06 JAN 2005 WD 02/08187 PCT/ US01/ 22813 Novel Peptides as NS3- SerIU%\MNIWS
Protease Inhibitors of Hepatitis C Virus Field of Invention The resent
i nvent i B $240%a8%s to novel hepatitis C virus ("HCV') prdt(@a8u1/21513

i nhi bitors, pharmaceutical conpositions containing one or nore such 5

I nhibitors, nmethods of preparing such inhibitors and nethods of using
such inhibitors to treat hepatitis C and rel ated disorders. This

i nvention specifically discloses novel peptide conpounds as inhibitors
of the HCV NS3/NS4a serine protease. 10 Background of the Invention

Hepatitis C viruNOY Peptidels s NS3Bbeing Préstbaie virus that

has been inplicate cadsa non- B

(BB NARBHY (See, 11 %@Mﬂ?ﬁ?@i@ﬁeﬁlﬁi@w%

(BB- NANBH) (see, Inter i i cation No. WO
8104669 and European 15 -Patent Application Publication No. EP 381 216).
NANBH is to be distinguished fromother types of viral-induced |iver

di sease, such as hepatitis A virus (HAV), hepatitis B virus (HBV), delta
hepatitis virus (HDV), cytoneggbVbfsveidy and Epstein-Barr virus
(EBV), as well as from other e iver di sease such as al coholism
and primary bilhegresent invsnton &ateedemdve) hepattis\C pirasdds@Vijecessary for

20 D A BEOSSEEADS, SRStk Mok B SR ARl S ¢
appr oxi Mafy@l; r§09%tﬁ6@l§‘8f nHQ'sYJEﬁ%I%PﬁorsCéHH Rletifods 6&”&%%%&!&“ no

terminus to the carboxy ter a nucl eocapsid protein envel ope
pr ot ei nsinhibitaado Eré)ata!eqiaawétraid redatestdisaideral This otvention 2peificdlly 2, 3,

appr oxi 1 ps%#eﬁw%bépﬁ&@.%ﬁ oo de e o gsiorbe Ry MeSAEE sewed nce
donmi ns: g?serl ne prot ease donai n consisting of approximately 200 of
a

t he N-tgrm n am no acids; and (b) an RNA-dependent ATPase donmin at
the C

10 Backaround of the Invention

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-NANBHj(see,
International Patent Application Publication No. WO 88/0466S and European

15  Patent Application Publication No. EP 381 218). 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.

20 Recently, an HCV protease necessary for polypeptide processingand
viral replication has been identified, cloned and expressed; (see, g.q.. 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

25  (NS1, 2, 3, 4a, 5a and 5b). NS3 is an approximately 68 kda protein, encoded
by approximately 1893 nucleotides of the HCV genome, and has two distinct
domains: (a) a serine protease domain consisting of approximately 200 of the
N-terminal amino acids; and {b) an RNA-dependent ATPase domain at the C-



WO 02/08187 2 06 JAN2005 PCT/US01/22813 term nus of the protein. flhe A'N%[]S
protease_is considered a nenber of the chynotrypsin fam|y because o
simlar i‘?Pé’%"’?]ﬁ’prot ei n sequence, overall three- dinensi oﬂérmé‘t”r’{}él%re
and nmechani sm of catalysis. Qher chynotrypsin-like enzynes are

el astase, factor Xa, thronbin, trypsin, plasmn, urokinase, tPA 5 and
PSA. The HCV NS3 serine protease is responsible for proteolysis of the
pol ypeptide (polyprotein) at the NS3/NS4a, NS4a/ NS4b, NS4b/ NSba and

NS5a/ NS5b junctions and is thus responsi ble for generating four viral
proteins during viral replication. Th#s has nade the HCV NS3 serine
protease an attractive target for antiviral chenotherapy. 10 It has been
determ ned that the NS4a protein, an approximately 6 kda polypeptide, is

a co-f act ¢erminus tdfiehes proteim. privs BISEp@tddad ib\conbidshdd a rAuielreduage of the
NS3/ NS4a junction by the NS3/NS4a serine protease occurs

i nt r anol e€hyEOtypsin familychegausei afsimieritiastiarprelein sageerce, eyemlethirecessed

For 1y polrBBSEmbLfutuld AREoch B oY bl L RSB TRARD T Lt
P1' and t eakyileesare’dsstdHeSfarIct X& thidibik, ﬁyﬁﬁﬁ,rmagrﬁirm,_drbﬁinlﬂ%,a{mﬂb,

NS4b/ NS5a and NS5a/ NS5b junctions.” The NS3/'NS4a junction contains a
t hr eonf ne aad B8AanktheaHEM NSS sarirelprotedse is Gysponsitile foupaateolysisaf the

than +1 andouRepLgeheVar et otk N8 88 4ot “BEIbNGes sha' 1004
Proc. Nat INSBGRRE5ERhclicHS afld iSHR:883pofdble! @Br g{snéﬂa’cinp(fé&g@i}al': by &

Design 1:35-42. The NS3/NS4a cl eavage site is so nore tolerant of
nmut agenesiduringairal heplication. Jihiebas Swde theddCVHISS pehineguotstasalan (1 1994)

he regl o LASNERISRHOT BT SPaTRIEPBBYar o requi red for ef ficient
cleavage. See,|t Rad beeHYBIETiREd Fhat the NWHa Protdn! 8h-aghfoxiArtelKda
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).

15 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
strictty conserved in the NS4a/NS4b, NS4b/NS5a and NS5a/NSab 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

20  requirement of cis rather than trans processing at this junction. See, e.q.,
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
tolerant of mutagenesis than the other sites. See, e.9., Kollykhalov et al,
(1994) J. Virol. 68:7525-7533. it has also been found that acidic residues in

25  the region upstream of the cleavage site are required for efficient cleavage.
See, e.q.. Komoda et al. (1994) J. Virol. 68:7351-7357.

Inhibitors of HCV protease that have been reported include

antioxidants (see, International Patent Application Publication No. WO
98/14181), certain peptides and peptide analogs (see, International Patent
30 Application Publication No. WO 98/17679, Landro et al. (1997) Biochem.



I nhi bitors of HCV protease that have been reported include antiog'héjaﬂﬁ
(see, International Patent Application Publication No. WO 98/141 005

certai nvaepiigles and peptide anal ogs (see, |nternational pPghedh 2393
Application Publication No. WD 98/17679, Landro et al. (1997) Biochem O

6 JAN 7005 WO 02/08187 PCT/USQ /22813 3 36:9340-9348, Ingallinella et
al . (1998) Biochem 37:8906-8914, Llinas- Brunet et al. (1998) Bi oorg.
Med. Chem Left. 8:1713-1718), inhibitors based on the 70-am no acid
pol ypeptide eglin c (Martin et al. (1998) Biochem 37:11459-11468,
inhibitors affinity selected from hum8n pancreatic secretory s trypsin
I nhi bitor (hPSTI-C3) and m ni body repertoi res (MBip) (Dinmasi et al.
(1997) J. Virol. 71:7461-7469), cVHE2 (a "canelized" vari abI e domain

anti body ( Y( ei 614) , and
A ant ) oy eatTpaee MUl et 8, (1 98 Bickheht 0L R0 sald PSS ) 08y A
ri bozyne Bresetatal. {1038 Bicbiqy dlad. mmogemega:m1eLs71® Virfhtl:ﬁtd?é'ﬁab@@
recently to, been disclosed (see, BioWrld Today 9(2 5 4 (Novenber 10,

1998)) . Guther dhaming agidpolwpeRrtidesegline fdartimeli al 098 Biogiemwo 98117679,

05/ 224960501 1% 1 440Re{ st SFS B SBIeCBR b e b BRRARR SEibetotic
99/ 07334 trypisin inditsidr FEPSTRIOB) b3d PRy ﬁ@?bﬂbﬁ@@(MBﬁme(mbm glglada Ltd.).
15 HCV has been inmplicated in cirrhosis | iver ‘and in Tnduction of

hepat ocel (18P &} J.odireli diBd61Fif469) oYnb2i (6 “Famefized emriableiioeaimg from HCV
than_ ot nantepsy ey Bern 2SS butnEnd SR Ak a Fer soi on
urvi val o Ryt GHEIEP DU BRI 9T 3 HEbat 27 96, S’f‘?eﬁi‘i” "
di agnosedibeizyme designee do seleet\tapkﬂestrhyebepamm Culirars Rl‘dAmammehﬁwe a
Lnr edbot ded diaEped St e Nl eSS atvoirinento. RLVEl rate of
l'ess than 1% Reference is also made to the PCT Publications, No. WO 98/17679,
published April 30, 1998 (Vertex Pharmaceuticals Incorporated); WO
98/224096, published May 28, 1998 (F. Hoffmann-La Roche AG); and WO
99/07734, published February 18, 1999 (Boehringer Ingelheim Canada [td.).
15 HCV has been implicated in cirrhosis of the liver and in induction of
hepatocellular carcinoma. The prognosis for patients suffering from HCV
infection ts 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
20  years post cirrhosis diagnosis. Patients diagnosed with localized resectable
hepatocellular carcinoma have a five-year survival rate of 10-30%, whereas
those with localized unresectable hepatocellular carcinoma have a five-year
survival rate of less than 1%.
Reference is made to A. Marchetti et al, Synlett, S1, 1000-1002 (1989)
25 describing the synthesis of bicylic analogs of an inhibitor of HCV NS3
protease. A compound disclosed therein has the formula:



Reference is made to A. Marchetti et al, Synlett, S1, 1000-1002 (h%?/\??}” .
25 descrl b| ng the synthesis of bicylic anal 0gs of an inhi bitor of l\fi%5
pr ot eas&Y %B Rbound di scl osed therein has the formul a: VESTYSOEREB 4 0 6
JAN 2005 PCT/US01/22813 Reference is also made to W Han et al,

Bi oorgani ¢ & Medicinal Chem Lett, (2000) 10, 711-713, which describes
the preparation of certain (x 5 ketoam des, a-ketoesters and a-di ket ones
containing allyl and ethyl functionalities. Reference is also nade to WD
00/ 09558 (Assignee: Boehringer Ingelhgirn Limted; Published February

24, 2000) which discloses peptide derivatives of the formula: 10 where
the various elenents are defined therein. An illustrative conpound of

that series is: 0 6 JAN 2005 WD 02/ 08187 PCT/ USO01/ 22813 5 Reference is

al so nade to WD 00/ 09543 (Assi gnge. Rosly i nger Ingel heim Li mted;

Publ i shed February 24, 2000) wh dlses peptide 5 derlvatlves of
the formula: R6 A3 0O where the)xasi ois€el enents are defined therein. An
illustrative conmpound of that serHi is DIP JAN 2005 WD 02/08187

PCT/ US01/ 22813

OH

: H z
O O
\I \SH

Reference is also made to W. Han ef al, Bioorganic & Medicinal Chem.
Lett, {2000) 10, 711-713, which describes the preparation of certain o-
5 ketoamides, a-ketoesters and a-diketones containing allyl and ethyl
functionalities.
Reference is also made to WO 00/09558 (Assignee: Boehringer
ingelheim Limited; Published February 24, 2000) which discloses peptide
derivatives of the formula:

0 Ry
HaC A N N
2
e
o Rs o]

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

R
2

that series is:



6 Current therapies for hepatitis C include interferon-a (I NF. )
conbi nation therapy with ribavirin and interferon. See, Ber %MZU%
et al. Q@887 Proc. Assoc. Am Physicians 1100:98-112. p}ihmlmge;japl es
suffer froma |ow sustained response rate and frequent side effects.

See, e.g.. Hoofnagle et al. (1997) N. Engl. J. Med. 336:347. Currently,
no vaccine is available for HCV infection. Pending and copending U. S

pat ent applications, Serial No. 091-------- , tofiled ------------ , and
Serial No. 09/----, filed ----- , Serial No. 091-------- , filed --- ~
Serial No. 091------- , filed -------- 5, Serial No. 091----- , filed
--r------ --- , and Serial No. 091------ ., filed ---------- , disclose

various types of peptides as NS-3 serine protease inhibitors of hepatitis
Cvirus. There is a need for new treatpnents and therapies for HCV
infection. It 15 is, therefore, anobjegt of this invention to provide
compounds useful in the treatment] or pfevention or anel i oration of one
or nore synptons of hepatitis C | 3 %ggeln to provide
nmet hods of treatnent or prevention or ane1 f onécwgr nore
synptons of hepatitis C. WD 02/08187 7 0O PCT/ US01/ 22813 A
still further object of the present inventisg provi de net hods for
nodul ating the activity of serine proteases, |particularly the HCV

NS3/ NS4a serine protease, using thgiconpounr provi ded herein. Another
object herein is to provide netHsad &g,nndulatlng the 5 processing of the
HCV pol ypepti de using the compoun herein. Summary of the
invention In its many enbodi nents reseNt invention provides a novel

cl ass of inhi bim@,ﬁ‘)}w he phkar maceuti cal conpositions
cont ai ni ng N
\CHZ
o OH

Q
Iz

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

R
Ay
O
R5 R4 s
O
Rg \A 3)"\” N
H
o OH

O

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

that series is:



10 one or nore of the conpounds, nethods of preparing pharmaceuti C[-jié JA
formul ati ons conprising one or nore such conpounds, and net hods of v 2003
t reat merWOQ 0pp88@nti on or anelioration or one or nore of tMel/Y§R28kPs of
hepatitis C. Also provided are nethods of nodulating the interaction of an
HCV pol ypeptide with HCV protease. Anong the conpounds provided 15 herein,
conpounds that inhibit HCV NS3/NS4a serine protease activity are
preferred. The present application discloses peptide conpounds cont ai ni ng
an amno. acid arrangenment fromP3 up_to P2'. Inits first enbodinent,
the present invention provides a corrpo@nd of Formula 1: 20 Fornmula |
wherein: 25 G J and Y are independently selected fromthe noieties: H,

al kyl, al kyl-aryl, heteroal kyl, heteroaryl, aryl-heteroaryl,

al kyl - heteroaryl, cycloal kyl, alk 0 6 JAN nO5 WD 02108187

PCT/ USO / 22813 8 al kyl -aryl oxy, a Y, heteroaryl oxy,

het er ocycl oal kyl oxy, cycl oal kyl ox) Kyl arn' no, aryl am no,
al kyl -aryl ami no, aryl am no, heter 03 N3 AN m no or
het er ocycl oal kyl ami no with the proviso that Y opti@hal |y

substituted with X11 or X12; 5 X11 is al ki,
cycl oal kyl -al kyl , heterocyclyl, heterocyclhyfal Ky~ aryl, al kyl aryl,
aryl al kyl, heteroaryl, alkyl heteroaryl, or |heteroarylalkyl, with the
proviso that X11 nmay be additionally optionally substituted with X12; X12
i s hydroxy, alkoxy, aryloxy, tjio, atkylthib, arylthio, am no, alkylam no,
to aryl am no, aIkyI& | fogyl ,0 aryl ; \al kyl sul f onam do,

al kynyl, cycl oal kyl,

aryl sul fonam do, caroxy, r bal ar boxam do, al koxycar bonyl ani no,
al koxycar bonyl oxy, I i da ido, hal ogen, cyano, or nitro,
with the proviso th&t the®al kyl§, N
CH,
OH

o
Iz

Current therapies for hepatitis C include interferon-a (INF,) and
combination therapy with ribavirin and interferon. See, e.g., 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.q.,
Hoofnagle et al. (1997) N. Engl. J. Med. 336:347. Currently, no vaccine is

available for HCV infection.

Pending and copending U. S. patent applications, Serial No. 09/---—-—- ,

10 filed ~—-—---—-—, and Serial No. 09/ , filed , Serial No. 09/----—--, filed ~---
————— , Serial No. 09/---—--, filed ~~-~---—- _ Serial No. 09/ , filed -~
-—, and Serial No. 09/--—, filed ~—~—--—— |, disclose various types of

peptides as NS-3 serine protease inhibitors of hepatitis C virus.
There is a need for new treatments and therapies for HCV infection. It
15 is, therefore, an object of this invention to provide compounds useful in the
treatment or prevention or amelioration of one or more symptoms of hepatitis
C.
it is a further object herein to provide methods of treatment or

prevention or amelioration of one or more symptoms of hepatitis C.



al koxy, and aryl may be additionally optionally substituted with %%h?{fﬂ
selected from X12; 15 Rl is COR5 or B(OR)2, wherein R5 is H OH, ; 5
NROR10, VW¥E82088F5 . C3F7, CF2R6, R6, or COR7 wherein R7 iPSTH/SOORESIDRS,
CHROR10, or NROR10, wherein R6, R8, RO and R10 are independently
selected fromthe group consisting of H, alkyl, aryl, heteroalkyl,
heteroaryl, cycloal kyl, cycloal kyl, arylal kyl, heteroaryl al kyl,
CH(R1')COOK 1, 20 CH(R1')CONR12R13, CH(R1')CONHCH(R2')COO R11

CH( R1' ) CONHCH( R2' ) CONR12R13, CH(R1' )CQ\IHCH(RZ )R, CH(RL

) CONHCH( R2' ) CONHCH( R33) COO R11, CH(R1') CONHCH( R2' )CO\IHCH(RB ) CONR12R13,
25 CH(R1' ) CONHCH( R2" ) CONHCH( R3) CONHCH( R4 ) COO R11, 08 JAN2005 WO

02/ 08187 PCT/ Ugég% 2813 9 CH( R1 ) CON HCH( RT ) CONHCH( R3) CONHCH( R4' ) CON R

12R13, CH(R1 ¢iord theRr ess ntanaiioRds foRrRie reeth rR11 ,

\(fmgr (ca::-l g\m@%%ﬁg%cﬁwg%ﬁ%$%%%Mqﬂgﬁégrgsmgndem |y

sel ect ed fgrove p Memeqummtjpﬂfé @dmmu:ﬁxis providdevhereat.y! het eroal kyl,
het eroaryl, cycl oal kyl kyl -aré1 al kyl - heteroaryl, aryl -al kyl and
pr

het er oar aI kyl ; Azotf@fé?éll%fét}'@de*ﬂri% oquie oetimds ebmoduialing the esent or

b I d f d R
absents  Whogkail FARRER PRI bR THREE A modeRn iR s, o7
Cl- C10 al kyl; C2-Cl10 al kenyl; C3-C8 cycl oal kyl; C3-C8 heterocycl oal kyl

Summary of the invention

In its many embodiments, the present invention provides a novel class

of inhibitors of the HCV protease, pharmaceutical compositions containing

10 one or more of the compounds, methods of preparing pharmaceutical
formulations comprising one or more such compounds, and methods of
treatment, prevention or amelioration or one or more of the symptoms of
hepatitis C. Also provided are methods of modulating the interaction of an
HCV polypeptide with HCV protease. Among the compounds provided

15 herein, compounds that inhibit HCV NS3/NS4a serine protease activity are
preferred, The present application discloses peptide compounds containing an
amino acid arrangement from P3 up to P2'.

In its first embodiment, the present invention provides a compound of

Y\
‘]: Lﬂ/ K" R
R/ W.J\N \l/
R® J © R?

Formula |

Formula |:
20

wherein:
25 G, J and Y are independently selected from the moieties: H, alkyl, alkyl-aryl,
heteroalkyl, heteroaryi, aryl-heteroaryl, alkyl-heteroaryl, cycloalkyl, alkyloxy,



al koxy, aryloxy, alkylthio, arylthio, am no, am do, ester, carboxydkﬁ_ ,
acid, 15 Ba%paqate, urea, ketone, al dehyde, cyano, nitro; ox¥gen, AN 1003
nitrogeﬁy P, and phosphorus atons (with said oxygeﬁﬂjﬁ Wéﬁ%ﬁ,

sul fur, or phosphorus atons nunbering zero to six); (cycloalkyl)alkyl and
(heterocycl oal kyl )al kyl, wherein said cycloal kyl is made of three to

ei ght carbon atons, and zero to six oxygen, nitrogen, sulfur, or 20
phosphorus atons, and said alkyl is of one to six carbon atons; aryl;

het eroaryl ; al kyl-aryl; and al kyl -hetegoaryl; wherein said al kyl,

het er oal kyl, al kenyl, heteroal kenyl, aryl, heteroaryl, cycloalkyl and

het erocycl oal kyl noieties may be optionally substituted, with said term

"substituted" referring to optional and chenically-suitable 25
subst i t ut AlY-aMexye REYiexy rhsterogpylexy, dietewicyeioatkyidxyntyelealiytoxy, consi sti ng

el ogen.  AUSIASS: apfarlHe, ke Mamied e tbaifd MBS R iR o. - no.
ani do, esgpdloalkglabming lor heterbbyclyEkPRNHAA $hthlBereviélthat™y m&APd US01/ 22813

carbamat e, urea, ketone, alde {v]’ge, cyano, nitro, sulfonam de, sulfoxide,

sul f one, ag{@@wﬁyﬁwtga%ﬁﬁ(_ or%ﬁ . hydroxamat e. Anong the above- st at ed

definitions e various noieties of Formula |, the preferred groups
o' 1 AATE D S, BT R T RO S s
defined abo vle [ 9@@%@,@9 Wby s H and
RlOIis H, O:Fg&%%%%&%ﬁl,@l@&fﬂ&%@% CH(RL?) C&HCI—I{%@?(%ORM,
CH( R1LP) CONH R1 CH(RL .| HCH( R2', }.(.R A th :
orefert ed monaeeergRIoWiERe Srafblan ) Hiricly aadiibhsh aBRorhi "¢
CH(R1) CONHCH(R2 ). . CON , CH(RLIO)CONHCH(R2' ) (R ), wherein RL is H or
al ﬁyl? het eﬁsyﬁp&tyﬁechw%é?%?i S pgenyl), subs'gi tu% ((ad )phenyl , IheteroI

at om subst isbut ed )
X '“ is hydroxy, alkoxy, aryloxy, thio, alkylthio, arylthio, amino, alkylamino,

10 arylamino, alkylsulfonyl, arylsulfonyl, alkylsulfonamido, arylsulfonamido,
carboxy, carbalkoxy, carboxamido, alkoxycarbonylamino, alkoxycarbonyloxy,
atkylureido, arylureido, halogen, cyano, or nitro, with the proviso that the alky},

alkoxy, and aryl may be additionally optionally substituted with moieties

selected from X12;

L S or BOR)2, wherein R® is H, OH, OR®, NRPR0, CF3, CoF 5,

8

15 R'isCOR

C4F7, CF2RE, RS, or COR? wherein R is H, OH, OR®, CHRORC, or

NRPR10 wherein RE. R8. RY and R1°

from the group consisting of H, alkyl, aryl, heteroalkyl, heteroaryt,

are independently selected

cycloalkyl, cycloalkyl, arylalkyl, heteroarylalkyl, CHR ' }coor?,
20 cHR1)CONRZR™3,
cHR'Y JCONHCHR? )coo R,
cH(R1YCONHCHR?)cONR 2R3, CH(RT)CONHCHR? R,
CHR")CONHCHRZ )cONHCHR)coo R 17,
CH(R)CONHCH(RZ YCONHCH(RY )CONR 2R 13,
25 cH(R 1 YCONHCH(R? )cONHCH(R?)CONHCHR? )coo R,



phenyl , thiophenyl, cycloal kyl, hetero atom substituted cycl oal kylg» .,
pi peridyl and pyridyl. More preferred noieties are: for Ris H a ﬂJﬁN?@S
Hor teMOO¥8BIBLtyl: R is hydroxynethyl; and R21 is sel ®€T8ib0ie03 t he
group consisting of: N 65 20 wherein: WO 02/08187 11 Ou JAN 2005

PCT/ US01/ 22813 Ul and U2 maybe sane or different and are selected from
the group consisting of H F, CH2COOH, CH2COOMe, CH2CONH2, CH2CONHMe,
CH2CONMe2, azi do, am no, hydroxyl, substituted am no, substituted
hydroxyl; 5 U3 and U4 nmaybe sane or different and are O or S; U5 is
selected fromthe noieties consisting of alkylsulfonyl, aryl sulfonyl,
het er oal kyl sul fonyl, heteroaryl sul fonyl, al kyl carbonyl, aryl carbonyl,
het er oal kyl carbonyl het eroary carbonyl al koxycar bonyl ,

I b I 12
gwl g)r;y?\grca(rjggr%ﬁ m&%@fﬁ% m noca L(J"(? ?p@w@?ﬂﬁ t'her eof ;

NOE) %Z%ﬁemﬁéﬁﬁw mﬁb@%ﬁmﬁh@@gm@w Nl

CH(R1' )CONHCH(RZ' JCONHCH(R® )CONHCHRY )CONHCH(R)
5 coNR'?R™3 wherein RY, RZ, RY, R*, RS, R'T R12 R™3 and R
are independently selected from the group consisting of H, alkyl, aryl,
heteroalkyl, heteroaryl, cycloalkyl, alkyl-aryl, alkyl-heteroaryl, aryl-alkyl
and heteroaralkyl,
Z is selected from O, N, or CH;

10 W maybe present or absent, and if W is present, W is selected from C=0,
C=S, or SO2; and

R, R2, R3 and R4 are independently selected from the group consisting of H;
C1-C10 alkyl; C2-C10 alkenyl; C3-C8 cycioalkyl; C3-C8 heterocycloalky!,
alkoxy, aryloxy, alkylthio, arylthio, amino, amido, ester, carboxylic acid,

15 carbamate, urea, ketone, aldehyde, cyano, nitro; oxygen, nitrogen, sulfur, and
phosphorus atoms (with said oxygen, nitrogen, sulfur, or phosphorus atoms
numbering zero to six);

(cycloalkyl)alkyl and (heterocycloalkylalkyl, wherein said cycloalky! is made of
three to eight carbon atoms, and zero to six oxygen, nitrogen, sulfur, or

20  phosphorus atoms, and said alkyl is of one to six carbon atoms; aryl;
heteroaryl; alkyl-aryl; and alkyl-heteroary!;
wherein said alkyl, heteroalkyl, alkenyl, heteroalkenyl, aryl, heteroaryl,
cycloalkyl and heterocycloatkyl moieties may be optionally substituted, with
said term “substituted” referring to optional and chemically-suitable

25 substitution with one or moré moieties selected from the group consisting of
alkyl, alkenyl, alkynyl, aryl, aralkyl, cycloalkyl, heterocyclic, halogen, hydroxy,

thio, alkoxy, aryloxy, alkylthio, arylthio, amino, amido, ester, carboxylic acid,



Me HNWOH N ) N_ QU6 wherein U6 is H OH or CH2OH 15 Preferred Wﬁlf@
for R2 are;: WD 02/08187 12 Me Me O 6 JAN NO PCT/US01/22813 Me |1 v 206
N MLMYQLEHS e j(0)a2 Me Mo Me MM ZL\-\" M Prefer REF/HYNIER$8s for
R3 are: WD 02/08187 13 CH 6)0-4 CH3 H 3CA 10-3 COOH

10

carbamnate, urea, ketone, aldehyde, cyano, nitro, sulfonamide, sulfoxide,
sulfone, sulfonylurea, hydrazide, and hydroxamate.
Among the above-stated definitions for the various moieties of Formula |, the
preferred groups for the various moieties are as follows:

5 Preferred definition for R' is COR® with R® being H, OH, COOR® or

CONR®R™, where R®, R® and R'® are defined above. Preferred moiety for R
is COCONR®R'?, where R%is H and R10 is 1, CHR1)coor !, cHRT)
coNr'2R™3, chR")cONHCHR? )coOR Y, cHRT)CONHCH(R?)
CcoNR 2R3 or cHR!)CONHCHRZ )(R'). Among these, preferred moieties
10 forR'9 are: cHR")conHeHR? )cooR M, cHRT\CONHCH(R?)
coNrR'2R 13, cHRY)CONHCHR?Z YR'), wherein R is H or alkyl,

heteroalkyl and RZ' is phenyl, substituted phenyl, hetero atom-substituted
phenyl, thiophenyl, cycloalkyl, hetero atom-substituted cycloalkyl, piperidyl

and pyridyl. More preferred moieties are: for R is H, and R is H or fert-
15 butyl; R is hydroxymethyi; and

Rz’ is selected from the group consisting of:

62P;k;'€)8ém
SRR

20 wherein:



CH3. SCH3 C H3~CH3 CH3 C H3* SBn H 3C "COOH C H3J s"COOEt N H3 g:l—,lgN
H3C wherein R31 = OH, or Oalkyl. a 6 JAN 7005 PCTI US4l 122813 5“Y 2005
Addi ti or¥¥PI10y/08188 can al so be represented by: WO 02/ 08187 PCA/EEHIAN2D05

PCT/ USO01/ 22813 Y19 wherein Y19 is selected fromthe follow ng noieties: O
OOH 5 Still, additionally, R3 can be represented by: H5 wherein Y24 is
selected fromthe follow ng noieties: COOH v - S02NH2

11

U1 and U2 maybe same or different and are selected from the group
consisting of H, F, CH2COOH, CH2COOMe, CH2CONH2, CH2CONHMe,

CH2CONMe2, azido, amino, hydroxyl, substituted amino, substituted
hydroxyl;
5 U3 and U4 maybe same or different and are O or S;

U5 is selected from the moieties consisting of atkylsulfonyi, aryl
sulfonyl, heteroalkyl sulfonyl, heteroaryl suffonyl, alkyl carbonyl, aryl carbonyl,
heteroalky! carbonyl, heteroaryl carbonyl, afkoxycarbonyl, aryloxycarbonyt,
heteroaryloxycarbonyl, alkylaminocarbonyl, arylaminocarbonyl,

10 heteroarylaminocarbonyl or a combination thereof; and

NR12R13 is selected from the group consisting of:

NHz, NHMe, N(Me)OMe, NMe»,

Me
H N/\'/ HN/\\\\\ HNklalw:

OH Me
HN/\/OH HN oH
' Me

HN Mo

ND NC> NG GUG

wherein U6 is H, OH, or CH20H.

15 Preferred moieties for R? are:



H3 JCH3 NHAc 10 OOH 0 6 JAN 2005 WD 02/08187 PCT/ US01/ 22813 15 Nths%. .
preferrsg ieties for R3 are: CH3H3 C H3 H3 Hg 60 0-4 OT,FH%CI—B S0
Additio ?Iﬁﬁp/?s‘tsﬁe noiety Z-C-R3 in Fornula 1, with R4 bei lr’ﬁj WY& 13 may
be represented by the follow ng structures: nfu Sone other preferred
noieties are: for Zit is N, for RA it is H and for Wit is C=0 or
S02, preferred noieties for Y are: W 02/08187 06 JAN 1005

PCT/ USO / 22813 16 ~ '-C\| 0 -3 Mg,~ M1 f C43C,~}
12
WP iLL bttt Laaa)
v &
Me l\g
Me Me |
Me l

Preferred moieties for R® are:



Me 4-8 7 Y1 Y1 -1 Y12 wherein: ON\1 O M Y1l is selected fromH, %’J’N
COOEt, OMe, Ph, OPh, NHVe, NHAC, NHPh, CH(Me)2, 1-triazolyl, AN 2005
1-i mi da2¥P§#981833nd NHCH2000H; 5 0 6 JAN 2005 WD 02/ 0818 PCRESOUSHI} 22813
17 Y12 is selected fromH COOH COOve, OV, F, d, or Br. Y may also be
represented by: Y 14 N-,~ Y13 5 wherein: Y13 is selected fromthe
followng noieties: |.DZf1IV w4 Me Me .inn. MejMe Me CO2Bn 2t Bu O2H
ONH2 to and Y14 is selected from MeSQ2, Ac, Boc, iBoc, Cbz, or Alloc.

13

A P rvey s

CH /L
cm*wa CHg,i\[_gHa (LCHa : I

F

CoRrY

COCH

: T L
SBn
COOH HaC HO Hs CHa%CHa
3
CH3 7 M’:
/i\ L'COOH FC/J
CH T CH; 3

CH3

%
b
w

c H3\L CHs A~
s~ “COOEt
HaG SCH3 HaC

R31

wherein = OH, or O-alkyl.

5 Additionally, R® can also be represented by:



Addi tional preferred structures for Y are: V\002/08187 18 CH3 C ~ 6 é‘g
é 15

~/ 1-2 HOO CH3 C3H 3H7 0 6 JAN' '005 PCILU SOI
P ORR oo b

HOOC ~~y 3/ HOOC HOOCt.rf 0-4 CH H3 H3000C M.
0-2 HOOCH may LLI COOH HOOC (t CH3 COOH f/ XH3 HOOC / HOOC

14
kI\'i'

y19 is selected from the following moieties:

wherein

5 Still, additionally, R® can be represented by:

|

~<—Z
3

20

wherein Y is selected from the following moieties:

g et
COOH SO,NH;,

‘xj\/c%:: \j\/O “‘nj\/o \iCHa

Rj\/\;;:a RJ\O/\,SKGH:-;)S “‘*LNHAC

10 Hy



wherein 0G JAN 2005 WD 112/08187 PCT/US01/22813 19 Y15 and Y16 Ry @ﬁ’ g
the sanme or different and are independently selected from al kyl, @p
her er ed¥PY08183r heteroaryl. 06 JAN 205 WO 02/ 08187 PCTPUBUSII2e8183 Sti | |
additional representations for Y are: 20 CH3\ CH3 1-3 H3C HOOCH CH3 Yla H
3C G AcHN COOH H zC A1 7-~ C~~, COOH COOH F3C WO 02/08187 21 ¢ \ - |

15

Most preferred moieties for R® are:

sl WA

CHy” “CHjs CH3’l\H§H3

i

Hj

o
L

o
Hi
_ < COR .
OR
@ i SODH
OOH CH3

CHa

Hj

L e ad

:

Additionally, the moiety Z-C-R® in Formula |, with R* being absent, may be
represented by the following structures:

[a¥a¥ v, )

.J"I.\N
5 andg

Some other preferred moieties are: for Z it is N, for R4 itis H, and for Witis
C=0, or SO2, preferred moieties for Y are:



OOH C COOCH3 CONHCH3 Y 'COON C2H5 F  wherein: 17 OUJAN2005 PCT/U SO 1
/22813 Y is._ CF3, N02, CONH2, OH, COOCH3, OCH3, OC6H5, 5 C6H5, COCEHbJAN 1605
NH2, or WOORPNIg is COOCH3, NO2, N(CH3)2, F, OCH3, CH2OOREIN/USHIZNSI3
SO02NH2, or NHCOCH3. Preferred noieties for J are: H CH3000'/ CH 1.2 CH3
C H3'Y BnOOC -' HOOC~~/ Preferred noieties for G are: WO 02/08187 22 06
JAN 2005 PCT/US01/228] 3 C H3,,CH3 CH3 CH3

16
M M M Y
M%ero\i x?t,o\i M e/l/o\i Me/%”o‘;
ORI G I A

Me

Me
Me

Z o’i % A
Me. - z O =z 0
: ZEI/\ N /\ ] /\
=

-}
4?0;0% ﬂ?o_:/o @'O\g Me §
S SNNUCS I OoN

Az, G .
. ) §
Yu@_"\i @_;—i QQ

wherein:
v is selected from H, COOH, COOEL, OMe, Ph, OPh,
NHMe, NHAc, NHPh, CH(Me)2, 1-triazolyl, 1-imidazolyl,
5 and NHCH2COOQOH;



OOCHBu r JH3 CH3 CH3 r f NHFnmoc OOtBu F3 CF3 rr... COS OCH 0 6 ngﬁ)ﬁim
WO 02/ 08187 PCT/ US01/ 22813 23 n=1-4 = CH3 5 Unl ess defined ot her , 5
techni cO BHeB18Ti entific terns used herein have the samPCKEEGI/AWIAS is
comonl y understood by one of skill in the art to which this invention

bel ongs. Thus, for exanple, the termal kyl (including the alkyl portions
of al koxy) refers to a nonoval ent group derived froma straight or
branched chain saturated hydrocarbon by the renoval of a single 1o atom
having from1 to 8 carbon atons, prefizably froml to 6; aryl - represents
a carbocyclic group having from6 to carbon atons and having at |east
one benzenoid ring, with all available substitutable aromatic carbon
atons of the carbocyclic group being intended as possible 0 6 JAN 2005 WO

02/08187 PCT/ USOL/ 28823 Ziected from H, COOH, COOMe, OMe, F, CI, or Br.
Y may also be represented by:

H
Y13
5 wherein:
Y13 is selected from the following moieties:

ne S

Me Me  CbzHN
CbzHN

e . \,\ -~
Y G
ST SIS ST S

CO.Bn ~COtBu O.H ONH,

Y14

and is selected from MeS02, Ac, Boc, iBoc, Cbz,

10 or Alloc.

