier.
25. A compound exhibiting HCV protease inhibitory activity, or
enantiomers, stereoisomers, rotamers, tautomers, diastereomers, or
racemates of said compound, or a pharmaceutically acceptable salt, solvate
or ester of said compound, said compound being selected from the

compounds of structures listed below:

U*?f N U*%OY
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di astereoners, or racenmates of said conpound, or a
phar maceuti cal » acceptable salt, solvate or ester of

wa@ anod/osssepound, sai d conmpound bei ng sel ect ed fPONMUB1084/041579
conpounds of structures listed belowV VHNNH o g V
HOoO{ VOOHYH?r 43%% 8HNOJ HVH XJI O H" O
(OO0

Y
B Y o',;}
0 Y . N NEN
N N N; c)O o Ny
|/ H o = [/
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-

N-NH

A
= n § H
N N N\/\
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o) o}
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Y hd
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J AR K o Lo "1 % Yn
~0" N N 0 x U N o o
Q. H 0" N -0
O:S (o] H O/i\
Y Y,
R 9§ on H H
N N ~
>LN)LN N o © o] NN N: o
H o 7 HoH O/T\
N e
i fon N u 9@ H
H e 0 Y, N
A LA e e AR LT T
N7 N 0
O H H F N" N o)
0= O H H B



HI I r XONTr T\ ONOOO( ONo\ NNL J- NH
( ONHTNAAX o NOHII ( VVOI1IHNRZ11I I 1
wo 2005/058821

PCT/US2004/041579

26. A compound, or enantiomers, stereoisomers, rotamers, tautomers,
diastereomers, or racemates of said compound, or a pharmaceutically
acceptable salt, solvate or ester of said compound, said compound being

selected from the compounds of structures listed below:



T OV HON 27. A pharmaceutical conposition for
treating disorders associated with the HCV, said
W@ 0up05882i on conpri sing therapeutically effectP@BUS2004/041579
anount of one or nore conpounds in claim?26 and a
phar maceuti cal » acceptabl e1géarrier. 28. The
phar maceuti cal conposition of claim27, additionally
contai ning at |east one antiviral agent. 29. The
phar maceut i 6»3{1 conposi tion of claim 28, st| [

addi t ikonal | ont alrtbng at | east
PEG i rfe o h cop,ugat e.
ostllqn a|m9 wherepn §
' Ols i Bavi ri 'H\a’& & :
[' teerer a-int ferorﬁo,r peégylmt ed interferdn.

1. A met of treatnment of a hepat C virus
associ at e sorder, conprising adm er| ng an

effective am)unt of one or nore conpoun of cl a| m
26.32. A nmethed of nodulating th

Nieal

tivity o
hepatitis C vitrus (HgV) protease %
cont a ng pridt edseymi th offe ound
cl apm 6. | 33N AYfretjiody of N vt ng,
tiNng/LQBéD or e t orts hepatitis
[( H conpiisrng adpi ni st eNing a theutl cal
gff ecti ve dfbunt of @ne or nor e corrpos of cl al m 26.

34. The neth\Qd’ of cl a|m , Wherein the protea

is th rotgas 0
NH NH
U* g

O o)

% I x P N(H”
e Nji%“ s
oy RS

" v/ ] v )
N o) >, e}
o Q\WH NH o Q\WH NH
i 0 N 0 0
[Nj)ku N0 O [Nj)ku I N o
N TS



35. The nethod of claim 33, wherein the conmpound or
conpounds i nhibit HCV NS3/NS4a protease. 36. A nethod
w@boososisbat i ng t he processing of hepatitis C vPETIES2004/041579
(HCV) pol ypeptide, conprising contacting a conposition
cont ai ni ng the HCV pol ypept3sle under conditions in
whi ch said pol ypeptide is processed with one or nore
compounds of claim26. 37. A conpound % claim1lin
purified form Vv
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27. A pharmaceutical composition for treating disorders associated with the
HCV, said composition comprising therapeutically effective amount of one or
more compounds in claim 26 and a pharmaceutically acceptable carrier.

28. The pharmaceutical composition of claim 27, additionally containing at
least one antiviral agent.

29. The pharmaceutical composition of claim 28, still additionally
containing at least one interferon or PEG-interferon alpha conjugate.

30. The pharmaceutical composition of claim 29, wherein said at least one
antiviral agent is ribavirin and said at least one interferon is a-interferon or
pegylated interferon.

31. A method of treatment of a hepatitis C virus associated disorder,
comprising administering an effective amount of one or more compounds of
claim 26.
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32. A method of modulating the activity of hepatitis C virus (HCV) protease,
comprising contacting HCV protease with one or more compounds of claim
26.

33. A method of treating, preventing, or ameliorating one or more
symptoms of hepatitis C (HCV), comprising administering a therapeutically
effective amount of one or more compounds of claim 26.

34.  The method of claim 33, wherein the HCV protease is the NS3/NS4a
protease.

35.  The method of claim 33, wherein the compound or compounds inhibit
HCV NS3/NS4a protease.

36. A method of modulating the processing of hepatitis C virus (HCV)
polypeptide, comprising contacting a composition containing the HCV
polypeptide under conditions in which said polypeptide is processed with one
or more compounds of claim 26.

37. A compound of claim 1in purified form.