Additional preferred structures for Y are:



points of attachnent. Preferred aryl groups include phenyl, 1- naprﬁénﬂ\‘{: U%S
napht hyl Lhdanyl, and especially phenyl and substituteg henyl AR
w‘mﬂmh qu BEE@ SQA /élgi 3a

aral kyl - "répresents a noiety containing an aryl group Ii
| ower al kyl; 5 alkylaryl -- represents a noiety containing a | ower alkyl
| inked via an aryl group; cycloalkyl -- represents a saturated

carbocyclic ring having from3 to 8 carbon atons, preferably 5 or 6,
optionally substituted. heterocyclic - represents, in addition to the
het eroaryl groups defined 1o below, sggurated and unsaturated cyclic
organi c groups having at least one O, S and/or N atominterrupting a
carbocyclic ring structure that consists of one ring or two fused rings,

wher ei n eaChC%%;g/Lé 5-,93- of. 7-menbered and may or nmay not have doubl e
bonds that | elgcal i é\ﬁj%e ectr (ﬂwgkeg;ring asf ure chas from2
to 8, prefer 3ycpf|gom3 to & '5r"lt’)on a%ﬁnas, e, 2- cﬁ&% 3- ip'éri di nyl,
2- or 3-piperazinyl, 2- or 3-rorpholinyl, or 2- or 3- thionﬁf@holinyl;

hal ogen -- represents fluorine, chlorine, brom ne and iodine; heteroaryl

- represents a cycl%H8 organi c gseg@ having at | east one O, and/ or N
aton1interruw306g,;ic rbogyel iciring sgayetUue aptd having a s(fficient 20
nunber of del ocall zed pi S%SHH?EB% to provFHe @fomatic GCt#r, with the

aromatic heterocy%WWI group hd¥ng from2 to 14, preferably 4 or 5 carbon

atons, e.g., 2-, 3 r 4-pyridyl, 2- or 3-furyl, 2- or 3- yl, 2-, 4-
or 5-thiazolyl, 2{ or 4-iniﬁ%%gg?Lbfz-,Hﬁmxbﬁy5§pyrinidkgggzﬁz pyrazi nyl ,
or 3- or 4-pyrg i Wl , HgiaopcPrefelyed heteroarg! group 2?, 3- and
4-pyridyl; such heteroaryl 25 groups may al so be optionally substituted.
Additionally, unless otherwise specifically defined, the term

"substituted or unsubstituted" or "optionally tituLed&vpeﬁﬁﬁﬁgto t he
subj ect nniegﬁ\béﬁgg opq}@a@hLX/Q;g chexi ¢ y uitably substiltutted with
a moi ety bel ongi ngto R or RI3~ 12 00"ZJAN 20065 ﬁ COOH

-

|
Ha Ha
H .
Hoocw*ﬁ\ :ij /\i:E?Hs HOOC/\T/“EJ
6 /  HoocT Y HOOC v CHa

03H7\/\‘r‘, HBsta HOOC\’/\JJ /\/\(\{‘1

&% ag L, *’ QL

Hs

ol OF o7 o o
THP H
o or

wherein

1 YTS

Ly S

HOO



WD 02/ 08187 PCT/USO /22813 25 Also included in the invention are 4,
tautoners, rotaners, enantioners and other optical isoners of coﬁ%%dﬁ@gm5
of For nWMG0A0818% wel | as pharmaceutically acceptabl e sabCs/usentsat es and
derivatives thereof. A further feature of the invention is pharnaceutical
conpositions 5 containing as active ingredient a conpound of Formula |
(or its salt, solvate or isoners) together with a pharnmaceutically
acceptabl e carrier or excipient. The invention also provides nethods for
prepari ng conpounds of Fornula I, as well as methods for treating

di seases such as, for exanple, HCV a¥d rel ated disorders. The methods
for treating conprise admnistering 1o to a patient suffering fromsaid
di sease or diseases a therapeutically effective anmount of a conpound of
Formula 1, or pharqﬁﬁb i cAB jjigns ¢ rising a conpound of
Fornula |. Also disclogé%Q?s'ﬁﬁngzééﬁgnﬁa%%ﬁﬁgﬁﬁ@aagEﬁﬁrnula | for the
manuf act indepeindentip dekt@rofr0 iy, &yl YchdiNecMe I jjsorders. 15
Det ai | ed deé&iipt?gn of preferred e odineﬁ?% Inhgﬁgﬂgﬁggﬂwhent, t he
present invention discloses conpounds of Formula | as inhibitors of HCV
prot ease, especially the HCV NS3/NS4a serine protease, or a

phar maceutical |y acceptabl e derivative thereof, where the 20 vari ous
definitions are given above. Representative conpounds of the invention
whi ch exhibit excellent HCV protease inhibitory activity are listed
below in Table 1 along with their activity (ranges of Ki* values in
nanonol ar, nM. WD 02/08187 26 0 JAN 2005 PCT/US01/22813 Table 1:
Conmpounds and HCV protease continuous assay results



Compound from Ki * Range Exanple No. 1C 2B 3C 4C 5B 6C 7C 8C 9C ld)fJCJ/}NZLZA{]US

12C 13B 14C 15B 16A 17B 18A 19not avail able 20C 21B 22C
WO 02/08187 PCT/1i801/22813

20

Stilt additional representations for Y are:

/COOH Q\ CHy
(143&; O\j y ¥ Q“-y' L 4 ¥

COOH

v O Oy A O

oji COOH
ATy T G
OOH | N= 7
/ ¥
5 ) . \
o
SANCHIRS gl CUNN ¢ 1
F CHy %
% Q; 2
@\)F @m CH, Hs Hac’lijiu-g?
o0 L o
c cl Fa FJ:;]/ Crl:;j)&
F ¢

CH
CH &H
OOH FsC Fa
COOH

COOH



23C 24B 25A 26C 27C 28B 29C 30B 31C 32B 33C 34B 35C 36C 0 6 JAN 7 MHS
02/ 08187 PCT/ US01/ 22813 27 37C 38B 39C 40C 41B 42C 43A 44C 45C 47C %8
49A 50CWO (2/08187 PCT/US01/22813

21

0
\ COOCH3 .
:: : :CONHCHa COOH g:ﬁfcocm F

COOH
s OO
o

wherem:

y17 is CF3, NO2, CONH2, OH, COOCH3, OCH3, OCgHS.

CgHs, COCgHsz, NH2, or COOH;

v18is cOOCHz, NO2, N(CH3)2, F, OCH3, CH2COOH, COOH.

SO2NH2, or NHCOCHz3.

Preferred moieties for J are:

R CHa

\,.rﬂ \'{u 1"3r‘|l

Preferred moieties for G are:



51B 52B 53B 54B 55C 56B 57B 58c 59B 60C 61c 62A 63C 64B 65C 66B 670C5 gg’%ﬂﬂﬁ

69B 70B /1B 72B _73A 74B 75B 76B 77C 78B 79C 80B
WO 02/08187 PCT/US01/22813

& L0

s o
oA MHa e,
&0
STl 2L
Do 2@ poL

S

,,f& HO;/\OH wgcsz Mg@

;5'411 'j4H9 CH:J/LHB ﬁ

1
OO0O'Bu Fa
rCF3

i
:



81B WD 02/08187 28 82C 83C 84C 85C 86C 87B 88B 89C 90B 91B 92C 93(6 éﬂjEN 2015

95B 96A 97A 98A 99B 100B 101B 102B 103C 104C 105B 106A 107C 108B
WO 02/08187 PCT/US01/22813

Q= ’ (J °© 5
G <.
2 .

CHs

<

5 Unless defined otherwise, all technical and scientific terms used Prerein
- have the same meaning as is commonly understood by one of skill in the art
to which this invention belongs. Thus, for example, the term alky! (including
the alkyl portions of alkoxy) refers to a monovalent group derived from a
straight or branched chain saturated hydrocarbon by the removal of a single
10 atom having from 1 to 8 carbon atoms, preferably from 1 to 6;
aryl — represents a carbocyclic group having from 6 to 14 carbon atoms
and having at least one benzenoid ring, with all available substitutable

aromatic carbon atoms of the carbocyclic group being intended as possible



109B 110A 111B 112B 113A 114A 115C 116B 117B 118B 119B 120A 121B ﬁéAAN 005
123C 124? %éﬁ@ 2 6 JAN 2005 PCT/USO1/22813 D 6 JAN 2005 V¥) 8021//20 7
PCT/ US01/ 2 829 126A 127A 128B 129C 130A 131C 132B 1338PCTU 2813

24

points of attachment. Preferred ary! groups include phenyl, 1-naphthyl, 2-
naphthyt and indanyi, and especially phenyl and substituted phenyi;

aralkyl — represents a moiety containing an aryl group linked vial a
lower alkyi;

5 alkylaryl — represents a moiety containing a lower alkyl linked via an

aryl group;

cycloalkyl — represents a saturated carbocyclic ring having from 3 to 8
carbon atoms, preferably 5 or 6, optionally substituted.

heterocyclic — represents, in addition to the heteroaryl groups defined

10 below, saturated and unsaturated cyclic organic groups having at least one O,
S and/or N atom interrupting a carbocyclic ring structure that consists of one
ring or two fused rings, wherein each ring is 5-, 6- or 7-membered and may or
may not have double bonds that lack delocalized pi electrons, which ring
structure has from 2 to 8, preferably from 3 to 6 carbon atoms, e.g., 2- or

15 3-piperidinyl, 2- or 3-piperazinyl, 2- or 3-morpholinyl, or 2- or 3-
thiomorpholinyt;

halogen — represents fluorine, chiorine, bromine and iodine;
heteroaryl — represents a cyclic organic group having at least one O, S
and/or N atom interrupting a carbocyclic ring structure and having a sufficient

20 number of delocalized pi electrons to provide aromatic character, with the
aromatic heterocyclyl group having from 2 to 14, preferably 4 or 5 carbon
atoms, e.g., 2-, 3- or 4-pyridyl, 2- or 3-furyl, 2- or 3-thienyl, 2-, 4- or 5-thiazolyl,
2- or 4-imidazolyl, 2-, 4- or 5-pyrimidinyl, 2-pyrazinyl, or 3- or 4-pyridazinyl,
etc. Preferred heteroaryl groups are 2-, 3- and 4-pyridyl; such heteroary)

25 groups may also be optionally substituted. Additionally, unless otherwise
specifically defined, the term “substituted or unsubstituted” or "opﬁonally
substituted” refers to the subject moiety being optionally and chemically
suitably substituted with a moiety belonging to R or R™.



HCV conti
nM Some

nuous assay Ki* range: Category A= 0-100; B= 101- 1000; g:gﬁjjgﬁ?g%

of the types of the inventive conpounds and net hods of

synt heswa opgpsigre vari ous types of the inventive conpoundBCHUSHENME a | are
i sted bel ow, then schematically described, followed by the illustrative
Exanples. 0H101 M OHH Me MNNOO O M OH W 02/08187 30 5 10 M O
HM Of" NO Ml M SRM R=M R=Benzyl OH H

10

15

20

25

Also included in the invention are tautomers, rotamers, enantiomers
and other optical isomers of compounds of Formula |, as weli as
pharmaceutically acceptable salts, solvates and derivatives thereof.

A further feature of the invention is pharmaceutical compositions
containing as active ingredient a compound of Formuia | (or its salt, solvate or
isomers) together with a pharmaceutically acceptable carrier or excipient.

The invention also provides methods for preparing compounds of
Formula I, as well as methods for treating diseases such as, for example,
HCV and related disorders. The methods for treating comprise administering
to a patient suffering from said disease or diseases a therapeutically effective
amount of a compound of Formula |, or pharmaceutical compositions
comprising a compound of Formula .

Also disclosed is the use of a compound of Formuia i for the

manufacture of a medicament for treating HCV and related disorders.

Detailed description of preferred embodiments

In one embodiment, the present invention discloses compounds of
Formula | as inhibitors of HCV protease, especially the HCV NS3/NS4a serine
protease, or a pharmaceutically acceptable derivative thereof, where the
various definitions are given above.

Representative compounds of the invention which exhibit excellent
HCV protease inhibitory activity are listed below in Table 1 along with their

activity (ranges of Ki* values in nanomolar, nM).



OHOHOH 06 JAM, 2005 PCT/USO /22813 D6 JAN 2005 WO 02/08187 D Gy A, 2005

PCTTUSO 1 X=01 Bu X=OH X=NH2 X = NMEOMe X = NMe2 5 X
%ﬁ%@si H Y =tBu X =1tBu Y = H W 02108187 3‘2CUU§°1J32313V 2005

PCT/ U801122813 OH M R= Propargyl R=Aflyl 5 X= 0"'-butyl X= OH

26

Table 1: Compounds and HCV protease continuous assay results

Compound| Ki* Range
from
Example
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X=OH OH 15 WD 02/ 08187 33 X =
N MeT Me Me X=OrBu 5 S-&347085
3 OH NH2  PCT/US01/22813

10MH M NNoH OAX=0QB
QGButyi X=OH X = Nw2 M O-HO ff
= 'Bu MO IR’ 10 06 JAN2005 PCT/ USQOL/ 22
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X=H, Y=COOH X = COON, Y=H w o 02/08187 34 Me Me 5 Me 0 ne ,LOfN %@?W
0 MA-Q'AFN '00 Me Me OH OH OH OH OH 0 6 JAIL ~l1UJ PCT/ USQ/ 3 1§
WO 02/ 0MB¥HHE3TE 06 JAN 1005 PCT/ US01/ 22813 OH Dependi ngP BRI {28
structure, the conpounds of the invention nmay
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form pharmaceutically acceptable salts with organic or inorganic ?ﬁjjg
or organic or inorganic bases. Exanples of suitable acids for such’ m%WS
format i WO eD0&IBE hydrochl oric, sul furic, phosphoric, acetpcayuspibiss,

mal onic, salicylic, malic, fumaric, succinic, ascorbic, maleic,

met hanesul fonic and other mineral and carboxylic acids well known to
those skilled in the art. For formation of salts wth bases, suitable
bases are, for exanple, NaOH, KOH, NH4AOH, tetraal kyl anmoni um hydroxi de,
and the like. 15 In another enbodinent, this invention provides
pharmaceutical conpositions conprisiﬁ§3the i nventive peptides as an
active ingredient. The pharnmaceutical conpositions generally
additionally conprise a WO 02/08187 36 06 JAN 2005 PCT/US01122813
pharmaceutical ly acceptabl e carrigg di jueniy, exfipient or carrier
(collectively referred to heyéimzgs carrigr materials). Because of their
HCV inhibitory activity, sucl FﬁT?gHﬂﬁﬂﬁi I nposi ti ons possess
utility in treating hepatitis —€-gpe—related—disorders. 5 In yet another
enbodi nent, the present i nvention 4 sc 0sel et ods for preparing

phar maceuti cal conpositions coupris® ngl t heA nvehtive conpounds as an
active ingredient. In the phalnacdeédti chl c@nposjtions and nethods of the

present invention, the activel|indr3@dienpts wll typically be adm nistered
in adm xture with suitable cafriegg3materiags SUjtably selected with 1o
respect to the intended form of admmistrattom, i.e. oral tablets,

capsul es HQOV cBbAfingsUld Ssddy Kedangem -solid filled or liquid filled),
powders for constitution, ~ oral Qels, elixirs, dispersible granules,

syrups, suspen$§iategoryshm 0+1i0;| Bkd 01at200; cOrsi1900MW t h convent i onal
pharnaceuticalépractg es,. For ﬁégngleb for oral admnistration in the
form of tablet&0€E Bes of fe myentive epmgoerdhand methedse be combi ned
w th any eyithedRind e\ r ' C | eyl rrier, such
as | act ose_!,? stargﬁ% sucrr‘g]lgug,tS icei th%?h{’é{rﬁﬁ%n%%@{éeéﬁé@lﬁg' are

listed below, then schematically described, followed by the illustrative |

Examples.

HO RN °
10 Me



di cal ci um phosphate, calciumsulfate, talc, mannitol, ethyl alcohﬂé .
(liquid forns) and the |ike. Mreover, when desired or needed, @J61éw5
bi nder s WOPY#B¢ant s, disintegrating agents and col ori ng BEEHS®/ 2388 al so
be |ncorporated 20 in the mxture. Powders and tablets nmay be conpri sed
of fromabout 5 to about 95 percent inventive conposition. Suitable

bi nders include starch, gelatin, natural sugars, corn sweeteners,

natural and synthetic guns such as acacia, sodiumalginate, ca
rboxynet hyl celiu | ose, polyethyl ene géﬁcol and waxes. Anpng the

| ubricants there may be nentioned for use in these dosage 25 forns, boric
aci d, sodium benzoate, sodium acetate, sodiumchloride, and the I|iKke.

D sintegrants include starch, methylcellul ose, guar gum and the |iKke.
Sweet eni ng and fl avoring agents and prgSsrvati ves y al so be included

where appropriate. Sone of the ternms n d above, mely disintegrants,
di luents, lubricants, binde[S and fhefl jkey greodiyCussed in nore 30
detail below. 0 6 JAN 200 N 37 Additionally,

t he conpositions of the presentpiRvehtoo y ben fopmul ated i n sustained
rel ease formto provide the rateE:}ntroll rel ease of any one or nore
of the conponents or active ingredients tHeoptinize the therapeutic

effects, i.e. HCV inhibitory activity and the like. Suitable dosage 5
forns for sustained release include |ayered tablets containing |ayers of
varying disintegration rates or controlled rel ease polyneric matrices

i npregnated with the active conponents shaped in_tablet formor
capsul es cont ai ni ng such |np egnated o] ncapsulat: por ous pol yneric

;
matrices. to Liquid forn1preQar tH ﬂ nﬁ utlons, suspensi ons and
emul sions. As an exanple wadcer - pr opyl ene

gl ycol solutions for parenteraJo ectOO r additi%n of sweeteners and

paci fiers for oral solutions, nS|onsM§nd enul sions. Liquid form
preparations may al so
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i nclude solutions for intranasal adm nistration. 15 Aerosol prepagfghgwﬁm
sui table for inhalation may include solutions and solids in powd )
whi ch X0 $81% conmbi nati on with a pharmaceutically acc@®TASOE28aYri er
such as inert conpressed gas, e.g. nitrogen. For preparing suppositories,
a lownelting wax such as a mxture of fatty acid glycerides such as
cocoa butter is first nelted, and the active 20 ingredient is dispersed
honogeneously therein by stirring or simlar mxing. The nolten
honbgeneous m xture is then poured int1 conveni ent sized nolds, allowed
to cool and thereby solidify. Also inctuded are solid form preparations
which are intended to be converted, shortly before use, to liquid form
preparations for either oral or 25 parenteral adm nistration. Such
liquid fornms include solutions, suspensi and e sions. The conpounds
of the invention may al so beMdellverabI The transder nal
conpositions may take the fo n1 f ucleardfs,,, | ot j,ong, rosols and/or
enmul si ons and can be incl us ;#% \pﬁt Xthe matrix or 30
reservoir type as are conventional"n t foe purpose. 06 i
21) 05 WD 02/08187 PCT/USQ /22813 Preferfl) y the conmpound is
adm ni stered orally, intravenously or subc aneously Preferably, t he
pharmaceutical preparation is in a unit dosagD form such form the
preparation is subdivided into suitably si 26 B t doses 5 cont ai ni ng
appropriate quantities of the active conpofe®s, e.g., an effective
anount to achieve the desired purpose. Thexgmaptity of the inventive
active conposition in a unit dose of preggtﬁkh%m may be generally varied
or adjusted fromabout 1.0 mlligramto %F Pﬁ 600 mlligrans,
preferably fromabout 1.0 to about 950 m | é , 1o nore preferably

&

fromabout 1.0 to about 500 mlligrans, and typically from
|
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about 1 to about 250 mlligrans, according to the particular appli %Pﬁ
The actual dosage enpl oyed may be varied dependi ng upon the gatl 05
age, s&XO%B$I§ht and. severity of the condition being tre%?@H‘”§G§ﬁ
technlques are well known to those skilled in the art. 15 Generally, the
human oral dosage form containing the active ingredients can be
admnistered 1 or 2 tinmes per day. The anount and frequency of the

adm nistration will be regul ated according to the judgnent of the
attending clinician. A generally reco nded daily dosage regi men for

oral "adm nistration may range fromabout 1.0 mlligramto about 1,000 20

mlligranms per day, in single or divided doses. Sone useful terns are
descri bed below. Capsule - refers to a special container or enclosure
made of methyl cellul ose, polyvinyl al hols or denatured gelatins or

starch for holding or cont enlng cmnp gns cgnprRsing the active
ingredients. Hard shell 25 e Qm bl ends of
relatively high gel strenﬂth bo andH %ﬁ?ﬁkln ol afi ns. The capsul e
itself may contain small amounts dyes, YoPaquing adents, plasticizers
and preservatives. Tablet- refers a conmpressed or nol ded solid dosage
formcontaining the active |ngred|§§ épmnth U|table di luents. The

tabl et can be prepared by 0 6 . 05 WBHP'08187 PCT/ USOI / 22813 39
conpression of mxtures or granulatloqa=qQMﬁ|ned by wet granul ation, dry
granul ation or by conmpaction. Oral gel- refiers to the active ingredients
di spersed or solubilized in a hydrophillic sem-solid matrix. 5 Powder
for gpstitution refers to powder bl ends containing the active
ingredients and suitable diluents which can be suspended in water or
juices. Diluent - refers to substances that usually nake up the major
portion of the conposition or dosage form Suitable diluents include

sugars such as
Me o
Ao R An R i x
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O > °
X= 0 butyl
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| act ose, sucrose, nannitol and sorbitol; starches derived from wh ,
corn, 1o rice and potato; and cellul oses such as mcrocrystalline JAN 7005
cel | ul o¥& 018&87anpunt  of diluent in the conposition canPECENGe/288m about
14 to about 90% by weight of the total conposition, preferably from
about 25 to about 75% nore preferably fromabout 30 to about 60% by

wei ght, even nore preferably from about 12 to about 60% 15 Di sintegrant
- refers to materials added to the conposition to help it break apart
(disintegrate) and rel ease the nmedi canents. Suitable disintegrants

i nclude starches; "cold water sol ubl e83nodified starches such as sodium
car boxynet hyl starch; natural and synthetic guns such as |ocust bean,
karaya, guar, tragacanth and agar; cellul ose derivatives such as 20

met hyl cel | ul ose and sodi um car boxynet hyleel | ul ose; m crocrystalline
cel l ul oses and cross-1|inked nlcrocrystal ne cel | upoges such as sodi um

croscarnel | ose; al gi nates su h asH gi a@d 0di um al gi nate; cl ays
such as bentonites; and efﬁ &\jhe Aqouat of di si ntegrant
in the conposition can range f r abouk 1L@6by wei ght of the
25 conposition, nore preferably f abo to about®10% by wei ght .

Bi nder - refers to substances that™~bind or | ue" powders together and

make t hem cohesive by form ng granul es, thus serving as the "adhesive" in
the formul ation. Binders add cohesiveXst@'Beigt h al ready available in the
di luent or bul king agent. Suitable bxkrdays include sugars such as
sucrose; starches 30 derived from whegt ygprn rice and potato; natural
gunms such as acacia, WO 02/08187 40 0 6 JA& 2005 PCT/.US01/ 22813 gel atin
and tragacant h; derivatives of seaweed such as alginic acid, sodium

al gi nate and ammoni um cal ci um al gi nate; cellul osic material s such as

nmet hyl cel | ul ose and sodi um car boxynet hyl|Cgl | ul ose
hydroxypropylnethylcelIulosemepolyvbnyl yrrolldone nd i norgani cs such

as " %r NJ’L X
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S magnesi um al um num silicate. The anpunt of binder in the corrp05| érd

can Q,?S % about 2 to about 20% by wei ght of the cog}) sition re 005
preferab rom about 3 to about 10% by wei ght, even nor (8 P&?ﬂ from
about 3 to about 6% by weight. Lubricant - refers to a substance added to
the dosage formto enable to the tablet, granules, etc. after it has
been conpressed, to release fromthe nold or die by reducing friction or
wear. Suitable lubricants include nmetallic stearates such as magnesi um
stearate, calcium stearate or potassiiyn stearate; stearic acid; high

mel ting point waxes; and water soluble lubricants such as sodium

chl oride, sodium benzoate, sodium acetate, sodiumoleate, 15

pol yet hyl ene glycols and d'|-I|eucine. Lubricants are usually added at the
very |last step before conpression, sin¥ they rrust present on the
surfaces of the granul es j\:@r&n Ipebwe n f"?bem angl tye parts of the tabl et
press. The anount of H\)Qn dan_gp@nge from about
0.2 to about 5% by vvel g of t\ﬂjé corﬂp i i préferfably fromabout 0.5
to about 2% nore 20 preferably f abou (93 to abo®t 1.5% by wei ght.
dident - material that prevents ing a Frprovetheflow
characteristics of granulations, so that flowis snooth and uniform
Suitable glidents include silicon dioxide and talc. The anount of

glident in the conposition can range fyyomabout 0.1 %to about 5% by

wei ght of the total 25 corrp05|t| on, pr erably fr about 0.5 to about 2%
by wei ght. Coloring agents g, excipient Mat provi coloration to the
conposition or the dosage t:mHS ch eMCI ialr:;%c n include food grade
dyes and food grade dyesM&dSorjpey N ¥ bent such as clay
or alum num oxide. The anount ® he €ol ng adkentgcan vary from about
0.1 to about 5% 30 by wei ght of conpodi tion, preferably from about
0.1 to about 1% WO 02/08187 41 PﬁT/ usol / 813 0 6 JAN 2005

Bi oavail ability - refers to the rate and extent to which the active drug
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i ngredient or therapeutic noiety is absorbed into the systemc .
circulation from an adm ni stered dosage formas conpared to a sté%%é?%wa
or cont " Y2838 enti onal methods for preparing tablets aPETRISSWAR8IBLCh
met hods 5 include dry nethods such as direct conpression and conpression
of granul ation produced by conpaction, or wet nethods or other special
procedures. Conventional nethods for naking other fornms for

adm ni stration such as, for exanple, capsules, suppositories and the |ike
are also well known. 10 Anot her enbo@lnﬂn of the invention discloses
the use of the pharmaceutical conpositions disclosed above for treatnent
of di seases such as, for exanple, hepatitis C and the |Iike. The nethod
conprises adm nistering a therapeutically effective anount of the

i nventive pharmaceutical conposition tg-a patient having such a disease
or diseases and in need of such a 15 trdatnent. In t anot her

enbodi nent, the conpounds ofwihe,lnyen |on nqy ed for the treatnent
of HCV in humans in m)notllﬁ nia ncdibihat iggn t herapy node
such as, for exanmple, in conbln ionwighlamtiviry gents such as, for
exanple, ribavirin and/or interfe sucﬁtgm? for exéhple 20
a-interferon and the |ike. As sta d earligg, the invention includes
tautonmers, rotaners, enantioners and other stereoisoners of the
conpounds al so. Thus, as one skilled in the art appreciates, sonme of the
i nventive conmpounds may exist in suitablesoneric fornms. Such
variations are contenplated to be wthi n 25 scope of the invention.
Anot her enbodi nent of the invention disefoses a nethod of making the
conpounds di scl osed herein. The conpounds nmay be pfj€pared by several

t echni ques known in the art .MeRe i ft i ve procedures are
outlined in the follomﬁnghkege pb@nunder st ood t hat
while the 30 following illustra he preparation of a
few representati ve WO 02/ 08187

o
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Depending upon their structure, the compounds of the invention may
form pharmaceutically acceptable salts with organic or inorganic acids, or
organic or inorganic bases. Examples of suitable acids for such sait formation

10 are hydrochloric, sulfuric, phosphoric, acetic, citric, malonic, salicylic, malic,
fumaric, succinic, ascorbic, maleic, methanesulfonic and other mineral and
carboxylic acids well known to those skilled in the art. For formation of salts
with bases, suitable bases are, for example, NaOH, KOH, NH,0H,
tetraalkylammonium hydroxide, and the like.

15 In another embodiment, this invention provides pharmaceutical
compositions comprising the inventive peptides as an active ingredient. The

pharmaceutical compositions generally additionally comprise a



42 06 JAN 1005 PCT/USAO /22813 inventive conpounds, suitable

SUbStitH&b%H”g f any of both the natural and unnatural ag%&glyg‘ﬁingsn @\AJID‘N 2005

resul t brmation of the desired conmpounds based 813
substitution. Such variations are contenplated to be within the scope of
the invention. s Abbreviations which are used in the descriptions of the
schenes, preparations and the exanples that follow are: THF:
Tetrahydrofuran DMF: N, N-Dinmethylforma md e EtOAc: Ethyl acetate to
AcOH: Acetic acid HOOBt: 3-H ydroxy-1,23g3-benzotriazin-4(3H}-one EDCl :

1- (3-di net hyl am nopropyl )-3-ethyl ca rbodii mide hydrochloride DEC

1- ( 3-di net hyl am nopropyl ) - 3- et hyl car bodi i m de hydrochl oride NWM

N-I\/Ethlm) hol i ne,.1 odi car bobyl ) di pi per.i di ne DEAD:
Di et hyl azc? ApnaEsYlcalt yeacqwéble ﬁ@grﬁrfgliueﬁ G#C' QAR (wolleghivelny |
g gﬁtr) I2(r)| s@%@eﬂd@%%ﬁﬂp gls(% r’].?ﬁ?]tle exe;‘f?uor oﬁg@égﬁg@ @?\iéﬁ ngFr gzDI ;
Benzyl  2%Hchvity, Buehl phdtimadeutiost conflassitivreppossesgaailiboinytreating hepatitis
C and related disorders.

5 In yet another embodiment, the present invention discloses methods
for preparing pharmaceutical cbmpositions comprising the inventive
compounds as an active ingredient. In the pharmaceutical compositions and
methods of the present invention, the active ingredients will typically be
administered in admixture with suitable carrier materials suitably selected with

10 respect to the intended form of administration, i.e. oral tablets, capsules
(either solid-filled, semi-solid filled or liquid filled), powders for constitution,
oral gels, elixirs, dispersible granules, syrups, suspensions, and the like, and
consistent with conventional pharmaceutical practices. For example, for oral
administration in the form of tablets or capsules, the active drug component

15 may be combined with any oral non-toxic pharmaceutically acceptable inert
carrier, such as lactose, starch, sucrose, cellulose, magnesium stearate,
dicalcium phosphate, calcium sulfate, talc, mannitol, ethyl alcohol (liquid
forms) and the like. Moreover, when desired or needed, suitable binders,
lubricants, disintegrating agents and coloring agents may also be incorporated

20 in the mixture. Powders and tablets may be comprised of from about 5 to
about 95 percent inventive composition. Suitable binders include starch,
gelatin, natural sugars, corn sweeteners, natural and synthetic gums sﬁ?:h as
acacia, sodium alginate, carboxymethylcellulose, polyethylene glycol and
waxes. Among the lubricants there may be mentioned for use in these dosage

25  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

30 detail below.



I Pr: isopropyl '"Bu or But: tert-Butyl 30 Boc: tert-Butyl oxycar bonyéE%N 2005
JAN 2005 WD 02/08187 PCT/ US01/ 22813 43 Cbz: Benzyl oxycar bonyl Cp.

Cyl copeMQPIsasdy|  Ts: p-tol uenesul fonyl Me: Methyl 5 TiHeT/US01/22813
Tetrahydropyranyl iBoc: isobutyloxycarbonyl Chg: cyclohexylglycine
General Preparative Schenes: The follow ng schenmes describe the nethods

of synthesis of 10 internediate building bl ocks: WO 02/08187 44 SCHEMEl
HCl H2N-Phg-OBut OH H (1.2) BocHNL, N SCOOH HOOBt EDCI 1 O NWM (1.1) OH
H BocHN_ -J,,N,, COOH BocHN OH Cl ZCHC%H

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

5 forms for sustained release include layered tablets containing layers of
varying disintegration rates or controlled release polymeric matrices
impregnated with the active components and shaped in tablet form or
capsules containing such impregnated or encapsulated porous polymeric
matrices.

10 Liquid form preparations include solutions, suspensions and emulsions.
As an example may be mentioned water or water-propylene glycol solutions
for parenteral injections or addition of sweeteners and pacifiers for oral
solutions, suspensions and emulsions. Liquid form preparations may also
include solutions for intranasal administration.

15 Aerosol preparations suitable for inhalation may include solutions and
solids in powder form, which may be in combination with a pharmaceutically
acceptable carrier such as inert compressed gas, e.g. nitrogen.

For preparing suppositories, a low melting wax such as a mixture of
fatty acid glycerides such as cocoa butter is first melted, and the active

20 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

25  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

30 reservoir type as are conventional in the art for this purpose.
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Preferably the compound is administered orally, intravenously or
subcutaneously. |

Preferably, the pharmaceutical preparation is in a unit dosage form. In
such form, the preparation is subdivided into suitably sized unit doses
containing appropriate quantities of the active components, e.g., an effective
amount to achieve the desired purpose.

The quantity of the inventive active composition in a unit dose of
preparation may be generally varied or adjusted from about 1.0 milligram to
about 1,000 milligrams, preferably from about 1.0 to about 8950 milligrams,
more preferably from about 1.0 to about 500 milligrams, and typically from
about 1 to about 250 milligrams, according to the particular application. The
actual dosage employed may be varied depending upon the patient's age,
sex, weight and severity of the condition being treated. Such techniques are
well known to those skilled in the art.

Generally, the human oral dosage form containing the active
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 gefatins. The capsule itself may contain small amounts of dyes,
opaquing agents, plasticizers and preservatives.
Tablet- refers to a compressed or molded solid dosage form containing

the active ingredients with suitable diluents. The tablet can be prepared by

5
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compression of mixtures or granulations obtained by wet granulation, dry
granulation or by compaction.

Oral gel- refers to the active ingredients dispersed or solubilized in a
hydrophillic semi-solid matrix.

5 Powder for constitution refers to powder blends containing the active
ingredients and suitable diluents which can be suspended in water or juices.

Diluent - refers to substances that usually make up the major portion of
the composition or dosage form. Suitable diluents include sugars such as
lactose, sucrose, mannitol and sorbitol; starches derived from wheat, corn,

10 rice and potato; and celluloses such as microcrystalline cellulose. The amount
of diluent in the composition can range from about 10 to about 90% by weight
of the total composition, preferably from about 25 to about 75%, more
preferably from about 30 to about 60% by weight, even more preferably from
about 12 to about 60%.

15 Disintegrant - 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

20  methylcellulose and sodium carboxymethylcellulose; microcrystalline
celluloses and cross-linked microcrystalline celluloses such as sodium
croscarmelose; 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

25 composition, more preferably from about 4 to about 10% by weight.

Binder - refers to substances that bind or "glue” powders together and
make them cohesive by forming granules, thus serving as the "adhesive" in
the formulation. Binders add cohesive strength already available in the diluent
or bulking agent. Suitable binders include sugars such as sucrose; starches

30  derived from wheat, corn rice and potato; natural gums such as acacia,
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gelatin and tragacanth; derivatives of seéweed such as alginic acid, sodium
alginate and ammonium calcium alginate; cellulosic materials such as
methylceilulose and sodium carboxymethyiceliulose and
hydroxypropylmethylcellulose; polyvinylpyrrolidone; and inorganics such as

5 magnesium aluminum silicate. The amount of binder in the composition can
range from about 2 to about 20% by weight of the compositian, more
preferably from about 3 to about 10% by weight, even more preferably from
about 3 to about 6% by weight.

Lubricant - refers to a substance added to the dosage form to enable

10  the tablet, granules, etc. after it has been compressed, to release from the
mold or die by reducing friction or wear. Suitable lubricants include metallic
stearates such as magnesium stearate, calcium stearate or potassium
stearate; stearic acid; high melting point waxes; and water soluble lubricants
such as sodium chioride, sodium benzoate, sodium acetate, sodium oleate,

15 polyethylene glycols and d'-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

20  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. SuiféBle
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

25 composition, preferably from about 0.5 to about 2% by weight.

Coloring agents - excipients that provide coloration to the composition
or the dosage form. Such excipients can include food grade dyes and food
grade dyes adsorbed onto a suitable adsorbent such as clay or aluminum
oxide. The amount of the coloring agent can vary from about 0.1 to about 5%

30 by weight of the composition, preferably from about 0.1 to about 1%.
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Bioavailability - refers to the rate and extent to which the active drug
ingredient or therapeutic moiety is absorbed into the systemic circulation from
an administered dosage form as compared to a standard or control.

Conventional methods for preparing tablets are known. Such methods

5 include dry methods such as direct compression and compression of
granulation produced by compaction, or wet methods or other special
procedures. Conventional methods for making other forms for administration
such as, for example, capsules, suppositories and the like are also well
known.

10 Another embodiment of the invention discloses the use of the
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 pharmaceutical composition
to a patient having such a disease or diseases and in need of such a

15 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 mode such as, for exampie, in combination with antiviral
agents such as, for example, ribavirin and/or interferon such as, for example,

20 a-interferon and the like.

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

25 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. Representative illustrative procedures are
outlined in the following reaction schemes. It is to be understood that while the

30 following illustrative schemes describe the preparation of a few representative



~ COOBu - Iboc-Chg-N M OOHIboc-Chg-N 4.3 M 0 N)IO Ph:'H ﬂﬁlN}f[lﬂﬂ
e2NH O RpolyzofigBt  McS02H2C H % ./ H- ~ Iboc-Chg-N Y N Y%T/'[}'Sﬁg\ﬂ

EDCI, NWM Me 0 O5 4.5 Preparation of Internediates: Preparative
Exanple 1 WO 02/08]87 47 Step A° OH BocHN.- J- 01-1 0 (1.08) 5 BocHN O
6 JAN 2005 PCT/ USQJ/ 228] 3
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inventive compounds, suitable substitution of any of both the natural and
unnatural amino acids will result in the formation of the desired compounds
based on such substitution. Such variations are contemplated to be within the
scaope of the invention.
5 Abbreviations which are used in the descriptions of the schemes,
preparations and the examples that follow are:
THF: Tetrahydrofuran
DMF: N,N-Dimethylformamide
EtOAc: Ethyl acetate
10 AcOH: Acetic acid
HOOBL: 3-Hydroxy-1,2,3-benzotriazin-4(3H)-one
EDCI: 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
DEC: 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
NMM: N-Methylmorpholine
15 ADDP: 1,1'-(Azodicarbobyhdipiperidine
DEAD: Diethylazodicarboxylate
MeOHR: Methanol
EtOH: Ethanot
Et20: Diethyl ether
20 DMSO: Dimethylsulfoxide
HOBt: N-Hydroxybenzotriazole
PyBrOP: Bromo-tris-pyrrolidinophosphonium hexafluorophosphate
Bn: Benzyl |
Bz{: Benzyl
25  Et: Ethyl
Ph: Pheny!
iBoc: isobutoxycarbonyt
iPr: isopropy!
‘Bu or Bu"; tert-Butyl |
30  Boc: tert-Butyloxycarbonyl



Ph To a stirred solution of compound (1.08)(3.00 g, 12.0 nmol; Harlﬁlssim,
S. L.; Abelleira, S. M; Akiyama, A ; Barrett, R ; Carroll, R M; %r‘ 2005
al .; JIWROR/@Gem ; 37 (18) 1994; 2918-2929;) in DVF (15 mOy/usat28H2Cl 2
(15 i0 nm-) at -20C was added HOOBt (1.97 g, 12.0 mmol ), N-nethyl

nor pholine (4.0 m., 36.0 mml) and EDCl (2.79 g, 14.5 mmol) and stirred
for 10 mnutes, followed by addition of HJO H2ZN-d y-06n (2.56 g, 13.0
nmol ). The resulting solution was stirred at -20C for 2 hrs, kept
refrigerated overnight and then concatrat ed to dryness, followed by
dilution with EtOAc (150 nmL). 15 The OAc sol ution was then washed tw ce
W th saturated NaHCO3, H20, 5% H3PO4, brine, dried over Na2SM4, filtered
and concentrated to dryness to give the Conmpound (1.09) (4.5 g, 949%.

LRVS mi z Qa3+ BepgslokycstbemyB: Conpound (Ljl 20 So c¢cH CH3 Conmpound (1. 1)
(1.09) Ptt quH CH3 .06 AN 2005 WD 02/08187 PCT/ USOL/ 22813 48 A

sol uti on Gt ‘COFRsIRdCEY9) (7.00 g, 17.8 nmol) in absol ute ethanol (300

m) was gig brtgme%bsgggmltenperature under a hydrogen atnosphere in the
presence of Pd-C (300 r% 10% . The reaction progress was nonitored by

tic. Afté&te:Methylihe mixture was filtered through a celite pad and the
resultin ! | yti on was concentrated in vacuo to give Conpound (1.1
(5. 40° g, q‘l—ﬁ’: 'Isec{ralhydropyranyl J i ( )

iBoc: isobutyloxycarbonyl
Chg: cyclohexylglycine

General Preparative Schemes:

The following schemes describe the methods of synthesis of
10 intermediate building blocks:



guantitative).

Conmpound %&3%

m'xture%

LRVS mz WH}= 305.1. Preparative Exanple 2 1o St EpSBAfA"‘WUUS
Bo d-1 Ph OH OH + H2 COOHut > ' BocH (1.1) él'z‘il .
dund (1.1) fromPreparative Exanple 1, St ef) _§U§ lmé’q’. ),

Conpound (1.2) ( Novabi ochem No. 04-12-5147) (1.03 eq.),

HOOBt

(1.03

eq.), N nethylnorpholine (2.2 eq.),

and di net hyl formam de (70 nL/g) 20

was stirred at

-20C. EDCl (1.04 eq.) was added and the reaction stirred

f or

48 hr.

The reaction m xture was poured into 5% aqueous KH2PO4 and

acetate (2 x).

The,conbi ned organi cs were washed

extracted wth ethyl 2
with cold 5% aqueous K2CO3, then 5% aqueous
organic | ayer was dried over anhydrous MySO4.
25 then evaporated and the filtrate dried und
triturated with Et20 hexane, and fiSGHEMED to
(1.3)(86%vyield), C25H39N307 (493.60), nass s

KH2PO4, then brine, and the
The m xture was filtered,
er vacuum the residue was
obtain the title conpound
pec. (FAB) Mtl = 494.3. WO

02/ 08187 49 5 Step B BocR Cdfiprddhhg-0@B4) (1.3) Ph tT COOBut H O 6 JAN
2005 OH (12)
BocHN N._COOH _ HOOBt
EDCI Y
Q NMM
O Ph
(1.1) OH H
BocHN N L X | _4N HCl
ﬁ COOBY " digxane
© 13) 7"'_'"0 l o
HCI OH H
Cl,CHCO,H N
DMSO HoN JLN’kcoosu‘
DCC 0 H
(1.4)
O L0 T =
BocHn N N’Lcooau‘ Ho O y @ Pb
0O H H2N N\)l\ /'\ t
N~ ~COOBu
| 4nHC H
{1.5) pr -
1oxane (1.6)
7 min
SCHEME 2
HCI-HzN-Phg-NMe,
OH H 2.1 \
BocHN N._COOH
© * Ph
OHH &
(1.1) BocHN N A 4N HC!
m CONMe; ™ dioxane
o 22) 1 hr.
- Ph
HO OH H @
C1,CHCO,H
Dl\zflSO : HzN N\)LH*CONMeZ
DCC
(2.3)
0 H QO 2
N
BochHN \/U\”/'\CONMez HCI O n ) /}‘:\h
0 HN N~ “CONMe,
L_4anHc) » 0 H
(2.4) dioxane
7 min (2.5)



PCTIU SO 1 /22813 (1.4) Ph COOBu' Conpound (1.3) from Preparative ﬁﬁg’g ﬁ:
2, Step A (3.0 g) was treated with 4 N HCl/di oxane (36 nlL) and st 2005
at roonMQ¥IEt ure for 7 min. The nixture was poured |nt"§T&U991/P_’3¢bI d

(50 hexane and stirred, then allowed to stand at OC for 0.5 hr. The

m xture was suction-filtered in a dry 10 atnosphere, and the coll ected
solid was further dried to afford the title conpound (1.4) (2.3 g, 88%
yi el d), C20H31N305HCf, H NWVR ( DMSO d/NaCD) 8 7.38 (m 5H), 5.25 (m 1
H, 4.3-4.1 (m 1 H, 3.8 (m 2H), 3% (m obscured by HDO, 1.7-1.1
(m 4H), 1.35 (s, 9H), 0.83 (m 3H) % Preparatlve Exampl e 3 Conpound
(1.5 OPh BocHN~ NN )" t COOBu H (1.5) 20 Conpound (1.3) from
Preparative Exanple 2, Step A, was treated in essentially the sane

manner as in Preparative Exanple 7, Step A below to afford Conpound
(1.5). 25 Preparative Exanple 4 Conpound 1.6 0 6 JAN 2005 WO 02/ 08187

PCT/ US01/ 22813 50 O

SCHEME 3
MeSO,H,C
Boc-Chg-OH+ - 1 opg -HOOBY MeSOzH,C OBal
MeHN . Ebcl Boc-Chg-N z
3.1 - NMM Me
HCI 8]
3.3
2
Pd/C
EtOH
CHo80,Me
Boc-Chg-N OH
Me o
3.4
HOOBt
DC
HCI  OH “\/?L v NIV
HoN ﬁ COOBu
o)
14 MeSOH,C 1y OH H\)?\ i‘
N N
BocoChg-N'kn/ N" “cooey
Me 0 O

35



HHC . H2N,~N, J- t N COOBu Conpound (1.5) from Preparative Exa Fz g
was tref%,%sqmwy essentially the sane manner as in Preparatlve Ex”-gq) e &2905
Step B 87d s Conpound (1.6). 0 6 JAN 2005 WO 02/XfgwE§#1/22

PCT/ US01/ 22813 51 Preparative Exanple 5 Step A Conpound (2.09) 5 Bo cHO
(2-08) OH (2.09) To a solution of dinethylam ne hydrochloride (1.61 g,
19.7 mmol ), N 1o Boc-phenyl gl yci ne, conpound 2.08 (4.50 g, 17.9 mmol,
Bachem Co. # A 2225), HOOBt (3.07 g, 18.8 nmol) and EDClI (4.12 g, 21.5
nml ) in anhydrous DVMF (200 nL) and GdA 2 (150 m-) at -20C was added
NMWM (5.90 nL, 53.7 mmol ). After being stirred at this tenperature for 30
mn, the reaction mxture was kept in a freezer overnight (18 h). It was
then allowed to 1s warmto rt, and Et OAc (450 nlL), brine (100 nL) and 5%
H3PO4 (100 m-) were added. After the layers were separated, the organic
| ayer was washed wth 5% H3PO4 (100 nmlL), saturated aqueous sodi um

bi carbonate solution (2 X 150 nL), water (150 nmL), and brine (150 ni),
dried (MgS™), filtered~and concentrated in vacuo to afford Conpound
(2.09) (4.86 g) as a white solid, 2@OnfvEn was used w t hout further
purification. WO 02/ 08187

MeSO,H,C | oHH O Ph

N
Boc-ChgN ‘)LN"\cooau‘
Me O o H
3.5
4N HCI
dioxane
7 min
MeSO,H,C 4 OH H\)L Ph
N t tboc-Ci
H-Chg-N N COOBu
IMe & 0 lljagCOa
Iboc-Chg-N N COOBU!
Me O 0
42
Dess-Martin
perfodinane
MeSOH,C H @ H § 7h
N Y. W . TFA MeSO,H,C
lboc-Chg-N’kn’ N" "COOBu —» N\)L
Me H lboc-Chg-N’H( N COOH
0 0 Me
43 o o

4.4
e-NH
O  ph HOOBt

MeSO.H,C H $ H
N EDCI, NMM
Iboc—Chg-N"ﬁ(N N)\CONMez
Me o o) H
45

Preparation of Intermediates:

Preparative Example 1




52 Step B Conpound (2.'1) 0 6 AN 1005 PCT/USO1 /22813 H3 YH 3 B%Qf'
""CH3 HO H2 N~, CH3 5 (2.09) (2.1) Conpound (2.09) from Preparati%&JAN 2605
Exanpl e 0248487 A (4.70 g, crude) was dissolved in 4 N RCI/US6022813 240
mmol ) and the resulting solution was stirred at roomtenperature. The
progress of the reaction was nonitored by 1o TLC. After 4 h, the solution
was concentrated in vacuo to yield Conpound (2.1) as a white solid which
was used in the next reaction without further purification. LRMS niz
M= 179.0. Preparative Exanple 6 15 ﬁtrep A Conpound (2.2) So cHPh OH +
HC1. Bo cH H2 CONMe2 (1.1) (2.1) 20 In'essentially the same manner as
Preparative Exanple 2, Step A substituting phenyl glycine

N, N- di met hyl ami de hydrochl oride in place of phenylglycine t-butyl ester
hydr ochl ori de, Conmpound (2.2) was prepared nass spec. (FAB) M+l = 465. 3.
WO 02/ 08187 53 Step B Conpound 2.3

Step A: Compound {1.1)
OH oH H §
BocHN OH N
BocHN \)LO/\Ph
O O
(1.08) (1.09)

To a stirred solution of compound (1.08)(3.00 g, 12.0 mmol; Harbeson
S. L.; Abelleira, S. M.; Akiyama, A.; Barrett, R.; Carroll, R. M.; et al.;
J.Med.Chem.; 37 (18) 1994; 2918-2929;) in DMF (15 mL) and CH2Clp (15

10 mi.) at -20°C was added HOOBt (1.97 g, 12.0 mmol), N-methyl morpholine
(4.0 mL, 36.0 mmol) and EDCI (2.79 g, 14.5 mmol) and stirred for 10

¥

minutes, followed by addition of HCI-H2N-Gly-OBn (2.56 g, 13.0 mmol). The

resulting solution was stirred at -20°C for 2 hrs, kept refrigerated overnight

and then concentrated to dryness, followed by dilution with EtOAc (150 mL).
15 The E1OAc solution was then washed twice with saturated NaHCO3, H20,

5% H3PO4, brine, dried over Na2S04, filtered and concentrated to dryness

to give the Compound (1.09) (4.5 g, 94%). LRMS m/z MH*= 395.1.

Step B: Compound (1.1)

H H H
BocH N ~~ BocH
8] Ph @ — OH
0 O

(1.09) (1.1)

20



Bocci 5 (2.2) CO Nwve 2 06 JAN 2005 PCTIUSQO /22813 Conpound (2. 2) Mqh‘rp 0
Step A (\;Jb 2'55 gi}_]was reacted with 4 N HC/dioxane (50 mL) at room® Y JA" 05
terper at WPEH8B71 hr. The nixture was evaporated under vBEHYSIVRSE 20C
wat er bath, triturated under isopropyl 10 ether, filtered, and dried to
afford Compound (2.3) (1.57 g, 98%yield), C18H28NAO4-HCI, nass spec.
(FAB) M+l = 365.3 Preparative Exanple 7 15 Step A Conpound (2.4) BotH Bo
MHp 1CO hH (2.2) (2.4) 20 A solution of Conpound (2.2) from
Preparative Exanple 5, Step A (2.0 (g),4 n dichloromethane (60 nlL) was
treated with dinethylsulfoxide (3.0 rr1_4)8 and 2, 2-di chl oroacetic acid
(0.70 mL). The stirred m xture was cooled to 5C and then added 1 M

di cycl ohexyl car bodi i m de/ di chl or onet hane solution (8.5 nL). The cold
bath was renpovédsdulion akcompeune (50P) (2801 72 mmol) Thabs@bteasttiadol

2- d, sti f ddj ti 1 hr. Th 1 Xt
V0 021 08 1Ly Sk sHSb S foRp FrRara s o s i IAIPGEM EHERSREGRE Wit h
i ce-col d thelpidsbiatl of PROE)300 Rt 1098 &e%ciioﬁ‘.pr&'&%g% %%nit&%@n 5%

aqueous KH2PO4, then saturated Dri ne?’ The organic on was dried
over anydbytls. Afigh24di, tine miktties wastfiltered tHroegkd. clitepad and the resulting

5 solution was concentrated in vacuo to give Compound (1.1) (5.40 g,

quantitative). LRMS m/z MH*= 305.1.

Preparative Example 2

10 Step A Compound (1.3)
OH H 0 Ph OH 0 Ph
BocH N\/L . H ‘
OH HgN/LCOOBut ———»  BodH T\/kl_il\l/LCOOBul
(1.1) (1.2) (1.3)

15

A mixture of Compound (1.1) from Preparative Example 1, Step B (1
eq.), Compound (1.2) ( Novabiochem, No. 04-12-5147) (1.03 eq.), HOOBt
(1.03 eq.), N-methylmorpholine (2.2 eq.), and dimethylformamide (70 mL/g)
20  was slirred at -20°C. EDCI (1.04 eq.) was added and the reaction stirred for
48 hr. The reaction mixture was poured into 5% aqueous KH2PQO4 and
extracted with ethyi acetate (2 x). The combined organics were washed with
cold 5% aqueous K2CO3, then 5% aqueous KH2PO4, then brine, and the
organic layer was dried over anhydrous MgSQO4. The mixture was filtered,
25 then evaporated and the filtrate dried under vacuum, the residue was
triturated with Et20-hexane, and filtered to obtain the title compound
(1.3)(86% yield), C25H39N307 (493.60), mass spec. (FAB) M+1 = 494 3.



filtrate was evaporated, and chromatographed on silica gel, eluti ﬂg \;@ﬁ)@
ethyl 5 acetate to afford Conpound (2.3) (1.87 g, 94%yield), Ql 03
mass spPY@YZPRAB) Mkl = 463.3. 06 JAN2005 WO 02/ 08187 PCFD‘IUMlhﬂ-ﬁSlS 55
Step B Conpound f2.5) 5 10 Me--S Boc Boc Me-N COON Me-N COOBzl (3.01)
(3.02) 15 A solution of Conpound 3.01 (4.6 g, prepared from N Boc-S

nmet hyl cyst ei ne, Bachem Bi osci ences inc., according to the procedure of
Boger, J. Org. Chem, 1988, 53!3], 487.) in DW (150 m-) was treated
with Cs2C33 (6.1 g) foll owed by benzyl brom de (2.3 nL), and the m xture
was stirred at roomtenperature for 49hr. The mi xture was concentrat ed
in vacuo, 20 and the residue suspended in EtOAc (200 nmL). Then m xture
was washed w th aqueous 5% KH2PO4, then with brine, and the organic
extract weStegrB ed Qeefpamhydryous MySO4. The mixture was filtered, and
the filtrate evaporated to |eave the product 3.02 (6.2 g); [a]D-33.7 (c
1.3, CHA3). In esseml M, the sane manner as Preparative Exanple 2,

Step B Co ofs) nd

Conmpound (

PCT/ USOI / 22813 86 ©
(1.3) (1.4)

Compound (1.3) from Preparative Example 2, Step A (3.0 g) was

treated with 4 N HCl/dioxane (36 ml.) and stirred at room temperature for
7 min. The mixture was poured into 1.5 L cold (5°C) hexane and stirred, then
allowed to stand at 0°C for 0.5 hr. The mixture was suction-filtered in a dry

10 atmosphere, and the collected solid was further dried to afford the title
compound (1.4) (2.3 g, 88% yield), C20H31N305-HCI, H' NMR (DMSO-
d6/NaOD) & 7:38 (m, 5H), 5.25 (m, 1H), 4.3-4.1 (m, 1H), 3.8 (m, 2H), 3.4-3.3
(m, obscured by HDO), 1.7-1.1 (m, 4H), 1.35 (s, 9H), 0.83 (m, 3H).

prepar ed. Preparatiwel %0% el2 A
moaead 3.02 06JAN2O cooBY!

15 Preparative Example 3

Compound (1.5)

0]
H
BocHN N‘/U\N*COOBut
H
o)

(1.5)
20

Compound (1.3) from Preparative Example 2, Step A, was treated in
essentially the same manner as in Preparative Example 7, Step A below to
afford Compound (1.5).

25 Preparative Example 4

Compound (1.6)




Step A-2. Conmpound 3.03 Me-S Me---N- 'COOBzl | Boc (3.02) Me-N- §&0as2003
| BOO (3.03; Fol | ow ng the procedure of U Larsson, et al., Acta Chem
Scan., MQA420818748(6), 517-525, a solution of oxone(R) (1ECHUH/2A8Hrich
Chemical Co.) in water (90 m-) was added slowy to a OC sol ution of
Conpound 3.02 (6.1 g) in MeOH (150 mL), The mixture was stirred at room
tenperature for 4 hr., then <concentrated to 1/2 volune on a rotary
evaporator, cold water (100 nm.) was added, and the m xture extracted
with Et OAc. The extract was washed wi tdy 10 brine, and dried over

anhydrous MgSO4. The mi xture was filtered, and the filtrate evaporated
to |l eave the product 3.03 (5.9 g); [all) -26.3 (c 0.9, CHCI3). Step A-3.

Compound 3.2 02 Me-S Me-N )"..' COOBzl | Boc (3.03) 02 MAa-C Me- N
-C00BzI  H -HA 15 The product 3.0 ofH\t/h(li p/fﬂécedi ng step was treated
with 4N HCi . H,N N N~ ~CooBY!
0 H
(1.6)

Compound (1.5) from Preparative Example 3, was treated in
essentially the same manner as in Preparative Example 2, Step B, to afford
5 Compound (1.6).



Hcl / di oxane for 0.5 hr. to afford the product 3.2, CL12H17NO4SHCI

(307.79); mass spec. (FAB) M+l = 272.0. Preparation of Conpound &@JWQM
02/ 0818wdBansi¥rg- OH + (3. 1) McS~Ht C MeH HCI 0 (3.2) 57prCBaiso)2%813JAN
2005 PCT/USO /22813 Boc- Chy McSO2H2C OBJ Conpound (3.2) (S-nethyl
cystei ne sul fone benzyl ester hydrochloride) 5 and Conmpound (3.1)
(N-Boc-cycl ohexyl gl ycine) were reacted in essentially the sanme manner as
Preparative Exanple 2, Step A, to afford Conmpound (3.3) C25H38N207S
(510.64). Step B Conmpound (3.4) 10 MSQ2H2C Bo c-Chg-N-'y OBzl Me 0 3.3
Bo c-C hg CH2S2Me N -'Y OH 51

Preparative Example 5

Step A Compound (2.09)

GHa

BocH BocH N‘CH3

o 0

(2.08) (2.08)

To a solution of dimethylamine hydrochioride (1.61 g, 19.7 mmoal), N-
10 Boc-phenylglycine, compound 2.08 (4.50 g, 17.9 mmol, Bachem Co. # A-
2225), HOOBt (3.07 g, 18.8 mmol) and EDCI {4.12 g, 21.5 mmol) in
anhydrous DMF (200 mL) and CH2CIl2 (150 mL) at -20°C was added NMM
(5.90 mL, 53.7 mmol). After being stirred at this temperature for 30 min, the
reaction mixture was kept in a freezer overnight (18 h). It was then allowed to
15 warm to rt, and EtOAc ( 450 mL), brine {100 mL) and 5% H3PO4 (100 mL)
were added. After the layers were separated, the organic layer was washed
with 5% H3PO4 (100 mL), saturated aqueous sodium bicarbonate solution (2
X 150 mL), water (150 mL), and brine (150 mL), dried (MgSQ4), filtered and

concentrated in vacuo to afford Compound (2.09) (4.86 g) as a white solid,

20  which was used without further purification.



Me O 3.4 A mxture of Conpound (3.3) from Step A above (0.7 g), 1 %I?g[,%
(0.05 g), and Et OHdioxane (100 m-) was stirred under 3 atm H2 f'ot* i {005
hr. 15 ™R 31%18%re was filtered and evaporated to drynessPGRE8#1/228Buum t o
afford conpound (3.4) (0.56 g, 97%yield), C18H32N207S (420.52) nass
spec. (FAB) M1l = 421.2. WD 02/08187 58 Step C Conpound (3.5) Bo4Chg
CH2sO2Me HCI OH OH H2 0 r JU 1005 PCB' /if $01 /22813 McSO2H2C N OH H O
Ph Boc-Chg--W"-f . COOBut 5 (3.4) (1.4) Conpound (3.4) from Step B,
above, was reacted w th Conpound (1.4@ from Preparative Exanple 2, Step
B in essentially the sanme nmanner as Feparative Exanple 2, Step Ato

af ford Conpound (3.5), C381-151 N5011S io (795.98), nass spec. (FAB) Mtl
= 796.3. Preparative Exanple 9 Conpound 4.1 15 Boc-Chg-N H COOBu H Chg- N
M OOHC Me O~1, /NNKNKk, t N

Step B Compound (2.1)
N G
BocH N\CH3 HCIH, N‘CH3
5 0
5 (2.09) (2.1)

Compound (2.09) from Preparative Example 5, Step A (4.70 g, crude)
was dissolved in 4 N HCI (60 mL., 240 mmol} and the resulting solution was
stirred at room temperature. The progress of the reaction was monitored by

10 TLC. After 4 h, the solution was concentrated in vacuo to yield Compound

(2.1) as a white solid which was used in the next reaction without further

purification. LRMS m/z MH*= 179.0.

Preparative Example 6

Step A Compound (2.2)

o

BocH HC!. ’(L
— B
.‘ O+ NN CONMe, > °‘H“Fr%; N Cone,

(1.1) (2.1) (2.2)

In essentially the same manner as Preparative Example 2, Step A.
substituting phenyiglycine N,N-dimethylamide hydrochloride in place of
phenylglycine t-buty} ester hydrochloride, Compound (2.2) was prepared
mass spec. (FAB) M+1 = 465.3.



McSO2H2C H OH H O Ph MeSO02H2C I..1 (3.5 NA' ~ NCOOBu H Corrpoutr

(3.5) fromPreparative Exanple 8, Step C, is reacted in essential @JM@%
same maY@P2/e8Preparati ve Exanple 2, Step B, to obtain PCIAjsOUnSI{4. 1)
C33H53N509S. HCI (732.33). OH H O Ph 20 Preparative Exanple 10 WO 02/ 08187
0 6 JAN 2005 PCTIUSA 122813 59 Conpound (4.2) zHZOHa ~H1 H Chi -
~ -Y~TY-N,, H5(4.1) Treat a solution of Conpound (4.1) from
Preparative Exanple 9 (0.7 g), dinethylformamde (15 nL), and

di i sopropyl ethylamne (0.38 nL) at 5C \g(l th isobutyl chloroformate (0.15
m.). Renove the cold bath and stir fo% hr. Pour io the reaction nixture
I nto 5% aqueous KH2PO4 (100 m -) and extract with ethyl acetate (2 x 100
m.). Wash the conbined organics with cold 5% aqueous K2CO3, then 5%
aqueous KH2PO4, then brine, and dry the organic over

Step B Compound (2.3)

O ¢

OH K i MCI  OH H kh
BocH N\/'\N/L H N/L
N CONMe, —> 2 N\/kH CONMe

5 (2.2) (2.3)

Compound (2.2) from Step A (1.85 g) was reacted with 4 N
HCl/dioxane (50 mL) at room temperature for 1 hr. The mixture was
evaporated under vacuum in a 20°C water bath, triturated under isopropyl

10 ether, filtered, and dried to afford Compound (2.3) (1.57 g, 98% yield),
C18H28N404-HCI, mass spec. (FAB) M+1 = 365.3

Preparative Example 7

15 Step A Compound (2.4}

n\i Ph o H © Ph
BocH HNJ\CO NMez B"CH"P/MY N’Lco NMe »
0 o H
(2.2) (2.4}
20 A solution of Compound (2.2) from Preparative Example 5, Step A (2.0

@) in dichloromethane (60 mL)} was treated with dimethylsuifoxide (3.0 mL)
and 2,2-dichloroacetic acid (0.70 mL). The stirred mixture was cooled to 5°C
and then added 1 M dicyciohexylcarbodiimide/dichloromethane solution (8.5
mL). The cold bath was removed and the mixture stirred for 22 hr. Then

25 added 2-propanol (0.5 mL), and stirred for an additional 1 hr. The mixture was



anhydrous MgSO4. Filter the m xture, evaporate the filtrate under Lﬁq@cjw%
tri turat‘got %sfseiSi due with Et20-hexane, and filter to | eave Cgrrpo 3
(4.2). 15987884V ative Exanple | 1 Comound 4.3 MS02H2g PEBESH/A28b0- chg
20 (4.2) Ph 'Qeso zH2G COOBut | boo-Chg- H Me (4.3) Conpound (4.2) is
reacted in essentially the sane manner as Preparative Exanple 14, Step H
bel ow to obtain Conpound (4.3). P h Ph W CO OBu" H 25 WO 02/08187 60
Preparative Examle 12 Conpound (4.4) McSQ2H2 C | boo- Chg

54

filtered then washed with ice-cold 0.1 N NaOH (50mL), then ice-cold 0.1 N
HCI (50 mL), then 5% aqueous KH2PO4, then saturated brine. The organic
solution was dried over anydrous magnesium suifate, then filtered. The
filtrate was evaporated, and chromatographed on silica gel, eluting with ethyl

5 acetate to afford Compound (2.3) (1.87 g, 94% yield), 023H34N405 , mass
spec. (FAB) M+1 = 463.3.



5 D6 Jk 206 PCT/UsO /22813 APh p Ph MSO1-HCH ¢ 2 2 COCBLﬂt AN 20
| boo-Chg- COOHHH t ~L Conpound (4.3) from Preparative Exanpl e 151J 05
(about A@/g)87i s treated 10 with a solution of anhydroesT/US61/22813
trifluoroacetic acid-dichloronethane (1:1, about 10 nlL) for about 2 hr.
The solution is diluted with xylene (about 50 m-) and evaporated under
vacuum The residue is triturated wwth Et20, and filtered to |eave
Compound (4.4). 15 Preparative Exanple 13 Conpound (4.2 MSQ2H2C O, , U
Ph NIT" CONMe2 H 20 Conpound (4.4) from Preparative Exanple 12 is
reacted with dinethyl anine, in essefPially the same manner as
Preparative Exanple 2, Step A to afford Conpound (4.5). WO 02/08187
Preparative Exanple 14

Step B Compound (2.5)
o , O Ph
HCI . H,N N\/lLN)\CONMe
0 H i
(2.5}

In essentially the same manner as Preparative Example 2, Step B
Compound (2.5) was prepared.

Preparative Example 8

10
Step A Compound (3.3)
Step A-1.  Compound 3.02
Me-S Me—-38
Lo — 1
Me—l:l COOCH Me-l:l cooBzt
Boc Boc
(3.01) (3.02)
15 A solution of Compound 3.01 (4.6 g, prepared from N-Boc-S-

methylcysteine, Bachem Biosciences Inc., according to the procedure of
Boger, J. Org. Chem., 1988, 53(3), 487.) in DMF (150 mL) was treated with
Cs2C03 (6.1 g) followed by benzyl bromide (2.3 mL), and the mixture was
stirred at room temperature for 4 hr. The mixture was concentrated in vacuo,
20 and the residue suspended in EtOAc (200 mL). Then mixture was washed
with aqueous 5% KH2PO4, then with brine, and the organic extract was dried
over anhydrous MgS04. The mixture was filtered, and the filtrate evaporated

to leave the product 3.02 (6.2 g); ja]p-33.7 (¢ 1.3, CHCI3).



Step A Conpound (5.2) 5 10 61 (5.1) 06 JAN2005 PCT/US01122813 (5Q1§)J ]'?
a stirred cooling solution of Conpound (5.01) (1.11 g, 7.0 mmol) i &5 903
anhydr ot® B#8#40 nL) and anhydrous CH2CGI 2 (10 mi-) at 0CCHEO1ZE&d HoBT
(1.19 g, 7.25 mmol ), N-nethyl norpholine (2.3 nL, 21.0 nmml) and DEC
(1.6 g, 8.4 mmol). The resulting solution was stirred at 0C for 15

m nutes, followed by the addition of HVal-OtBu (1.54 g, 7.35 nmmol). The
solution was kept in the freezer overnight. A lot of precipitates were
observed 20 and the solution was conceptrated to dryness, followed by
extraction wth EtOAc-saturated NaHCO3. The conbi ned organic | ayer was
then washed with 5%i3P04 sol ution, H20, brine, dried over Na2SO4,
filtered to give a crude product 5.1 (2.4 g, 98%yield). The sol ution of
the crude product (as obtained above) in 4N 25 HCl /D oxane was stirred at

room tenperatu 7 hr C ntrated to dryness to afford
Conmpound (5. 2) éﬁ“iﬁﬁO?Z/ 08%@3 B Conmpound (5.4) BOCHI NN.

|~oH. 2HCL C N 0 6 JAtq 2005 0,
Me—8 Me—S
L. —
Me—N  "COOBz Me-N""~CoOEz
Boc Boc
(3.02) (3.03)

Following the procedure of U.Larsson, et al., Acta Chem. Scan., 1994,
5 48(6), 517-525, a solution of oxone®™ (16.4 g, Aldrich Chemical Co.) in water
(90 mL) was added slowly to a 0°C solution of Compound 3.02 (6.1 g) in
MeOH (150 mL), The mixture was stirred at room terbnperature for 4 hr., then
concentrated to 1/2 volume on a rotary evaporator, cold water (100 mL) was
added, and the mixture extracted with EtOAc. The extract was washed with

10 brine, and dried over anhydrous MgS0O4. The mixture was filtered, and the
filtrate evaporated to leave the product 3.03 (5.9 g); [a]p-26.3 (¢ 0.9, CHCI3).
Step A-3. Compound 3.2

02 02
Me—S Me—38
1L — 1
Me—-N CO0Bz : Me-N COOBz
! H -HCI
Boc
(3.03) (3.2)
15 The product 3.03 of the preceding step was treated with 4N

Hcl/dioxane for 0.5 hr. to afford the product 3.2, C12H17NO4S-HCI (307.79);
mass spec. (FAB) M+1 = 272.0.
Preparation of Compound 3.3



PCTJUSQOL/ 22813 CH. 0 BOC O (5.3) (5.4) s To a stirred sol ution of )
Compound (5.3) (F. L. Bach, Jr. of al, J. Aner. Chem Soc., (1955[%67}'%J 2003
6049) (WO 8M4P180D. 086 nmol ) in 50%ve0H 50%20 (300 nl) wRETABIDLSBOC
anhydride (47.0 g, 0.215 nol). The solution was then adjusted to pH=9.5
by dropwi se addition of 50% concentrated NaCH solution. The resulting
solution was stirred overnight at roomtenperature and 1o then
neutralized with concentrated HCl to pH=8 and acidified with citric acid
to pH=2.94, followed by extraction with CH2Cl 2. The conbi ned organic

| ayer was dried over MgSO4 to give c8fpound (5.4) (27.16 g, 95%yield)
Step -C Conpound (5.5) BOC C) B OC 35 0 OR (5.5) A solution of thionyl
chloride (3.37 nL, 0.046 nmol) in DWF (3.59 nL, 0.046 nol) at OC was
warmed to roomterrperatummdqz@tirred for 35 rrinutjﬁ ¢ sol uti on was

t hen cool edBbe-Okig-Oldl+ owed by~ additd_on _of 20 yConpo : fromStep B
above (15.0 g, 0.045 nol) Mal C%%O m.) and p gjlhg_ , 0.046
nol). The resulting solution was rmed to room t%ﬁ% taacelland stirred
overni ght. The sol ution was H®len ‘poured into ice 0 6 JAN

02/ 08187 PCT/ U%§11/)22813 63 (3.2) (3.3)

Compound (3.2) (S-methyl cysteine sulfone benzyl ester hydrochloride)
5 and Compound (3.1) (N-Boc-cyclohexylglycine) were reacted in essentially
the same manner as Preparative Example 2, Step A, to afford Compound
(3.3) C25H38N207S {510.64).

Step B Compound (3.4)
10
‘MeSO,H,C CH,S0,Me
Boc-Chg— 0Bzl ——=—> BocChg OH
Me & Me o
3.3 3.4

A mixture of Compound (3.3) from Step A above (0.7 g), 10% Pd/C
(0.05 g), and EtOH-dioxane (100 mL) was stirred under 3 atm. H2 for 5 hr.

15 The mixture was filtered and evaporated to dryness under vacuum to afford
compound (3.4) (0.56 g, 97% yield), C1gH32N207S (420.52) mass spec.
(FAB) M+1 = 421.2.



water (700 nL) and extracted three tinmes with EtOAc (150 nL). The 4, .
conbi ned organic | ayer was washed with brine, dried over Na2SO4, fQPtJéﬁ‘é@S
and con&%?ﬁ'ﬁ?% to dryness to give Conpound (5.5) (10.8 RETU¥ISRES D
Compound (1.08) r o 10 H2ZNOH OH (6.6) (1.08) OH OH To a stirred sol ution
of Conpound (6.6) from Preparative Exanple 14, Step D below (6.5 g,
0.044 mol) in CH2ClI 2 (130 nL) was added Boc anhydride (9.65 g, 0.044
nol) and DMF (50 nL). The resulting solution was stirred at is room
tenperature over the weekend and conceggrated to dryness, followed by
addition of H20 (120 nmL) and 50% NaOH to adjust to pH= 10-11. The
solution was then stirred for 2 hrs and nore Boc anhydride (1.93 g, 8.8
nmol ) was added and stirred overnight at roomtenperature. The sol ution
was then extracted with CH2Cl 2 and the aqueous | ayer was acidified to
pH=4 at O ith | then extracted 3 tines with CH2Cl 2. The
conbi ned (%Wc I Coroblind @ washed with brine, dried over Na2SO4,
filtered and .concentrated to dryness to give Conmpound (1.08) ( 4.50 g,
41 %yield, Mt- Butyl +2=192). WO 02/P98187 64 OH (1.08) 5 OH

CH,SO,Me gl OH np 9
BooChg.N’l\gOH . Hz r‘k/.\hg\cooau‘ ——
Me H
MeSOH,C . oH g O BN
Bo o-ChQ—NJ\( NA N/LCOOBU‘
e H
5 (3.4) (1.4) (3.5)

Compound (3.4) from Step B, above, was reacted with Compound (1.4)
from Preparative Example 2, Step B in essentially the same manner as

Preparative Example 2, Step A to afford Compound (3.5), CagHsiN5011S
10 (795.98), mass spec. (FAB) M+1 = 796.3.

Preparative Example 9

Compound 4.1

Ph
MeSOH,C | OHH Q@ Fh MeSOH,C 1 OHH O
N N\/H\N/k S N N\/lLN/‘\ t
Boc-Chg-N N COOBu H-Chg-N N COOBuU
Me o 0O Hcl  Me o 0O

(3.5) (4.1)
15
Compound {3.5) from Preparative Example 8, Step C, is reacted in
essentially the same manner as Preparative Example 2, Step B, to obtain
Compound (41) CazHs3NsOgS.HCI (73233)

20
Preparative Example 10



H2N 0 6 JAN 2005 PCT/US01/22813 NO'/\ HOIT H OH O To a stirred SO[LE“W
of Conpound (1.08) from above (4.5 g, 0.018 nol) in DW (22 m-) C‘A 803
CH2Cl 2 W UH§88%as added HOBT (2.7 g, 0.02 nol), N net hpCTrusnptsii ne (6
m., 0.054 nol), DEC (4.17 g, 0,022 nol) and allyl glycine. TsOH (6.1 g,
0.02 nol). The resulting solution was stirred at room 1o tenperature over
t he weekend and then concentrated to dryness , followed by extraction
with Et OAc-saturated NaHCO8. The conbined organic |ayer was washed with
10% H3PO4, brine dried over Na2SO4, and filtered to give a crude product
(5.7 g). The solution of this crude pP8duct in 4N HCI/Di oxane (50 ni)

was stirred at roomtenperature 50 m nutes and concentrated to 25 dryness
to give Conpound (5.7) (4.79 g, 94%vyield, MH=245.1). Step F
Compound- (5-8) 20 Step E. Compound (5.7) HC. HZNBOC | NO CKI NH

(5.7) (5.ChmpBuAa/@a487 65

Treat a solution of Compound (4.1) from Preparative Example 9 (0.7 g),
dimethylformamide (15 mL), and diisopropylethytamine (0.38 mL) at 5°C with
isobutyl chloroformate (0.15 mL). Remove the cold b;th and stir for 6 hr. Pour

10 the reaction mixture into 5% aqueous KH,PQ, (100 mL) and extract with ethyl
acetate {2 x 100 mL). Wash the combined organics with cold 5% aqueous
K2COg3, then 5% aqueous KH2PO4, then brine, and dry the organic over
anhydrous MgSQO4. Filter the mixture, evaporate the filtrate under vacuum,
triturate the residue with Et20-hexane, and fitter to leave Compound (4.2).

15

Preparative Example 11

Compound (4.3)

MeSOMC 1y OH ';K)?\ij MeSOHMC H,j\h
N*l( COOBu' W N COOBY'

Iboc-Chg- Iboc-Chg~

H
Me 4 o Me o ©
20

(4.2) (4.3)

Compound (4.2) is reacted in essentially the same manner as
Preparative Example 14, Step H below to obtain Compound (4.3).



0 6 JAN 2005 PCT/US01/22813 To a stirred solution of Conpound (5 [;%j &%&
Step E above (3.1 g, 0.011 nmol) in anhydrous CH2CI 2 (55 myb dé

dr opwi S&Qﬁ%”% 13769 m., 0.012 mol ) over 13 ninutes and Cofp %/%5135)
fromStep C (2.83 g, 0.011 nol) in anhydrous CH2CI 2 (55 nL). The
resulting solution was stirred at room5 tenperature for 1.5 hrs. The
organic | ayer was then washed with saturated NaHCO3, brine, dried over
Na2SO4, and filtered to give Conpound (5.8) (4.67 g, MH+=457.2 ) Step G
Conpound (5.9) 10 OA CHH O To a stirgsed solution of Conmpound (5.2) from
step A(0.34 g, 1.31 mol) in CH2Cl 2 m-) and DMF (5 nL) at OC was
added HOBT (0.214 g, 15 1.31 mmol), N-nethyl norpholine (0.43 n., 3.9

mmol) and DEC (0,5 g, 1.09 mol). The mixture stirred at room

tenperatuEE_EQEﬂBEiEKﬁDHEQJEEOIIomed by the addition of Compound (5. 8)
fromStep F (0.5 g, 1.09 mml). The resulting solution was kept in the
freezer overnight then concentrated to dryness, followed by extraction

wth Et m%‘%%,@%%gnbi ned organic |ayer was 20 washed twice with
saturated Na : PO4, and brine, dried over Na2SO4, then filtered

and concentrated to dryness to give Conpound (5.9) 0.65 g, MH#=697.4) WO
02/ 08187 66 Step H Corrpound (5 101 5 HHo
MeSO,H,C MeSQ,H,C 0

Ph
N\)LNA LR L
iboc-Ch COOBU iboc-Ch COOH
g-m ""Mf\éf ;

(4.3) (4.4)

Compound (4.3) from Preparative Example 11 (about 0.10 g) is treated
10 with a solution of anhydrous trifluoroacetic acid-dichloromethane (1:1, about
10 mL.) for about 2 hr. The solution is diluted with xylene (about 50 mL) and
evaporated under vacuum. The residue is triturated with Et20, and filtered to

leave Compound (4.4) .

15  Preparative Example 13

Compound (4.5)

O
Mesoznzg g 0 ! \)L i
Iboc~Chg-l;.I)\n/ N “CONMe,
Me O o
(4.5)
20 Compound (4.4') from Preparative Example 12 is reacted with dimethyl

amine, in essentially the same manner as Preparative Example 2, Step A, to
afford Compound (4.5).



06 JAN2005 PCT/US01/22813 (5.9) (5.10) To a stirred solution of %@8@3@5
(5.9) fromStep G (0.6 g, 0.8 mol) in anhydrous CH2ClI 2 (8 nL) was

Dess- vaMU R/08&Hgent (0.732 g, 1.72 1o mmol) and stirred BETUSOWI813
tenperature for 1 hour, foll owed by dropw se addition of H20O (0.031 nL)
and Dess-Martin reagent (0.373 g, 0.86 mmol) in CH2CL2 (12 nL). The
resulting solution was stirred at roomtenperature for 2.5 hrs, followed

by the addition of a solution of 50% sat urated NaHCO3/50%

sat ur at ed

Na2S203 (20 m-) and stirred rapi dlyépr 1.5 hrs at roomis tenperature.

The solution was then washed with H2
concentrated to dryness to give Conmpound (5,10) (0.588 g,
MH+=695. 2). Preparative Exanple 15 20 Step Compound (6. 2)

and brine, dried over Na2S® and

100% vyi el d,
o o H BOCN,

- BOGN (6.1) 0 (6.2) NH2 To a stirred solution of Conmpound (6.1) (5.0 g,
19. 89 L g tgﬂ |x2 %51 O m-) and DVF (10 m -) at -20C, was added
HOBT ( 3. %—Bﬂ%‘-b%g—ﬁm—g . , ; 6 JAN 2005 WD 02/08187 PCT/ USO /22813 67
EDCI (4.58 g, 23.87 nmmol), and N-nethyl norpholine (6.56 nL, 59.69 mol).
The resultin% solution was stirred at roomtenperature for 10 m nutes,

Step Compound (5.2}

O
/I'I\N OH
H o

10

JRES TSI EN

(5.01) (5.1) (5.2)

To a stirred cooling solution of Compound (5.01) (1.11 g, 7.0 mmol) in
15 anhydrous DMF (10 mL) and anhydrous CH,Cl, (10 mL) at 0°C, was added
HOBT (1.19 g, 7.25 mmol), N-methyl morpholine (2.3 mL, 21.0 mmol) and
DEC (1.6 g, 8.4 mmol). The resulting solution was stirred at 0°C for 15
minutes, followed by the addition of H-Val-O-'Bu (1.54 g, 7.35 mmol). The

solution was kept in the freezer overnight. A lot of precipitates were observed

20 and the solution was concentrated to dryness, followed by extraction with

EtOAc-saturated NaHCO;. The combined organic layer was then washed with

5%H3PQ4 soiution, H,O, brine, dried over Na,SQ,, filtered to give a crude

product 5.1 (2.4 g, 98% vield).
The solution of the crude product (as obtained above) in 4N

25  HCl/Dioxane was stirred at room temperature for 7 hrs and concentrated to

dryness to afford Compound (5.2).



foll owed by the addition of NH4CI (1.38 g) and kept at OC overni gt%ﬁ JIEZ‘
solution was then concentrated, and extracted with Et CAc- H2O. The 1005
conbi ned¥OrG4HME | ayer was washed twice with NaHCO3, H3PCRCTAMNHI/BEINe,
dried over Na2SO4, filtered and concentrated to dryness. Crude product

was purified by colum chromat ography, eluting with 2.5%e0H 97. 5%CH2Cl 2
to give Conpound (6.2) (1.95 g, MH=251.1). Step B Conmpound (6.3) 0 10
NH2 (6.3) NH2 A solution of Compound (6.2) fromStep A (12.32 g, 49.28
mml) in 4N HC/ Di oxane (270 ni, 43.&? mmol ) was stirred at room
tenperature for 2 hrs 15 then concentrafted to dryness to gi ve Conpound
(6.3) (8.40 g, 100%yvyield). Step Conmpound 1.08 alternate synthesis) 02N
02N f OH OH (6.4) (6.5) 20 To a stirred solution of 1-nitrobutane (16.5
g, 0.16 nol) and glyoxylic acid. H2O (28.1 g, 0.305 nol) in MeOH ( 122
m.) at 0 @ %{/as adged dra gﬁe triethyl amne (93 nL, 0.667 nol) over
2 hrs. i on to roomtenperature , stirred overnight

t hen concentrat ed to dryness 06JAN7005 WD 02/ 0818A-PCTI USO /22813 68 to
give an oil. The oil VES then mixed with H20O and aC|d|f|ed to pH1 with

10% HCI, followed b raction with Et CAc. The i ned organic |ayer
was washed with bripe, dried ov Wﬁ@d—f—r ied and concentrated to
dryness to give Co Ot ? 99% yi OH.
H
0 BOC 0
(5.3) (5.4)
5 To a stirred solution of Compound (5.3) (F. L. Bach, Jr. et al, J. Amer.

Chem. Soc., (1955) 77, 6049) (17.5 g, 0.086 mmol) in 50%MeOH/50%H,0
(300 mL) was added Boc anhydride (47.0 g, 0.215 mol). The solution was
then adjusted to pH=9.5 by dropwise addition of 50% concentrated NaCH
solution. The resulting solution was stirred overnight at room temperature and

10 then neutralized with concentrated HCI to pH=8 and acidified with citric acid to
pH=2.94, followed by extraction with CH,Cl,. The combined organic layer was
dried over MgSQ, to give Compound (5.4) (27.16 g, 95% vield)

StepC Compound (5.5)
15
(5.4) (5.5)

A solution of thionyl chloride (3.37 mL, 0.046 mmol}) in DMF (3.59 mL,
0.046 mol) at 0°C was warmed to room temperature and stirred for 35
minutes. The solution was then cooled to 0°C, followed by addition of
20 Compound (5.4) from Step B above (15.0 g, 0.045 mot) in CH3CN (150 mL)
and pyridine (3.73 mL, 0.046 mol). The resulting solution was warmed to room

temperature and stirred overnight. The solution was then poured into ice



5 Step D Conmpound (6.66) 02N- -r -OH OH (6.5 H2N T -OH OH (6.[53% Iﬁﬂ
stirred solution of Conpound (6.5) fromStep C (240 g, 1.35 nmol) r’, 2005
acetic X0 ®/4g81825 L) was added 10% Pd/ C (37 g). The resulpCirngoi/ossol ution
was hydrogenated at 59 psi for 3 hrs and then at 60 psi for overnight.

The acetic acid was then evaporated and the residue was azeotroped 3
times wth toluene, then triturated with MeOH and ether. The sol ution
was then filtered and azeotroped twice with toluene to give Conpound
(6.6) (131 g, 66%yield). j5 Step E Conpound (1.08) CH3 a k H2N' Y OH
OH (6.6) BOC" Y 'OH N OH (1.08) To abdtirred solution of Conmpound (6. 6)
fromStep D (2.0 g, 0.0136 nol) in dioxane (10 nm.) and H20O (5nL) at O0OC,
was added 1 N NaCH 20 ' (aqueous) solution (4.3 niL, 0.014 nol). The

resul ti ngwatdry700mpand ektra@ed  Biree times with EtOAc (150 mL). The
combined organic layer was washed with brine, dried over Na,SO,, filtered
and concentrated to dryness to give Compound (5.5) (10.8 g).

5 StepD Compound (1.08)

0 0
i ol
0" TN OH
HyN OH H
OH

OH
10 (6.6) {1.08)

To a stirred solution of Compound (6.6) from Preparative Example 14,

Step D below (6.5 g, 0.044 mol) in CH,Cl, {130 mL) was added Boc anhydride
(9.65 g, 0.044 mol) and DMF (50 mL). The resuiting solution was stirred at

15 room temperature over the weekend and concentrated to dryness, followed by
addition of H20 (120 mL} and 50% NaOH to adjust to pH= 10-11. The solution
was then stirred for 2 hrs and more Boc anhydride (1.93 g, 8.8 mmol) was
added and stirred overnight at room temperature. The solution was then
extracted with CH;CI; and the aqueous layer was acidified to pH=4 at 0°C

20 with 1N HCI and then extracted 3 times with CH.Cl,. The combined organic
layer was then washed with brine, dried over Na,SQ,, filtered and
-concentrated to dryness to give Compdund (1.08) (4.50 g, 41% yield, M-t-
Butyl +2=192). |



10 m nutes, followed by the addition of Boc anhydride (0.11 g, O.gﬂ.{ﬁ Ao‘%tm
and th%[? %E/jo:{]rs?d at OC for 15 mnutes. The solution was warnmed t cL
temper atuP 87"%f7rred for 45 minutes, kept in the refrigerBEHESORIRI ght
and then concentrated to dryness to give a crude material. To the
solution of this crude O 6 JAN 2005 WO 02/08187 PCT/ USO1/ 22813 69
material in EtOAc and ice, was. added KHSO4 (3.36 g) and H20(32 nml-) and
stirred for 4-6 mnutes. The organic |ayer was then separated and the
aqueous | ayer was extracted tw ce wtlig4Et OAc. The conbi ned organic | ayer
was washed wth H20, brine, dried over Na2SO4, filtered and concentrated
to 5 dryness to give Conpound (1.08) (3.0 g, 89.2%yvyield). Step F
Compound (1.09) BOC-N'" OH BOC-NHOHHOH 10 (1.08) (1.09) To a stirred
solution of Compound (1.08) fromStep E (3.0 g, 0.0 12 nol) in DW (15
m-) and SHIOE2 (15Q0umpowid (XPC, was added HOST (1.97 g, 0.012 nol),
N- et hyl norpholine (4.0 nm., 0.036 nol) and EDClI (2.79 g, 15 0.0145 nol).
The reaction stirred for 10 m nutes, foll owedlby the addition of H
Gy-OBZ. HCl (2.56 g, 0.013 nol). The resulti éol ution was stirred at
-20C for 2 hrs, I;%gt iln the refrigerator overnfght , then concentrated
S

to dryness, ut i on_wit h, Fg QAC O~sotyt @& was t hen
washed twice w th ur §t ed KaHCO8s H20,” 5% HRPOH, ine, dried over
Na2SO4, filtered 20 and ©bhcentrated to dryneSs to give Conpound (1.09)

4.5 g, 94%yield, =.395.1). WD 02/ 08187 70 Step G, Co d (6.91
( 9 oyie M 5ay 2> 1) ®P 5, compoun (

5
To a stirred solution of Compound (1.08) from above (4.5 g, 0.018 mol)

in DMF {22 mL) and CH,Cl; (22 mL) was added HOBT (2.7 g, 0.02 mol), N-
methyl morpholine (6 mL, 0.054 mol), DEC (4.17 g, 0.022 mol) and allyl
glycine. TsOH (6.1 g, 0.02 mol). The resulting solution was stirred at room

10 temperature over the weekend and then concentrated to dryness , followed by
extraction with EtOAc-saturated NaHCO;. The combined organic layer was
washed with 10% HyPQy, brine ,dried over Na,SQ,, and filtered to give a
crude product (5.7 g) . The solution of this crude product in 4N HCI/Dioxane
(50 mL) was stirred at room temperature 50 minutes and concentrated to

15 dryness to give Compound (5.7) (4.79 g, 94% yield, MH*=245.1).

Step F Compound (5.8)

BOC
0 NS © 0
HCL. H,N NWO\/\ E j/u\N N/\n,o\/\
on M o N Hol,on ol

(5.7) (5.8)

20



5 (1.09) NCI. H2N 06 JAN 2005 PCT/US01122813 A solution of Conpo AN 2005
(1.09) fromStep F (4.5 g, 0.0114nol) in 4N HC/ D oxane (45 nm -) g

stirredW 0X$a$4 t enperature for 45 mnutes then to concBATRIIEE1D
dryness to give Conpound (6.9) (4.5 g, MH= 295.1). Step H Conpound
(6.11) OH (6.1) 15 (6-11) To a stirred solution of Boc-phenyl-glycine
Compound (6.1) ( 0.398 g, 1.58 mml) in CHRC 2 (5 n.) and DM (5 m-) in
100 nL round bottomflask at -20C, was added HOBT (0.258 g, 1.58 nmol),
EDCI (0.364 g, 1.903 mmol), and N i§1yl nor pholine ( 0.523 nL, 4.759
mmol ). The m xture stirred for 5 20 mnutes foll owed by the addition of
Compound (6.9) fromstep G (0.5 g, 1.51 mml) and CH2CI 2 (5 nlL). The
resulting solution was stirred at -20C for 10 mnutes and then kept in
the freezer oviét aisgfed snueth«b@ifc@mﬁouad (56’r)ér@m Bterb abayeo(ayh@.ss

3N 2005 O PR} SR aBbhs RSk e B it e R R b e

Wi th 5%3R0m mplohén T@mmm@s%dw&hpblaa@@ﬁ)l?ﬁolrﬁ suﬁﬁc ctwgn@em rated to
dryness to give npound (6.11) S g, % Step J
Conpound nqta()J lrQ;mBydrous CHCl (55 mL). The resulting soiutlon was stirred at room
5 temperature for 1.5 hrs. The organic layer was then washed with saturated
NaHCQg, brine , dried over Na;S0,, and filtered to give Compound (5.8) (4.67

g, MH"=457.2)

Step G Compound (5.9)

10 SR MNUAQ e

(5.8) (5.9)
To a stirred solution of Compound (5.2) from step A (0.34 g, 1.31
mmol) in CHClz (5 mL) and DMF (5 mL) at 0°C was added HOBT (0.214 g,
15 1.31 mmol), N-methy! morpholine {0.43 mL, 3.9 mmol) and DEC (0.5 g, 1.09
mmol). The mixture stirred at room temperature for 15 minutes, foliowed by
the addition of Compound (5.8) from Step F (0.5 g, 1.09 mmol). The resulting

solution was kept in the freezer overnight then concentrated to dryness,

10

followed by extraction with EtOAc-H.0. The combined organic layer was

20 washed twice with saturated NaHCOQ3, 5%HsPQ,, and brine, dried over
Na,SOq, then filtered and concentrated to dryness to give Compound (5.9) (
0.65 g, MH'=697.4)



(6.11) (6.12) H N A solution of Compound (6.11) from Step H (0. 750 @,.AN-mUS
1.423 m;;gbéz)g 4}N to HCl I Dioxane (21 m-) was stirred at_room /

t enper at PH373 hrs then concentrated to dryness to gi vEBCHYSHGRIAY
(6.12) (0.68 g, 100%yield). Step K Compound-(6.14) H BOC-N O U 15
(6.13) (6.14) To a stirred solution of Conpound (6.13) (0.44 g, 1.725
nmmol) in CH2Cl2 (5nm) and DMF.(5 nmlL) at -20C was added EDCI (0.39 g,
2.07 mol), HOBT (0.18 g, 1.725 mmol), and N-nethyl norpholine (0.523
m., 20 4.76 nmmol ). The reaction stirred for 5 mnutes, followed by the
addition of Conpound (6.12) from St ey (0.68 g, 1.64 mmol ) in CH2C 2 (7
m.). The resulting solution was stirred at -20C for 10 m nutes and kept
in the freezer WD 02108187 72 O fi MN 2005 PCT/ U501/22813 overni ght then
concentrated to dryness, followed by extraction with EtOQAc- sat. NaHCG3.
The conbi ned organic | ayer was washed twice with 5% H3PO4, then brine,

dried over Hag$P4, fidd%@ﬂ,dggqjggoncentrat ed to dryness to give Conpound

(6.14) (0.59 g, 54%yield, .3). 5 Step L Conpound (6_15) H O
O O No o o
AN NEAO oH " 0 AANA, T 0o
H o z H g 2
N\
5
(5.9) (5.10)

To a stirred solution of Compound (5.9) from Step G (0.6 g, 0.8 mmol}

in anhydrous CH,Cl; (8 mL) was added Dess-Martin reagent (0.732 g, 1.72

10  mmol) and stirred at room temperature for 1 hour, followed by dropwise
addition of H2O (0.031 ml) and Dess-Martin reagent (0.373 g, 0.86 mmol) in
CHzCL; (12 mL). The resulting solution was stirred.at room temperature for
2.5 hrs, followed by the addition of a solution of 50% saturated NaHCO/50%
saturated NazS203 (20 mL) and stirred rapidly for 1.5 hrs at room

15 temperature. The solution was then washed with H,O, and brine, dried over
NapS0, and concentrated to dryness to give Compound (5.10) (0.588 g,
100% yield, MH'=695.2),

Preparative Example 15

20 StepA Compound (6.2)

To a stirred solution of Compound (6.1} (5.0 g, 19.89 mmol) in CH,Cl,
25 (20 mL) and DMF (10 mL) at -20°C, was added HOBT (3.25 g, 19.89 mmol),



HOH O) BOCNN-NHOO (6.14) (6.15)- 10 To a stirring solutio [ﬁ‘l
Conpound (6.14) from Step K (0.593 g, 0.89 mmol) in CH2G 2 (20 m S'JM%!]US
added Da¥QONe#187 n peri odi nane (0.76 g, 1.784 rnnol). Theorasoktisg
solution was stirred at roomtenperature for 2hrs, followed by the
addition of a m xture of H2O CH2Cl 2. The m xture stirred for 45 m nutes
t hen added 50% sat urat ed NaHCOB/ 50%MNa2S2C3 (10 nL) and 1s stirred for an
additional 1.5 hrs. Additional CH2Cl 2 was added to the solution and the
organi c | ayer was washed with brine, dried over Na2SO4, filtered,
concentrated to dryness, and purlfledBBy col um chr omat ogr aphy, elutlng
wth 2.5% MeOH 97. 5% CH2Cl 2 to gi ve Conpound (6.15) ( 0.48 g, 82%y| el d).
Step M Conpound (6.16) 20 BOC- N~LNNN' JI 0 BOC-N~NNN'kOCH o0 o '

(1) (PR ot ety M 3 e
Et OH (10 Fig rqeagtumjléluttmmes(amaﬁ atyponTtemperstureifog10 stihutdson was
ST e VRBKH S ine SAchBiegs LT 55'0) Bhd el aford SPermight” T

solution was then concentrated, and extracted with EtOAc-H20. The

5  combined organic layer was washed twice with NaHCOs;, H3POy4, and brine,

dried over Na,SQ,, filtered and concentrated to dryness. Crude product was

purified by column chromatography, eluting with 2.5%MeOH/97.5%CH2012 to

give Compound (6.2) (1.95 g, MH*=251.1).

Step B Compound (6.3)

e} 8]
H
BOC—N HCI. H;N

: 0 — ©

(6.2) (6.3)

A solution of Compound (6.2) from Step A (12.32 g, 49.28 mmol) in 4N
HCI/ Dioxane (270 mL, 43.08 mmol) was stirred at room temperature for 2 hrs
15 then concentrated to dryness to give Compound (6.3) (8.40 g, 100% yield).

Step C Compound (1.08) (alternate synthesis
O
oN” TN ON OH
' OH
(6.4) (6.5)
20 To a stirred solution of 1-nitrobutane (16.5 g, 0.16 mol) and glyoxylic

acid. H,O (28.1 g, 0.305 mol) in MeOH ( 122 mL) at 0°C-5°C, was added
dropwise triethyl amine (93 mL, 0.667 mol) over 2 hrs. The solution was

warmed to room temperature , stirred overnight then concentrated to dryness



The solution was then stirred under H2 gas for 2 hrs, and then filégriﬁ
through _5 celite to give Conpound (6.16) (0.133 g, 95%yvyield, JAN 7005
MH+=575. WP 288 N Conpound (6.18) 0 10 (6.17) OH H BOC. PRT{USIWEBI3T0 a
stirred solution of Compound (6.17) (0.5 g, 1.59mmol) in CH2A 2 (5 m-)
and DMF (5 nL) at -20C was added HOBT (0.259 g, 1.59 mmol), NWwW (0.48 g,
4.77 nmml ), and EDCI (0.366 g, . 1.91 mmol). The m xture 15 stirred for 5

m nutes, followed by the addition of Conpound (6.9) fromStep G (0.5 g,
1.51 nmmol ) and CH2CI 2 (5 nmL). The resul bi ng solution was stirred at - 20C
for 10 mnutes, kept in the freezer ovg ni ght then concentrated to
dryness, followed by extraction with Et QAc-sat.NaHCO3. The conbi ned

organi c | ayer, was t hen washed twi ce with 5%8BPO4, and brine, dried over

20 Na2SO4, ior give @ncell. die eibwaedbemimixed wittirly(2 asdtaridifise tCprpdwith 108, 18)

0.95 g, 592 1) 02/ 08187 Step 0 Co d 6.19 (6.19) 0 6 JAN
§<oo5 P%TI m@ﬁ%gfi@#@e&ﬁmw@h ﬁgépﬁoﬁg@m%%&m@%ﬁ@éﬁ%ﬁg\l (0.93

, 1.58 b i 14 i t
Por 1o he T pahed withbrife, dre@dyes NSO iU S1d SRt WHhIE A" oF°
g, 100% vyi eivd Commpleurid26.5) ( 28t gpo%sGrielpund &, 20)

s SiepD Compound (6.6)

CH, CHj :
's] O
O,N OH HoN OH
OH OH

(6.5) , (6.6)
To a stirred solution of Compound (6.5) from Step C (240 g, 1.35
mmol) in acetic acid (1.25 L) was added 10% Pd/C (37 g). The resulting
10 solution was hydrogenated at 52 psi for 3 hrs and then at 60 psi for overnight.
The acetic acid was then evaporated and the residue was azeotroped 3 times
with toluene, then triturated with MeOH and ether. The solution was then
filtered and azeotroped twice with toluene to give Compound (6.6) (131 g,

66% yield).
i5 StepE Compound (1.08)
CHy CHa
o 0
HoN T OH BOC-N T OH
(6.6) (1.08)

To a stirred solution of Compound (6.6) from Step D (2.0 g, 0.0136
mol) in dioxane (10 mL} and H,O (5mL) at 0°C, was added 1N NaOH
20 (aqueous) solution {4.3 mL, 0.014 mol). The resulting solution was stirred for
10 minutes, followed by the addition of Boc anhydride {0.11 g, 0.014 mo!) and
then stirred at 0°C for 15 minutes. The solution was warmed to room

temperature, stirred for 45 minutes, kept in the refrigerator overnight and then

concenirated to dryness to give a crude material. To the solution of this crude



OH BOC-N 15 (6.13) (6.20) To a stirred cooling solution of Corrpo[g@d N 2005
(6.13) (0.51 g, 2.02 nmol) in CH2C 2 (5 mM-) and DMF (5 m-) at - éA
was add¥ ¢IBT870.33 g, 2.02 20 nmmol ), N-methyl norphol i RETABNELS8Y 6. 06
mmol ), and EDCl (0,46 g, 2.42 mmol). The reaction stirred for 5 m nutes,
foll owed by the addition of OHO --- -~ BOCG-N,,: 0 = NO 6 JAN 7005 WO
02/ 08187 PCT/ USA 122813 75 Compound (6.19) from Step 0 (0.94 g, 1.92
nmol ). The resulting solution was stirred at -20C for 10 m nutes, then
refrigerated overnight, concentrated ésg dryness, followed by extraction
wi th Et OAc-sat. NaHCO3. The conbi ned rgani c | ayer was washed with 5%
H3P04, and brine, dried over Na2SO4, 5 filtered and concentrated to
dryness to give Conpound (6.20) (1.29 g, 87% vyield). Step 00 Conpound
(6.21) Oma@etaNn KON @ntGcdyad 8d@4d KRSQ, .36 ypdnd M0 {33mef) aggnmpound
(6.20) fromStep P. (1.27 g, 1.74 mmol) in absolute EtOH (50 nL), was
added Pd/sEHT adgrﬁg(j mlw@srgggp{geﬂgc layer was then separated and the

aqueous layer was extracted twice with EtOAc. The combined organic layer
was washed with H,0, brine, dried over Na,;SQ,, filtered and concentrated to
5 dryness to give Compound (1.08) (3.0 g, 89.2% yield).

Step F Compound (1.09)
CH» CH3
o 0
— oA
BOC-N OH BOC-N {“1
OH OH O
10 (1.08) (1.09)

To a stirred solution of Compound (1.08) from Step E (3.0 g, 0.012
mofl) in DMF (15 mL) and CH,Cl; (15 mL) at -20°C, was added HOBT (1.97 g,
0.012 mo!}, N-methyl morpholine (4.0 mL, 0.036 mol) and EDC! (2.79 g,

15 0.0145 fnol). The reaction stirred for 10 minutes, followed by the addition of H-
Gly-OBZ.HC! (2.56 g, 0.013 mol). The resuiting solution was stirred at -20°C
for 2 hrs, kept in the refrigerator overnight , then concentrated to dryness,
followed by dilution with EtOAc. The EtOAc solution was then washed twice
with saturated NaHCOs3;, H20, 5% H3PO4, brine, dried over NaxSO,, filtered

20 and concentrated to dryness to give Compound (1.09} (4.5 g, 94% yield,
MH*= 395.1).



15 solution was stirred vigorously, followed by addition of 2 droqﬁ gé
AcOH. The,. solution was then hydrogenated for 2 hrs and filtered t Q '&?ﬂﬂﬁ
celite tO°3F037 conpound (6.21) ( 1.07 g, 96%yiel d, Mi=RGHU§H122813

IrN'Ap--"11 BOCG-N,,KNNN OHOHo ~O~=0HOOQ6 JA9 2005 WO
02/ 08187 PCT/ USO01/ 22813 76 Step R Conpound 6.22 OBOC-N,,k O HHOMH
NUOH--, BOCGCNANHOLIOH 11 O5 (6.21) (6.22) To a stirred solution

- of Conpound (6.21) fromStep Q(0.25 g, 0.39 mmol) in CH2dA 2(5 nL) and
DMF (5 mL) at -25C, was added HOBT (O0.€% g, 0.39 mmol), N-nethyl

nmor pholine ( (0.12 g, 1.17 mmol) , EDClI ( 0.089 g, io 0.469 mmol) and
stirred for 10 mnutes, followed by the addition of Conpound (6.3) from
Step B (0.069 g, 0.37 mml). The resulting solution was stirred at - 25C
for 15 mnutes, refrigerated over night then concentrated to dryness,

fol  owed Byegxsracti@gmpolii c-sat. NaHCO3. The conbi ned organic |ayer
was washed W 5% mg%\go—rﬁgﬁggri ne, dried over Na2SO4, filtered and

- CHa
BOC-N N/\rro\/@ HEL N oH E/\g
on 7 0
5
(1.09) (6.9)

A solution of Compound (1.09) from Step F (4.5 g, 0.0114mol) in 4N
HCl/Dioxane (45 mL) was stirred at room temperature for 45 minutes then
10 concentrated to dryness to give Compound (6.9) (4.5 g, MH'= 2951 ).
Step H Compound (6.11)

4y OH , O
N N
Boc—N"" Ny oM BOG—N \/u\o’\@
H H o o

(6.1) (6.11)
15
To a stirred solution of Boc-phenyi-glycine Compound (6.1) ( 0.398 g,
1.58 mmol) in CH,Cl; (5 mL) and DMF (5 mL) in 100 mL round bottom flask at
-20°C, was added HOBT (0.258 g, 1.58 mmol), EDCI (0.364 g, 1.903 mmo}),
and N-methyi morpholine ( 0.523 mL, 4.759 mmol). The mixture stirred for 5
20 minutes, followed by the addition of Compound (6.9) from step G (0.5 g, 1.51
mmol) and CH2Cl, (5 mL). The resuiting solution was stirred at -20°C for 10
minutes and then kept in the freezer overnight. The reaction was concentrated

to dryness, followed by extraction with EtOAc-saturated NaHCOs. The



15 concentrated to dryness to give Conmpound (6.22). Step Corrpoun\o/l\gpagmﬂ
N NH2 BOC-N kN NN ANNH2 HH O 0 20 (6.22) (6.23) D6JAN7005 v 03
02/ 0818WPEISI0L/ 22813 77 To a stirred solution of ConpBGRYS(B28W) from
Step R(0.23 g, 0.302 mml) in CHC 2 (10 nL) was added Dess-Martin

peri odi nane (0.256 g, 0.60 mol). The resulting solution was stirred at
roomtenperature for 2 hrs, followed by the addition of a m xture of

H20/ CH2Cl 2 and stirred for an 5 additional 45 mnutes. To the reaction
was t hen added 50% sat. NaHCO3150% 25203 (10 mM-) and it was stirred
for 1.5 hrs. Additional CH2CI2 was added to the solution and the organic
| ayer was then washed with brine, dried over Na2SO4, filtered,
concentrated to dryness and purified by columm chromatography on silica

gel , el utonepined Praaniglayes erasaben ymmbERiGwice withisde!diR@ ., Gordonimal (6. 23)
Eg g? % i %Oé’ %e?%%ﬁ %t%‘dzgnup (5c(?rPc:aern’ff‘rtaité/c}a toEé%%lsse tolgiv%eSC%trl%)ou%dqonpound
(6.11) ( 0.75 g, 94% yield, MH*=528.1).
Step J Compound (6.12}

OH O H OH H O
H H
BOC—N; N N\)LO/\@ HCI.H2N£ N N\)'LO/\@
H o 0 0 0

(6.11) (6.12)
A solution of Compound (6.11) from Step H (0.75 g, 1.423 mmol) in 4N
10 HCl/Dioxane (21 mL) was stirred at room temperature for 3 hrs then
concentrated to dryness to give Compound (6.12) (0.68 g, 100% vyield).

Step K Compound (6.14)

0
H O " OH @]
BOC—N\)L H H H
" “oH soc-N._JL /I\,N N
H : N ’ o

(j :5 H o \q\g /\Q
15 (6.13) (6.14)

To a stirred solution of Compound (6.13) (0.44 g, 1.725 mmol) in

CHCl, (5mL) and DMF (5 mL) at -20°C was added EDCI (0.39 g, 2.07
mmeot), HOBT (0.18 g, 1.725 mmot), and N-methyl morpholine (0.523 mL,
20 4.76 mmol). The reaction stirred for 5 minutes, followed by the addition of
Compound (6.12) from Step J {0.68 g, 1.64 mmol) in CH.Cl, (7 mL). The

resulting solution was stirred at -20°C for 10 minutes and kept in the freezer



20 To a stirred solution of Conpound (7.1) (0.476 g, 1.51 mml) [

(60 nL)

N- net hyl

(6. 8)

resulting 25 solution was stirred at -20C for 3 hrs, then kept in the

60 m-) at -20C, was added HOBT (0.246 ¢
PR | ne (o

o TRl

8Tine (0.458 g, 4.53 mol), and EDCl (0. 351P%T’U§“1§fsﬁnol)
The reaction stirred for 5 mnutes , followed by the addition of Conpound
from Preparative Exanple 15, Step F (0.5 g, 1.51 mmol ). The

freezer overnight, concentrated to dryness, followed by extraction with

Et OAc- sat .

NaHCO3. The conbi ned organfz | ayer was washed twice with

5%13PO4, H2O, then brine, dried over Na2SO4 and concentrated to dryness

to give Conmpound (7.2) (0.82 g, 94%yield, M+=592.1) WO 02/08187 78
Step E Co
/22813 (7

in 4N HCsaDINtA0O;( ZAe BombiMed ofdarit flettwd PRBS IR AT 584 H3
then 10 concentrated to dryness to give Conmpound (7.3) (0.84 g %

vihenkgne adnedsowgy MasSop diliedeqd and)conceditatedty drgnéss to glve

yi el d,

5

10

15

20

S H et oo etk oo Fphow el Buterl R 06 W IR 5 o

Compound (6.14) (0.59 g, 54% yield, MH"'=667.3).
Step L Compound (6.15)

BOC- N\)K ?( W;OHH(H\)\O
(6.14) (6.15) -

To a stirring solution of Compound (6.14) from Step K (0.593 g, 0.89
mmot) in CHyCl, (20 mL) was added Dess-Martin periodinane (0.76 g, 1.784
mmol). The resulting solution was stirred at room temperature for 2hrs,
followed by the addition of a mixture of H,O/CH.Cl, The mixture stirred for
45 minutes then added 50% saturated NaHCO;/50%Na»S,03 (10 mL) and
stirred for an additional 1.5 hrs. Additional CH:Cl; was added to the solution
and the organic layer was washed with brine, dried over Na,SOy, filtered,
concentrated to dryness, and purified by column chromatography, eluting
with 2.5% MeOH/97.5% CH:Cl; to give Compound (6.15) ( 0.48 g, 82% vield).

Step M Compound {6.16)

H @ H O n O " H © H O Qo
BOC-N\_)LNi N AN AGA~T) Boc-N_A A N N_A
v <N OH
SH SH

(6.15) (6.16)

hrs and

BOC-N\)L % ?&Wﬁﬁof\@



(6.13) (7.4) To a stirred solution of Conpound (6.13) (0.36 g, Z@ [?0
in CH2ClI'2 20 (60 m-) and DVF (60 nL) at -20C was added HOBT ( O EQEE 5
1. 40 mMG 92/08084 (0. 425 g, 4.20 nmol ), and EDCl (0. 322 g, PATASOHBI3) . The
reaction stirred for 5 mnutes, followed by the addition of Conpound
(7.3) fromStep B (0.84 g, 1.40 mmmol ). The resulting solution was
stirred at -20C for 3 hrs and then kept in the freezer overnight,
concentrated to dryness, followed by 25 extraction with Et OAc-sat.

NaHCGO3. The conbi ned organic | ayer vas washed 06 AN 2005 WD 02/08187

PCT/ USO /22813 79 wth 5% H3PO4, H2Q, %ri ne, dried over Na2SO4, filtered
and concentrated to dryness to give Conpound (7.4) (0.57 g, 57%vyield,
M+=731.3). 5 Step D Conpound (7.5) BOC -NFLN HJI O ("H kI HNT O

BOC-N, , ~ ,, NIejstipedrsaiytigry of)Camprand (8115) rfeamsBlem Lo. 1§ gCddbund

(Dng) IVE '? i H'%ngq %&%ﬁ@ﬁ% E?Q"@h@ m%ag q@g&frﬂéé&?és Qb ﬁ@eé'ggﬂtﬂng)n was

stirred agoli@viTBGTEd Widorb@sly 2 fdlicved B?'tﬁ@%&:t@h bhe @ediéf gpopf @
m xture of H20/ CH2CI 2. The m xture stirred for 45 mnutes then added 50%

sat. NaHCUO®a SohstiNaas20themstirstd under fpgaafori hasldind theal filtbréd troeugh

Addi onal 2 was.added tq_.t ti nd or c layer was then
washed wi ¢ C'_%%&? e 9??@8”892?‘1%&@% &n@gg‘gﬁ'@ MHZ e%afr{% dryness to give
Compound (7.5) (0.24 g, 44%yield, M+HT 729.5). 20

Step N Compound {6.18)

0 CH
BoC-NH I ’
> “OH
3 H @] O
z H H
OH 0

—————————-

10 (6.17) (6.18)

To a stirred solution of Compound (6.17} (0.5 g, 1 :59mmol) in CH.Cl,

(5 mL) and DMF (5 mL) at -20°C was added HOBT (0.259 g, 1.59 mmal) ,
NMM (0.48 g, 4.77 mmot), and EDCI (0.366 g, 1.91 mmol). The mixture

15 stirred for 5 minutes, followed by the addition of Compound (6.9) from Step G
{0.5 g, 1.51 mmot} and CH.C!, (5 mL). The resuiting solution was stirred at ~
20°C for 10 minutes, kept in the freezer overnight then concentrated to
dryness, followed by extraction with EtOAc-sat.NaHCOj3. The combined
organic layer was then washed twice with 5%H3PO4, and brine, dried over

20 NapSQ0,, filtered and concentrated to dryness to give Compound (6.18) (0.95
g, MH'= 582.1).



Step E Conpound 7.6 HOOH OOBOCNANN110--r" HN BOC_N”KJ]_EQAO*
O™ 25‘,% '%5& ]gi 6) D6 JAN 2005 WD 02/08187 PCT/USOL/ 22813 80 T JAN 005
stirred SOPUE8h of Conpound (7.5) fromStep D (0.10 g, CPGHUSHRZEY i n
absolute EtOH (20 nL), was added Pd/C (20 nmg). The resulting solution
was stirred vigorously in 100 m round bottom flask, purged wth H2 5 and
stirred under H2 atnosphere over night. The solution was then filtered
through celite, washed with Et OH and concentrated to dryness to give
Compound (7.6) (93 ng, 100%yield, MH4639.1). Preparative Exanple 17 10
BOG A- EBOC NHOR (8.1) H N R=Benzyl (8.2) R=H (8.3)

Step O Compound (6.19)

CHj CH;
H © 0

o (o
BOC'N%HQN’WO\@ ____.'izN\;)LN/QLLN’\CI)I’O\’@

HHO HH

5 (6.18) (6.19)

The solution of Compound (6.18) from Step N (0.93 g, 1.58 mmol) in
4N HCl/Dioxane (26 mL} was stirred at room temperature for 2 hr. then

10 concentrated to dryness to give Compound (6.19) (0.96 g, 100% vield,
MH"=492 1),

Step P _ Compound {(6.20)

15 e

(6.13) (6.20)

To a stirred cooling solution of Compound (6.13) (0.51 g, 2.02 mmol) in
CHzClz (5 mL) and DMF (5 mL) at -20°C , was added HOBT (0.33 g, 2.02
20 mmol), N-methyl morpholine (0.61 g, 6.06 mmol) , and EDC! (0,46 g, 2.42
mmol). The reaction stirred for 5 minutes, followed by the addition of



15 In essentially the sane manner as Preparative Exanple 16 St epscpég
substituting Conpound (8.1) for Conpound (7.1) in Step A Conpounds F@N @5
and (8.®)0 amases7prepared. 0 6 JAN 2005 WO 02/08187 PCT/ UBCrnRes1:313
Preparative Exanple 18 5 Step A Conpound (9.2) 0 10 OH 81 To a stirred
solution of (S) (+)-2-phenyl glycine (9.1) (15.0 g, 0.099-- nol) in
benzene (350 nm.) was added p-toluene sulfonic acid. H2O (20.76 g, 0.116
nol ) and benzyl al cohol (30 mL, 0.29 nol). The resulting solution was
heated to reflux overni ght and the soJégtl on became a slurry. The solution
was is then cooled to room tenperatur foll owed by the addition of

ether. The solid was filtered thruough a scintered funnel and washed
twice with Et20, then dried under a nitrogen atnosphere to give a solid
(35.4 g). Cameoyni(8. ‘Wéérqnhérhepﬂl €59 ged.S2mE)CITheardulting setlitisntwas at .
NaHCO3. The c nbi & nlc | a er s dried over Na2SO4 and

concent r a6 %t 3@&/ (—fg’é @'BFV‘@ rigerated everpipht.icopceplated tp; | d) .

The free bled in to
form a wioTaoss 8ok pE By Ut f‘f?‘&%ﬁ“&% BE5a018HT0h e BRRREG Wf h
et her ancbrganﬁday@!dwasmhieﬂhwm Sﬂ/yﬁammmﬂm@ dHed dver-Na,$0,,25 Step B
Corrpound f(|9 4& BOGHN I'-'Y OH 0O BocHN (9.3) J

tered and concentrated to dryness to give Compoun (6.20)(1.299,87%

yield).

Step Q Compound (6.21)

10 )
(6.20) (6.21)

To a stirred solution of Compound (6.20) from Step P (1.27 g, 1.74
mmol) in absolute E1OH (50 mL), was added Pd/C {100 mg). The resulting
15 solution was stirred vigorously, followed by addition of 2 drops of AcOH. The
solution was then hydrogenated for 2 hrs and filtered through celite to give
Compound (6.21) ( 1.07 g, 96% yield, MH'=641.1).



WO 02/08187 82 0 6 JAN 2005 PCT/USO /22813 To a stirred soluti on%ﬁf AN
Boc- gl y- @,&9'3 (11.35 g, 0.0648 nol) in anhydrous DVF (100 ni) ahdAN 2005
anhydr ou¥O&x{8 (100 M) at -20C, was added HOBT (10.5 HCTQSOBERSHDI ),
EDCI (13.6 g, 0.0712 nol) and N-nethyl 5 norpholine (21.3 niL, 0.194 nol).
The resulting solution was stirred at -20C for 10 mnutes, followed by
the addition of Conpound (9.2) fromStep A (18.0 g, 0.065 nol). The
reaction stirred for 45 mnutes at -20C and was then kept in the freezer
over night. The solution was then concgntrat ed to dryness, followed by
extraction wth Et OAc-sat. NaHCO3. The conbi ned organic | ayer 10 was
washed with H20, then brine, dried over Na2SO4 and concentrated to
dryness to give Conmpound (9.4) (26.48 g, 100%yvyield, MH =399.2). Step C
Compound (9.5) 15 (9.4) (9.5 20 A solution of Conpound (9.4) from Step B
(26.4 g, nmol ) A %ﬂl % g oxane (100 nL) was stirred at room

t enper at u‘rgt?é:@ér 1 hdd?n ncﬁ é ncentrated to dryness to gi ve Conpound
(9.5 ( 22.69 g, 100%yield, MH=299.1). 06 JAN 7015 WD 02/08187

PCT/ USOL/ 22813 83 Step D Conpound (9.6) OH 5 (1.08) To a stirred solution

of Conpound (1.08) f Preparative Exanple 15, O
BOC-N\;)LN N NA gy, BOC-N\:)LN N N A NH,
:— H o N © :‘" H o 0 H §
5 (6.21) (6.22)

To a stirred solution of Compound (6.21) from Step Q (0.25 g, 0.39
mmol) in CHClx(5 mL) and DMF (5 mL) at -25°C, was added HOBT (0.06 g,
0.39 mmol), N-methyt morpholine { (0.12 g, 1.17 mmol) , EDC! { 0.089 g,

10 0.469 mmol) and stirred for 10 minutes, followed by the addition of Compound
(6.3) from Step B (0.069 g, 0.37 mmol). The resulting solution was stirred at -
25°C for 15 minutes, refrigerated over night then concentrated to dryness,
followed by extraction with EtOAc-sat.NaHCOs. The combined organic layer
was washed with 5% H3PO,, then brine, dried over Na,S0,, filtered and

15 concentrated to dryness to give Compound (6.22).

Step S Compound (6.23)

20 (6.22) (6.23)



14 Step E (15.5 g, 0.0627 nol) in DWF (150 m-) and CH2Cl 2 (150 mi %@& 5
-20C, was added HOBT (10.22 g, 0.0626 nol), EDCl (13.2 g, 0.069 q &ﬂ
NWM  (2v®T2/ep180. 188 nol ). The resulting sol ution was stipcragost28120C for
10 mnutes, followed by the addition of Compound (9.5) fromStep C (21.0
g, 0.063 nol). The reaction stirred at -20C for 1 hr and then was kept
in the 15 freezer overnight. The solution was then concentrated to
dryness, followed by extraction with EtOAc-sat. NaHC03. The combi ned
organi c | ayer was washed wth H20, 5%3PO4, and brine, dried over
Na2SO4, filtered and concentrated to aryness to gi ve Conpound (9. 6)
(30.3 g, 92% vyield, MH=528.1). 20 Step E Conpound (9.7) BOG 25 (9. 6)
(9.7) WO 02/08187 84 06 JAN 2005 PCT/ USOl/22813 In essentially the sane

manner as Prepdoa streedExaigibe oi&?onﬁb@lm 6. 2820k W2 3(cP 07302/\/613
pr epar ed 8 100%1'%| el d, MH*=428. Ste npound (9 9) HOH
BOC- N OH éﬁ@w HeCoy (1@ ml)avas ﬁ@@ﬁ%&eﬁﬁ1mrtl6fp@@@imr§(®2mmse) (0.5

(o, 200 g, "1y Thelsui o o w2 TG obt ErlpdbigrRioe A 1 5 a5

ol ) . Thivlloeed iy the: additioh 0P8 rMirturs tof HLEACHLCH 2hd Qirrécpfdf‘a'ﬁm es,
foll owed by the addition of Conpound (9.7) fromStep E (0.673

mol ) Sandaéqimpn@'d‘*%fﬂmm@ foithe peactispnavanthienadded p0Yasats NBHﬁ@:a?m/%r
night. ThRaselM! I 'mi8%ndERas stirred for 1.5 hrs. Additional GH,Cl, was added

to the solution and the organic layer was then washed with brine, dried over

Na.SO;,, filtered, concentrated to dryness and purified by column

chromatography on silica gel, eluting with 1%-3% MeOH/99%-97%CH.Cl; to
10 give Compound (6.23) (0.08 g, 34% vield, MH*=771.2)

Preparative Example 16

15 Step A Compound (7.2)
_ OH , O
BOC-y OH BOC-N N N\)]\ /\Q
H o
(7.1) (7.2)
20 To a stirred solution of Compound (7.1) (0.476 g, 1.51 mmol} in CHCl

(60 mL) and DMF (60 ml.) at —-20°C, was added HOBT (0.246 g, 1.51 mmoil),
N-methyl morpholine (0.458 g, 4.53 mmol), and EDC! (0.351 g, 1.81 mmol).
The reaction stirred for 5 minutes , foliowed by the addition of Compound (6.8)
from Preparative Example 15, Step F (0.5 g, 1.51 mmol). The resuiting

25 solution was stirred at -20°C for 3 hrs, then kept in the freezer overnight,
concentrated o dryness, followed by extraction with EtOAc-sat. NaHCO3. The
combined organic layer was washed twice with 5%HaPO,, H20, then brine,
dried over Na;SQ, and concentrated to dryness to give Compound (7.2) (0.82
g, 94% vield, MH’=592.1) |



15 concentrated to dryness, followed by extraction wth Et mc-sat.[glgl-.lcw
The conbined organic | ayer was washed with H2O 5%BPX, and brine’ J/# 003
dried WWePUPEIBO4, filtered and concentrated to give Corf§OubtisDi2e819)
(0.858 g, 84%yield, MH#=799). 20 Step G Conpound (9.11) WO 02/08187 06
JAN 2005 PCT/U SOl /22813 85 HA.FN,,UNt - - , N N HOHH N NO
(9.9) (9.11) 1In essentially the same nmanner as in Preparative Exanple

18, Step C, 5 Conpound (9.11) was prepared (0.76 g, 100%yi el d,

MH+=699. 2). St H Compound (9.12) 10 (?811) (9.12) To a stirred solution
of N-Boc-cycl ohexyl gl ycine (0.263 g. 026 mol) in DWF (5 nL) and

CH2Cl 2 (5nlL) at -20C, was added HOBT ( 0.167 g, 1.026 15 mmol), EDCI
(0.216 g, 1.13 mmol) and NMM (0.338 g, 3.078 mml). The resulting
solution was stirred at -20C for 10 mnutes, followed by the addition of
Conpound $tgpla) froBobippnd ((7,3[?. 754 g, 1.03 mmot). The reaction stirred
at -20C for 1 hr and then was kept in the freezer over night. The

sol uti on was gn concentrated to dryness, follo by extraction with

Et OAc- sat . NaHC() |

H OHQy

0
— HCL.H,N N N\)ko’\Q
0

(7.2) (7.3)

A solution of Compound (7.2) from Step A (0.82 g, 1.39 mmol) in 4N
HCl/Dioxane (20 mL) was stirred at room temperature for 2 hrs and then
10 concentrated to dryness to give Compound (7.3) (0.84 g, 100% yield,
MH*=492.3)

Step C Compound (7.4)

BOC-H poc-N._ A N NI /\Q
> OH Y N ()
: :- H o o)
(6.13) (7.4)

To a stirred solution of Compound (6.13) (0.36 g, 1.40 mmol)} in CH:Ci;
20 (60 mL) and DMF ( 60 mL)} at -20°C was added HOBT ( 0.228 g, 1.40 mmol),
NMM (0.425 g, 4.20 mmol), and EDCI (0.322 g, 1.68 mmol). The reaction
stirred for 5 minutes, followed by the addition of Compound (7.3) from Step B
(0.84 g, 1.40 mmol). The resulting solution was stirred at -20°C for 3 hrs and
then kept in the freezer overnight, concentrated to dryness, followed by

25  extraction wit_h EtOAc-sat. NaHCOa,. The combined organic layer was washed



20 The conbi ned organic |ayer was then washed with H20, 5%i3PO4, @gﬁ AN 2005
brine, WD 02/08187 86 a 6 JAN 2005 PCT/ USOI /22813 dried over
filteresvcehscomcentrated to dryness to give Conpound (9(;1:@50{,923?3’359,
MH+=938.4). Step |I 5 Conpound 9.13 (9.12) (9.13) To a stirred solution of
t he Conpound (9.12) from Step H (0.367g, to 0.377 mmol) in anhydrous
CH2CI 2 (10 nmL), was added Dess-Martin periodinane (0.32 g, 0.75 nmol).
The resulting solution was stirred at room tenperature for 2 hrs.

CH2Cl 2, sat. Na2S204 and sat.NaHCO03 were added to the solution and the
solution was allowed to stir at room ¥8nperature for 1 hr. The organic

| ayer was then separated and washed with H2O, and brine, dried 15 over
Na2SO4, filtered and concentrated to dryness to give a crude product

340 9 & t h

So1 T oa el o O, e e S T e R B S PR oo "
(9.13) ( dowesyio gws;gemmpnd\(\bclqzms@?)m y&}epMH*EEHM)nd 9.14 06 JAN
2005 PC T'/USOL/ 22813 HO N--

s StepD Compound (7.5)

(J

0 e
H 0 H @ R O 0 o) 0
BOC E)Lu oN@N\/”\Q/\@ — Boc—r'j:\é)Lﬁ Onﬁl\gnJoH

(7.4) (7.5)

10 To a stirred solution of Compound (7.4) from Step C (0.55 g, 0.75
mmol) in CH,Cl; (5 mL) was added Dess-Martin periodinane (0.64 g, 1.50
mmol). The resulting solution was stirred at room temperature for 2 hrs,
followed by the addition of a mixture of HgolCHQClz . The mixture stirred for
45 minutes then added 50% sat. NaHC03/50% Na»S,05 and stirred for an

1s  additional 1.5 hrs. Addional CH.Cl, was added to the solution and the organic
layer was then washed with brine, dried over Na,SQ, and concentrated to
dryness to give Compound (7.5) (0.24 g, 44% yield, MH"= 729.5).

20
Compound (7.6) '
HQ H Q @ n 9
BOC- N\)L »:! N\/LLD’\Q BOC—NJN/: !N N oy
SlRk
25

(7.5) (7.6)



5 (9. 13) (9.14) To a stirred solution of Conpound (9.13) from Stepcoél
(0.15 1.6 to mol) in absolute EtOH (40 nL) was added 10% Pd/ HA%@%
H2O (w \M’O‘Wﬂﬂsgol ution was purged with N2 and stirred une€r/us®i/haid oon
for 45 mnutes. The catalyst was then filtered through celite, washed
with EtOH CH2Cl 2 and then concentrated to dryness to give Conpound
(9.14) (0.116 g, MH'=712.2). 15 Preparative Exanple 19 Step A Conpound _
(10.2 ) 0 20 0 (10.1) (10.2) A suspension of L-3-(1-Napthyl) Alanine (2.0
g, 9.34 mmol) in 25 anhydrous Et OH (2 m-) was charged to a 500 m
flask. To the solution was then bubbled in, anhydrous concentrated HCl
(2 mM-) to dissolve all the solids. The solution was allowed to cool
down to roomtenperature over 45 06 JAN 2005 WD 02/08187 PCT/ USO /22813
88 minutes and then it was concentrated to dryness, followed by the

dditi f - O/ / C (30 5% 300 Th
?eslul !tiozgo sol u?ao%tﬁpvxead;%% 'g i @fﬁan [ﬁ%qgéﬁbr{hﬂgg) at 68
psi . The mrmapin stisolas EAGH (20 |rﬁ|9r %stéﬁd‘éﬁgﬁblﬁeq%trﬁ %@%%@53 OH and

concentrated 5 to dryness to give a crude nater 4.2).
The cr udé%ﬁd%@tas StEediyigeushdini wm Gblmdabdttdrrhé}ask/apb@td/wﬂﬂﬂ Heat .

T concentrated to dryness and
purl f i"ed %fd g%%’?‘ggﬁ%%gﬁ?ﬁPhﬁ it rgght 3& F“t'oé‘l wes Hhenfitered
5% 20%Et %M@Qé‘él&et Wa8h¥€ with EtOH and concentrated to dryness to give

Compound (7.6) (93 mg, 100% yield, MH*=639.1).

Preparative Example 17

H § n @
e.ocﬁH OH A-E " H N\)\oa
o ) )

o
NH

BOC

10

R=Benzy! (8.2)
R=H (8.3)

15
In essentially the same manner as Preparative Example 16 Steps A-E,
substituting Compound (8.1) for Compound (7.1) in Step A, Compounds (8.2)

and (8.3) were prepared.



Compound (10.2) (0.65 g). 10 Step 6 Conpound (10.3) 15 (10.3) 20 Tﬁ)ﬁa ?
stirred solution of N Boc-cycl ohexylglycine (0.643 g, 2.5 mmol) in IﬁM—' Q{]%
mL) and wWiHR@Igis{ 5n) at -20C, was added HOBT (0.407 g, 2PET/ReDRISI3 EDCI
(0.527 g, 2.75 mmol) and NMM (0.825 niL, 7.5 mmol). The resulting solution
was stirred for 10 m nutes at -20C, followed by the addition of Conpound
(10.2) fromStep A and CH2Cl 2 (3nmL), and then kept in the 25 freezer over
ni ght. The solution was then concentrated to dryness, followed by
extraction with Et OAc-sat. NaHCO03. The_ conbi ned organic | ayer was washed
with H20, 5%BPO4, and brine, dried ov&t Na2SO4, filtered and concentrated
to dryness to give Conpound (10.3) (1.12 g, 92%yield). 06 JAN2005 WO

02/ 08187 89 Step C Compound (10.4) PCT/US01122813 (10.4) To a stirred

sol ution of Conpound (10.3) from Step B (1.1 g, 2.25 mml) in MeOH (30

n-) and H¥@parafiveiBxamgleardied Li OH (0.283 g, 6.75 mml). The resulting
solution was stirred at room tenperature over night, 1o followed by the

addition of 5%BPO4_ A precipitate formed and the solution was evaporated
to remve st, MeOH. Addi 1.in l,,CH2Cl 2 was added and the CH2C 2 | ayer was

t hen sépar \ dr i eHOHP) , filtered and concentrated to dryness
to give Conpound (10.4) (1.0068 g, 100%vyield, MHH=459.1). 15 20

HzN\_)LOH TsOH.NHz\)?\O/\Q

(9.1) (9.2)

10
To a stirred solution of (S) (+)-2-phenyl glycine (2.1) (15.0 g, 0.099--

mol) in benzene (350 mL) was added p-toluene sulfonic acid. H20 (20.76 g,
0.116 mol) and benzyl alcohol (30 mL, 0.29 mol). The resulting solution was
heated to reflux overnight and the solution became a slurry. The solution was

15 then cooled to room temperature, followed by the addition of ether. The solid
was filtered thruough a scintered funnel and washed twice with Et;0, then
dried under a nitrogen atmosphere to give a solid (35.4 g). The solid was then
dissolved in CH2Cl; and washed with sat. NaHCOj3. The combined organic
layer was dried over Na,SQ, and concentrated to dryness to give a free

20 amine (18.1 g, 75.7% yield). The free amine was then dissolved in ether and
1N HC) was bubbled in to form a white precipitate. The precipitate was
filtered, washed with ether and dried under vacuum to give Compound (9.2)
(15.2 g).

25 StepB Compound (9.4)

H
BocHNﬁrOH BocHN/\n’N\E)LOZ\Q
0

(9.3) (9.4)



Step D Conpound (10.5) (10.4) (10.5) 25 To a stirred solution of Cfpgpﬁﬁ T{fﬂﬁ
(10.4) fromStep C (1.0 g, 2.17 mol) in DVF (10 nm) and CH2Cl 2 (1 ’?l
was added“rieTi%(0. 353 g, 2.17 WD 02/08187 90 0 o JAN 2005PCPUFIVAEH3
/22813 nrnol), EDCl (0.457 g, 2.38 mol) and NWM (0. 715 nL, 6.51 mol).
The resulting solution was stirred at -201C for 10 m nutes, followed by
the addition of Conmpound (9.7) from Preparative Exanple 18, Step E (1.13
g. 2.17 mmol). The reaction stirred for 0.5 hr. at -20C and then was
kept in the freezer over 5 night. The | uti on was then concentrated to
dryness, followed by extraction wth OQAc-sat. NaHCO3. The conbi ned
organic | ayer was washed with H2O  5%8BPX, and brine, dried over
Na2SO4, filtered and concentrated to dryness to give Conpound (10.5)
(1.8 g, MrNa=890.4). to Step E Conpound (10.6) H N 15 (10.5) (10.6) To
a stirred sol utliconstifredsepsiondf Bax-gly-©Ho® Bt(@p.35 ¢,10.8648 ndoiPih nol ) in

B T T T D e
20 ' ' | mL
e e e

t hen agidednorpBolie (F1.30Rb 3 94 NadIOHSRMRINgNGATLH waB dtik®) tesgHti ng
solution was _stirred vigorously for half an hour. The organic |ayer was

then sepaf@it Kintindeswipipwedi theraditiome! Gompoued (812)drdno Stay ér (1863
giolnicggt égtpeﬂge‘g)t r%hén ﬁ%re%%)tiglq Oslti r‘é&'fé} Eg n%%ut%%lalf rIEO‘% ra%na v&gsg {hae%hﬁlepc’zn
in the freezer over night. The solution was then concentrated to dryness,
followed by extraction with EtOAc-sat. NaHCO3. The combined organic layer
10 was washed with H>0, then brine, dried over Na,SQ, and concentrated to
dryness to give Compound {9.4) (26.48 g, 100% yield, MH*=399.2).

Step C Compound (9.5)

BocHN’\gIH\é)?\o’@ L 6|H3ﬁ’ﬁgn\;l?\o’\©
g g

(9.4) (9.5)

15

20 A solution of Compound (8.4) from Step B (26.4 g, 0.065 mol) in 4N
HCi/Dioxane (100 mL) was stirred at room temperature for 1 hr and then
concentrated to dryness to give Compound (9.5) (22.69 g, 100% vieid,
MH'=299.1).



3%veOH CH2Cl 2 to give Conmpound (10.6) (0.95 g, MH=866.2). 0 6 JAIY] bzqgﬁi
WO 02/ 08187 91 Step F Conpound 10.7) 0 PCT/USQ /22813 (10.7) In 2005
essent i W0 g/ishey sane manner as in Preparative Exanpl e 18pcBusm/i8sts
Compound (10.7) was prepared. Exanples 10 Using the procedures of
Preparative Exanple 1, Step A, and Preparative Exanple 2, Step F, for
couplings; Preparative Exanple 1, Step B, Preparative Exanple 1, Step F,
Preparative Exanple 2, Step D, and Preparative Exanple 4, Step J for
ester deprotection; Preparative Exanple 2, Step E, and Preparative
Exanple 4, Step J, for am ne deprot ect&3on and 15 Preparative Exanple 4,
Step H, for oxidation of hydroxyam des to ketoam des - together with the
a-anm no acids of the above exanples or those comercially avail able or
those described in the literature, in the necessary various

conbinati g he cwﬁg@@ tg' éi ed in the attached Table 2 were

pr epar ed. olid T6si s General procedure for solid-phase
coupling reactiops. The synthesis was done in a reaction vessel which was
constructed frofna pol ypropylene syringe cartridge fitted with a

pol ypropyl ene frity at &t he bottom The c-frotected no acids were

solid WO 02/08187 392 6 JAI‘ﬂ 0 5 P SO1122813
OH BocHN

(1.08) (9.6)

To a stirred solution of Compound (1.08) from Preparative Example 15,

10 Step E (15.5 g, 0.0627 mol) in DMF (150 mL) and CH.Cl, (150 mL) at -20°C,
was added HOBT (10.22 g, 0.0626 mol), EDCI (13.2 g, 0.069 mol) and NMM
(20.67 g, 0.188 mol). The resulting solution was stirred at -20°C for 10
minutes, followed by the addition of Compound (9.5) from Step C (21.0 g,
0.063 mol). The reaction stirred at -20°C for 1 hr and then was kept in the

15 freezer overnight. The solution was then concentrated to dryness, followed by
extraction with EtOAc-sat. NaHCOj3;. The combined organic layer was washed
with H,0, 5%H3iPO,, and brine, dried over Na,SO,, filtered and concentrated
to dryness to give Compound (9.6) (30.3 g, 92% vield, MH*=528.1).

20

Step E Compound (9.7)

H
OH OH H

| BOGH N\)L./\. — ~HCLHN N\)L /\@
0 Q

25 (9.6) (9.7)



phase techni ques. Each reaction vessel was | oaded wth 100 ng of \t/@g
starting Fnoc- Si eber resin (approximtely 0.035 mmol). The resin JAN 7005
washed W P83 portions of DVF (2 tinmes). The Froc prot BeVUAH/F#Bup was
renoved by treatnment with 2 nL of a 20 %v/v solution of piperidine in DV
s for 20 mn. The resin was washed with 2 nL portions of DVF (4 tines).
The coupling was done in DMF (2 nmL), using 0.12 mmol of Fnoc-am no aci d,
0.12 mmol of HATU[ O (7-azabenzotriazol-1-yl)-1,1, 3, 3-tetranet hyl uroni um
hexaf | uor ophosphate ] and 0.24 mmol ofy DI PEA (N, N-di i sopropyl et hyl am ne) .
After shaking for 2 h, the reaction ve%sel was drained and the resin was
1o washed with 2 nL portions of DMF (4 times). The coupling cycle was
repeated with the next Fnbc-am no acid or capping group. General procedure
for solid-phasén Besgntiallyithe sexielmtarmer aSirepgrative diarmple Blepiced in a

car 11 dge SPPT OB Qo piaanes (24 by 108 Sheid. W E69B Rect - bound

hydroxy c pnd (am@ébm@_gpo.OSS mmol) was treated with a solution of
0.14 nmol o ss-MartTn periodinane and 0.14 nmmol of t-BuCH in 2 nlL of

DCM for4 h. The resin was washed with 2 nL portions of a 20 %v/v
solution of iPrCHin DCM THF, a 50 %v/v| solution of THF in water (4
tinmes), THF (4 tigres) and DCM (4 tings) O 02 08187,,93@Preparati ve

) and | Nz _
SR R L o A U O S

N4 N
O K
5 e
(9.8) (9.9)

To a stirred solution of Boc-His(Z)-OH (9.8) (0.5 g, 1.28 mmol) in DMF
10 (5mL) and CH,Ciz (5 mL) at -20°C, was added HOBT (0.209 g, 1.28 mmol),
| EDCI {0.27 g, 1.41 mmol), and NMM ({ 0.42 mL, 3.85 mmol). The resulting
solution was stirred at -20° for 10 minutes, followed by the addition of
Compound (9.7) from Step E (0.673 g, 1.28 mmol} and stirred at -20°C for
2hr and then kept in the freezer over night. The solution was then
15 concentrated to dryness, followed by extraction with EtOAc-sat.NaHCO;. The
combined organic layer was washed with H,OQ, 5%H3;PQ,, and brine, dried

over NapSO,, filtered and concentrated to give Compound (2.9) (0.858 g,
84% yield, MH*=798).

20
Step G Compound (9.11)




901B 0 6 JAN 2005 PCT/USQO /22813 HO Owve 901 C FnocOSu ag. NaZCCBDé-Kj)%
5 901 To a solution of potassiumcyanide (1,465 g, 22.5 mmol) and AN 2005
amoni umcc@rdsestat e (5.045 g, 52.5 mmol) in water (15 nl)rPom@Sedzed a
solution of 2,3-dinethoxybenzal dehye 901A (2.5 g, 15 nmol) in ethanol

("15 1o nL). The reaction mxture was heated at 40 C for 24 h. The vol une
of the solution was reduced to 10 nL by evaporating under reduced
pressure. Concentrated hydrochloric acid (15 m-) was added and conpound
901 B was obtained as a white precipitate. Conpound 901B was i sol ated by
filtration (2.2 g, 9.3 nml). Conpound 901 B was dissolved in 10 %ww
aqueous 1s sodi um hydroxi de solution 45 nm-) and the resulting solution
was heated wunder reflux for 24 h. Concentrated hydrochloric acid was
added and the pH was adjusted to neutral (pH 7). The resulting solution
cont ai ni ng conpoungd WO 02108187 94 0 6 JAN 2005 PCT/USO01/22813 901 C was
evapor at ed under reduced pressure. The residue was diissolved in 5 %ww
aqueous sodi urn bitas bdpat e molQiti on %150 m.). The <»lytiOn wag ©Qooled to

0 Cin an isoehhe 4Rl 0 o) ,aHaHENSSL Yt o N
H OHﬁprﬂg > 3\"" OHH}f\g : d©
\\,N{o @ N\\,N{O @

Eﬁ
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(9.9) (9.11)
In essentially the same manner as in Preparative Example 18, Step C,

s Compound (9.11)was prepared { 0.76 g, 100% yield, MH"=699.2).

Step H Compound (9.12)

HCLEN A X ﬂ\)ck) oY 0 O
NS L ) —— eog LR L Ky
H*\ 0 Ho i Hont oz
g Op O

e Wob

(9.11) (9.12)

10

To a stirred solution of N-Boc-cyclohexylglycine (0.263 g, 1.026 mmol)
~ in DMF (5 mL) and CH.Cl; {(5mL) at -20°C, was added HOBT (0.167 g, 1.026
15 mmol), EDCI (0.216 g, 1.13 mmol) and NMM ( 0.338 g, 3.078 mmol). The
resulting solution was stirred at -20°C for 10 minutes, followed by the addition
of Compound (9.11) from Step G ( 0.754 g, 1.03 mmol). The reaction stirred
at -20°C for 1 hr and then was kept in the freezer over night. The solution was
then concentrated to dryness, followed by extraction with EtOAc-sat. NaHCO;.
ﬁo The combined organic layer was then washed with H20, 5%H3P0O;, and brine,



fl uorenyl met hyl succinimdyl carbonate (2.7 g, 8 mmol) in 1,4-di04?96 @ﬁﬂ5
m) 5 ~added at 0 C. The reaction mxture was allowed to warmto 78
tenper\éﬁpe"zﬁ)ﬁ@-iwas stirred at roomtenperature for 24 h. PETASGI/338ahe was
evapor at ed under reduced pressure. The aqueous solution was washed wth

di ethyl ether. Concentrated hydrochloric acid was added and the pH was
adjusted to acidic (pH 1). Ethyl acetate was added the organic |ayer was
1o washed with water and brine. The organic |ayer was dried over

anhydrous sodium sulfate. The solventagas evapor at ed under reduced
pressure to afford the desired conpound 901 as a white foany solid (3.44
g, 7.9 mol). M (LCMS-Electrospray) 434.1 WH}. Preparative Exanple 21

15 Conpoung. 1 N, FrpcHN- Y FnocHN 17Me FnocHN 801A O O 801B
0 801C OQB@Y%fNW@EzS?Q«L,_ﬁR&@_@n concentrated to dryness to give Compound

(9.12) (0.735g, MH"=938.4).

Step ! Compound (9.13)

(9.12) (9.13)

To a stirred solution of the Compound (9.12) from Step H (0.367g,

10 0.377 mmol) in anhydrous CH.Cl, (10 mL.), was added Dess-Martin
periodinane (0.32 g, 0.75 mmol). The resuiting solution was stirred at room
temperature for 2 hrs. CH,Cl,, sat. Na,S20, and sat.NaHCO; were added to
the solution and the solution was allowed to stir at room temperature for 1 hr.
The organic layer was then separated and washed with H20, and brine, dried

15 over Na;SOs, filtered and concentrated to dryness to give a crude product
(340 mg). The crude product was then purified by column chromatography on

silica gel, eluting with CH,Cl, and then 4%MeOH/CH.Ci, to give Compound
(8.13) ( 150 mg, MH"=936.3).



t-mochN T off OH SO1 To a solution of N Fnoc-phenyl al ani ne 801A (D'Ssg
12.9 mmol ) in 20 anhydrous DCM (22 nL) cooled to -30Cin a dry AN 2003
i ce- acenwmn@/dag’h was added N-nethylpyrrolidine (1.96 nmipct@sd/e ) and
met hyl chloroformate (1.2 nL, 15.5 mml) sequentially. The reaction

m xture was stirred at -30C for 1 h WO 02/08187 95 06 JAN 2005

PCT/ US01/ 22813 and a sol ution of N, O di net hyl hydr oxyl am ne hydrochl ori de
(1.51 g, 15.5 nol) and N-nethyipyrrolidine (1.96 nL, 16.1 mmol) in
anhydrous DCM (8 nmlL) was added. The reaction mxture was allowed to warm
to roomtenperature and was stirred & room tenperature overnight.

Tol uene was added and the 5 organic |ayer was washed with dilute

hydrochl ori ¢ aci d, aqueous sodium bicarbonate solution and brine. The
organi c | ayer was dried over anhydrous sodium sulfate. The sol vent was

evapor at gtegnder rwguﬁaggqu?e to afforded conpound 801B (4 g, 9.29
nmml). To a solution © 6.28 nm., 21.4 mol) in anhydrous tol uene

(8 ionL) cooled to -20C in a dry ice-acetone bath was added a sol ution
of corrpound 01 B (4 g, 9.29 nmmol) in anhydrous toluene (12 nL). The

reaction ure s stirred at -20 Cfor 1.5 h. eorganlc | ayer was
washed vmth e yQr och,l.[0|0| c acid, aqueous s argonat e
s r

sol uti on é«\@ r_was dripst d ous Oal um
sul fate. Thél apl vapo ed under red c

crude product 80 S use@n t he next reactlonQM ut furtQh
purification. To Mgl uti on conpound 801C (approx nmol )

mmol ) and tetrabutyla iumiodide (34 ng, 0.092 mmol) in water (4 ni)

hexane (15 nlL) was aﬂﬁﬁﬁba sol ution of potaSSU|n1cyan| e (24 ny, 0.37
I
and aéet one

(9.13) (9.14)

To a stirred solution of Compound (9.13) fromStep 1 (0.15g, 1.6
10 mmol) in absolute EtOH (40 mL) was added 10% Pd/C in 50% H.0 (w/w).
The solution was purged with N, and stirred under H, balloon for 45 minutes.
The catalyst was then filtered through celite, washed with EtOH/CH,Cl, and
then concentrated to dryness to give Compound (9.14) (0.116 g, MH*=712.2),

15 .
Preparative Example 19

Step A Compound (10.2)
H2N OH O\/
3 HoN
20 0
(10.1) (10.2)

A suspension of L-3-(1-Napthyl) Alanine (2.0 g, 9.34 mmol)in
25 anhydrous EtOH (200 mL) was charged to a 500 ml flask. To the solution
was then bubbled in, anhydrous concentrated HCI (2 mL) to dissolve all the

solids. The solution was allowed to cool down to room temperature over 45



20 cyanohydrin (1.27 m, 13.9 nmol) sequentially. The reaction niXtWEQANZWS
was stirred at roomtenperature for 24 h. Ethyl acetate was added an

the or g¥Ri0¢/e8jer was washed with water and brine. The oP@amisel/izaler was
dried over anhydrous sodium sul fate. The sol vent was evaporated under
reduced pressure to afford conmpound 801D (2.4 g, 6.03 nmol). 25 To a

sol ution of conpound 801D (2.4.g, 6.03 mpl) in 1,4-dioxane (11 nl) was
added concentrated hydrochloric acid (11 nlL). The reaction m xture was
heated at 80 C for 3 h. Ethyl acetate é25 m.) and water (25 nlL) was
added. The organic | ayer was washed w B brine and dried over anhydr ous
sodium sul fate. The sol vent was evaporated under reduced pressure to WO
02/ 08187 96 0 6 JAN 2005 PCT/USQO /22813 afford the desired conpound 801

as a whi t eninudey anditheh {t2vas canderiraed to ¥ynesk Fdloweddy Beiditlofids. 1
\I\/<B+ @%Z%@Wﬁaﬁ&ﬁﬁ’&%@% 83'18 ag%d%oioéﬁé%%giﬁoa&%ﬁngm PAS)
PCTI USOL/ fidibn was placed in a parr shaker and hydrogenated at 60 psi. The

reaction was then filtered through celite, washed with EtOH and concentrated

5  todryness to give a crude material (2.4 g, MH'=254.2). The crude product

was dissolved in CH,Cl, and then washed with sat. NaHCO;. The combined

organic layer was concentrated to dryness and purified by column

chromatography on silica gel, eluting with 5%-20%EtOAc/CH.Cl, to give

Compound {10.2) (0.65 g).
10
Step B Compound (10.3)
15
H O
Soc on BOC\N N\E/U\O/\
'-.N H O =
n e
(10.3)
20 To a stirred solution of N-Boc-cyclohexylglycine (0.643 g, 2.5 mmol) in

DMF (5 mL) and CH,Cl; (SmL) at -20°C, was added HOBT (0.407 g, 2.5
mmat), EDCI (0.527 g, 2.75 mmol) and NMM (0.825 mL, 7.5 mmol}. The
resuiting solution was stirred for 10 minutes at -20°C, foliowed by the addition
of Compound {10.2) from Step A and CH,Cl> (3mL}, and then kept in the

25  freezer over night. The solution was then concentrated to dryness, followed by
extraction with EtOAc-sat. NaHCO;. The combined organic layer was washed
with H20, 5%H3PO,, and brine, dried over Na;SOy, filtered and concentrated
to dryness to give Compound (10.3) (1.12 g, 92% yield).
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Step C Compound (10.4)

0
O H
H BOC. LS
BOC. N\;)J\O/\ N 7 "oH
H = O
Q0 Q0
5 (10.3) (10.4)

To a stirred solution of Compound (10.3) from Step B (1.1 g, 2.25

mmol) in MeOH (30 mL) and H,O (7.5 mL) was added LiOH (0.283 g, 6.75
mmol). The resulting solution was stirred at room temperature over night,

10 followed by the addition of 5%H3PQ,. A precipitate formed and the solution
was evaporated to remove most MeOH. Additional CH»Cl> was added and
the CH»Cl; layer was then separated, dried over Na>SQ.,, filtered and
concentrated to dryness to give Compound (10.4) (1.068 g, 100% yield,
MH*=459.1).

15
Step D Compound (10.5)

0
H H @ o H @
BOC\ﬁ NE)LOH BOC.,, N\)L{*?\HL”/YN?)LO/\Q
0 © 7

OE H £ OH

(10.4) (10.5)

20

25 To a stirred solution of Compound {10.4) from Step C (1.0 g, 2.17
mmol) in DMF (10 mL) and CH:Cl, (10mL), was added HOBT (0.353 g, 2.17



98 Resin-bound conpounds 10113, 101C, 101D, 101E, 101F and 101G re
prepared according to the general procedure for solid-phase coupl }Nﬁgl JAN 2005
react i on¥042/48488d wi th 100 ng of Fnoc- Sieber resin (0. 035PaTMISY1/22REEI N-
bound conpound 107 G was oxi di zed to resin-bound conpound 101 H 5
according to the general procedure for solid-phase Dess-Martin oxidation.
The resin-bound conmpound 101 H was treated with 4 nL of a 2 %v/v
solution of TFAin DCMfor 5 mn. The filtrate was added to 1 nmL of AcCH
and the solution was concentrated by vacuum centrifugation to provide
conpound 101J (0.011 g, 45 %yield). M5 (LCMS-El ectrospray) 703.2 M.
10 Using the solid phase synthesis t echBi ques defined herein above, the
foll owi ng noieties were prepared and used in accordance with the
followng Formula: z~ P20 15 -X: J,-,Oyi 0 20 /Oy~ H3Cy yy O ol 0O
WO (1210818Mrad), EIC0HG7@, 238 mmol) and NMM (0.715 mL, 6.51 mmol). The

resuiting solution was stirred at -20°C for 10 minutes, followed by the addition
of Compound (9.7) from Preparative Example 18, Step E (1.13 g. 2.17 mmol).
The reaction stirred for 0.5 hr. at -20°C and then was kept in the freezer over

5 night. The solution was then concentrated to dryness, foliowed by extraction
with EtOAc-sat. NaHCO;. The combined organic layer was washed with H,0,
5%H3P04, and brine, dried over Na,SQ,, filtered and concentrated to dryness
to give Compound (10.5) (1.8 g, M+Na=890.4).

10 StepE Compound (10.6)
H © O H © H O o) H 0O
Boc. %N\)L N_A Boc N N
N = "N N 0 — 53{ ’\< >
HO:EHOHH’?]J’@,\Q ”oz ﬁoﬁﬁgéo

15 (10.5) (10.6)

To a stirred solution of Compound (10.5) from Step D (1.8 g, 2.07
mmol} in anhydrous CHxCl; (40 mL) was added Dess-Martin periodinane(1.76
g, 4.15 mmol). The resulting solution was stirred at room temperature for 1 hr,
20 followed by adding dropwise over 1.5 hrs anhydrous CH,Cl; (40 mL) and H,O
(0.074 mL) and stirred an addditional 2 hrs. To this solution was then added
40 mL of 50% sat. NaHCO3/50%sat.Na»S,0.4 and the resulting solution was
stirred vigorously for half an hour. The organic layer was then separated and
washed with H,0. The combined organic layer was concentrated to dryness
25 and purified by column chromatography on silica gel, eluting with 2%-
3%MeOH/CH Cl; to give Compound (10.6) (0.95 g, MH*=866.2).
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Step F Compound (10.7)

5 (10.6) (10.7)

In essentially the same manner as in Preparative Example 18, Step K,

Compound (10.7) was prepared.
Examples

10 Using the procedures of Preparative Example 1, Step A, and
Preparative Example 2, Step F, for couplings; Preparative Example 1, Step B,
Preparative Example 1, Step F, Preparative Example 2, Step D, and
Preparative Example 4, Step J for ester deprotection; Preparative Example 2,
Step E, and Preparative Example 4, Step J, for amine deprotection; and

15 Preparative Example 4, Step H, for oxidation of hydroxyamides to ketoamides
— together with the a-amino acids of the above examples or those
commercially available or those described in the literature, in the necessary
various combinations, the compounds listed in the attached Table 2 were
prepared.

20 Solid Phase Synthesis

General procedure for solid-phase coupling reactions.
The synthesis was done in a reaction vesse! which was constructed

from a polypropylene syringe cartridge fitted with a polypfopylene frit at the

bottom. The Fmoc-protected amino acids were coupled under standard solid-
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phase techniques. Each reaction vessel was ioaded with 100 mg of the
starting Fmoc-Sieber resin (approximately 0.035 mmol). The resin was
washed with 2 mL portions of DMF (2 times). The Fmoc protecting group was
removed by treatment with 2 mL of a 20 % v/v solution of piperidine in DMF

5 for20 min, The resin was washed with 2 mL portions of DMF (4 times). The
coupling was done in DMF (2 mL}), using 0.12 mmol of Fmoc-amino acid, 0.12
mmol of HATU [ O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate ] and 0.24 mmol of DIPEA (N,N-diisopropylethylamine).
After shaking for 2 h, the reaction vessel was drained and the resin was

10 washed with 2 mL‘ portions of DMF (4 times). The coupling cycle was
repeated with the next Fmoc-amino acid or capping group.

General procedure for solid-phase Dess-Martin oxidation.

The synthesis was conducted in a reaction vessel which was
constructed from a polypropylene syringe cartridge fitted with a polypropylene
15 frit at the bottom. Resin-bound hydroxy compound (approximately 0.035
mmol) was treated with a solution of 0.14 mmol of Dess-Martin periodinane
and 0.14 mmol of t-BuOH in 2 mL of DCM for4 h. The resin was washed with
2 mL portions of a 20 % v/v solution of iPrOH in DCM, THF, a 50 % w/v
solution of THF in water (4 times), THF (4 times) and DCM (4 times).
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Preparative Example 20
N-Fmog-2’. 3’-dimethoxyphenvlalycine Compound (901)

O
N HO
HN

KCN, (NH,),CO5 0 HzN 0
ag. EtOH aq. NaOH

CHO

|

OMe
OMe OMe OMe
OMe
901A OMe
901B 901C

FmocOSu
aq. N32CO3

HO
FmocHN o)

OMe
OMe

5 9201

To a solution of potassium cyanide (1.465 g, 22.5 mmol) and
ammonium carbonate (5.045 g, 52.5 mmol) in water (15 mL) was added a
solution of 2,3-dimethoxybenzaldehye 901A (2.5 g, 15 mmol) in ethanol (15

10 mL). The reaction mixture was heated at 40 °C for 24 h. The volume of the
solution was reduced to 10 mL by evaporatiog under reduced pressure.
Concentrated hydrochloric acid (15 mL) was added and compound 901B was
obtained as a white precipitate. Compound 901B was isolated by filtration
(2.2 g, 9.3 mmol). Compound 901B was dissolved in 10 % w/w aqueous

15 sodium hydroxide solution (15 mL) and the resulting solution was heated
under reflux for 24 h. Concentrated hydrochloric acid was added and the pH

was adjusted to neutral (pH 7). The resulting solution containing compound
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901C was evaporated under reduced pressure. The residue was dissolved in
5 % w/w aqueous sodium bicarbonate solution (150 mL). The solution was
cooled to 0 °C in an ice bath and 1,4-dioxane (30 mL) and a solution of 9-
fluorenylmethyl succinimidyl carbonate (2.7 g, 8 mmo!) in 1,4-dioxane (30 mL)

5 was added at 0 °C. The reaction mixture was allowed to warm to room
temperature and was stirred at room temperature for 24 h. 1,4-dioxane was
evaporated under reduced pressure. The aqueous solution was washed with
diethyt ether. Concentrated hydrochioric acid was added and the pH was
adjusted to acidic (pH 1). Ethyl acetate was added the organic layer was

10 washed with water and brine. The organic layer was dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced pressure to
afford the desired compound 901 as a white foamy solid (3.44 g, 7.9 mmol).
MS (LCMS-Electrospray) 434.1 MH",
Preparative Example 21

15 Compound (801)

Me
1
H —— N\ —
FmocHN © FmocHN OMe an,j\r**
!

0
801A 80iB 801C
0
FrmocHN CN ™ FmocHN” ™ ~OH
OH OH
801D

To a solution of N-Fmoc-phenyfa!anine 801A (5 g, 12.9 mmol) in
20 anhydrous DCM (22 mlL.) cooled to -30°C in a dry ice-acetone bath was added
N-methylpyrrolidine (1.96 mL, 16.1 mmol) and methyl chloroformate (1.2 mL.,
15.5 mmol) sequentially. The reaction mixture was stirred at -30°C for 1 h
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and a solution of N,O-dimethylhydroxylamine hydrochloride (1.51 g, 15.5 mol)
and N-methylpyrrolidine (1.96 mk, 16.1 mmol) in anhydrous DCM (8 mL) was
added. The reaction mixture was aliowed to warm to room temperature and
was stirred at room temperature overnight. Toluene was added and the
organic layer was washed with dilute hydrochloric acid, aqueous sodium
bicarbonate solution and brine. The organic layer was dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced pressure to
afforded compound 801B (4 g, 9.29 mmol).

To a solution of Red-Al {(6.28 mL, 21.4 mmol) in anhydrous toluene (8
mL) cooled to -20°C in a dry ice-acetone bath was added a solution of
compound 801B (4 g, 9.29 mmol) in anhydrous toluene (12 mL). The reaction
mixture was stirred at —20 °C for 1.5 h. The organic layer was washed with
dilute hydrochloric acid, aqueous sodium bicarbonate solution and brine. The
organic layer was dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure and the crude product 801C was used in
the next reaction without further purification.

To a solution of compound 801C (approx. 9.29 mmol) in hexane (15
mL) was added a solution of potassuim cyanide (24 mg, 0.37 mmol) and
tetrabutylammonium iodide (34 mg, 0.092 mmol) in water (4 mL} and acetone
cyanchydrin {1.27 mL, 13.9 mmol) sequentially. The reaction mixture was
stirred at room temperature for 24 h. Ethy! acetate was added and the
organic layer was washed with water and brine. The organic layer was dried
over anhydrous sodium sulfate. The solvent was evaporated under reduced
pressure to afford compound 801D (2.4 g, 6.03 mmol).

To a solution of compound 801D (2.4 g, 6.03 mmol) in 1,4-dioxane (11
ml) was added concentrated hydrochloric acid (11 mL). The reaction mixture
was heated at 80 °C for 3 h., Ethyl acetate (25 mL) and water (25 mL) was
added. The organic layer was washed with brine and dried over anhydrous

sodium sulfate. The solvent was evaporated under reduced pressure to
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afford the desired compound 801 as a white foamy solid (2 g, 4.8 mmot). MS
(LCMS-Electrospray) 418.1 MH".

Example 101J Compound (101J4);

w O ’[;ii o .. 0
N A AN N AL A K,
O CHg |

5 101J

Scheme 5
10 (SEE NEXT PAGE)



Usi ng the above-descri bed procedures, the conpounds with their qL VI&&]
data listed in the attached Table 3 were prepared. Additionally pr EAP 05
were conpBUHBEd8as well as their activity data 5 |isted iPETIU2BAched
Table 4. Their preparation is described bel ow General procedures for
preparation of conpounds in Table 4 on solid support, Solid-phase
synthesis is useful for the production of small amounts of certain
conpounds of the present invention. As with the conventional solid- phase
synt hesi s of peptides, reactors for t sol i d- phase synthesis of peptidyl
1o ketoam des are conprised of a reactor vessel with at |east one surface
perneabl e to solvent and di ssol ved reagents, but not perneable to
synthesis resin of the selected nmesh size. Such reactors include gl ass
solid phase reaction vessels wth a sintered gl frit, polypropyl ene
tubes or colums wth frit or reactor Kans(f de by lrori inc., San
D ego CA pe of 15 rea chosen de nd viel une _gf solid-phase
resin needJﬁc and diff fe %ﬁ - ypesﬂﬁfg%t %ggd at different
stages of aisynt hesis. e fo Iomnng procedure§1 | be referenced in
the subsequent exanpl es: %ﬁgdure A: Coupling reeaction: To the resin
suspended in N nethylpyrr ine (NMP) (10-15 nmUJ gramresin) was added

N-Fmoc or N- 20 Boc-amng-gcid (2 eq), HOAt eq), HATU eq) and
diisopropylethylanine (4 The mxture was let,to r or 4- 48
hours. The react $H§ﬁi dharned and the Ireg] n ma gcessrvely
wi t h di metimp¢ L R romet hamehNne met Hane and

di et hyl et her (u%e A0-15 mL dsol vent/ granrre@rn Ghe re |n0mas t hen
dried in vacuo. 25 Procedure B: Fnoc deprotectiordy The Frnoc- pr ot ect ed
resin was treatélawith 20% piperidine in drnethyl ormam de (10 nL
reagent/ g resin) fd®MP30 minutes. The reagents W8Ee drained and the
resin was washed successively wth diggethylformam de, dichl oronethane,
met hanol , drchloronetei:§>and drethy her (10 nL sol vent/ gramresin).

WO 02/ 08187 110
FmocHn L ﬁu\/l NP —
101F
N\)l\ ¢ N\_)'L ; ,N—P —

3



0 6 JAN 2005 PCT/U SO I /228 ] 3 Procedure C. Boc deprotection: T[ﬂg
Boc-protected resin was treated wth a 1:1 m xture of dichl oronet &N 2005
and tri fY¥Y0PH9888tic acid for 20-60 ninutes (10 nlL sol verR¢T/Besa28si n) .
The reagents were drained and the resin was washed successively with
di chl or onet hane, dinethyl formam de, 5% 5 diisopropyl ethylamne in
di net hyl f or mam de, di net hyl formam de, dichl oronet hane and
di met hyl f ormam de (10 nL solvent/ gramresin). Procedure D
Sem car bazone hydrolysis: The resin V\%% suspended in the cl eavage
cocktail (10 nL/ g resin) consisting trifluoroacetic acid: pyruvic
acid: dichloronethane: water 9:2:2:1 for 2 hours. The reactants were
drained io and the procedure was repeated three nore tinmes. The resin
was washed sucbesii-beluyd eotripotinds | 1O1@740M @) 01Dt en Eand1Eizpal fy@et hane
and dried under vacuum Procedure E: HF cl eavage: The dried peptide-nVal
(CO) -G 0- Wﬁwfﬁ@éﬁﬁ a@&@fﬂﬁ@g touthe gengrabiprasedireforselidghasemoaplingg a
smal | sti ' ; % VQl. L added_as. a

FeqeRopg SRarkel fitn ot i 1 o STt e O A B RRS e s,

scavenger. In the presence of

t hi oani sobeurid 0&fnpansd 1, (2-G: Waaneddizbd @ rddin-d¥und ¥ehhdineo1@dyed. The HF
vessel was then hooked up to the HF apparatus | mmuno Dynam cs) and the

syst el wa@C89rdigde theaeneralrygeadurerfor solid-phaseDess-Martinesxiddtam. cool ed

d - i i ' | bath. .20, Af 0. m HF
Coan i 9, Tiie fedhitbubdbdmbafic 1PARRSREaA I 4 7R, B b2 o BT | o
was | et tof PFAdeOCMdor 5.rhinh OTHe fillthtdRas \Widedus 1Cﬁﬁ%fd§4dc§§|4§5:;1dtlﬁ§m\’i ng

all the HF using nitrogen. Dichloronmethane was then a resin
and the nfRulipR Wasscangentraied by vatvemmentifugatiomtspreavide’ cdmpoeddby t he

minutes, oL BEOTEG U8 ARy MEUMSrE Retprpi S a0B i "ana "t e
di chl mr onet hangsingstheaindgshase HRithd e G PRIRIRSTeHnRd NEeI mﬁ;w .
sol ution was washed with hexanes (3x) to renpbve scavengers. anwhi | e,

t he resi nfollayingomwigtissiverenprepaeed andlusedtie aacordanse Mathethe(faMSwIHGAC) Was -
added bacilgo.lng)ulghe resin and

20
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the m xture was agitated for five mnutes and then filtered. The W?phgﬁﬂl
was 30 renoved under reduced pressure and the aqueous | ayer was 0J 05
| yophi | WAR#H08THe WO 02/ 08187 111 0 6 JAN 2005 PCT/ USOL/ P@BASI Bt de was
t hen di ssolved in 10-25% nmet hanol (containing 0.1 % trifluoroacetic

acid) and purified by reverse phase HPLC. 11) Synthesis of internedi ates:
Exanple |I. Synthesis of Boc-3-al kylsulfinylalanine: 5 To a m xture of
sodi um hydride (20 mmol, 800 ng of 60%in oil, washed with hexanes) in
tetrahydrofuran (30 nL) at 0C, was ad@gp aIkyIthloI (20 mol, R= Ph, R=
1 -Napthyl, R= 2-Napthyl, R= PhCH2CH2 Oor R= Et) over 10 10 mn. The

cool i ng bath was renoved and stirring was continued for 10 mn, at which
ti me Boc-2S-am nopropionyl |actone (reference: Synthetic Comunications,
(1995) 25(16), 2475-2482) (3.74 g, 20 nmmol) was added. An ice bath was
used to keep the tenperature from exceeding 30C. The reaction mxture
was stirred at roomtenperaturel for 16 h, concentrated and 15 t

dissolved in 1 M aqueous gota55| m bi sul fate (200 nL)

m.). The mixt : h dic ne_(2 ). The
erswere dried (SOdI te),YfiMered and
%si dfe was di ss6l ve maté} (200 m.), nethanol (30

conbi ned org
concentr at ed.

nm.) and potaSS|un1carbonate (40 mmol, 5. 5 g). Ckone (21 mmol, 13.0 g) 20
was added in portions with cooling to maintain roomtenperature. The

m xture was stirred for 18 hours and then concentrated in vacuo to renove
t he net hanol. The solutlon_mas acidified po aSS|un1b|squate

(pH=1) then extry e atgtate mL onbi ned
organi c | ayers ; dried (sqadiyumsglfate),] filtered-gnd oncentrated
Purification was 25 perforned U%i ng reverse-'phase HPLC. AfPer

purification the product was
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06 JAN 2005 WO 02/08187 PCT/USQ /22813 112 further purified by acﬁ§J?€7@
extract“g {%B gnove de-bocyl ated material and then stored as the” 3
diisopropgl tﬁ@l anmonium salt to prevent further deconp%%?pﬁwﬁnerbss of
Boc group). Example Il. Synthesis of 2-(1-nethylethyl)-7-nethyl
-oct-4-enoic acid: OH 5 The above internedi ate was synt hesi zed accordi ng
to the published procedure (Wits, P. G M; Ritter, A R ; Pruitt, L. E
J. Og. Chem (1992) 57, 6696-6700). Exanple IIl. Synthesis of

Frnoc- nV- (dpsc)-G@ y-OH (Steps 1-7 bel oypg 10 Fnoc-HN O /NH O=NH CH( Ph) 2
Step 1. Synthesis of allyl isocyanoacetate (steps a-b below) a)

Synt hesi s of isocyanoacetic acid potassiumsalt: 15 CN~OEt ~~ CN~_ K+

Et hyl i socyanoacetate (96. , 0.88 nmol) was added dropwi se to a

chilled solutio .5 L) and potassi um hygfexi de (59.52 g, 1.0
nol ). The react AW : e. After two
hours the 20 precrpit tion and washed
with several 0 6 JA 813p113 _postions of
chilled ethanol. i i i Ssocyhnodfcetic ati djt Hus

$
NO, O
Oy @% |
e Oy Qg T C3F
CF3 O 0 no Yo® HO™ O
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obtained was dried in vacuo to a gol den-brown solid (99.92 g, 91'80‘79]@%[}[}
Synthesis of allyl isocyanoacetate: 5 CNI',% K} CN JO2 1Yl To the 5
product W& 0298447 a (99.92 g, 0.81 nol) di ssol ved in acet OoRCTASPE228(B10 m )
was added allyl bromde (92 m, 1.05 nol). After heating at reflux for
four hours a dark brown sol ution was obtained. The reaction m xture was
to concentrated and the renmai ning residue was dissolved in ether (1.5 L)
and washed with water (3 x 500 m). The organic |ayer was dried,

filtered and concentrated to a dark wn syrup. The crude was purified
by vacuum distillation at 7 mmHg (9 to a clear oil (78.92 g, 78%.
NVR ppm (CDCI3): 5.9 (m 1 H), 5.3 (m 2H), 4.7 (d, 2H), 4.25 (s, 2H).

15 Step 2. Synthesis of 9- quorenyInethoxycarbonyI norval i nal (steps a-c
bel ow) Frnoc-HN a) Synthesis of 9- or enyl ne#he onyl -L-norvaline

met hyl ester noc- nVal - g\/le): c2HN- nocaHN O O WD 02/ Q5187
114 06 JAN 20 / 1 PPl 18d™s y ﬁon b@atAeﬁiénnErcially
avai | abl e Fnoc- Lenor ne o(2 730/5 i B anhydr t hanol (469
m ) was added thionyl ~chloride (53.76 m, 737.5 mmol) oWRr Bne hour. TLC
in ethylacetate taken an hour |ater nfirmed the conpletion of the

reaction (Rf = 0.85). The reacti 5 m xture was concentrated and the
remai ni ng residue was di ssol ved i etate. The organic |ayer was
washed wi th saturated sodi um o O

HO i Og Ho\ﬁ,é Homg

10 O O CF; O 0 Cl © CF3 O



bi carbonate (3 x 200 m) followed by brine (200 m ). The organic | @/QMW?
dried, fjltered and concentrated to afford Frnoc-norVal-OVe_as a whitée
solid (‘53.05\98]67 in quantitative yield. NVR ppm (CD30D): F??V”@W”QH),

(m 10 2H), 7.4 (m 2H), 7.3 (m 2H), 4.3 (m 2H), 4.1 (m 2H), 3.7 (s,
3H, 1.7 (m 1H, 1.6 (m 1 H, 1.4 (m 2H), 0.95 (t, 3H). b) Synthesis
of 9-fluorenyl net hoxycar bonyl - norval i nol (Fnoc-nValinol): Y Fnoc- HN'
Froc-HN O 15 To Fnoc-nVal -Ove (26.03 g, 73.75 mml) in tetrahydrofuran
(123 m) and nethanol (246 nl) was aqgged cal ciumchloride (16.37 g,
147.49 mmol ). The reaction m xture was cooled to 0C and sodi um
borohydride (11.16 g, 294.98 mmol) was added in several batches. To the
thick paste obtained 500 mM et hano was added énd the reaction was | et
to stir at roomtenperature (2 96" TL 2: 3 ethyl acet at e:

: g The reaction
was quenched with the § er~-at C. The nmet hanol
was renmoved under reduced pressure and the oemai ni ng agueous phase was
diluted with ethylacetate. The opganic )éer was washed with water (3 X
500 m), saturated sodi um bicarbpnate (3 x}25 500 m) and brine (500 m).
The organic | ayer was dried o and concentrated to a
white solid (21.70 g, 90.5%. pme( CO : 02/08187 115 0 6 JAN
2005 PCT/L'S01/22813 7.8 (m 2 ( ' 7.4 (m 2H), 7.3 (m 2H),
4.3-4.5 (m 2H), 42 (m 1 H, d 3.5 (s, 2H, 1.5 (m 1 H,
1.3-1.4 (m 3H), 0.99 (m 3H). c¢) Synthesis of

9-f | uor enyl met hoxycar bonyl - norval i nal (Fnoc-nVal - CHO): Fnoc-HN off 1" -

Frnoc- HN F
F
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5 0 To a solution of Fnoc-norValinol (21.70 g, 66.77 nnDI) in 5 A ]
dichlor&g&thane (668 nl) was added triethylamne (37.23 267 f

t he sol Y8\ cooled to 0C. A suspensi on of pyridine gGFF@P”f@F%dee
io complex (42.51 g, 267 mml) in dinethylsulfoxide (96 mM) was added to
the chilled solution. After one hour, TLC in 2:3 ethyl acetate: hexanes
confirmed the conpletion of the reaction. The dichl oronet hane was
renoved under reduced pressure and the renaining residue was dissol ved
in ethylacetate and washed with wateqgf42 x 50 m), 1 N saturated sodi um
bisulfate (2 x 50 m), is saturated sodi um bi carbonate (2 x 50 m) and
brine (50 mM). The organic |ayer was concentrated to yield a white
solid. Theoretical yield.(21.57 g) was assuned and the reactlon was
taken to the next step 'thoutw&urther Fi'cati ep. Step . Synthesis

of di phenyl net hyt»sem ¢ ba2|d ) tr|f| oro ace 20 salt
(steps a-b belaﬁdra) pig ar bgzi d- dlph nyl net hane 0O
6 JAN 2005 v02/0818 /US 22818H,L16 [To a solu j on of

car bonyl diim dazole (16.2 g, 0.10 nole) in dlnethylfornanlde {&25 m )
was added a solution of tert-butyl carbazate (13.2 g, 0.100 nol) in

di met hyl f or mam de (2 m) dr i se over 30 nutes. D phenyl nethyl am ne
(18.3 g, 0.10 nol) i 5 The reaction was
allowed to stir at ro
added and the m xture
pressure. This solution

S éﬁnce tr : der reduced

pour 3 A nd extracted
with ethyl acetate (400 was washed wth 1N
HCl (2 x 75 nl), H20 (2 x 75 m.), saturated sodi um bi car bonate 10
solution (2 x 75 m-) and sodiumchloride (2 x 75 nL), and dried with
magnesi um sul f at e. Thebatxture was filtered and the sol ution was

oy st
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concentrated to give 29.5 g (85%yield) of a white foam This rrateﬂf'%alN
coul d %O@w’%}f iIZIed by recrystallization fromethyl acetate/hexane, 9 2005
was pure SUJh to use directly in the next step: np 142PGWYERIE VR
(CDC13) d 15 1.45 (s, 9H), 6.10 (dd, 2H), 6.42 (s, 1H), 6.67 (bs, 1H),
7.21-7.31 (m 10H). Analytical calculated for C19H23N303: C, 66.84; H,
6.79; N, 12.31. Found: C, 66.46; H 6.75; N, 12.90. b) Synthesis of

di phenyl net hyl sem carbazi de (dpsc) trifluoroacetate salt H TFAHZN N 20
A solution of Boc-seni carbazid-4-yl diphenyl methane (3.43 g, 10 mmol) in
di chl oronet hane (12.5 m) was treated with trifluoroacetic acid (12.5

m) at roomtenperature and allowed to stir for 30 mn. The solution was
added dropwi se to 75.nmL of ether_and the resulting solid (2.7 g, 80% was
25 collected by filgration. np 1§2-184C. 1 H NVR (CD3CD) d 6.05 (s, 1 H),
WO 02/08187 117 0 6 AN 2@p5 PCT/t501/ 22813 7.&17.35 (m 10H). 13C NWR
(CD30D) d 57.6, 118.3((q)l CF3), 126.7,}127.9, 41, 160.9 (q,
CF3C2H). Step 4. Synth€sis Frnoc=Rpva 1Ay, Oal al |yl

i socyanoacet ate Froc- HNM ( i di ne, Htri roacenl c~dacr® Fnoc-HN 5 0
di chl oromet hane To a sol uti oA of Fnobc-nvar-CHO (EXanple 111, Step 2c)
(5.47 g, 16.90 nmol) in dichl nmet hane (170 m) was added allyl

i socyanoacet at e (Exanpl e

0] O
NJ\/\)\OH
H
e ane
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11, Step 1 b) (2.46 m, 20.28 nmol) and pyridine (5.47 m, 67.610[:!7’“?%i
The 10 reaction mixture was cooled to O C and trifluoroacetic acid{ A @35
m, 33. 80 03$%) was added dropwi se. The reaction was st PEFA§OHI280 C f or

| h, and then at roomtenperature for 48 hours. TLC taken in

et hyl acetate confirnmed the conpletion of the reaction. The reaction

m xture was concentrated and subjected to flash chromatography using 20%
to 70% et hyl acetate in 15 hexanes. Fractions containing the desired
product were pooled and concentrated a white foam (6.88 g, 87.3%.
TLC in 1:1 ethyl acetate/ hexanes showed one spot (Rf = 0.37). NVR p pm
(Cb30D): 7.8 (m 2H), 7.65 (m 2H), 7.4 (m 2H), 7.3 (m 2H, 5.9 (m 1
H, 5.1-5.4 (m 2H), 4.55-4.65 (m 2H), 4.3-4.4 (m 2H), 4.15-4.25 (m 1
H, 401 (s, I H, 3.9-40(m 3H), 1.5201.§(m 2H), 1.35-1.45 (m

3H, 0.9 (m 3H). Step 5. nt hesi s Froc- Ml - (CO) -G y-Cal |yl EDC,

di chl oroacetic acid a dinethyl sul foxi de, tpluen¢ Fnoc- HN WO 02/ 08187 118
06 JAN2005 PCT/USQ /22813 ajzi)uti of Frnpe~nVal - (CHOH) - d y-Cal | yl

(Step 4) (5.01 g, 10.77 mmo i di methyl sul f de (100 m ) and tol uene
(100 nl) was added EDC (2006 ¢ 107. 9 mfHl). THE reaction mi xture was
cooled to O C and dichloroacetic acid (4.44 m, 53.83 mvol) was added
dropwi se. The reaction 5 was stirred for 15 mnutes at 0 C and 1 h at
roomtenpdtature. Water (70 nl) was added at 0 C and the tol uene was
removed under reduced pressure. The remaining residue was diluted with
et hyl acet ate and washed several tines with a saturated sodi um

bi carbonate solution foll owed by I N,,sodium bisulfate and brine. The

organic |layer yas drf over di um sﬂfat ey A
5 A AL T2

=
7
e
pu

10
oV, Vo
U M N s
faTa ¥y o
% I\ '\‘ ’Vi-r‘ L M\Lﬂ H< H,CF;;
NH; CF3 CF, CHsy CH3 OH
g
!
H

One of -P1a and P1b is —H and the other is selecied from:
15



lo filtered and concentrated. The theoretical yield of 4.99 g was @gsgmﬂ
and th%qgﬂ&t@fn was taken to the next step w thout further J 5
purification.- TLC in 1:1 ethyl acetate/ hexanes shows one F&JOYSOi&REs13
0.73). Step 6. Synthesis of Fnopc-nVal-(dpsc)-Ay-0Qallyl
di phenyl net hyl sem car bazi de sodi um acetate, water, ethanol Fnoc-HN ow 15
NH CH(Ph)2 To a solution of Fnoc-nVal-(CO-Ay-QCallyl (step 5) (4.99 g,
10.75 mmol ) in ethanol (130 m) and water (42 m) were added
di phenyl net hyl sem carbazi de (dpsc) to&fluoroacetate salt (Exanple 111,
Step 3b) (7.6 g, 21.5 mml) and sodium acetate -3H20 (1.76 g, 12.9
nmmol ). The reaction 20 m xture was heated at reflux for 90 m nutes. The
conpl etion of reaction was confirmed by thip |ayer chromatography taken
in 1:1 ethylacetate:, .hexane. Ethanol was ré¢noved under reduced pressure
and the remai mpng résidue was dis ved i n~ef hyl acetate ard washed with
1 N sodium bisul fate 2 X 1Q~n), at#rated odi u i caronate (2 x 10
m.) and brine x 10 P5 nlL).| The or fa | ay wasldri ed, i red and
concentrated. Thgyresultdm egl due s purifi by ash t ogr aphy
in 20%to 50% ethyl acetate in WO 02/ 08787 119 0 8 JAN 2005
PCT/ USQ / 22813 hexanes to give a white solid (5.76 g, 78%. TLCin 1:1
et hyl a’cet_g:t,ﬁ_/ hexanes showed two spots (cis and trans isonmers) with Rf =
. 50.

0.42 and Step 7. Synthesis of Fnoc-nVal -(dpsc)-Gy-0OH Fnoc- HN N NH
e gtar
| |
5 H CH,
L
B
10
15
-P2':

20



NH- CH( Ph) 2 di nedone, catal yst tetrahydrofuran NH O NH CH( Ph)2 5 5@63 NYﬂfJS
solution of Fnoc-nVal -(dpsc)-Ay-Callyl (exanple Ill, Step 6)

6.59 mMmoY9 08182t r ahydr of uran (300 m) was added. di medoné’C(fllJSGQﬂ&U 32.97
mol ) followed by tetrakis(triphenyl phosphine) palladi un{0) catal yst (0.76
g, 0.66 mmol ). After 90 minutes the conpletion of the reaction was
confirmed by TLC (9:1 dichloronethane: nethanol). The reaction m xture
was i 0 concentrated and the renmi ning residue was dissolved in

et hyl acetate and washed with 0.1 Mmﬁs& um bi phosphate (3 x 50 rnL).

The organic |layer was then treated h 50 M sodiumbisulfite and the
two phase systemwas stirred for 15 mnutes. The phases were separated
and the procedure was repeated twce m)re The organic |ayer was dried,

filtered and concentrated and 1s subj o flash col umm chromat ography
(20% to 100% et hyl acetate in hexane 9:1 di chl oronet hane: net hanol)
to obtain a white solid(3.99g 94 C|n91d|chlororrethane

met hanol shows two spots (cis an NH2somers). NVR & ppm (CD30D): 7.75
(m 2H), 7.6 (m 3H), 7.2-7.4 (m tl4 6.1-6.2 (m 1 H), 4.25-4.4 (m

2H), 4.1-4.2 (m 2H). 3.85 (s, 2H), 1%18(m202H) 1.3-1.5 (m 2H),
0.95 (t, 3H). Exanple IV. Synthesis of H nVal (dpsc)-d y-Phg-MBHA resin
(St eps 1-2 belo Fm)c HN N 6 AN 2005 WO (12/ 118187 PCT/ Usa /22813 120

/['(NHz %NHZ 3 %nz N %NHQ 5\%
>
o ;(\ [ E OH
§\H NH;, \H NH; 5 N/\n,NH2

Ak

N/\n, NH,

F CF, F
cl F
NH, §\N£ :NH;_. N TR N OV S NN
- H o 0 "0

10

vy
/!

IT=



NHNvV -NHMBHA resin N'If 11 OHNHCH(Ph)2 Step 1. Synthe5|s[h

H Phg- MBHA reS|n H,N5 CbnnerC|aIIy avai l able MBHA resin BfﬁNZWS
mol /g, WOHORHE ) "was transferred to a 250 mL fritted sBEFYSHRSH
reaction vessel equipped with a nitrogen inlet. It was then washed

t horoughly with 30 m portions of 1o dichl oronmethane, nethanol,

di met hyl f ormam de and di chl oronet hane and coupl ed over 18 hours to the
comercially avail abl e Fnoc-Phg-OH (2.17 g, 5.82 mml) according
Procedure A with 99.82%efficiency. Thegresin was then subjected to Fnoc
deprotection according to procedure B. 2 qualitative ninhydrin assay on
a small aliquot gave dark blue resin and solution, 1s indicating a
successful reaction. Step 2. Synthesis of H—nval(dpsc)-(iy-Phg-NBHA resin

WO 02/08187 121 a h)2 0 6 J 085 PCT 1/ 22813 NH-JVBHA
resin The resmotalned tep 1 above (2.6 g, 0.18 nmol /g, @ mol )
was reacted w th Fnoc-n dpsc)-GIx= Exanpl e.Q |, Step 82

|
o1l

mol , 3.77 é

. NH, 5\ NHy 3 A NH, S AL NH NH
: AN S S G

O

O 9 o o

S, NH2 5\ NH2 N NHy $x, A NH; éxxr%
" GRS GRS GRS G

0

0
NH, OH OH ,/©
0
§\N4;Hz S\N NH, §\N/<’,NH2 Q\N/grm-b
H 9o H o H o H 5

UL

~ NH;

N
O

é\xr\mz ﬁ\N/[ ;NHZ S\N,E fNHz '$\N/[ ;NHz é\Nd‘/\NHZ
Rl Hol Hog oD ol

S~ NHy & NH,
D SR |
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5 g) according to Procedure A After 18 hours, quatitative ni nhydri@
analysis indicated 99.91% coupling efficiency. The resin was subj tjéM 2005
to FrocWdgpBdt7ect i on according to procedure B. A qualitBETASONI2AIYdri n
assay on a snall aliquot gave dark blue resin and solution, indicating a
successful reaction. 1o Ill) Solid phase assenbly of representative
Hepatitis C targets: Exanple V. Solid Phase Synthesis of 2 5-difluoro-6
hydr oxycar bonyl phenyl car bonyl - G Chx) - Leu-nVal - CO -G -Ph -NH2 Steps 1-5
below) NH2 is Step 1. Synthesis of Fgﬁg Leu- nVal (dpsc)-d y-Phg- MBHA resin
M O 02/ (8187 122 HZN N v 'NH MBHA r n OH NHCH(Ph)2 1 NH MBHA resin
NH CH(Ph)2 0 6 JAN 2005 PCT/USO /22813 The conpound

H nVal (dpsc)-d y-Phg- MBHA resin (Exanple 1V, Step 2) (1.5 g, 1.12

mmol /g, 1.68 nmol) was transferred to a fritted pol ypropyl ene 5 tube and

was coupled to, N Fnoc according to procedure
A. After 18 h ﬂa%ﬁb?‘f%%&%ﬁq\ﬁ%ﬁa\% g}mg‘%@PgHB%H" h%'r"l ess beads
and solu f

Froc- qu‘?i’ﬂﬁ%@ﬁ?%ﬁgc "ARched Takle 3 were prepagediy 5005 wp 02/ 08187

PCT/ USQ / 2281 #dditionally prepared were compounds as well as their activity data
5 listed in the attached Table 4. Their preparation is described below.

Generat procedures for preparation of compounds in Table 4 on solid support:

Solid-phase synthesis is useful for the production of small amounts of
certain compounds of the present invention. As with the conventional solid-
phase synthesis of peptides, reactors for the solid-phase synthesis of peptidyl

10 ketoamides are comprised of a reactor vessel with at least one surface
permeable to solvent and dissolved reagents, but not-permeable to synthesis
resin of the selected mesh size. Such reactors include glass solid phase

reaction vessels with a sintered glass frit, polypropylene tubes or columns

with frits, or reactor KansT™ made by Irori Inc., San Diego CA. The type of

15 reactor chosen depends on volume of solid-phase resin needed, and different
reactor types might be used at different stages of a synthesis. The following
procedures will be referenced in the subsequent examples: |

Procedure A: Coupling reaction: To the resin suspended in N-
methylpyrrolidine (NMP) (10-15 mL/ gram resin) was added N-Fmoc or N-

20  Boc-amino acid (2 eq), HOAL (2 eq), HATU (2 eq) and diisopropylethylamine
(4 eq). The mixture was let to react for 4-48 hours. The reactants were
drained and the resin was washed successively with dimethylformamide,
dichloromethane, methanol, dichloromethane and diethylether (use 10-15 mL
solvent/ gram resin). The resin was then dried in vacuo.

25 Procedure B: Fmoc deprotection: The Fmoc-protected resin was
treated with 20% piperidine in dimethylformamide (10 mL reagent/ g resin) for
30 minutes. The reagents were drained and the resin was washed
successively with dimethylformamide, dichloromethane, methanol,

dichloromethane and diethyl ether (10 mL solvent/ gram resin).



123 NH- MBHA resin NH CH(Ph)2 NH MBHA resin C NH CH(Ph)2 The resi n g N 2005
obt ai ned. . in_ Exanple V, Step 1 (Fnoc-Leu-nVal (dpsc)-dy- Phg- MBHA rer%i“f\,

1. 68 mmot'$Y %E43¢ubj ected to the Froc deprotection 5 proceduFE3HE28Ydi ng
to Procedure B. Commercially avail able Fnoc-G Chx)- OH (0.956 g, 0.2.52
mmol ) was then coupl ed according to procedure A After 18 hours
quantitative ninhydrin analysis indicated 98% coupling efficiency. Step
3. Synthesis of 2,5-difluoro-6-hydroxycarbonyl phenyl car bonyl - G Chx) -
Leu-nVal (dpsc)-Q y-Phg- MBHA resin 10 Q) 2/ 08187 124 NH-CH(Ph)2 1 OH
NH- CH(Ph)2 0 6 JAN 2005 PCTIUSO 122813 NH MBHA resin NH MBHA resin The
resin obtained in Exanple V, Step 2 (Fnoc-  Chx)-Leu-

nccor ding 10 pr BEGERAWSLT RoRlisRyaier oot SokRIOGWAY TG WaSISHYE. dar k
P e S i SR @Y Mt eind FUCRRISIES 36k BP0l The resi T
3, 6-di f | uomipiteb 41 onl solfvpdi igdem(r83inyo The. réagens! wereadrathiraky the
diisopr Opyrleesgnh%la%%e?s e Oéulcdégsgiivély with dichioromethane, dimethylformamide, 5%
5  diisopropylethylamine in dimethylformamide, dimethylformamide,
dichloromethane and dimethylformamide (10 mL solvent/ gram resin).
| Procedure D: Semicarbazone hydrolysis: The resin was suspended in
the cleavage cocktail (10 mL/ g resin) consisting of triflucroacetic acid: pyruvic
acid: dichloromethane: water 9:2:2:1 for 2 hours. The reactants were drained
10 and the procedure was repeated three more times. The resin was washed
- successively with dichloromethane, water and dichloromethane and dried
under vacuum. _ |
Procedure E: HF cleavage: The dried peptide-nVal(CO)-G-O-PAM
resin (50 mg) was placed in an HF vessel containing a small stir bar. Anisole
15 (10% of total volurme) was added as a scavenger. In the presence of glutamic
acid and cysteine amino acids, thioanisole (10%) and 1,2-ethanedithiol (0.2%)
were also added. The HF vessel was then hooked up to the HF apparatus
(Immuno Dynamics) and the system was flushed with nitrogen for five
minutes. It was then cooled down to -78 °C with a dry ice/ isopropanol bath.
20  After 20 minutes, HF was distilled to the desired volume (10 mL HF/ g resin).
The reaction was let to proceed for 1.5 hours at 0°C. Work up consisted of
removing all the HF using nitrogen. Dichloromethane was then added to the
resin and the mixture was stirred for five minutes. This was followed by the
addition of 20% acetic acid in water {4 mL). Afier stirring for 20 minutes, the
25  resin was filtered using a fritted funnel and the dichloromethane was removed
under reduced pressure. The remaining solution was washed with hexanes
(3x) to remove scavengers. Meanwhile, the resin was soaked in 1 mL
methanol. The aqueous layer (20% HOAc) was added back to the resin and
the mixture was agitated for five minutes and then filiered. The methanol was

30 removed under reduced pressure and the aqueous layer was lyophilized. The



84 rnnol ), and the reaction m xture was shaken for 18 hours at rooqnlg
tenperature. Quantitative ninhydrin analysis indicated 97.8% coupli hg N 2005
ef fici emsy02/Bu%p 4. Synt hesis of PCT/US01/22813

2, 5-di fl uoro-6- hydroxycar bonyl phenyl car bonyl - G Chx) -

Leu-nVal (CO -G y-Phg- MBHA resin WO 02/08187 125 0 6 JAN 2005 PCTTUSQ
/22813 NH MBHA resin NH MBHA resin The conpound of step Exanple V, Step 3
(2,5-difluoro-6-

hydr oxycar bony) phenyt car bonyl - G Chx) - Leu- nVal (dpsc) - @ y- Phg- MBHA resin)
(200 ng) was subjected to sem car bazdht hydrol ysis Procedure D. s Step S
Synt hesi s of 2,5-difluoro-6-hydroxycarbonyl phenyl car bonyl - G Chx) -

Leu-nVal (CO -d y-Phg-NH2 06 JAN2005 WD 112/08 1 8 7 PCT/USQO /22813 126
NH- MBHA peptide M thiee disstivedih Rx26M methar#l €gorftaingngo diof | uor o- 6-

hydr oxycar.pbonyl phenyl car bonyl - § Chx) - Leu- nVal ( CO) - Gy- Phg- MBHA r esi n)
(100 nm) ﬁ\'/@sor QF%“@C%@Q) ard ppritie HV&@‘éﬁféﬁrﬁkﬂliaﬁBg'lPl(@r ocedure E) to yield
the 5 degi . The material was purified by HPLC using a
2.2 X 25m tﬁéé&geoﬁn?g@ﬁeé—cmg%m, containing a CG18 resin conprised of
10 ni cr oExasple igsynmsihcdfea;odmté]k?lsm@nﬂmmem pore size, eluting with
a gradient using 20-50% acetonitrile in water. Analytical HPLC using a
4.6 x 250 mmreverse phase colum, containing a C 18 fesin conprised of

S mcron size gel lo particles with a 300 angstrom parf_spze, eluting
wi th 10-60% acetonitrile in

| 33— o

To a mixture of sodium hydride (20 mmol, 800 mg of 60% in oil,
washed with hexanes) in tetrahydrofuran (30 mL) at 0°C, was added alkylthiol
(20 mmol, R= Ph, R= 1-Napthyl, R= 2-Napthyl, R= PhCH2CH2 or R= Et) over

10 10 min. The cooling bath was removed and stirring was continued for 10 min,

“H

at which time Boc-2S-aminopropionyl lactone (reference: Synthetic
Communications, (1995) 25(16), 2475-2482) (3.74 g, 20 mmol) was added.
An ice bath was used to keep the temperature from exceeding 30°C. The
reaction mixture was stirred at room temperature for 16 h, concentrated and
15 then dissolved in 1M aqueous potassium bisulfate (200 mL) and 1M HCI (40
mL). The mixture was extracted with dichloromethane (2 x 200 mL). The
combined organic layers were dried (sodium sulfate), filtered and
concentrated. The residue was dissolved in water (200 mL.), methanol (30
mL) and potassium carbonate (40 mmol, 5.5 g). Oxone (21 mmol, 13.0 g)
20 was added in portions with cooling to maintain room temperature. The
mixture was stirred for 18 hours and then concentrated in vacuo to remove
the methanol. The solution was acidified with 2M potassium bisulfate (pH=1)
then extracted with ethyl acetate (2 x 100 mL). The combined organic layers
were dried (sodium sulfate), filtered and concentrated. Purification was

25 performed using reverse-phase HPLC. After purification the product was



water (containing 0.1 %¢trifluoroacetic acid) showed one peak at
m nutes. _Low resol ution mass spectrum confirned the desired mass

RN 2005

771.5). WEEMBI Vi, Solid Phase Synthesis of PCT/US01/22813

| Boc- §(Chx)-Cys((02)Et)-nVal - (CO-Ady-Phg-NH2 (Steps 1-5 bel ow) WO

02/ 08187 127 0 6 JAN 2005 PCT/U SO 1 /22813 NH2 Step 1. Synthesis of
Frmoc- Cys((02) Et)-nVal (dpsc)-A y-Phg-MBHA resin HZN NH O NH-CH(Ph)2 9 o

SHHO NNHMHATresinl| H O-( NHCHPh)2 5 0 NHMBHA resin The

conpound H nVal (dpsc) - G y- Phg- MBHA resj, (Exanple |V, Step

further purified by acid base extraction to remove de-bocylated material and
then stored as the diisopropylethyl ammonium salt to prevent further
decomposition (loss of Boc group).

Example lI. Synthesis of 2-{1-methylethyl)-7-methyl-oct-4-enoic acid:

0
J\/\/ILOH
5

The above intermediate was synthesized according to the published
procedure (Wuts, P. G. M,; Ritter, A. R.; Pruitt, L. E. J. Org. Chem. (1992) 57,
6696-6700).

Example Hli. Synthesis of Fmoc-nV-(dpsc)-Gly-OH (Steps 1-7 below)

0
OH
Fmoc—HN/ﬁ)LH/\([)r
"

NH-CH(Ph),

10

Step 1. Synthesis of allyl isocyanoacetate (steps a-b below)

a) Synthesis of isocyanoacetic acid potassium salit:

o)
15 CN ot T > CN\/E‘o— K+

Ethyl isocyanoacetate (96.6 ml, 0.88 mol) was added dropwise to a
chilled solution of ethanol (1.5 L) and potassium hydroxide (59.52 g, 1.0 mol).
The reaction was slowly warmed to room temperature. After two hours the

20 precipitated product was collected by filtration and washed with several



2) ( 0.17 g, 0.8 mol/g, 0.19 mvl) was transferred to a fritted 06 A
pol ypropyl ene tube and was coupled to Boc-Cys((02)Et)-0OH (Exanpl e lf)J YHU@%
my, O0.3%O0 W7 according to procedure A. After 18 hour sPCHUESAVIBHY i ve

ni nhydrin to analysis showed the coupling was 99. 98% conpl ete. WD 02/ 08187
128 06 JAN 2005 PCTJUS01J22813 Step 2. Synthesis of

Frmoc- ( Chx) - Cys((02) Et) - nVal (dpsc)-d y-Phg-MBHA resin a NH-MBHA resin O
NH O4NH CH(Ph)2 NH- MBHA resin NH O=M NHCH(Ph)2 5 The resin obtained
in the previous step (Exanple VI, Ste@ 1) (Boc

Cys((02)Et)-nVal (dpsc)-d y-Phg- MBHA r n, 0.19 mol) was subjected to

t he Boc deprotection procedure according to Procedure C. Fnoc- G Chx)-OH
(0.170 g, 0.45 mmol) was then coupled according to procedure A After 18
hour s quapnrtioas Pleniedeyhrial. dhelpatassiimdatbofdso@@no2eetimagidithgs
efficiency., lo Step 3. ,Synthesjs of .

i Boc- G Cr3gtatpd W2y gfied ‘é?%lﬂfbt%? geldenphpvisiplid (9999:90968%AN 2005 WO

02108187 PCT/ Us) 3yrkRé& 3 allyl isocyanoacetate:

CN\J\O —_ cu\j\
5 - K+ > Oallyl

To the product of part a (99.92 g, 0.81 mol) dissolved in acetonitrile

(810 ml) was added allyl bromide {92 mi, 1.05 mol). After heating at reflux for
four hours a dark brown solution was obtained. The reaction mixture was

10 concentrated and the remaining residue was dissolved in ether (1.5 L} and
washed with water (3 x 500 ml). The organic layer was dried, filtered and
concentrated to a dark brown syrup. The crude was purified by vacuum
distillation at 7 mm Hg (98°C) to a clear oil (78.92 g, 78%). NMR ppm
(CDCI3): 5.9 {m, 1 H), 5.3 (m, 2H), 4.7 (d, 2H), 4.25 (s, 2H).

15 Step 2. Synthesis of 9-fluorenylmethoxycarbonyl-norvalinal (steps a-c below)

Fmoc-HN

a) Synthesis of 9-fluorenylmethoxycarbonyl-L-norvaline methyi ester
20 (Fmoc-nVal-OMe):

Emoc-HN H Fmoc-HN ~



129 NH MBHA resin NH CH(Ph)2 The resin obtained in the previous stgep
(Exanple VI, Step 2) (Fmoc- G Chx)-Cys((Q2)Et)-nVal (dpsc)-G y- Phg-@BrW 2005
resin) Wi 0&l#Sécted to Fnoc 5 deprotection according to RFGbEdGRE3B. A
ni nhydrin assay on a small aliquot gave dark blue resin and sol ution,

I ndi cating a successful reaction. To the resin (170 ng, 0.19 nmol)
suspended in 1 m NWMP was added isobutyl chloroformate (0.06 nL ngy, O0.45
nmol ) foll owed by diisopropylethylamne (0.16 m, 0.90 mml), and the
reaction m xture was shaken for 18 hoir% at 10 roomtenperature.
Quantitative ninhydrin analysis indic i] d 99.35% coupling efficiency.
Step 4. Synthesis of iBoc-@ Chx)-Cys((02)Et)-nVal (CO-dy-Phg-MBHA resin
WO 02/ 08187 130 N NH-CH(Ph)2 0 6 JAN 2005 PCT/USO /22813 NH M HA resin
NH M . 3HA resi f oraghilechselutionosf theeoprreeiclly ataipblet BmotHExaoplaéinyl, Step

] oot ed Y 4. LR ANRAIPES Fietianel GABa b wes BcBeahian D) nt hosi <
of 1 Boo- GeurieQES(IOM E137.5 Wakbfihe Poki R M2 Oneth e 1o 47! 08187

PCTI USQJ/ 22813 131 NH MBHAresin N
hour later confirmed the completion of the reaction (Rf = 0.85). The reaction

5 mixture was concentrated and the remaining residue was dissolved in
ethylacetate. The organic layer was washed with saturated sodium
bicarbonate (3 x 200 mi) followed by brine (200 mi). The organic layer was
dried, filtered and concentrated to afford Fmoc-norVal-OMe as a white solid
(26.03 g) in quantitative yield. NMR ppm (CD30D): 7.7 (m, 2H), 7.6 (m,

10 2H), 7.4 (m, 2H), 7.3 (m, 2H), 4.3 (m, 2H), 4.1 (m, 2H), 3.7 (s, 3H), 1.7 (m,
1H}, 1.6 (m, 1H), 1.4 (m, 2H), 0.95 (t, 3H).
b} Synthesis of 9-flucrenylmethoxycarbonyl-norvalinol (Fmoc-nValinol):

—_— OH
Fmoc-HN SN Fmoc—HNJi

15 To Fmoc-nVal-OMe (26.03 g, 73.75 mmol) in tetrahydrofuran (123 ml)
and methanol (246 ml) was added calcium chloride (16.37 g, 147.49 mmol).
The reaction mixture was cooled to 0°C and sodium borohydride (11.16 g,
294.98 mmol} was added in several batches. To the thick paste obtained 500
ml methanol was added and the reaction was let to stir at room temperature

20  for 90 minutes. TLC in 2:3 ethytacetate: hexane confirmed the completion of
the reaction (Rf = 0.25). The reaction was quenched with the slow addition of
100 mi water at 0 C. The methanol was removed under reduced pressure
and the remaining aqueous phase was diluted with ethylacetate. The organic
léyer was washed with water (3 x 500 ml), saturated sodium bicarbonate (3 x

25 500 ml) and brine (500 mi). The organic layer was dried over sodium sulfate
and concentrated to a white solid (21.70 g, 90.5%). NMR  ppm (CD30CD):



The resin of the previous step (Exanple VI, Step 4) (iBoc-J Chx) -
Cys((02)Et)-nVal (CO -d y-Phg-MBHA resin) (170 ng) was subjected tcp %#AN?H%
cl eavagev@BHM$1BT on (Procedure E) to yield the desired cr ¥g8/odss:. The
5 material was purified by HPLC using a 2.2 x 25 cmreverse phase col um,
containing a CG18 resin conprised of 10 mcron size gel particles with a
300 angstrom pore size, eluting wth a gradi ent using 20-50%
acetonitrile in water. Analytical HPLC using a 4.6 x 250 mmreverse
phase colum, containing a C 18 resi n gorrprl sed of 5 mcron size gel
particles W|th a 300 angstrom pore to 13 eluting with 10-60%
acetonitrile in water (containing 0.1 %trifluoroacetic acid) showed one
peak at 16.94 m nutes. Low resolution nass spectrum confirmed the

desired nmdss (VeH),787.(F), 2Hasmy(nﬁ qu)Ha\zs RnoRIpSE3 Ut (B EBif)y4B P, Vi ty:
ectrop otonetric assgi/_Bf or the H serl ne 15

Spect h
plrogfe;gg \C}%gng@r ﬁoﬂés ér‘(st B).i a0 ém 18 térié i SHIY0.881 (Mvithhy t he

(1055) " 26. 275) STRLTERT EIRPRrRImEho RO U B R MR Yot oy

referenceCHDg assay based on the proteol ysis of chroanenlc ester
substrates is suitable for 0 6 JAN 2005 WO 02/08187 PCT/ US01122813 132
t he continuous nonitoring of HCV N3 protease activity. The substrates
were derived fromthe P side of e NS5A- NS5B j unction sequence (Ac-
DTEDVVX(Nva), where X = A or osg pC-teryinal ca b04¥I groups were
esterified with one of fouFmd:ﬂN r chr onoFheeiHN"a hols (3- or
4-nitregphenol, s 7-hydroxy-4-nethyl-coumarin, or 4-phgnylazophenol).
Presented bel ow are the synthesis, characterization and application of
these novel spectrophotonetric ester substrates to high throughput

o bi tors. Natgrs sPRtoRPIENEB BTG, Rl Teients for
assay r el digtdofomidtanae (@68 mipwvas added triethylamine (37.23 ml, 267 mmol) and
the solution was cooled to 0°C. A suspension of pyriaine sulfur trioxide
10 complex (42.51 g, 267 mmol) in dimethylsulfoxide (96 ml) was added to the
chilled solution. After one hour, TLC in 2:3 ethylacetate: hexanes confirmed
the completion of the reaction. The dichloromethane was removed under
reduced pressure and the remaining residue was dissolved in ethylacetate
and washed with water (2 x 50 ml), 1N saturated sodium bisulfate (2 x 50 ml),
15 saturated sodium bicarbonate (2 x 50 ml) and brine (50 ml). The organic
layer was concentrated to yield a white solid. Theoretical yield (21.57 g) was
assumed and the reaction was taken to the next step without further
purification.
Step 3. Synthesis of diphenylmethyl semicarbazide (dpsc) trifluoroacetate
20  salt (steps a-b below)

a) Synthesis of Boc-semicarbazid-4-yl diphenylmethane
1,4 00
tBuO’u\N’NYN
e



from Si gnma Chem cal Conpany (St. Louis, Mssouri): Reagents for pq}o_xi,ﬁlﬁz
synt hesi@ Wl S el F Om Al drich Chem cal s, Novabi ochem (San Di ego, v AN 2003
Cali formt )"?"8I&0p1 i ed Biosystems (Foster City, Californi iCHH®IE$Sept i ve
Bi osystens (Fram ngham Massachusetts). Peptides were synthesized

manual |y or on an 15 automated ABI nodel 431A synthesizer (from Applied

Bi osystens). UV VIS Spectroneter nodel LAVBDA 12 was from Perkin El nmer
(Norwal k, Connecticut) and 96-well UV plates were obtained from Com ng
(Corning, New York). The prewarm ng hygck was from USA Scientific

(Ccala, Florida) and the 96-well plate vortexer was from Labline

I nstrunents (Melrose Park, 20 Illinois). A Spectramax Plus mcrotiter

| at d it h h t s . ,obtained f Mol I Devi
(Sunnyval e, CallPAPRIPN Bl BHHRERIESAS ZacbABimaled imet er odi e i c
HCV NS3/ Ng#he i i ' h d
publ i shed p{rJ S%gﬁ%@gimgj IS‘ F{Zrih@avﬁ?éégﬂ@g?%rgﬁi@ S‘ﬁg tgﬁF@Jﬁ&g%ri)ﬂg r(gg% ures
3392- 34018 trapt) ik dito tramiden2s Ab di i [ dd
met hod usp. re on&i ?ant et%w%a nr1ot ease stgndg?ggﬁp%i%ﬁ@ﬁaggﬁ{ ?fi eéeby
am no aci W@Tﬁﬂy@?? Yigsnngy o'g) 8544 mphwassadded nexteovardpnmirattes. age
buf f 5 ' t NaCl , 1Q% gl |, 0.05%
Paury1 ol Foor vt o8 SAEREEE Rfiafrdbuy g luREEr one had-Yraer o (26
mM NOPS philg véias Sddedrihdialid mistid¥e W6stNceRREted® SRS ER mPGHAdS01/ 22813

133 ¢l ycer%od , 8 05% | auryl. maltoside, 5 pMEDTA and 5 pM DIT) utilizing a
Bi orad BIUSEAPESYIE: g REWtIER WRfPOBEDSDicawvatedy( HO esli Jsarahd

Puri fi cat hom. ; i t ted by R
Zhang ot Sﬁ?‘if@?ﬁé@&ﬁéﬁ%ﬁﬁ (dompY o, Bl tackiRe phode sriee wabREE 1 o
2-chl t with YN EXDI ¢2 ixd&5 méd) H20s{ t ly; t al,
o hent brot G ! H2OHZIGTE L R RER ol Gl bicdtpondRT0S o 2
subse%en?&b‘f'%éﬁtﬂ%’d’“@Qﬁrﬁ@dﬁm@h&f@ﬁ(th y5 reli) bed dredusithy or on an

aut omati CraheSRATbufit. PREThIRIrE XM Witré8 and the et yhated and fully
concentrated to give 29.5 g (85% vyield) of a white foam. This material could
be purified by recrystaliization from ethyl acetate/hexane, but was pure
enough to use directly in the next step: mp 142-143°C. 1H NMR (CDCI3) d
15 1.45(s, 9H), 6.10 (dd, 2H), 6.42 (s, 1H), 6.67 (bs, iH), 7.21-7.31 (m, 10H).
Analytical calculated for C19H23N303: C, 66.84; H, 6.79; N, 12.31. Found: C,
66.46; H, 6.75; N; 12.90.

b) Synthesis of diphenylmethyl semicarbazide (dpsc) trifluoroacetate
salt

H H O
TFA-HZN’N\"’N
0
20 O
A solution of Boc-semicarbazid-4-y! diphenylmethane (3.43 g, 10
mmol) in dichloromethane (12.5 ml}) was treated with trifluoroacetic acid (12.5

ml) at room temperature and allowed to stir for 30 min. The solution was

added dropwise to 75 mL of ether and the resulting solid (2.7 g, 80%) was
25 collected by filtration. mp 182-184°C. TH NMR (CD30D)d 6.05 (s, 1H),



protected peptide fragments were cleaved fromthe resin either bMﬁ%
acetic lo acid (HOAc) and 10%trifl uoroethanol (TFE) in dichloro 5{%%2005
(DcN) FOBI3IFA n, or by 2% trifluoroacetic acid (TFA) i RCDESVFBBII0 ni n.
The conbined filtrate and DCM wash was evaporated azeotropically (or
repeatedly extracted by aqueous Na2CO3 solution) to renove the acid used
in cleavage. The DCM phase was dried over Na2SO4 and evaporated. ]S The
ester substrates were assenbl ed using standard aci d-al cohol coupling
procedures (K. Hol nber et al, Acta Chﬁ? Scand., B33 (1979) 410- 412).
Peptide fragnents were dissolved in anhydrous pyridine (30-60 ng/m) to
whi ch 10 nol ar equi val ents of chronophore and a catal ytic anmount (0.1
eq.) of pars-toluenesulfonic acid (pTSA) were added. 20

Di cycl ohekyleaBbddi,i tiHie 1 6OMMMR3(@D3PDMas SacﬁjadBt.S)(q,rGF:%)@tl2617*3&2\3@%' ing
reactions, Product formation was nonitored by HPLC and tound to be

conpl ete 141-BolbRP. 180D (hehr3E@athi on at room tenperature. Pyridine
solvent was e orated under_ vacuum and further renoved by azeotropic
evaporati on wi %ﬁ’p &E&H@.esfh‘éf %’@BFT%"&@HQ‘*M@&"@@B)’IM ected with 95% TFA
in 25 DCM for two hours and extracted three tinmes wth anhydrous et hyl
ether to renove excess chronophore. The deprotected substrate was
purified by reverged phase HPLC on a C3 or C8 colu with a 30%to 60%
acetonitrile gr ent (using six colum volunes). The overall yield

foll owi ng HPLC buri fi caalyldspcyansa oxi mgt el y 20- QThe nol ecul ar nass
was conf ¢edy (4208188, Ak (nbrolliR0 Ll . [ ospr ay
i oni zati on nmass spectr osgemiromdignesSubstrates were st@readin!ll dry powder
form under desiccation. Spectra of Substrates and Pr ucts:OSpectra of
substrates and the correspondi ng chronophore products were obtained in

the pH 6.5 assay 5 buffer. Extinction coefficients were determ ned at
the optimal of Togegq(luhon of Fmoc-nVal-CHO (Example lii, Step 2c¢) (5.47 g, 16.90

mmol) in dichloromethane (170 ml) was added allyl isocyanoacetate (Example
i, Step 1b} (2.46 ml, 20.28 mmol) and pyridine (5.47 ml, 67.61 mmol). The

10 reaction mixture was cooled to 0 C and trifluoroacetic acid (3.38 m!, 33.80

mmol) was added dropwise. The reaction was stirred at 0 C for 1h, and then
at room temperature for 48 hours. TLC taken in ethylacetate confirmed the
completion of the reaction. The reaction mixture was concentrated and
subjected to flash chromatography using 20% to 70% ethylacetate in
15 hexanes. Fractions containing the desired product were pooled and
concentrated to a white foam (6.88 g, 87.3%). TLC in 1:1 ethylacetate/
hexanes showed one spot (Rf=0.37). NMR  ppm (CD30D): 7.8 (m, 2H),
7.65 (m, 2H), 7.4 (m, 2H), 7.3 {m, 2H), 5.9 (m, 1H), 5.1-5.4 (m, 2H), 4.55-4.65
(m, 2H), 4.3-4.4 (m, 2H), 4.15-4.25 (m, 1H), 4.01 (s, 1H), 3.9-4.0 (m, 3H), 1.5-
20 1.6 (m, 2H), 1.35-1.45 (m, 3H), 0.9 (m, 3H).
Step 5. Synthesis of Fmoc-nVai-(CO)-Gly-Oallyl

O

EDC, dichloroacetic acid 0
Fmoc-HN N X > Fmoc-HN N TS
on M dimethylsulfoxide, ipluene H




wavel ength in 1-cm cuvettes (340 nmfor 3-Np and HMC, 370 nmfor PDAEJ?W{]U
400 nm f h%\;@@)’ using multiple dilutions. The opti nal off_ﬁp ) 5
wavel eng}? defined as that wavel ength yiel ding the rexd/helh?2813
fractional difference in absorbance between substrate and product
(product OD - substrate |10 OD)/substrate OD). Protease Assay: HCV

prot ease assays were perforned. at 30C using a 200 pl reaction mx in a
96-wel |l mcrotiter plate. Assay buffer conditions (25 mM MOPS pH 6.5,
300 mM NaCl, 10% gl ycerol, O. 05%Iaur‘1\;1 mal toside, 5 pM EDTA and 5 M
DTT) were optim zed for the NS3/ NS4A gterodi mer (D. L. 15 Sali et a!,
ibid.)). Typically, 150 | mxtures of buffer, substrate and inhibitor
were placed in _wells (final concentration of DVSO 4 %v/v) and allowed to
prei ncubate atT3@ ©laten appmoctniald i GH prGhyHCelyl Etépyl)pjﬁ;mqj 16 &nar ned

P%Sf;t: on Miihi aistsuSRtet Oy i, et thﬁiOﬂiﬂH?W@ﬁ S
of Lhe asza5 301069 Mt e 163 dctrengnag% oAt anaﬁge appr opr i at e

wavel engt 0 nm for Np an 00 nmfor

4- Np) usidighlerommdict acidnid.48Imis Sm%rmmd!pwaslmfﬁedrdeaﬁwrseeq’hbpeedioﬁth a
rmnochrorretereﬁéa%&g%abl e results cap be obtained wth plate readers

that dtilV9es imipetes)at Oy Grang Y At repradomperatire. nd/ader 610 | i nkage
bet ween t,hﬁ WiYL38844 Lee ?éa?]'artﬂg‘?{ﬂ bg wWas éoo’ﬂﬁéj%fffteﬂéﬁg%appr opriate

wavel engt h’agai nst “a no enzynme b as a co nzymati c

hydr ol ysipressine. elise tmhamhwgﬁes:dudﬁw‘as Ailetdd with Ie e?tﬁﬁztﬁcﬁw&@ﬁe@er f or med
over a 30-fol d substrate concentration range (-6-20 . Initial

vel oci t i 3eVRERIdIrREs With; fh§ét%ti9ﬁg‘50d!ufﬁ@&arb@@@@ﬁ'@mmMDWBdém Wconstant s

Usi no. non(rfsoicibiR® el Th ol ByehMy i biroRiin sT8E. 6 S a
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Step 6. Synthesis of Fmoc-nVal-(dpsc)-Gly-Oallyl

0
diphenylmethylsemicarbazide
me'”'“)fg)\ﬁ/\go\/\\\\ soZiumyaceta:e, water, ethanol 0N | ﬁ/\(f)rO\/\
H
15 o=2r:|+cmph)2
To a solution of Fmoc-nVal-(CO)-Gly-Oallyl (step 5) (4.99 g, 10.75

mmol) in ethanol (130 ml) and water (42 mi) were added diphenylmethyl
semicarbazide (dpsc) trifluorcacetate salt (Example 1], Step 3b) (7.6 g, 21.5
mmot) and sodium acetate <3H20 (1.76 g, 12.9 mmo!). The reaction

20 mixture was heated at refiux for 80 minutes. The completion of reaction
was confirmed by thin layer chromatography taken in 1:1 ethylacetate:
hexane. Ethanol was removed under reduced pressure and the remaining
residue was dissloved in ethylacetate and washed with 1N sodium bisulfate
(2 x 10 mL), saturated sodium bicarbonate (2 x 10 mL) and brine (2 x 10

25 mL). The organic layer was dried, filtered and concentrated. The resulting

residue was purified by flash chromatography in 20% to 50% ethylacetate in
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3 To a solution of Fmoc-nVal-(dpsc)-Gly-Oallyl (example 1il, Step 6) (4.53
g, 6.59 mmol) in tetrahydrofuran (300 ml) was added dimedone (4.62 g, 32.97
mmol) followed by tetrakis(triphenylphosphine) palladium(0) catalyst (0.76 g,
0.66 mmol). After 90 minutes the completion of the reaction was confirmed by
TLC (9:1 dichloromethane: methanol). The reaction mixture was

10 concentrated and the remaining residue was dissolved in ethylacetate and
washed with 0.1M potassium biphosphate (3 x 50 mi). The organic layer was
then treated with 50 ml sodium bisulfite and the two phase system was stirred
for 15 minutes. The phases were separated and the procedure was repeated
twice more. The organic layer was dried, filtered and concentrated and

15 subjected to flash column chromatography (20% to 100% ethylacetate in
hexanes, then 9:1 dichloromethane: methanol) to obtain a white solid (3.99 g,
94%). TLC in 9:1 dichloromethane: methanol shows two spots (cis and trans
isomers). NMR & ppm (CD30DY): 7.75 {(m, 2H), 7.6 (m, 3H), 7.2-7.4 (m, 14H),
6.1-6.2 (m, 1H), 4.25-4.4 (m, 2H), 4.1-4.2 (m, 2H), 3.85 (s, 2H), 1.6-1.8 (m,

20 2H), 1.3-1.5 (m, 2H), 0.95 (t, 3H).

Example IV. Synthesis of H-nVal(dpsc)-Gly-Phg-MBHA resin (Steps 1-2

below)
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Step 1. Synthesis H-Phg-MBHA resin

Commercially available MBHA resin (2.6 g, 1.12 mmol/g, 2.91 mmol)

was transferred to a 250 mi. fritted solid phase reaction vesse! equipped with
a nitrogen inlet. It was then washed thoroughly with 30 mi portions of

10 dichloromethane, methanol, dimethylformamide and dichloromethane and
coupled over 18 hours to the commercially available Fmoc-Phg-OH (2.17 g,
5.82 mmol) according Procedure A with 98.82% efficiency. The resin was
then subjected to Fmoc deprotection according to procedure B. A qualitative
ninhydrin assay on a small aliquot gaVe dark biue resin and solution,

15 indicating a successful reaction. ‘
Step 2. Synthesis of H-nVal{dpsc)-Gly-Phg-MBHA resin
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The resin obtained in step 1 above (2.6 g, 0.8 mmol/g, 2.91 mmol) was
reacted with Fmoc-nVal-(dpsc)-Gly-OH Example 1!, Step 7) (5.82 mmol, 3.77
5 g)according to Procedure A. After 18 hours, quatitative ninhydrin analysis
indicated 89.91% coupling efficiency. The resin was subjected to Fmoc
deprotection according to procedure B. A qualitative ninhydrin assay on a
small aliquot gave dark blue resin and solution, indicating a successful
reaction.

10 1) Solid phase assembly of representative Hepatitis C targets:

Example V. Solid Phase Synthesis of 2,5-difluoro-6-
hydroxycarbonyiphenylcarbonyl-G{Chx}-Leu-nVal-(C0O)-Gly-Phg-NH2

(Steps 1-5 below)

15 Step 1. Synthesis of Fmoc-Leu-nVal(dpsc)-Gly-Phg-MBHA resin
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The compound H-nVal(dpsc)-Gly-Phg-MBHA resin (Example 1V, Step
2) (1.5 g, 1.12 mmol/g, 1.68 mmol) was transferred to a fritted polypropylene
5 tube and was coupled to N-Fmoc-Leu-OH (890 mg, 2.52 mmo!) according fo
procedure A. After 18 hours, qualitative ninhydrin analysis showed colorless
beads and solution.
Step 2. Synthesis of Fmoc-G(Chx)-Leu-nVal{dpsc)-Gly-Phg-MBHA resin
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The resin obtained in Example V, Step 1 (Fmoc;Leu-nVal(dpsc)-GIy-

Phg-MBHA resin, 1.68 mmoi) was subjected to the Fmoc deprotection

5  procedure according to Procedure B. Commercially available Fmoc-G{Chx)-
OH (0.956 g, 0.2.52 mmol} was then coupled according to procedure A. After
18 hours quantitative ninhydrin analysis indicated 98% coupling efficiency.
Step 3. Synthesis of 2,5-diflucro-6-hydroxycarbonylphenylcarbonyl-G(Chx)-
Leu-nVal{dpsc)-Gly-Phg-MBHA resin

10
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The resin obtained in Example V, Step 2 (Fmoc-G(Chx)-Leu-

nVal(dpsc)-Gly-Phg-MBHA resin) was subjected to Fmoc deprotection

5 according to procedure B. A ninhydrin assay on a small aliquot gave dark blue
resin and solution, indicating a successful reaction. To the resin {150 mg,
0.168 mmol) suspended in 1 ml NMP was added 3,6-difluorophthalic
anhydride (91 mg, 0.42 mmol) followed by diisopropylethylamine (0.146 mi,
84 mmol), and the reaction mixture was shaken for 18 hours at room

10 temperature. Quantitative ninhydrin analysis indicated 97.8% coupling
efficiency.
Step 4. Synthesis of 2,5-difluoro-6-hydroxycarbonylphenylcarbonyl-G(Chx)-
Leu-nVal(CO}-Gly-Phg-MBHA resin
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The compound of step Example V, Step 3 (2,5-difluoro-6-

hydroxycarbonylphenylcarbonyl-G(Chx)-Leu-nVal(dpsc)-Gly-Phg-MBHA

resin} (200 mg) was subjected to semicarbazone hydrolysis Procedure D.

NH-MBHA resin

o

5  Step 5. Synthesis of 2,5-difluoro-8-hydroxycarbonylphenylcarbonyl-G(Chx)-

Leu-nVal{CO)-Gly-Phg-NH>
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The resin of Example V, Step 4 (2,5-difluoro-6-
hydroxycarbonylphenylcarbony!-G(Chx)-Leu-nVal(CO)-Gly-Phg-MBHA resin)
(100 mg) was subjected to HF cleavage condition (Procedure E) to yield the

NH-MBHA resin

l"ll

5 desired crude product. The material was purified by HPLC using a 2.2 x 25
cm reverse phase column, containing a C-18 resin comprised of 10 micron
size gel particles with a 300 angstrom pore size, eluting with a gradient using
20-50% acetonitrile in water. Analytical HPL.C using a 4.6 x 250 mm reverse
phase column, containing a C-18 resin comprised of 5 micron size gel

10 particles with a 300 angstrom pore size, eluting with 10-60% acetonitrile in
water (containing 0.1% trifluoroacetic acid) showed one peak at 17.2 minutes.
Low resolution mass spectrum confirmed the desired mass (MH" 771.5).
Example VI. Solid Phase Synthesis of iBoc-Gthx)-Cvs((OZ)Et)-nVaI-
{CO)-Gly-Phg-NH2 (Steps 1-5 below}
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Step 1. Synthesis of Fmoc-Cys((O2)Et)-nVal(dpsc)-Gly-Phg-MBHA resin

o

0
H
N
HoN H’\g/ \/lLNH-MBHA resin

w QO

NH-CH(Ph)z

Lk
N A
07 N E/\g)r NH-MBHA resin
I

NH

NH-CH({FPh)2

The compound H-nVal(dpsc)-Gly-Phg-MBHA resin (Example IV, Step
2){0.17 g, 0.8 mmol/g, 0.19 mmol) was transferred to a fritted polypropylene
tube and was coupled to Boc-Cys({O2)Et)-OH (Example 1) (160 rng, 0.38
mmol) according to procedure A. After 18 hours, guantitative ninhydrin

10  analysis showed the coupling was 99.98% complete,
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Step 2. Synthesis of Fmop-G(Chx)—Cys((02)Et)-nVal(dpsc)-GIy—Phg-MBHA
resin

O

(IR L}
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NH-MBHA resin

N g/jg“
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NH-CH(Ph)2

o-s——
Fmoc-HN I'
H’\g’ NH-MBHA resin

NH-CH(Ph)2
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5 The resin obtained in the previous step (Example VI, Step 1) (Boc-
Cys((O2)Et)-nVal(dpsc)-Gly-Phg-MBHA resin, 0.19 mmol) was subjected to
the Boc deprotection procedure according to Procedure C. Fmoc-G{Chx)-OH
(0.170 g, 0.45 mmol) was then coupled according to procedure A. After 18
hours quantitative ninhydrin analysis indicated 99.92% coupling efficiency.

10  Step 3. Synthesis of iBoc-G(Chx)-Cys(02)Et)-nVal(dpsc)-Gly-Phg-MBHA
resin
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The resin obtained in the previous step (Example VI, Step 2) (Fmoc-
G(Chx)-Cys((O2)Et)}-nVal{dpsc)-Gly-Phg-MBHA resin) was subjected to Fmoc
5 deprotection according to procedure B. A ninhydrin assay on a small aliquot
gave dark blue resin and solution, indicating a successful reaction. To the
resin (170 mg, 0.19 mmol) suspended in 1 ml NMP was added isobuty!
chloroformate (0.06 mL mg, 0.45 mmol} followed by diisopropylethylamine
(0.16 ml, .80 mmol), and the reaction mixture was shaken for 18 hours at
10 room temperature. Quantitative ninhydrin analysis indicated 99.35% coupling
efficiency.
Step 4. Synthesis of iBoc-G(Chx)-Cys((02)Et)-nVal(CO)-Gly-Phg-MBHA resin
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The compound of the previous step step (Example VI, Step 3) iBoc-
G{Chx)-Cys(O2)Et}-nVal(dpsc)-Giy-Phg-MBHA resin (170 mg) was subjected
to semicarbazone hydrolysis Procedure D.
5  Step 5. Synthesis of iBoc-G(Chx}-Cys({O2)Et)-nVal(CO)-Gly-Phg-NH,
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The resin of the previous step (Example V!, Step 4) (iBoc-G(Chx)-
Cys((O2)Et)-nVal{CO)-Gly-Phg-MBHA resin) (1 ?D'mg) was subjected to HF
Cleavage condition (Procedure E) to yield the desired crude product. The

5 material was purified by HPLC using a 2.2 x 25 cm reverse phase column,

containing a C-18 resin comprised of 10 micron size gel particles with a 300

4 angstrom pore size, eluting with a gradient using 20-50% acetonitrile in water.
Analytical HPLC using a 4.6 x 250 mm reverse phase column, containing a C-
18 resin comprised of 5 micron size gel particles with a 300 angstrom pore

10 size, eluting with 10-60% acetonitrile in water (containing 0.1% triflucroacetic

acid) showed one peak at 16.94 minutes. Low resolution mass spectrum
confirmed the desired mass (MH" 737.5).
Assay for HCV Protease Inhibitory Activity:

Spectrophotometric Assay: Spectrophotometric assay for the HCV serine

15 protease was performed on the inventive compounds by following the
procedure described by R. Zhang et af, 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
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the continuous monitoring of HCV NS3 protease activity. The substrates were
derived from the P side of the NS5A-NS5B junction sequence (Ac-
DTEDVVX(Nva), where X = A or P) whose C-terminal carboxyl groups were
esterified with one of four different chromophoric alcohols (3- or 4-nitrophenol,
7-hydroxy-4-methyl-coumarin, or 4-phenylazophenol). Presented below are
the synthesis, characterization and application of these novel
spectrophotometric ester substrates to high throughput screening and detailed
kinetic evaluation of HCV NS3 protease inhibitors.

Materials and Methods:

Materials: Chemical reagents for assay related buffers were obtained
from Sigma Chemical Company (St. Louis, Missouri). Reagents for peptide
synthesis were from Aldrich Chemicals, Novabiochem (San Diego, California),
Applied Biosystems (Foster City, California) and Perseptive Biosystems
(Framingham, Massachusetts). Peptides were synthesized manually or on an
automated ABI model 431A synthesizer (from Applied Biosystems). UV/VIS
Spectrometer model LAMBDA 12 was from Perkin Elmer (Norwalk,
Connecticut) and 96-well UV plates were obtained from Coming (Corning,
New York). The prewarming block was from USA Scientific (Ocala, Florida)
and the 96-well plate vortexer was from Labline Instruments (Melrose Park,
inois). 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 (26 mM MOPS pH 6.5, 300 mM NaCl, 10%
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glycerol, 0.05% lauryl maitoside, 5 yM EDTA and 5 uM DTT) utilizing a Biorad
Bio-Spin P-6 prepacked column.

Substrate Synthesis and Purification: The synthesis of the substrates was
done as reported by R. Zhang et a/, (ibid.) and was initiated by anchoring
Fmoc-Nva-OH to 2-chlorotrityl chioride resin using a standard protocol (K.
Barlos et al, Int. J. Pept. Protein Res., 37 (1991), 513-520). The peptides were
subsequently assembled, using Fmoc chemistry, either manually or on an
automatic ABI model 431 peptide synthesizer. The N-acetylated and fully

protected peptide fragments were cleaved from the resin either by 10% acetic
acid (HOAc) and 10% trifluoroethanol (TFE) in dichloromethane (DCM) for 30
min, or by 2% trifluoroacetic acid (TFA) in DCM for 10 min. The combined
filtrate and DCM wash was evaporated azeotropically (or repeatedly extracted
by aqueous Na,COQj solution) to remove the acid used in cleavage. The DCM
phase was dried over Na,SO; and evaporated.

The ester substrates were assembled using standard acid-aicohol
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 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 foliowing HPLC

purification was approximately 20-30%. The molecular mass was confirmed
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by electrospray ionization mass spectroscopy. The substrates were stored in
dry powder form under desiccation.

Spectra of Substrates and Products: Spectra of substrates and the
corresponding chromophore products were obtained in the pH 6.5 assay
5 buffer. Extinction coefficients were determined at the optimal off-peak

wavelength in 1-cm cuvettes (340 nm for 3-Np and HMC, 370 nm for PAP and
400 nm for 4-Np) using muiltiple dilutions. The optimal off-peak wavelength
was defined as that wavelength yielding the maximum fractional difference in
absorbance between substrate and product (product OD - substrate

10  OD)/substrate OD).

Protease Assay: HCV protease assays were performed at 30°C using a 200

Kl reaction mix in a 96-well microtiter plate. Assay buffer conditions (25 mM
MOPS pH 6.5, 300 mM NaCl, 10% glycerol, 0.05% lauryl maltoside, 5 yM
EDTA and 5 uM DTT) were optimized for the NS3/NS4A heterodimer (D. L.

15 Sali 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

20 (60 minutes) for change in absorbance at the appropriate wavelength (340 nm
for 3-Np and HMC, 370 nm for PAP, and 400 nm for 4-Np) using a
Spectromax Plus microtiter plate reader equipped with a monochrometer
(acceptable results can be obtained with plate readers that utilize cutoff
filters). Proteolytic cleavage of the ester linkage between the Nva and the

25 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
concentration range (~6-200 pM). Initial velocities were determined using
linear regression and kinetic constants were obtained by fitting the data to the

30 Michaelis-Menten equation using non-linear regression analysis (Mac Curve
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Fit 1.1, K. Raner). Turnover numbers (k) were calculated assuming the

enzyme was fully active.

Evaluation of Inhibitors and Inactivators: The inhibition constants (K;) for the

competitive inhibitors Ac-D-(D-Gla)-L-I-(Cha)-C-OH (27), Ac-DTEDVVA(Nva)-
5 OH and Ac-DTEDVVP{Nva)-OH were determined experimentally at fixed

concentrations of enzyme and substrate by plotting vo/v; vs. inhibitor

concentration ([I] o) according to the rearranged Michaelis-Menten equation for
competitive inhibition kinetics: vo/vi = 1 + [l o /(K; (1 + [S] o /Km)), Where v, is
the uninhibited initial velocity, v; is the initial velocity in the presence of
10 inhibitor at any given inhibitor concentration (['Jo) and [S), is the substrate
concentration used. The resulting data were fitted using linear regression and
the resulting slope, 1/(Ki(1+[S] o/Kn), was used to caiculate the K;* value.
The obtained K" values for the various compounds of the present
invention are given in the afore-mentioned Table wherein the compounds
15 have been arranged in the order of ranges of K* values. From these test
results, it would be apparent to the skilled artisan that the compounds of the
invention have exceilent utility as NS3-serine protease inhibitors.
While the present invention has been described with in conjunction with
the specific embodiments set forth above, many alternatives, modifications
20 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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b
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STRUCTURE NAME Ki* Range
ros (2CO2)PhCO- b
a0 ] G(Chx)-C((O2)E)-
0 nV-(CO)-G-G(Ph)-
'\)k,/%/ WA My 1AM
"o © X o o 0
O
(2CO2)PhCO- b
Q G(Chx)-C({O2)Ph)-
%lz0 AV-{CO)-G-G(Ph)-
N\i,(g( N\J\ wn, [ATD
Q £ 0 0 [»]
O 2]
o 5
(2CO2)PhCO- b
? G{Chx)-
N C((C2)EtPh)-nV-
&i J:,;,;’j\r,, \A?r (COG-G(Ph)-Am
(0*, iBoc-G{Chx)- b
. . Al o C((O2)Et)-nV-(CO
0 G-G(Ph)-Am
L Lo L
o A o H o
0
(2C0Z)PhCO- b
@ G(Chx)-C((02}-
0 INP}-NV-{CO)-G-
N\)OL ¥ »\)OK w, |GPH-AM
o [s] i D o [e]
O &
A~ (ZCO2)PhCO- b
7 G({Chx)-C((Q2)-
< 2Np)-nV-(CO)-G-
%\i =% 9 j\% G(Ph}-Am
Hat oy N, NH,
HO™ g O "
iBoc-G{Chx)- b
Q C({0O2)Ph)-nV-(CO)
alo G-G(Ph)-Am
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L-nV-(CO -G @G Ph)-AmMCH O at o O ;

L- nV- (COy0 RA818%Y' om , , , .

{G(Ph)-Am 0

|l o 1 Me) PhCO- G Chx) -
(2,5-di F, g- a )F 0 +ooG(2) P?(])COCQE:HM 2005
(2-C») BnCO C uo o pa@EwrRagssNV- (

CO- GEPh)-AmMOO 'y 0- OO0 c¢ (2-503)PhCO b G Chx)-L-nV-(CO) -
G G Phyakd o0 a6 0 0; 0 of (2- c ot {C02 )cycl opent ency
STRUCTURE NAME Ki* Range
((3-tetrahydrofuran) b
CH20)CO-G(Chx)-
:]v 'd\ '\)L L-nV-{CO)-G-
c\( G(Ph}-Am

7-Me-2-Pr-Oct-4- c

vaﬁ?w%

ene-(CO}-L-nV-
{CO)-G-G(Ph)-OH




I -3 Chx)-L-nV- ' nY'rte (CO-GEPh)-Arn CHO o ao0c (2-C02,3-
O—DG(PhCO)G(Chx)- L-nV-(CO-G CHO yCbt a ,GPh)-AmCy O 3 0 573af ot
(2,3, 4, WPdROEBI6- a F o 0C02) PhCO- G Chx) L-nV-(CO -G | BCPupewrscH 0 y
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Claims
What is claimed is:
1. A compound, including enantiomers, stereocisomers, rotamers and

tautomers of said compound, and pharmacedutically acceptable salts or
5 solvates of said compound, said compound having the general structure
shown in Formula I;

Yo
\W
L qu R1
R“/ N Y
0
R3 J R?
10 Formula !

wherein;

G, J and Y may be the same or different and are independently
selected from the group consisting of the moieties: H, alkyl, alkyl-aryl,
heteroalkyl, heteroaryl, aryl-heteroaryl, alkyl-heteroaryl, cycloalkyl, alkyloxy,

15 aikyl-aryloxy, aryloxy, heteroaryloxy, heterocycloalkyloxy, cycloalkyloxy,
alkylamino, arylamino, alkyl-arylamino, arylamino, heteroarylamino,
cycloalkylamino and heterocycloalkylamino, with the proviso that Y maybe

additionally optionally substituted with x11 or ' 2;

x“ is selected from the group consisting of alkyl, alkenyl, alkynyi,
20 cycloalkyl, cycloalkyl-alkyl, heterocyclyl, heterocyclylalkyl, aryl, alkylaryl,
arylalkyl, heteroaryl, alkylheteroaryl, or heteroarylalkyi moiety, with the

proviso that )(11 may be additionally optionally substituted with X12;

X12 is hydroxy, alkoxy, aryloxy, thio, alkylthio, aryithio, amino,
alkylamino, arylamino, alkylsuifonyl, arylsulfonyl, alkyisulfonamido,
25 arylsulfonamido, carboxy, carbalkoxy, carboxamido, alkoxycarbonylamino,
atkoxycarbonyloxy, alkylureido, arylureido, halogen, cyano, or nitro, with the



.1l nv-(CO-GQEPh)- "Amo 0 0 0 O (20C02)PhCO
\ N~nV-(CO -G Q@ Ph)- A " goo @ Chx) - C((02)Ph),;
| O((02)EtPh)-nV- b 0 000 0 (00 Cah- e oa s he QA P
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proviso that said alkyt, alkoxy, and aryl may be additionally optionally
substituted with moieties independenily selecied from ><1"2
R1' 18 CORS-or B(OR)z, wherein R5 is selecied from the group
consisting éf" OH, OR‘S, with the proviso that R® is not alky!;
NROR'O, CRg, CoFs, Caf7, CF2R", Y and
COR7 wherein R‘T is selected from the group consisting of H, OH,_ORB.

CHRng, and NRng , Wherein R6, RB, Rg and Rm

diferent and are independently selected from the group consisting of H, alkyl,

may be the seme or

aryl, heteroalkyl, heteroaryl, cycloalkyl, cycloalky! arylalkyl, heteroary!afky1
cHRycoor, CHR "\conr'2RY3, cHR’ )CONHCH(R "ycoo R,
CHR ! )CONHCH(R? \conr2R12, CHR' \CONHCH(R? R’

CH(R' \CONHCH(RZ JCONHCH(R® YOO R

CH R"')CONHCH(R?ECONHCH(R?)CO*\)F:"'2R13,

hRTYCONHCH(R 2\ CONHCH(R” \CONHCH(R® ycoo R
cHRT JCONHCH(R? \CONHCH(R® \CONHCH(R? JCONR ’29"’,

CH(RTJCONHCH(RZ }CONHCH{RS’}CONHCH(RZ‘"}CONHCH(RB')COO

R11,and

“‘]3

CHR' )CONHCH(R? )CONl—CHr ¥\CONHCH(R” )CONHCHR YcoNR4R'?,
12} R1U

H l E’

wherein 21 ®2. RY. RY RY. R R _and R’ may be the same of
different and are independent!y selected from a group consisting of H, alkyt,
aryl, heteroalkyl, heteroamyl, cycloalkyl, alkyl-aryl, alkyl-heteroanyt, aryl-alkyl
and heteroaralkyl; |
7 is selecied from O, N, or CH;
W mavbe present of absént, and if W is present, W is selected from

C=0, C=S, or SO2; and

R, R, Rz R ancR are independently selecied from the group
consisting of H; C1-C10 aikyl; I C2-C10 2lkenyt; C3-C8 cyclozlkyt, C3-C2

heterocyclog!kyl, alkoxy, arylony, avahhno arylthio, 2ming, amioc, €SiET,



~iBoc-Q(Chx)- ~ C((02)Et)-nV-(CO b NitGGPh)-Amvy 0
(2002) PhCO- 0 G Chx)-C((02)- b | tGGEPh)-Amvy 00 0 on J y.(,
o 11 (2c02)Pheo K NN NN Glah) 0 (02) B HO ~ o )y Yo

RN
[\

cerboxvlic ecid, carbamaete, UIEE, keione, eldehyde, cvano, NIIC; OXYOEDN,
nitrocen, sulfur, ar phosphorus g10ms {with said oxygen, nitrogen, sulfur, o
phosphorus gtoms numbering zero {0 six); {cvcloelkyl)aikyl and
(heterocycioalkylaikyl, wherein said cyclealkyl is made cf threg 10 gight
carbon sioms, and zero ic six oxygen, nitrogen, sulfur, or phosphorus gioms,
znd caid alkyl is of one to six cerbon aloms: aryl; heleroaryl: alkyl-aryl; end
alkyl-heieroanyl,

wherein szid alkyl, heteros kyl, eikenyl, | heieroalkenyl, aryl, heteroaryl,
cycloalkyl end heterocycloglky moieties may be optionally subsiiils egd, with
said term “substituted” referring 1o optional and chemically-suiiable
subsiituiion with one or-more moieties selected from the group consisting ¢l
alkyl, alkenyl, alkynyl, anyl, aralkyl, cycloalkyl, heierocyclic, helogen, hydroxy,
thio, zikoxy, arvloxy, alkylthic, aryithio, smino, amido, esier, cerboxylic 2cic,
carbameie, urea, keione, sldehyce, cyeno, nitro, sulfonamide, sulfoxide,

sulicne, suhony!u.ed hydrazide, and hydroxamal

<. The compound oi clgim 71, wherein r1is COR 5, znd R CH,
coor® or conr®R10

5 The compound of Claim 2, wherein R is coconrIRTC g RYis
H, R'i ic selecied from the group consisting of . CH(R \COORM, CH(R":j
cONRTZR 18, cHRT)CONRCHR? )cooa 1 cpRTICONHCHR? )
CONRZR12 20 CR(RT)CONRCH(R? YR,

4, The compound of cleim 3, wherein Rm [

chRTconHeHERZ )C0oR !, CHR' "\CONHCH(RZ ) CONR 4R o

CHRTICONHCH(R?Z J(R). wherein R is H or elkyl, heieroalkyl and R s
phenvi, substiiuied phenyl, heiero siom-subsiiiuied pheny!, thiophenyl,

cyciozalkyl, piperidyl and pyricyl.

, . . [ .
The compound of claim 4, wheren Rk

o

e. The compound of cleim &, wheiein

1 e b :
R'is H orierf-buivl;
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R’ is hydroxymethyl; and

R? is selected from the group consisting of:

£y @] @ A é
u Q) N
U 2 llJ5
5
wherein:

U1 and U2 maybe same or different and are independently selected
from the group consisting of H, F, CH2COOH, CH2COOMe,
CH2CONH2, CH2CONHMe, CH2CONMe?, azido, amino, hydroxyl,
10 substituted amino, substituted hydroxyl;

U3 and U4 maybe same or different and are O or S;

U5 is selected from the moieties consisting of alkylsulfonyl, ary!
sulfonyl, heteroalkyl sulfonyl, heteroary! sulfonyl, alkyl carbony), ary! carbonyl,
heteroalkyl carbonyl, heteroaryl carbonyl, alkoxycarbony!, aryloxycarbonyl,

15 heteroaryloxycarbonyl, alkylaminocarbonyl, arylaminocarbonyl and

heteroarylaminocarbonyl or combinations thereof; and

NR12R13 is selected from the group consisting of:
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i's claimgg is;..1. A conmpound, including enantioners, stereoiSsoners, 05
r ot amer s and " ¥aut omers of said conpound, and phar maceut i BaFU§01£228Bpt abl e
salts or 5 solvates of said conpound, said conpound having the genera
structure shown in Fornula |: 10 Formula I wherein: G J and Y may be
the same or different and are independggtly selected fromthe group
consisting of the noieties: H alkyl, alkyl-aryl, heteroalkyl,

het er oaryl , aryl-heteroggyh%“@;&mh@ﬂ§@g$mﬁgyl, cycl oal kyl, al kyl oxy, 15
al kyl -aryl oxy, aryl oxy, héteroaryl oXy, hetérocycloal kyl oxy,

cycl oal kyl oxy, al kyl am no, aryl am no, al kyl-arylam no, aryl am no,

het eroaryl am no, cycl oal kyl am no and het erocycMsal kyl am no, with the
proviso that Y maybe additiaq aIIM Bp%%gnally gﬂb@hituted with X1 1 or
X12; X11 is selected fromt group c i sting ofMal kyl, al kenyl,

al kynyl, 20 cycl oal kyl, cycl oal kyl -al kyl, heterocyclyl,

het erocycl yl al kyl , aryl, alkylaryl, arylalkyl, heteroaryl,

al kyl het eroaryl, or hetergaﬁ¥kﬂjkylHN \eLYPH Wi th #bBe proviso that X11
may be additionally optHdnaMy substitutfed with X]2; &y 12 is hydroxy,

al koxy, aryloxy, thio, alkylthio, arylth®go, antho, ~al kyl ani no,

aryl am no, al kyl sul fonyl, aryl sul fonyl, alkyl sul fonam do, 25

aryl sul f onam do, carboxy, carbal koxy, carboxam do, al koxycarbonyl am no,

al koxycar bonyl oxy, al kyl i do, ary urei go\hal ogemy cyano, or nitro,
with the 06 JAN 2005 1'\i615 N NS N TV
wherein U® is H, OH, or GHoOH,

7. The compound of claim 2, wherein R2 is selected from the group
consisting of the following moieties:

-~ o~ T o T AT
TPy
Hﬂ |||) M;LMMEM/EH H\ Me

© Me Me M Me
S(O)g.2 \L
0 | S(O)o.2
Me Ve Me e
Me g F T F
LA
Vie Me Me Me Me



proviso that said al kyl, al koxy, and aryl may be additionally opti@ﬁglhg
substituted with noieties independently selected fromX12; R 1 is é Wﬁ
B(OR) 2, Wh&/187 R5 is selected fromthe group consisti n§CHUSORS8IM t h

the proviso that R6 is not al kyl; NRORLO, CF3, C2F5, C3F7, CF2R6, R6 and
COR wherein R7 is selected fromthe group consisting of H OH OR
CHROR1Q and NROR10 , wherein R6, RS, and R10 may be the sane or
different and are independently selected fromthe group consisting of H,
al kyl, aryl, heteroal kyl, heteroaryl, cycloal kyl, cycloal kyl, arylal kyl,
het er oar y8al kyThe @ p8uldC6Ratkn 70HhRIeih GENRI 283 8ie dGRIRINS (R2 ) COO
R', CH(R1) CONHCH(R2 ) CONK 2R113 , CH(R1 )CONHCH(R2 )R, (RL

) CONHCH( F9MstsiigPR3 ) COO R,, CH(RL ) CONHCH( R2 ) CONHCH( R3 ) CONRL2R1 3,
CH( R1) CONHCH( P2) CGNHCH(R ' ) CONHCH( P4 ) COO R11, CH(R I )CONHC ; (R2

) CONHCH( R ) CONHEH R ) CONK 2R CH(R ) CON (R2)COVH04SI§)COVH04(R4

; CONHCt i (R ) COO E&l, and ' 5 jr,12 13 CH( ) CONHCH(Ry:

) CONHCH( F, ") CHEHR ) CONHEHER! JCHBONP R erGimn R 1 R2 R3,|R4 R5 R11 R12
R1 and R nay be the sane or i ferent a gy are indep ly sel ected
froma group consisting of H alkyl, aryl, heteroal k eteroaryl,
cycl oal kyl, al kyl-aryl, alkyl-heteroaryl, aryl-alkyl ard heteroaral kyl;
Zis selected fromO, N, or CH Wnaybe present or absent, and if Wis
present, Wis sglected from =0, C=S, or{ S02, and R R7 R2, R3 and R

are i ndependently sel ect ed e cro consi sting » Cl-Cl10 al kvl ;
C2- C10 al kenvl -C6 cy - et erocycl oal kylj, al koxy,
aryl oxy, al kyl t¥ 0%4aryl , amygy, ester, .

[alr and

IJ } 0_3
HiC
| ﬁ COOH

Yoo T T T
COOH SBn HO ,i\
H CHi | CHa

CHa
CHs

CHa
c H3j\CH3 LCOOH E F3C)

CHz3 CFs
CH3:¥: th\+\ N
S COOEt
HaC SCH3 HaC



06 JAN2005 carboxylic acid, carbamate, urea, ketone, al dehyde, cyang,
0/t 1005

nitro, oxggen Ni trogen, sul fur, or phosphorus atons (w sh said
nitrogerw %ﬁ”’pﬁ?, or phosphorus atons nunbering zero I0P§iT>{l)]S,0]’228’3
(cycl oal kyl)al kyl and (heterocycloal kyl) k,!!, wherein: said cycl oal kyl

is made of three to eight carbon atons, and zero to six oxygen

nitrogen, sulfur, or phosphorus atonsjggand said alkyl is of one to six
carbon atons; aryl; heteroaryl; alkyl-aryl; and alkyl-heteroaryl;

wherein said al kyl, heteroal kyl, al kenyl,, heteroal kenyl, aryl,

heteroaryl, cycloal kyl and heterocyc?ﬁglkyl noi eties may be optionally
substituted, with said term"substit d" referring to optional and

chem cally-suitable substitution withione or nore noieties selected from
the group consisting of alkyl, alkedyl,}alkynyl, aryl, aralkyl,
cycl oal kyl, heterocyclic, hal ogen, h y, thin, al koxy, aryloxy,
alkylthio, arylthio, am no, amdo, estgy, carboxylic acid, carbanate,
urea, ketone, aldehyde, cyano, nitro, ¥ulfonanide, sulfoxide, sulfone,
sulfonylurea,_hyd%pzide, and hydroxmate. 2. The conpound of claim1,

wher ei n Rwvhieseiad®s, =0t ot Pl  COOR8 or CONRIRLO The compound of C aim
2, wherein Rl iﬁgCOCCNR9R10, and RO is H R10 is selected fromthe group
consi sting of M, “Gel(delegtedBhi theddIBNinNg ANRIEZR13,

CH(R1') CONHCH( R2" ) COOR11, CH(R1'}CONHCH(R2' ) CONR12R13, and
CH(RL')CONHCH(R2' ) (R ). A The conpopnd of clainy3, wherein RL is CH(R

) CONHCH( R2 ) COOR11 CH( ; R12 CH(R1.) CO VHCH( R
2)(R), wherein Rl is kyl and is phenyl,
substituted phenyl, heter ed phenyl, thiophenyl,

atom substi

cycl oal kyl, piperidyl ang pyridyl. i 5. The conpound of claim4,
wherein Ris H 5. The/ﬁgjgeynd 0; Clgm~ ~ 5, whérein
Y COOH L H
’.‘l 6’5 BHS
5
and Y20 is selected from the following moieties:

i@ ““lO “i@L
COOH SOy NH3

H
RUE:i xj\o \j\/o \.iCHa

ELNHMS j\ - j\/NHAc
: CHa 7,,‘ O/\/Si(CHs)a
T
9. The compound of claim 8, wherein R® is selected from the following

struclures:



is Hor lei j-but | WO 02/08187 163 R is hydroxynethyl; and Ris

sel ected fromthe group consisting of: 6 U JAN 2005 PCT/ USsa / 2281 UdAN@US
5 wher e™R VAM818hd U2 naybe same or different and are i ndBEEAFEHIBY3
selected fromthe group consisting of H F, CH2COOH CH2COOWe, CH2CONHZ2,
CH2CONHMe, CH2CONME2, azi do, am no, hydroxyl, i 0 substituted am no,
substituted hydroxyl; U3 and U4 maybesgpne or different and are 0 or S

Us is selected fromthe noieties consisting of al kylsul fonyl, aryl

sul fonyl , heteroalkxl sul fonyl , heteroaryl sulfonyl, alkyl carbonyl, aryl

carbonyl, heteroal car bonyI “Theter oaryl "[car bonyI aI koxycar bonyI
aryl oxycar bonyl cH Leroarytg H onyI I am noc onyI

aryl am nocar bonyl and het er oaryl nocar b ny conb %?ns t her eof ;
and NR12R13 is selected fromthe group consissti ng of : WO 02/°08] 87 164

NH2, NH Me, N(Me)Ove, Nwe2, ~r| wherein U6 is H OH or GR2CH M ) M

HN Me HN-OH Me (ﬂ% e
@ ,
O e r COR [g;]
OR31
i H\ 500!4
CHy H§H3

l

COOH

L

e

10.  The compound of claim 9, wherein Z = N and R4= H.
1. A compound of claim 10, wherein W is C=0, or SO2.

12. A compound of claim 11, wherein Y is selected from the following
5  moieties:



Me HNOOH Me O 6 JAN 1005 PCT/USO01/22813 7. The conpound of claim

wher ei n | F isi sgl ected fromthe group consisting of the follow n § JAN 2005
moi eti e’ V&AM r S(O0-z O S(0)0.2 | HNC HN--\,, - OH REIVNSON228B N - -\
M5 M!ll LML\", . M ne M M Qs M-~M XM M M W 02/48187
168
Me
ory e y
Me
Cl
YN T
M Me

Me
-
%O\g ?0-3_/0 @C&i M ~

o Qe
o\i 0\2
Nar: O_§
Oy O T
vl



165 06JAN7005 PCT/USO /22813 8. The conpound of claim?7, wherei 53 i?
sel ect eslvfromthe group consisting of: CH3 'CH3 CH3 H 3CX 10-3 Eb JAN 7005
H3r ~CH3W@$#081%] H3* COOH SCH3 H3C C H3* H3C SBn LCOOH PCHIS®/REOEt H3C
HO"CH3 CF3 T CHI CH3H3 WO 02/08187 166
169
CHy CH,
cnel ¥ ; CHy ™™
HiL \f(‘ré\;“ Y HOOC Y Y
HOO CHs COOH X
Cﬁ)\f Hy . HOOCMJ Hooo ™y
CHs 0-2
CsHy
CHy CHs HOO @\,‘,
c-_;r-i-,-/kr,uJ H:.,coocX/Y 04"{
COOH X
CH H4C. _CHs
Hoocv,\ 3 CH, Hooc’Y\,,_,
6/ HOOC™ ™ HOOC v CHy
CaH " HOOC 7/
NIy ﬂ;%k(,, N COOH
y w I~ L
¥  HOOC o O 4
0-2
C.H
Hs H, 2015 ;
L el S

OTHP
d

OH
s A
Hooc\;j/\

vy y 16
e



and wherein R31 =

OH or O-al kyl;

Y19 is selected fromthe foll ow
- ~COOH H5 and Y20 is selected from.the foﬂ?@ﬂﬁﬂ&ms

noi et i eg; O \
o etieyg%l% COOH - SCPNH2 N3 NHMs Q6 JAN 2005 PCTH¢HSepy33813 5

NHAC .
selected fromthe foll ow ng
3 CH3 F COR31

//COOH
l%\;" O\r‘, 4
| CeHs

H3 CH3 \)L 0 Si(CH3)3 9. The conpound of claim8, wherein R3 is
structures:

WO 02/08187 167 CH3 -"C H3 CH3H3

O; ((i\;’ Ty

COO0H

170

7 H:«:’Of\; &’( Lb/\;’ O\/\;

AcHN R

COOH

%
ﬂc Fa

CHg

96
COOH

N
S SN
- . M
X

COCH



0 6 JAN 7005 PCT/US01122813 0-4 o7 'COON CH3CH3 3 10. The corrpo;w@ ﬁf
claim9, wherein Z = Nand R4= H 11. A conpound of claim 10, wh rJ N 005
is C=0 Wir0¥3287 12. A conpound of claim 11, wherein Y isPE€EUSer/z281from
the following 5 noieties: D6 JAN 2005 WO 02/08187 PCT/USQO /22813 168
M M MM\ -1 M MMWH-~-CAI 0-1 MYIl | C13C11~1 Mew M2C -

~ Me V12 Y1 ~-N-T 171
A %
;@; COOCH; Dzr
F
b
F

Irowcm COOH
HOOC : i :

wherein:

%;§
Al

OOH
QOH

g

OC,Hs

z
3.

v is selected from H, COOH, COOE, Ome, Ph, Oph,
NHMe, NHAc, NHPh, CH{Me)2, 1-triazolyl, 1-imidazolyl,
5 and NHCH2COOH;

v 12 is selected from H, COOH, COOMe, Ome. F, CI. or Br:

Y13 is selected from the following moieties:

ro S0 S

CbzHN
ChzHN

— o Y "
v vetwe @J
\(Lm

CO.Bn

\k)-‘l \(]\0-1 0~1

COtBu “CONH;

v1%is selected from MeS02, Ac, Boc, iBoc, Chz, or

10 Alloc;



Y13 WO 02/08187 169 C H3-1 CH3/ ° CHg CH3 HOO HOO 7 C3H7 COOH
0-2 CH CH3 H3000C H3000C, .1 C H3~/ 1-2 HOOC CH HOCOC 1.~ 0-4

Hooc! i / WP HBG H 3C OH CH3

13.

PCT/US01727813

172

Y15 Y16

and may be the same or different and are independently

selected from alkyl, aryl or herereoalkyl, or heteroaryl;

v17is CF3, NO, CONHa, OH, COOCH3, OCH3, OCgHS,

CgHs, COCgH5, NH2, or COOH; and

v18is COOCH3, NO2, N(CH3)2, F, OCH3, CH2COOH, COOH,
SO2NH2, or NHCOCH3.

A compound of claim 12, wherein Y is selected from the group

consisting of:

3

J

Sl



HOO HOOC, , ~, 06 j AN2005 PCT/ USO1/ 22813 HOOC-"~/ 3 HOOC COOH HOO
.. CH3 COOH WD 02/08187 1-3 H3C 170 X00 H C6 H5 0 EtOA N L m@)@ﬁlﬁ\‘?ﬂﬂﬁ
HN N WOmHA8e876 JAN 2005 PCT/ USOL122813 CH3 Yea C H3  PCT/US01/22813
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M o Me = O’g /s
-~ s 8]
M%E]}/O ; e J\/O\i mﬁ/\ " /\ .
Me

_ CH3SOHN M
§ Me JMe :
3\]/

H

CH,
HaC._CHs
CHa_CHj
-
H3COOCK/\"; Hooe ¥ Hooc’\jig’H3 @f\;
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wherein:

Y' = CF,, NO,, CONH,, OH, NH,, or COOH;
Y%= F, COOH,



C2H5 wherein: 0 6 JAN 2005 PCT/USO /22813 Y11 is selected fromH,

COoEt, OHEO2BH37Oph, NHMVE, NHAC, NHPh, CH(Me)2, 1-triazoP§T/US01/22813
l-imdazolyl, 5 and NHCH2OOOH, Y12 is selected fromH, COON, COOwve, One,
F, d, or Br; Y13 is selected fromthe follow ng noieties: Me M--~M

Mef Me CozHN /1 art /1 )a~ /1 )ai /~)0Oiq7£.02Bn CO2t Bu CO2H CONH2 Y14 is
selected from MSQ2, Ac, Boc, iBoc, Cbz, or 10 Alloc; WO 021(18187 172 0

JAN 2005 14, The compound of claim 13, wherein J is selected from the group
consisting of:

H3C -';-- -CH3 C AcHN H3C ~ F3C- "CF3 CH3 COOH COOH WO 02/ 08187 U’Lé&j{ﬂﬂﬂﬁ
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15. The compound of claim 14 where in J is H, CH3 or Bn.

5 16.  The compound of claim 15 wherein G is selected from moieties:
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OC6H5, C6H5, @OTAMB}/224HR2, or
COOH; and s Y18 is COOCH3, NO2, N(CH3)2, F, OCH3, CH2COOH, COOH, S02NH2,
or NHCOCH3. 13. A conpound of claim 12, wherein Y is selected fromthe
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wherein: Y17 = CF3, NO2, CONH2, OH, NH21 or COOH; Y18= F, COO-laQI\D
02/08187. 0 6 JAN 7005 PCT/1JSQ /22813 174 14. The conpound of cl Pnjﬁ@,m%
wher ei n YOPY8& ected fromthe group consisting of. CH3QWI/US1/ 22413
BnOOC-',/ HOOC " " [/ 1-2 CH3 15. The conpound of claim 14 where in J is
H CH3 or Bn. 5 16. The conpound of claim 15 wherein Gis selected from
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The compound of claim 16, wherein G is selected from the group
consisting of :
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18. A pharmaceuiicel composition comprising as an aciive ingredient a

-
i

compound of claim 1.

78, The pharmaceutical composition of clzim 18 for use in treating
disorders associgled with Hepetilis C virus.

20.  The phermsceuticel compoesition of claim 18 sdditionaily comprising &

pharmaceuiicelly eccepiahie carrier.
21. A use of a pharmaceutical composition which composition comprises

therapeutically effective amounts of a compound of claim 1 for the

manufacture of a medicament for treating disorders associated with the HCV

protease.
22. The use of claim 1, wherein said medicament is formulated for

subcutaneous administration.
23. The use ¢f & cempound of cleim 7 jor ine manufaciure ol 2

necicament ic ireei disorders gssociated witlh the RCV protease.



rQ C44Hg C H3'/CH3 O001Bu CF3 rCF3 18. A pharnaceutical conpositi 5 AN 2005
conprising as an active ingredient a conpound of claiml. 19. The
phar nacéﬁgi“é@i“ﬁéonposi tion~ of claim15 for use in treati¥gl/Vg¥1s38der s
associated with Hepatitis C virus. 20. The pharnaceutical conposition of
claim 18 additionally conprising a pharmaceutically acceptable carrier.
21. A use of a pharnmaceutical conpositigngwhich conposition conprises
therapeutically effective amounts of a conpound of claiml1 for the
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claim1l for, t he manufacture of a nedicament to treat disorder

associ at ed W WifHe gevian & exspountdodelaos 1lsand aghesmaarutiosls

PCT/ USOL/ 2?&% od of preparing a pharmaceutical conposition for
treating I soP%ebrlg%ggE%{;i ated with the HCV protease, said nethod
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rotaners a f sai.d conpound, . and harmaceuti cal ly acceptabl e
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below:
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conpound being selected fromthe group of compounds with structur

|listed below OH 10 M CHOH OH O
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R=tBu RH R=Me X= H, Y=COON X=COOH, Y=H 0 6 JAN 2005 PCT/USC&/ZZ%}& Hv
NH2 OH Me OH OCH WD 02/08187 183 06 JAN 2005 PCT/US01/21813 OH 26 JAN 2003
phar mac®@ éxwshsconposition for treating di sorders associ RCEWSW/2HIX he

HCV protease, said conposition conprising therapeutically effective
amount 5 of one or nore conpounds in claim25 and a pharmaceutically
acceptable carrier. 27. The pharmaceut,,gal conposition of claim 26,
additionally containing an antiviral adgent. 28. The pharmaceuti cal
conposi tion of claim26 or claim27, still 1o additionally containing an
interferon. 29. The pharmaceutf=al conposi

i on of im28, wherein said
antiviral agent is ribavirin sqi d 4 terferon ilsfa-interferon. 30. A
conmpound sel ected fromthe gro Ronsi '%jgi
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or taut ohef*PHE7eof, or a pharnaceutical |y acceptabl e saPGT/EMNILEH At e

t hereof, wherein the compound exhibits HCV inhibitory activity. 31. A
pharmaceutical conposition, conprising one or nore conpounds of claim
30. 32. A use of an effective anount of@pe or nore conpounds of claim 30
for the-manufacture of a nedicanent for the treatnent of an hepatitis C
virus associated disorder. 33. A use of qne or nore conpounds of claim
30 for the manufacture of a_ nedicament f nmodul at i the activity of
hepatitis C virus (HCV) protgase. 34, se Oof anoe ctive anount of
one or nore conpounds of clal Q)Tf;b\:r)]\'.“ H H\JL
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t he manufacture of a nedicanent for treating, preventing, or anElgfgﬂﬁhﬂﬂ
one or nore synptons of hepatitis C. 35. The use of claim 33, wherei 3
t he HCWMirintosssse i s the NS3/NS4a protease. 36. The use pET/Uk@I3B5,
wherein the conmpound or conpounds inhibit HCV NS3/NS4a protease. 37. A
use of one or nore conpounds of claim30 for the manufacture of a

medi canent for nodul ating the proce53|ﬂ%3of hepatitis C virus (HCV)

pol ypepti de. 38. The conpound of clai - wherein R3 is cycl ohexyl. 39.
The conpound of claim1 1 , wherein Y is selected fromthe group

consi sting of 2-carboxy-3-hydroxyphenyl, 3-tetr rof uryl net hoxy, and 2-
sul fophenyl. 40. The conpound of claim 15, whet Gis selected fromthe
group consisting of ethylsul fonyl net hyl, pheRiyl sul f onyl hyl, 2-

phenyl et hyl sul fonyl met hyl and 1- ngpht hyI suI f.onyl nmet hyI
O H

/'\/ONJL \ N y OH
°O e e

Me

26. A pharmaceutical composition for treating disorders associated with the
HCV protease, said composition comprising therapeutically effective amount

5  of one or more compounds in claim 25 and a pharmaceutically acceptahle
carrier.
27.  The pharmaceutical composition of claim 26, additionally containing an
antiviral agent.
28.  The pharmaceutical composition of claim 26 or claim 27, still

10 additionally containing an interferon.
29.  The pharmaceutical composition of claim 28, wherein said antiviral
agent is ribavirin and said interferon is a-interferon.

30. A compound selected from the group consisting of;
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or an enantiomer, sterioisomer, rotamer or tautomer thereof, or a
pharmaceutically acceptable salt or solvale thereof, wherein the compound
exhibits HCV inhibitory aciivity. |

31. A pharmaceutical composition, comprising one or more cempounds of
claim 30.

32. Ause of an effective amount of one or more compounds of ciaim 30 for
the manufacture of a medicament for the treatment of an hepatitis C virus
associated disorder.

33. A use of one or more compounds of claim 30 for the manufacture of a
medicament for modulating the activity of hepatitis C virus (HCV) protease.
34. A use of an effective amount of one or more compounds of claim 30 for
the manufacture of a medicament for treating, preventing, or ameliorating cne
or more symptoms of hepatitis C.

35.  The use of claim 33, wherein the HCV protease is the NS3/NS4a
protease.

36. The use of claim 35, wherein the compound or compounds inhibit HCV
NS3/NS4a protease.

37. A use of one or more compounds of claim 30 for the manufacture of a
medicament for modulating the processing of hepatitis C virus (HCV)

polypeptide.

38. The compound of claim 7, wherein R¥ is cyclohexyi.

32.  The compound of claim 11, wherein Y is selected from the group
consisting of 2-carboxy-3-hydroxyphenyl, 3-ietrahydrofuryimethoxy, and 2-
sulfophenyl.

40. The compound of claim 15, wherein G is selected from the group
consisting of ethylsulfonylmethyl, phenylsulionylmethyl, 2-

phenyleihylsulfonylmethyl and 1-naphthylsulicnylmelhyl.





